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Evaluation of Dose Distribution Verification of Treatment Plans by Using
Electronic Portal Imaging Device at Different Gantry Angles in Intensity
Modulated Radiation Therapy

Alper OZSEVEN!

Introduction

Intensity Modulated Radiation Therapy (IMRT) is a radiation treatment that has become a
standard therapy modality, allowing the target volume to be treated with intended doses compared
to 3-dimensional conformal radiation therapy, while the normal tissues in the vicinity of the tumor
are exposed to less radiation (Van Esch et al., 2004:223). Electronic portal imaging device (EPID)
is a retractable component of linear accelerator used in radiation therapy and is one of the most
functional equipment in terms of verifying the accuracy of the dose distribution in IMRT
treatments as well as validating the position accuracy before the daily treatment of the patients (van
Elmpt et al., 2008:289-290). In addition to the fact that IMRT is a complex treatment, the accuracy
of treatment depends on many parameters that makes it vital to ensure patient-based quality
assurance (QA) (Bailey et al., 2012:83); (van Zijtveld et al., 2006:168); (Sharma et al., 2010:238).
One of the most important parameters in LINACs that affecting the treatment dose distribution
accuracy is the correct movement of the multi-leaf collimators (MLC), which form the treatment
field depending on the shape of the target tumor (Chang et al., 2004:2091); (Richart et al., 2012:263).
The studies can be found in the literature that describe in detail how EPID is used in pretreatment
verification of IMRT (van Elmpt et al., 2008:290-294); (Jornet et al.,2014:381-382).

Gamma index analysis method has been used as a standard technique for patient-based
pretreatment dose verification for many years. Gamma index analysis evaluation is performed by
comparing the dose distribution fluence obtained from EPID with the dose distribution fluence
calculated and estimated before the irradiation by the treatment planning system for a certain dose
difference (DD) at a certain distance to agreement points (DTA) (Low et al., 1998:657); (Spezi et
al., 2006:225); (Hussein et al., 2013:370); (Chaikh et al., 2016:32). While it is accepted as standard
that to perform gamma analysis with 3% dose difference at 3mm (3%/3mm), it is possible to make
comparisons at lower values as an evaluation criterion. Area gamma index <1 value above 95% is
considered to be within the acceptance limit. Moreover, the value of area gamma <1 represents the
passing rate of the total points for gamma analysis.

In routine practice, the verification of the dose accuracy of the treatment plans of the
patients who will receive treatment with the IMRT modality is carried out with the technique of
irradiating the EPID with treatment head (gantry) at a fixed angle, which is 0°. This procedure is
also accepted as the reference verification position, as it allows faster results. On the other hand,
approximately 64% of clinical centers perform the verification of dose distribution with the
technique named as non-fixed gantry angles, which are predefined in treatment planning process
(Nelms and Simon, 2007:81). Theoretically, it is expected that the treatment devices have the same
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dose output and therefore the same dose distribution at all gantry angles, however the MLLC and
EPID systems, which are the more sensitive parts of the LINACs to the gravity, are likely to behave
differently depending on the angle. This can cause slight variations in the dose distributions (Chin
et al.,2004:102); (Monti et al.,2013:205); (Cyriac et al.,2014:2).

The aim of this study is to compare the effects of pretreatment patient-based quality
assurance in IMRT patients on the dose distribution of two different techniques, which are the
irradiation technique at a fixed gantry angle, 0°, and the irradiation technique using gantry angles,
which are predefined in the treatment planning procedure.

METHOD

In this study, 30 randomly selected treatment fields of patients treated with IMRT were compared
using two different pretreatment quality assurance techniques (Figure 1). Treatment plans were
created using the Eclipse treatment planning system on Varian DHX linear accelerator, with dose
calculation by an anisotropic analytical algorithm (AAA). 6 MV x-rays were used. First, the dose
distributions on the EPID were recorded by irradiating at a fixed angle at 0°. After that, irradiation
was repeated using the non-fixed gantry angles of the fields in the treatment plan and the dose
distributions on the EPID were recorded. First of all, by using the Eclipse Portal Dosimetry
software, area gamma index <1 values from the resultant dose distributions obtained from EPID
for each measurement technique and the predicted dose distributions estimated by the software
wetre compared using the 3%/3mm evaluation criteria (Figure 2). Wilcoxon signed-rank test was
used to evaluate the statistical significance. The p-value less than 0.05 was considered statistically
significant for all statistical analyses.

Figure 1 — Experiment set-up: pretreatment verification with fixed gantry angle (a), pretreatment
verification with non-fixed gantry angle (b)
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Figure 2 — Gamma analyses in the Eclipse Portal Dosimetry software: dose distributions obtained
after irradiation (portal dose, upper left), estimation by the software (predicted dose,
upper right), and blended view of comparison (upper middle)

In addition, by using Eclipse Portal Dosimetry software, fixed and non-fixed angle dose
distributions, obtained as a result of irradiation were directly compared with each other using area
gamma index <1 values in 3%/3mm and 1%/1mm evaluation criteria (Figure 3).
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Figure 3 — Gamma analyses of direct comparison in Eclipse Portal Dosimetry software: fixed
(upper left) and non-fixed (upper right) angled dose distributions obtained as a result of
irradiation of EPID with 1%/1mm evaluation criteria and blended view of compatison

(upper middle)
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RESULTS and DISCUSSION

The area gamma index <1 median (min-max) values, which are obtained from EPID and
the dose distributions estimated by the software with the 3%/3mm dose evaluation criterion for
fixed and non-fixed gantry angles are 98.55% (93.70% - 100.00%) and 99.35% (93.90% - 100.00%),
respectively (p=0.03) (Table 1).

In measurements where dose distributions were directly compared with each other, all the
results were found to be 100% for 30 treatment fields in 3%/3mm evaluation criteria. Since it was
a statistically constant value, the result was given as 100%%0% with the notation of mean *
standard deviation. The area gamma index <1 median (min-max) values with the 1%/1 mm
evaluation criteria are 98.75% (88% - 100.00%) (Table 1).

Table 1 — Area gamma<1 values as a result of patient-based quality assurance process with two
different techniques

Predicted Dose vs Portal Dose Direct Comparison of the Fields
Gantry Angle 00 | Planned (Planned vs Gantry 0°)
Evaluation Criteria 3%/3mm 1%/1mm 3%/3mm
<
é‘;‘ie* Gamma<l | o 550, 03.70% - | 99.35% (93.90% - 98.75% (8% - L00%0%
100.00%) 100.00%) 100.00%) e
p value 0.03**

** denotes that correlation is significant at the 0.05 level (2-tailed)
* median (min-max) or meantstandard deviation which is applicable

In cases where dose differences in dose distributions need to be evaluated at a certain
distance more precisely, this evaluation criterion may dectease to 2%/2mm or even 1%/1mm. In
this study, the 3%/3mm critetion was chosen, because it is the reference evaluation criterion.
Besides, to analyze the precision of the difference between fixed and non-fixed gantry angle
techniques, the 1%/1mm criterion was chosen. The obtained results showed that there was no
statistically significant difference for the 3%/3mm evaluation criterion in the comparison of fixed
and non-fixed gantry angle techniques with the predicted dose distributions. In addition, the
median values found for the two techniques were very close to each other and were higher than
95%, which is the lower limit for area gamma index <1 in clinical routine. On the other hand, no
difference was found for the 3%/3mm criterion with the obtained results when these two
techniques were directly compared with each other. In measurements where the evaluation
critetion was 1%/1mm, the obtained median area gamma index<1 value was 98.75% and this value
was higher than the lower limit of 95% and within the acceptance limit. It was remarkable that even
with an evaluation criterion such as the 1%/1 mm, the attained result was within the acceptance
limit.

In their multicenter study, Jornet et al. stated that pretreatment quality assurance irradiation
of patients with head-neck and prostate cancer with fixed and non-fixed gantry angle, did not make
a significant difference in the results and yielded values higher than 95%, which is the lower limit
for area gamma index <1 (Jornet et al.,2014:386). Similarly, in the study of Cyriac et al., it was
reported that the use of these two different techniques in the pretreatment quality assurance
processes of patients with prostate cancer did not affect the outcomes. In addition to this, even if
no dosimetric difference was found between these techniques; it was also noted that the
pretreatment quality assurance process may vary from device to device (Cyriac et al., 2014:4). Monti
et al. stated that the pretreatment quality assurance process at different angles caused a position

10
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change in the EPID system due to mechanical conditions Nevertheless, no difference was
measured on the dose distributions with this procedure (Monti et al., 2013:2006).

CONCLUSIONS

As a consequence, although the difference was statistically significant for gamma analyzes with the
predicted dose distributions, all the results were within the acceptance limits. In cases where the
techniques were directly compared with each other, the results were within the acceptance limit,
and the difference between them varied with regard to the selected evaluation criteria. With a
significant time savings for each patient, the pretreatment IMRT QA may also be carried out at
fixed (0°) gantry angles.

11
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Hyperhidrosis
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Introduction
Sweating is a vital physiological process. Hyperhidrosis is defined as sweat secretion that

affects the daily life of more people than physiological. It can be considered as a frequently
recurring chronic autonomic disease. The most affected organs are the hands, feet and axillary
region.
Hyperhidrosis can be primary or secondary. Primary hyperhidrosis is idiopathic and is usually
bilaterally symmetrical. Secondary hyperhidrosis can be focal or generalized and is seen due to
another underlying cause such as drug use, malignancies, alcohol, chronic pulmonary disease,
congestive heart failure, endocrine metabolic disorders, febrile diseases. (Walling, 2011),(
Hornberger & et al.,2004)

It has been shown that hyperhidrosis is inherited in an autosomal dominant manner. Positive
family history was found in approximately 31.5-65% of them.

Thermoregulatory Sweating

Sweat glands are responsible for thermoregulation to maintain body temperature. It helps
regulate body temperature in case of heat, fever or physical exertion. The sweating center is in the
hypothalamus and is under the control of the frontal cortex. The sympathetic nervous system
regulates thermoregulation by controlling the sweat glands and the circulation of the skin.
Regulation is provided by the feedback loop of afferent somatosensory and central temperature
sensitive neurons.( Schlereth & Dieterich & Birklein, 2009)

Emotional Sweating

Emotional sweating serves as a "feedback" signal from the emotional to the physical. This
type of sweating is regulated by the neocortical and limbic centers. It also occurs with the
stimulation of sweat glands in the hands, soles of feet and axilla, which are called “emotional
sweating areas” in various emotional situations. Vasodilation accompanies stress-induced
thermoregulatory sweating.( Bini & et al.,1980)

But it should be kept in mind that the distinction between thermoregulatory and emotional
sweating is not an absolute distinction. It has been shown that they mutually affect each other
Surgical treatment.

Focal Hyperhidrosis

Focal hyperhidrosis is most commonly seen as axillary hyperhidrosis. Other forms seen
include palmar and plantar hyperhidrosis. (Haider & Solish, 2005) focal hyperhidrosis first begins
in puberty or adolescence. Although hyperhidrosis can continue for life, it may end spontaneously
with advancing age. (Vlahovic, 2016) The sweating described here is at a level that cannot be
explained by external factors. (Sammons & Khachemoun, 2017)

Three types of glands are involved in the realization of sweating. These are the eccrine,
apocrine, and apoeccrine sweat glands. Eccrine sweat glands begin to perform their duties from
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the moment of birth. Glands that start to function after puberty are apocrine and apoeccrine glands.
The increased sweating seen in primary hyperhidrosis is not caused by an increase in the number
of these glands, but by an increase in their activity. (Vlahovic, 2016)

Excessive stimulation of the sympathetic nervous system is often cited as the cause of the
increase in sweating, and therefore most treatments also show efficacy on the sympathetic nervous
system. (Abu & Elhamami, 2021)

Excessive sweating, wet hands, staining on clothes, and odors that can be described as
"unpleasant”" by people may affect the social life of the person. In conclusion, if hyperhidrosis
patients are examined outside of their physical distress, they suffer from higher rates of depressed
mood; It is seen that they complain of reduced comfort and self-confidence in daily life conditions
such as work, school, and leisure. (Sammons & Khachemoun, 2017)

Axillary Hyperhidrosis

Axillary hyperhidrosis, which is the most common form of primary hyperhidrosis, can be
described as excessive sweating in the axilla. Although it manifests itself in puberty or adolescence,
if treatment methods are not evaluated, it often continues for life. All three types of sweat glands
are found in the axilla. As a result of the formation of conditions such as staining on clothes and
odor that can be described as "unpleasant”, problems may arise in the patient's relations with other
people. (Sammons & Khachemoun, 2017)

Palmar Hyperhidrosis

Palmar hyperhidrosis, a form of focal hyperhidrosis, is a large amount of sweating on the
hands that cannot be explained by external factors or emotional state, usually bilaterally
symmetrical, and seen throughout the year. During this sweating, which is more severe in the palms,
the color of the palm may be normal or close to red. Usually this sweating is cold and wet. (Romero,
2016)This sweating, which affects life socially, like axillary hyperhidrosis, can cause problems in the
interpersonal relationships of the person and cause them to develop behaviors such as avoiding
shaking hands. (Abu & Elhamami, 2021)

Plantar Hyperhidrosis

Focal hyperhidrosis that can occur on the soles of the feet is then called plantar
hyperhidrosis. Affected patients talk about the anxiety felt while performing sports activities. As
the reason for this, they show the necessity of changing foot accessories such as socks and shoes
more than once during the day. (Vlahovic, 2016) As this sweat is metabolized by standing
microfauna, malodorous sweating called bromohidrosis may occur. This condition, which is
frequently seen in plantar hyperhidrosis, may cause the social complaints of patients to increase
exponentially. (Rieger &Pedevilla&Lausecker, 2015) Plantar hyperhidrosis, which creates a moist
environment on the feet, invites fungal infections, which are often referred to as foot, in addition
to social complaints. The cutaneous infection that may occur may be of bacterial or viral origin
apart from fungal. (Vlahovic, 20106)

Treatment

It can be divided into two as conservative and surgical options. However, full cure cannot
be achieved. Treatment choices vary from patient to patient. As the main headings, treatment
options can be listed as follows.

Topical treatments
Systemic treatments
Device-based treatments

Surgical treatments
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HDSS (hyperhidrosis disease severity scale) score system is used in the selection of
treatment. In HDSS, questions are asked to the patient to determine the severity of the disease and
scoring is done. Scoring is used to determine treatment.

Topical Treatments
Antiperspirants

It is a frequently beneficial treatment method used in patients with HDSS step 1-2.
Aluminum chloride hexahydrate is used in amounts ranging from 6.25-40%. Lower concentrations
are suitable for sensitive skin, but efficacy also decreases with intensity.

This solution is used once a day. It is applied on dry skin, especially before going to bed at
night. It destroys secretory cells and mechanically obstructs eccrine sweat glands. May cause
temporary skin irritation. Aluminum zirconium tetrachlorohydrex (AZT), which has fewer side
effects, is another treatment option.

Topical Anticholinergics

HDSS step 1-2 is a more commonly used treatment modality in craniofacial type
hyperhidrosis. 1-2% glycopyrrolate is used as spray or solution once or twice a day. Typical
anticholinergic effects such as xerostomia, mydriasis and urinary stasis can be seen as side effects.
It has been shown to provide 96 percent success.

Cryotherapy

It has been observed that eccrine sweat glands are damaged by the cold application method
using the nitrous oxide cryoprobe applicator.

Botulinum Toxin

Botulinum Toxin Type A is administered locally by intradermal injection. It provides
temporary success.

Systemic Treatments
Anticholinergics

It is one of the most commonly used systemic treatments. Dose adjustment can be
increased depending on the development of tolerance. It is not preferred by patients due to the
excess of side effects.

It is contraindicated in cases of Myasthenia Gravis, Paralytic Ileus, pyloric stenosis. The
most preferred oral anticholinergics are glycopyrrolate and oxybutynin. It is preferred in patients
with HDSS score of 3 and above. Typical anticholinergic side effects (urinary stasis, constipation,
dry mouth, tachycardia, etc.) are present.

Alpha adrenergic agonists

Clonidine, an alpha-2 adrenergic agonist, is used in the treatment of hyperhidrosis by
reducing sympathetic outflow.

Calcium channel blockers and other oral medications
Helps reduce sweating by reducing the release of acetylcholine
Injectable treatments

Botulinum toxin is a neurotoxin that blocks acetylcholine. It is the most commonly used
non-surgical treatment. It is especially preferred in the treatment of axillary hyperhidrosis.
Botulinum Toxin A is divided into three. Onabotulinum, Abobotulinum, Incobotulinum.
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Rimabotulinum is used in Botulinum Toxin B. In the side effects. hand muscle paralysis is seen
especially in those who are injected into the hand.

Device Treatments
Microwave

Microwave thermolysis is used in the treatment of hyperhidrosis by causing local
inflammation.

Iontophoresis

It is used in the treatment of palmoplantar hyperhidrosis. The exact mechanism has not
been elucidated. An ionized substance is caused to damage the sweat glands through water and
using electric current.

Radiofrequency

Microneedle radiofrequency is ablation of eccrine sweat glands by heating the hypodermis.
Photodynamic therapy, Laser and Ultrasound are among the other treatment methods.

Surgical Treatments

Surgical methods are used in the failure of conventional treatment methods. Localized
surgery can be performed in axillary hyperhidrosis. Endoscopic thoracic sympathectomy (thoracic
2nd and 3rd sympathetic ganglia are removed) is preferred in more severe cases. Even if the
hyperhidrosis in the relevant region decreases, compensatory sweating in different regions
(abdomen, back, hips) is common as a late complication. Other complications related to surgery
are hemothorax pneumothorax horner syndrome ductus thoracic injury and N. phrenicus palsy,
wound infection, skin necrosis, skin discoloration, and scar formation.

17



Eligora, Aykut; Hyperhidrosis

References

Walling HW. (2011) Clinical differentiation of primary from secondary hyperhidrosis. | .Am Acad
Dermatol. 64(4):690-5. doi: 10.1016/j.jaad.2010.03.013.

Hornberger ], Grimes K, Naumann M, Glaser DA, Lowe NJ, Naver H, Ahn S, Stolman LP; Multi-
Specialty Working Group on the Recognition, (2004) Diagnosis, and Treatment of Primary

Focal Hyperhidrosis. Recognition, diagnosis, and treatment of primary focal hyperhidrosis. |
Am Acad Dermatol. 51(2):274-86. doi: 10.1016/j.jaad.2003.12.029.

Schlereth T, Dieterich M, Birklein F. (2009) Hyperhidrosis--causes and treatment of enhanced
sweating. Dssch Argtebl Int. 106(3):32-7. doi: 10.3238/arztebl.2009.0032.

Bini G, Hagbarth KE, Hynninen P, Wallin BG.(1980) Thermoregulatory and rhythm-generating
mechanisms governing the sudomotor and vasoconstrictor outflow in human cutaneous
nerves. | Physiol. 306:537-52. doi: 10.1113/jphysiol.1980.sp013413.

Haider A, Solish N.(2005) Focal hyperhidrosis: diagnosis and management. Crzay. 172(1):69-75.
doi: 10.1503/cmaj.1040708.

Vlahovic TC. (2016) Plantar Hyperhidrosis: An Overview. Clin Podiatr Med Surg. 33(3):441-51. doi:
10.1016/j.cpm.2016.02.010.

Sammons JE, Khachemoune A. (2017) Axillary hyperhidrosis: a focused review. | Dermatolog Treat.
28(7):582-590. doi: 10.1080/09546634.2017.1309347.

Abu Arab WS, Elhamami MM. (2021)Plantar hyperhidrosis associated with primary palmar
hyperhidrosis: Outcome following video-assisted thoracoscopic sympathectomy. _Asian
Cardiovase Thorac Ann. 29(4):310-317. doi: 10.1177/0218492321996508.

Rieger R, Pedevilla S, Lausecker J.(2015) Quality of life after endoscopic lumbar sympathectomy
for primary plantar hyperhidrosis. World | Surg. 39(4):905-11. doi: 10.1007/s00268-014-2885-
4.

Romero FR, Haddad GR, Miot HA, Catanco DC. (2016)Palmar hyperhidrosis: clinical,
pathophysiological, diagnostic and therapeutic aspects. .4 Bras Dermatol. 91(6):716-725. doi:
10.1590/abd1806-4841.20165358.

18



Eligora, Aykut, Chest Wall Deformities

Chest Wall Deformities
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Introduction

Chest wall deformities are structural anomalies that affect the sternum, ribs and chest wall
muscles and change the anatomical structure and/or function of the thorax. (Andreescu & et al.,
2018) Chest wall deformities are a large group of anomalies that are seen with an incidence of
1/400 - 1/1000 in the general population and have a significant impact on the life of the patients.
(Ytksel, 2015) Although the majority of the patients are in the childhood, it can also be encountered
in the eatly adult period in the clinic. The incidence is higher in men. Although the etiology and/or
pathogenesis cannot be clearly explained, family history is reported in most of the cases. (Yiiksel,
2015)

The psychosocial and cosmetic concerns of the patients have made these deformities more
important and remarkable in clinical practice, and have led to the development of different surgical
and non-surgical treatment methods.

Pectus excavatum and pectus carinatum are the most common chest wall deformities. Apart
from these, sternal cleft, ectopia cordis, Poland syndrome, Jeune syndrome are seen more rarely.
Chest wall deformities may be accompanied by other musculoskeletal anomalies, cardiovascular,
gastrointestinal and genitourinary anomalies.

Pectus Excavatum

Pectus excavatum or “funnelchest” (funnel chest), populatly known as “shoemaker's
chest”, is the most common chest wall deformity. It accounts for approximately 90% of all chest
wall deformities. It occurs in 1 in 400 live births and is more common in males (male/female ratio
approximately 4:1). Although it is mostly noticed during birth or in the first years after birth, the
severity of the deformity may increase with the growth of the child.

It is caused by the posterior depression of the sternum as a result of abnormal growth and
inward collapse of the costal cartilages. It usually affects the middle and lower 1/3 of the sternum.
Although the etiology is not clearly known, it has been reported that 37% of the cases have a family
history. Previous studies have shown that inheritance in pectus excavatum is autosomal dominant;
however, it is thought that autosomal recessive inheritance, X-linked inheritance and multifactorial
inheritance may also play a role in genetic transmission. The coexistence of pectus excavatum with
anomalies such as scoliosis, long extremities, high palate, mitral valve prolapse, cardiac arrhythmias
shows that there may be a relationship between pectus excavatum and connective tissue disorders.
(Andreescu & et al., 2018), (Creswick, et al., 2000) It can be seen in mild, moderate and severe
forms in the clinic. Although the deformity can be centralized or asymmetrical, it is often
asymmetrical, most commonly depression in the right hemithorax. It can rarely be seen in the
axillary or lateral regions. The severity of symptoms may vary according to the degree of deformity.
In mild cases, patients may be mostly asymptomatic. In severe cases, cardiac pressure, dyspnea,
chest pain, palpitations, decreased exercise tolerance and syncope can be seen. In addition, patients
with pectus excavatum often have conditions such as lack of self-confidence, decrease in social
relations, anxiety and avoidance of social activities.

Abnormal changes can also be detected in the electrocardiography (ECG) and
pulmonary function tests of patients with deformities. ST and T changes, P wave elevation, right
axis deviation, right bundle branch block, left atrium and left ventricular hypertrophy can be seen
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on ECG due to cardiac compression. Mitral valve prolapse can be detected by echocardiography
in 18% of cases. Restrictive changes occur in pulmonary function tests. (Beiser, et al., 1972), (Cabhill,
Lees & Robertson, 1984) Compared to the general population, it was determined that there was a
significant decrease in maximal voluntary ventilation in patients. Frequent recurrent pulmonary
infections are also seen in approximately 30% of patients. After the treatment of the deformity,
improvement in cardiac and pulmonary findings is observed. (Fonkalsrud, 2009) In addition,
psychosocial recovery is also provided.

Pectus Carinatum

Pectus carinatum, popularly known as "pigeon chest", is the second most common chest
wall deformity after pectus excavatum. It accounts for approximately 16% of chest wall
deformities, more common in men than women (4:1). In contrast to pectus excavatum, it is rare
for it to occur soon after birth, often not recognized until puberty. (Demirkaya & Cansever, 2018)
As in pectus excavatum, the etiology is not known clearly, but a positive family history has been
reported in 25-30% of the cases. Scoliosis, kyphosis, congenital heart diseases and various
musculoskeletal anomalies may accompany.

Pectus carinatum is characterized by anterior protrusion of these structures as a result of
abnormal growth of the costal cartilages and sternum. It can be classified into three types.

Chondrogladiolar type:

It is the anterior projection of the lower costal cartilages together with the sternum corpus.
It is the most common type. It can be symmetrical (most common) or asymmetrical.

Mixed type
It is the type in which pectus excavatum and carinatum deformities are seen together.
Chondromanubrial type

It results from the anterior projection of the manubrium and the second and third rib
cartilages and relative depression of the sternum corpus. It is rare.

Although functional disorders due to cardiac and pulmonary compression are less
common than pectus excavatum, complaints such as chest pain, dyspnea with exertion, and an
increase in respiratory tract infections can also be seen in patients with pectus carinatum. In
addition, psychosocial and cosmetic concerns are the most important reasons for secking
treatment.

Treatment Methods In Pectus Deformities

The choice of the right treatment method should be carefully determined according to the
shape and severity of the deformity, the age, gender and social status of the patient. Treatment
protocols can be grouped under two headings as surgical and non-surgical methods. Traditional
Ravitch method for pectus excavatum in surgical treatment protocols and Minimally Invasive
Pectus Correction (MIRPE) operation “Nuss procedure” (Molik & et al., 2001); For pectus
carinatum, traditional Ravitch method and today's minimally invasive equivalent "Abramson
procedure” are applied. Vacuum bell for pectus excavatum and dynamic external compression
(orthosis / corset treatment) for pectus carinatum are used in non-surgical protocols.

Surgical treatment

Surgical indications in the treatment of pectus excavatum can be evaluated in two groups
as functional and psychological-cosmetic indications. The aim is to prevent the compression of the
deformity on the heart and lungs, to allow the normal development of the thorax, to correct the
posture and to improve the psychological state. The treatment protocol should be decided
according to the shape of the deformity and the clinical condition of the patient, after a detailed
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evaluation with the patient and his family. Although there is no clear consensus on the timing of
surgery, the age range of 10-16 is considered to be the most appropriate. (Nuss & et al., 1998)

The Haller index (HI), which was presented as a result of Haller's studies in 1987, is the
most commonly used index in the typing of pectus excavatum. It is the ratio of the transverse
diameter at the deepest point of the deformity to the distance between the posterior surface of the
sternum and the anterior aspect of the vertebrae at the same point in thorax computed tomography.
In normal people, the HI is 2.5. An HI above 3.25 is an indication for surgery. (Haller, Kramer &
Lietman, 1987)

The first surgical treatment for pectus deformities was performed by Ludwig Meyer in
1911 in a 16-year-old patient with pectus excavatum. Secondly, it was performed by Sauerbruch
in 1913. Over the years, open surgical procedures with different techniques have continued to be
applied and improvements have been made in the technique. The classical operation technique that
will be used from the past to the present is the Ravitch Method. The first series of 8 cases, started
by Mark M. Ravitch in 1947, was published in the April 1949 issue of the Annals of Surgery journal.
(Ravitch, 1949) Complications after open surgery include atelectasis, pneumothorax, hemothorax,
wound infections, pneumonia, intrathoracic organ injury, pericarditis, sternocostal joint dislocation,
and recurrences in the late period.

Today, the most preferred method for pectus excavatum is the minimally invasive pectus
excavatum correction operation (MIRPE), which was defined by Donald Nuss in 1988. In this
technique, which is applied under general anesthesia, a nickel-steel alloy bar is placed
videothoracoscopically in the retrosternal area. The bar is removed at the end of 2-4 years. In the
minimally invasive method, short operation time, minimal blood loss, eatlier initiation of daily
activities and shorter hospital stay are important advantages compared to other open surgical
methods. Despite this, open surgical methods are still used in selected cases. The most serious
complication of Nuss operation is cardiac injury. Early complications include pneumothorax,
wound infection, hemothorax, nickel allergy, pleural effusion, pericarditis, and pneumonia, while
late complications include bar and stabilizer dislocation, pain, infection, allergic reactions,
hemothorax, recurrence, and overcorrection. With the developing surgical techniques and
increasing surgical experience, the risk of complications and recurrence in pectus excavatum
surgery has decreased.

The traditional method in the surgical treatment of pectus carinatum is the Ravitch method.
It is an open technique that involves resection of deformed cartilages with or without sternal
osteotomy, depending on the condition of the deformity. The Abramson Procedure, a modified
version of the Nuss procedure for pectus carinatum, was described by Argentine thoracic surgeon
Dr. Horacio Abramson in 2005. In this method, which is also known as minimally invasive pectus
carinatum correction surgery (MIRPC), the chest cavity is not entered. Under general anesthesia, it
is aimed to place a nickel-steel alloy metal bar presternally through a tunnel created under the skin
and to correct the deformity by pressing on the sternum. At the end of 2 years, the bar is removed
again under general anesthesia.

Non-Surgical Treatment

Non-surgical treatment of pectus excavatum is vacuum bell application. It consists of a
silicone suction cup and a hand pump, which are produced to provide negative pressure that will
create a vacuum effect on the chest wall. Successful results are obtained with its regular application
in the prepubertal period, when bone development is not yet completed. (Haecker, 2011)

In the non-surgical treatment of pectus carinatum, the dynamic external compression
method (orthosis/corset treatment) is frequently used in suitable patients as an alternative to
surgical treatments. With a specially developed device, the anterior chest wall is kept under pressure
for certain periods. The treatment is applied for 1-1.5 years and the patient is followed up at regular
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intervals throughout the treatment. Determining the appropriate pressure level and the patient's
compliance with the treatment are important in the success of the treatment. Compression-related
pain and vasovagal symptoms, local subcutaneous hematomas and skin ulcerations are rare
complications of this treatment.

Poland Syndrome And Treatment

Poland syndrome is characterized by hypoplasia or aplasia of the pectoralis muscles; It may
be accompanied by anomalies such as hypoplasia (brachydactyly), finger fusion (syndactyly), breast
anomalies, rib defects, absence of pectoral and axillary hair, and weakness of subcutaneous adipose
tissue. It occurs in approximately one in 30 000 - 32 000 live births. (Shamberger, Welch
&Upton)Generally, familial predisposition is not observed. Its etiology is not clearly known. The
syndrome affects only one side of the body, 60-75% is seen on the right side.

Functional complaints are rare in patients, mostly aesthetic concerns. In addition,
respiratory complaints can be seen in the presence of costal agenesis and severe chest wall defect.
In patients with chest wall defects, surgical treatments should not be delayed as much as possible
in order to protect vital organs such as the heart and lungs. Surgical procedures for the hand, such
as syndactyly correction surgery, should also be performed as early as possible.

The treatment to be applied is determined according to the components accompanying the
syndrome. The main purpose of treatment is to protect vital organs and functions. In addition, it
is aimed to ensure the stability of the rib cage and to give the maximum symmetrical appearance.

Sternal Cleft And Ectopia Cordis

It is a rare congenital chest wall deformity. The sternum is formed between the 7th and
10th weeks of pregnancy as a result of the fusion of two mesenchymal leaves, starting from the
manubrium and down to the xiphoid. Sternal defects occur due to complete or partial deficiency
of this fusion.

In the sternal cleft, the heart, pericardium and diaphragm are in their normal localization,
with normal skin cover. Cardiac defects in this group are rare and usually asymptomatic. It occurs
in 1 in 50,000 to 100,000 live births. Diagnosis can be made by inspection and palpation in the
neonatal period. It is very important to see paradoxical chest movements and heart movements
under the skin in the diagnosis. Imaging methods are also important to detect additional
malformations that may accompany.

In case of defect in the lower part of the sternum, ectopiacordis can be seen. In cases with
thoracic ectopia cordis, the heart is outside the thorax without a pericardial sheath.
Thoracoabdominal ectopia cordis is associated with sternal cleft, diaphragmatic defects,
omphalocele, perdicardial defect, and intrinsic cardiac anomalies (Cantrell pentalogy). (Gortlin & et
al.,1994)

Surgical applications include different techniques from primary closure of the defect to
closure with various prostheses and grafts. Surgical treatment should be performed as soon as
possible after birth to prevent intrathoracic organ damage, protect it from external factors, and
restore normal cardiac and pulmonary functions.

Jeune Syndrome

It was first described in 1955 by Jeune et al. It can be congenital or acquired. Acquired
Jeune syndrome is a severe complication that can be seen after open pectus excavatum surgery.
Congenital Jeune syndrome, asphyxiating thoracic dystrophy (ATD), is an autosomal recessive
polychondrodysplasia disease. It occurs with a frequency of 1 in every 100,000 to 130,000 live
births. (Kozlowski & Masel, 1970)
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The thorax is narrow in the transverse and sagittal axis; It also lost its flexibility. The lungs
are hypoplasic because of the narrow rib cage. Expansion of the thorax is impaired due to short
horizontal ribs. As a result, alveolar hypoventilation develops due to insufficient expansion of the
lungs. The morbidity and mortality of the disease vary according to the degree of lung involvement.
Pneumonia and respiratory failure may occur after birth due to lung hypoplasia. Untreated babies
with June syndrome may die early. (Kozlowski & Masel, 1976) In moderately severe cases, recurrent
pneumonia, respiratory failure and eventually ventilator dependence may occur. In mild cases,
respiratory problems may decrease with advancing age. In some patients, lung functions may be
found to be completely normal.

Jeune syndrome is a multisystemic disease and other accompanying skeletal anomalies,
kidney failure, hepatic and biliary fibrosis, pelvic anomalies, retinal anomalies can be seen.

The main goal in the treatment of Jeune syndrome is to widen the rib cage and allow
adequate lung expansion. Surgical treatment should be performed as soon as possible after
delivery.
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Preventing Liver Toxicity Induced By Methotrexate

Ayse Giil KABAKCI!
Memduha Giilhal BOZKIR?

Introduction

Methotrexate (MTX), formerly known as amethopterin, is one of several folic acid
antagonists originally utilized in children with acute leukaemia (Conway and Carey, 2017; Fiehn,
2008; Martin et al., 2009; Salim et al., 2008). The data on the effectiveness of MTX derive from
studies conducted in the 1960-1970s when there are no current methodological standards, but
clinical experience with MTX is more than studies (Chen et al., 2009; Ginnani et al., 1992; Jolivet
et al., 1983; Pinarbash et al., 2008). Methotrexate is also an effective drug for the treatment of adult
malignancies. Toxic reactions can occur when patients use high doses of MTX, but the relationship
between toxicity and concentration in adults is controversial (Yang et al., 2018). Wippel et al., in
their study conducted in 2018, they investigated the safety and efficacy of high-dose MTX for
osteosarcoma in young adults aged 7-38 years and difference in clearance time between the two
study groups (=18 years vs >18 years) (Wippel et al., 2019). When MTX treatment is planned, pre-
treatment complete blood count, erythrocyte sedimentation rate, kidney function tests (urea,
creatinine), urine analysis, liver function tests (AST, ALT, GGT, ALP), hepatitis serology (HBV
and HCV), HIV and tuberculosis tests must be done. Blood count, liver and kidney function tests
should be followed during the treatment. Biochemical tests should be repeated once a month for
the first 3 months of treatment, then every 3 months thereafter. Blood count should be applied
once a week in the first 3 months of treatment and if there are no side effects, the test interval
should be extended (Lindsay et al., 2009). MTX is used orally or intravenously. While it is almost
completely absorbed from the gastrointestinal system at low doses, the intravenous route is
preferred since the absorption of the gastrointestinal system will decrease in high doses. Oral and
intravenous administration of MTX provides good tissue distribution except the central nervous
system (Armagan, 2015). It reaches the maximum blood level in 45-120 minutes after oral intake.
Serum half-life period is 6-8 hours. MTX is excreted in the urine rate of 65-80% within the first 12
hours by binding to albumin in the circulation. MTX accumulates in erythrocytes and hepatocytes.
The clinical effect begins in 2-3 weeks, reaching a maximum in the 8th week (Given et al., 2017;
Kavala et al., 2014; Roenigk et al., 1998). Anemia, thrombocytopenia, leukopenia, tuberculosis,
infections, peptic ulcer, ulcerative colitis, alcoholism, immunodeficiency, pregnancy and lactation
are contraindications for MTX treatment. Excessive alcohol consumption, liver enzyme elevation,
liver disease, obesity, diabetes mellitus, presence of hepatitis B and C, exposure to hepatotoxic
drugs are also important risk factors for hepatotoxicity (Nast et al., 2012). The severity of the side
effects of MTX is variable. The most common side effects are mild and reversible. Side effects

such as nausea, vomiting, increased transaminases and stomatitis are often dose related. Generally,
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these side effects resolve after the end of treatment or dose reduction (Van et al.,, 2001). MTX
causes side effects such as nephrotoxicity and hepatotoxicity. These side effects may occur as a
result of oxidative damage caused by reactive oxygen species. There are studies in the literature
stating that it should be used together with antioxidants to avoid MTX toxicity. In these studies,
the occurrence of hepatotoxicity due to the use of MTX was explained as follows; the use of MTX,
which is kept in the form of polyglutamate inside the cell, increases the amount of polyglutamate
form in the cell and decreases folic acid levels. This causes hepatocyte necrosis (Akbulut et al.,
2014; Cetin et al., 2011; Jahovic et al., 2003; Kahraman et al., 2013; Kolli et al., 2009; Kose et al.,
2012; Soliman, 2009; Sentiirk, 2016; Vardr et al., 2010. Approximately 30% of the patients receiving
MTX treatment are discontinued due to drug toxicity (Van et al., 2001). Long-term and high-dose
use of MTX, especially due to hepatotoxicity, may be interrupting the treatment or prolonging the
treatment process by reducing the dose to be used. Therefore, with this study, we aimed to collect
studies in the literature to prevent hepatotoxicity caused by MTX. This study was produced from
my doctoral thesis, which was supported by Cukurova University Research Fund as project number
TDK-2018-10773 and was finished on September 1, 2022 (decision no: 24/68-65).

Methotrexate Clinical Applications

MTX is one of the first drugs used for the treatment of rheumatoid arthritis since the 1980s.
Friedman and Cronstein examined the mechanism of MTX activity in rheumatoid arthritis in their
study in 2019. The reason why MTX is preferred for the treatment of rheumatoid arthritis is the
explanation considered as Adenosine signal because MTX increases adenosine levels and causes
adenosine to associate with its extracellular receptors, interacting intracellularly with a general anti-
inflammatory effect. Studies have shown that MTX is used effective as an antagonist folate pathway
by inhibiting dihydrofolate reductase when administered in very high doses (as high as 1 gram in a
single dose) for leukemia, and in much lower doses (15-25 mg / week) for rheumatoid arthritis
patients (Visentin et al., 2012). Rheumatoid arthritis is a common autoimmune disease that
seriously endangers human health (Boone et al., 2019; Burmester et al., 2017; Pang et al., 2018).
Another department where MTX treatment is dermatology. MTX is most commonly used in
psortiasis in dermatology (Milojevic et al., 2001; Van et al., 2019; Thi et al., 2019). When studies
investigating MTX treatment for other dermatological disorders are examined; Systemic retinoids
take the first place in the treatment of Pityriasis Rubra Pilaris (PRP), which is a papulosquamous
dermatosis. Dicken et al. they reported that when patients with PRP used 10-25 mg MTX a week
for an average of 6 months, they had very positive results in all patients (Dicken, 1987; Lower and
Baughmann, 1995; Paul et al, 1994). In addition, it has been reported that various
immunosuppressives, especially systemic steroids, are used in the treatment of dermatomyositis
(DM) with inflammatory myopathy and characteristic skin findings (Kasteler and Callen, 1997). In
cutaneous lupus erythematosus, which is one of the cutaneous manifestations of systemic lupus
erythematosus, the first choice is hydroxychloroquine, but it has been shown that it can be used in
systemic steroids and other immunosuppressives in recalcitrant cases (Wenzel et al., 2005). In
recent studies, it has been reported that low-dose MTX has beneficial effects on atopic eczema,
which is a chronic and recurrent disease, with dry skin, itching and dyshydrosic eczema with itchy
vesicles in hairless areas (Egan et al., 1994; Seyger et al., 1998). In the literature, there is only one
study with MTX in Behget's disease, which is characterized by vascular involvement such as oral
and genital aphthae, ocular involvement, erythema nodosum, arthritis and thrombophlebitis
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(Jorizzo et al., 1991; Lally et al., 1985; Melton et al., 1991; Torti et al., 2007). In another study by
Van et al. in 2019, they evaluated the effectiveness and safety of MTX together methylprednisolone
dose in the treatment of severe alopecia areata. As a result, they found that the combination of

MTX and methylprednisole was effective and safe in the treatment of alopecia areata (Van et al.,
2019) .

Studies to Prevent Toxicity Caused By Methotrexate

MTX inhibits mitosis of the cells by antagonizing folic acid required for deoxyribonucleic
acid (DNA) synthesis of cells. MTX toxicity targets vital organs and structures of the body namely
skin, GI mucosa, kidney, liver, and bone marrow. Major toxic effects of MTX, such as hepatic,
renal, pulmonary, and bone marrow disorders, occur less frequently than the minor effects but may
be lifethreatening. Signs and symptoms of acute MTX toxicity are based on extent and severity of
organ involvement (Madke et al., 2015).

Table 1 - Studies to prevent liver toxicity caused by MTX

MTX Toxicity Experimental animals Human
Hepatotoxicity Molsidomine Silymarin
Metformin Laurencia undulate
Alpha lipoic acid Folic acid

Rutin trihydrate (Santa Cruz, USA) Leflunomide
Turmeric

Timokino

Balanites aegyptiaca extract,
Melatonin

Utrsodeoxycholic acid
Sitagliptin

Metformin

Vitamin E

Metallothionein
Indole-3-Carbinol

Inulin

Tempol

Glycytrhizin acid

Moringa oleifera leaf extract
Coenzyme Q10

Ellagic acid

Ginkgo biloba extract
Acori Graminei Rhizoma

Testicular toxicity Carvacrol
Nephrotoxic effect Testicular toxicity Silymarin
Infliximab

Lycopene

Melatonin

Corn oil

Alpha lipoic acid

Nigella sativa (black seeds)

Berberine

Calffeic acid phenethyl ester

Intestinal mucositis Arginine,

Omega 3 fatty acids nucleotides (oral
formula enriched)

Pulmonary fibrosis Clarithromycin

Pancreatic toxicity Tumor necrosis factor alpha inhibitors
Inflammation Coconut oil

Splen toxicity Moringa oleifera leaf extract

Oral mucositis Alpha lipoic acid
Fibrosarcoma-bearing Vitamin ¢

Over toxicity Alpha lipoic acid
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When the literature studies on MTX toxicity in experimental animals are examined (Table
1); Daggulli et al. examined the protective effects of Carvacrol against testicular toxicity caused by
MTX in rats. Twenty-four rats equally divided into three groups: group I; control treatment, group
II; MTX treatment, group III; received MTX + Carvacrol treatment. On the first day of the
experiment, group III received a single dose of Carvacrol, and on the second day of the experiment,
groups II and III received a single dose of MTX. They found that the levels of MDA, TOS and
OSI in serum and testis sampling were significantly higher in the MTX group only, compared to
the control group, and significantly decreased in the MTX group compared to the control group
in the TAS group. They noted that with the administration of Carvacrol, levels of MDA, TOS,
OSI, and TAS were reduced relative to rats treated with MTX alone (Daggulli et al., 2014). In
another study made by Aslaner et al. In 2015, they investigated the effectiveness of ozone therapy
on the nephrotoxic effect of MTX. For this purpose, 18 rats is divided into three equal groups as
Group 1; control, Group 2; MTX given, Group 3; MTX and ozone therapy given. Ozone therapy
(25 mcg / ml) was applied to all three groups every day, and a single dose of MTX (20 mg / kg)
was given to Groups 2 and 3 on the fifteenth day, and tissue and blood samples were taken at the
end of the third week. Ozone therapy has been found to heal antioxidant enzymes-activated kidney
tissue in rats and prevent nephrotoxicity caused by MTX (Aslaner et al., 2015). In a study conducted
by Kirbas et al. in 2015, they examined the effect of anti-inflammatory infliximab active ingredient
on preventing renal damage caused by MTX on rats. It was studied in three groups with 10 rats in
each group. Group 1; receiving a single dose of MTX (20mg/kg), Group 2; receiving a single dose
of infliximab (7mg/kg) and Group 3; receiving MTX (20mg/kg) and infliximab (7mg/kg). After
five days, blood and tissue samples were taken from the rats. Consequently, at the end of five days,
levels of tumor necrosis factor-a (P=0.008), interleukin-13 (P=0.030), nitric oxide (P<0.001) and
adenosine deaminase (P<0.001) were compared to Group 2 and 3. They found that it was higher,
and infliximab was shown to have a strong protective effect against MTX-induced nephrotoxicity
by suppressing cytokine release (Kirbas et al.,, 2015). In addition, in the study by Oguz et al.
examined the effects of lycopene alone or combination with melatonin on nephrotoxicity caused
by MTX in rats. They divided 26 rats into four groups; Group 1; control, Group 2; given MTX (20
mg / kg), Group 3; given MTX and corn oil, Group 3 given MTX and lycopene, Group 4; MTX,
lycopene and melatonin. In Group 3 and Group 4, a significant decrease was achieved in tumor
necrosis factor-alpha, interleukin 1-beta and ceruloplasmin levels compared to Group 2. In
addition, a significant decrease was observed in the nitric oxide level in Group 4. In histological
examination, while there was damage in Group 2, it was found that there was an obvious
improvement in Group 4 (Oguz et al., 2015). Cakir et al. investigated the antioxidant and anti-
inflammatory effects of alpha lipoic acid (ALA) on MTX-induced kidney damage on rats. They
divided thirty-two rats equally into four groups; Group 1; Control, Group 2; ALA, Group 3; MTX
and Group 4; ALA+MTX. They gave a single dose of MTX (20 mg / kg) intraperitoneally to
Groups 3 and 4 for kidney injury. On the sixth day, blood samples and kidney tissues received
measurement of TNF-«, IL-18, malondialdehyde, glutathione, myeloperoxidase and sodium
potassium-adenosine triphosphatase levels and histological examination results. They stated that
the application of MTX caused a significant decrease in GSH and Na +, K + -ATPase activity in
the tissue, and a significant increase in MDA and MPO activities. They also found that
proinflammatory cytokines (TNF-u«, IL-3) were significantly increased in the MTX group. They
found that ALA treatment reversed all biochemical indices as well as histopathological changes
induced by MTX++++ (Cakir et al., 2015). In the Medical Speciality Thesis made by Akytiz in
2015, investigated the effects of arginine, omega 3 fatty acids and an oral formula enriched with
nucleotides in the MTX-induced experimental intestinal mucositis model. The study was conducted
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on 32 rats by forming four groups. Group 1; Saline only by gavage was given for 5 days, Group 2;
three times a day immunonutritional oral formula (5 mg/kg) was given, Group 3; After
intraperitoneal single dose MTX (20mg/kg), saline by gavage was given for 5 days and Group 4;
immunonutritional oral administration was given three times a day for 5 days following a single
dose of MTX. Tumor necrosis factor alpha (TNF-«) and interleukin 1 beta (IL-18) levels were
studied in serum on the 6th day, and luminol, lucigenin, glutathione, myeloperoxidase,
malondialdehyde and Na*-K* ATPase levels were studied in jejunal tissue samples. As a result,
serum TNF-a and IL-1( levels were significantly higher in the Group 3 compared to the Group 1
(p<0.001). TNF-a and IL-18 levels in the Group 4 were found to be statistically lower than the
Group 3 (p<0.001). In jejunal tissue, glutathione and Na*-K* ATPase levels were lower in Group
3 than Group 1 (p<0.05, p<0.01, respectively), while the mean value in Group 4 was higher than
in Group 3 (p<0.05). In addition, tissue myelopexidase and malondialdehyde levels were
statistically higher in Group 3 than Group 1 (p<0.001, p<0.01, respectively). In Group 4,
myelopexidase and malondialdehyde levels were found to be statistically lower than Group 3
(p<0.001, p<0.05, respectively). Luminol and lucigenin levels in Group 3 were significantly higher
than Group 1 (p<0.01, p<0.001, respectively); Luminol and lucigenin levels in Group 4 were
significantly lower than Group 3 (p<<0.01). This study has shown that chemotherapy has negative
effects on the small intestine mucosa, and the immunonutritional oral formula has demonstrated
the protective effect of intestinal damage due to MTX (Yilmaz et al., 2018).

In a study conducted by Ahmed et al. in 2017, they examined the effect of Nigella sativa
(black seeds) on nephrotoxicity caused by MTX in mice. There are eight mice (Swiss albino) in
each group. Group 1; control, Group 2; MTX receiving (10 mg / kg), Group 3; Nigella sativa (black
seed) receiving (0.125ml/day), Group 4; They studied with four groups receiving MTX (10 mg/kg)
and Nigella sativa (black seed) (0.125ml/day). Malondialdehyde (MDA) and glutathione (GSH)
measurements were made on the kidney homogenate on the 23rd day, and they found a increase
in MDA value in Group 2 and a lower GSH level in Group 4 compared to Group 1. While in
Group 2 had nephrotoxicity, no changes were found in mice in Group 4 (Ahmed et al., 2017).

In the study made by Kalemci et al. in 2018, they examined the effectiveness of
clarithromycin as a protective agent in the pulmonary fibrosis model induced by MTX. They
examined 30 rats as three groups; Group 1; control, Group 2; MTX (3 mg/kg) and Group 3; MTX
(3 mg/kg) and clarithromycin (200 mg/kg). Histopathological changes wete evaluated and normal
changes were observed in the control group. In group 2, histopathological changes were found to
be significantly higher in the pulmonary fibrosis MTX group compared to the other groups. As a
result, they have shown that clarithromycin is effective in protecting against pulmonary fibrosis
caused by MTX (Kalemci et al., 2018). In addition, Mercantepe et al. investigated the protective
effects of tumor necrosis factor alpha inhibitors on pancreatic toxicity caused by MTX. They
divided the rats equally and randomly into 3 groups (Group 1, healthy controls, Group 2, MTX
group and Group 3, MTX+ADA group) and rats have applied intraperitoneal injection of a single
dose of MTX (20 mg/44kg) in Group 2, Group 3. Group 3 received a single dose of 5 mg/kg
ADA (INFLECTRA®) ip and all rats were sacrificed under anesthesia 5 days after receiving the
MTX injection. Compared to those recorded in Group 1, they recorded higher edema, necrotic cell
and inflammatory scores in Groups 2 and 3, edema, number of necrotic cells and inflammatory
scores in Group 3, and a more pronounced decrease in Group 2. A decrease in Langerhans cell
insulin and somatostatin positive interneurons islets was observed after MTX administration. They
found that the islets of Langerhans and the restructuring of the pancreatic structure occurred after
ADA treatment (Mercantepe et al., 2018). In the study of Rong et al.,, they examined that MTX
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improved spinal cord injury and found that CASPASE 3, GRP 78 apoptotic factors increased in
spinal cord injury, but the values decreased as MTX was administered (Rong et al., 2018). In the
study conducted by Famurewa et al. in 2018, 24 rats (Group 1; control, Group 2; MTX 20 mg/kg,
Group 3; MTX and 5% coconut oil and Group 4; MTX and 15% coconut oil) for the prevention
of oxidative stress caused by the use of MTX with coconut oil. The parameters of SOD, CAT,
GPx, GSH, MDA, Interleukin-6, C-reactive protein and nitric oxide were evaluated. They found a
significant decrease in SOD, CAT, GPx and GSH values in the groups using coconut oil extract
and a significant increase in Interleukin-6, C-reactive protein and nitric oxide parameters. SOD,
CAT, GPx (U/mg protein), GSH (mg/g protein), MDA (nmol/mg protein) values were found
respectively; in Group 1, 0.22+0.01, 9.83%0.20, 44.3+1.70, 4.50£0.16, 1.25+0.30 in Group 2;
0.18+0.01, 7.46%0.22, 19.6%£2.00, 3.36%£0.24, 2.18+0.20 in Group 3; 0.22%+0.01, 8.67+0.19,
32.240.66, 3.91£0.02, 0.93%0.23 and in Group 4; It was 0.23%£0.01, 10.2+0.28, 34.5+1.28,
4.29%0.10, 1.02+0.03 (Famurewaa et al., 2018).

In another study examining the protective effect of berberine against MTX-induced
nephrotoxicity, the anti-apoptotic properties of berberine were demonstrated by suppressing BAX
and CASPASE-3 and increasing BCL2 expression when compared to the MTX-administered
group (Hassanein et al., 2019). Similarly, in another study conducted to prevent the damage of
Moringa oleifera leaf extract to the spleen caused by MTX in mice, BAX and CASPASE 3 values
were found to be higher in the MTX group compared to the Moringa+MTX group (Soliman,
2009).

When the literature studies with humans on MTX toxicity, Taylor et al., examined the
evaluation of biomarkers of oxidative stress and apoptosis in patients with severe MTX
neurotoxicity. Central nervous system therapy is an important part of ALL treatment and the most
common treatment is intrathecal and high dose intravenous MTX. Treatment with MTX can cause
neurotoxicity, which often leads to neurological changes, delays in treatment, and prolonged
hospital stays. Oxidative stress assessment, oxidized phosphatidylcholine (PC), oxidized
phosphatidylinositol (Pi) and F2 isoprostanes; have measured apoptosis with caspase 3/7 activity.
They found the most consistent biomarker changes in the cases they examined, an increase in
caspase 3/7 and F2 isoprostanes before acute toxicity. They found the most consistent biomarker
changes in the cases they examined, an increase in caspase 3/7 and F2 isoprostanes before acute
toxicity. They also found that these findings support the role of oxidative stress in MTX-induced
neurotoxicity.58 Pulmonary damage occurs as a serious adverse event in 0.3% to 8% of patients,
usually during the first year of MTX treatment. Pneumonitis caused by alveolar damage,
perivascular inflaimmation and lung infections. MTX can precipitate in renal tubules, leading to
renal failure and nephrotoxic side effects due to acute tubular necrosis (Imokawa et al., 2000;
Romio et al., 2014; Widemann et al., 2006). In another study investigating apoptosis in SKOV-3
ovarian cells during treatment with MTX, they noted that MTX caused an increase in BAX, BAX
/ BCL2 ratio and a dectrease in BCL 2 (P <0.01). As a result, they found that MTX caused moderate
apoptosis in SKOV-3 ovarian cells (AlBasher et al., 2018).

MTX is a drug used in the treatment of various malignancies. Unfortunately, it leads to life-
threatening complications, including hepatorenal toxicity. Hepatotoxicity due to drugs is one of the
most common causes of liver damage (Chen et al., 2015; Lucena et al., 2008). This is because the
liver is the main organ for the metabolism of many drugs or chemical agents. There are more than
1100 toxic substances that are harmful to the liver (Abboud and Kaplowitz, 2007). The increase in
liver enzymes as a result of drug use is an important factor in stopping the production and
distribution of the drug (Eren et al,, 2004). Although severe drug-induced liver injury is an
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extremely rare event, it may require orthotopic liver transplantation or result in the death of the
patient (Massart et al., 2017). For example, there are studies demonstrating the protective effects
on hepatorenal toxicity in other models in addition to its anticancer effects (Isoda et al., 2006; Nasti
and Rafieian-Kopaei, 2014). When the literature studies with experimental animals on
hepatotoxicity induced MTX; in the study made by Asct in 2010, examined the prophylactic effect
of Misoprostol in preventing liver and kidney damage caused by MTX. In the study, 24 Wistar
albino male rats were used and formed 4 groups, Group 1; Control, Group 2; MTX (20 mg/kg, ip,
single dose), Group 3; MTX (20 mg/kg, ip, single dose)+Misoprostol (200ug/kg, oral, 5 days) and
Group 4; Misoprostol (200ug/kg, oral, 5 days). As a result of the biochemical analysis in liver tissue,
it was found a significant increase was observed in MDA levels in rats using MTX compared to
the control group, while MDA decreased with the use of MP. The antioxidant enzyme CAT and
SOD levels were found to be significantly decreased in Group 2, while the use of MP increased
these enzyme levels. In the kidney tissue, biochemically, it was found that MTX increased the MDA
level and decreased the CAT, SOD values, while MP significantly decreased the MDA level and
increased the CAT and SOD values. In parallel with biochemical findings, histological
examinations of liver and kidney tissues also observed findings that MTX caused oxidative damage.
As a result, it was concluded that the toxic effects of MTX on rat liver and kidney tissue can be
healed with Misoprostol (Asct and Ozer, 2011). In a study by Ramachandran et al., they examined
the effect of acetaminophen on mitochondrial oxidative stress, DNA and liver damage, they found
an increase in AIF and BAX values (Ramachandran et al., 2011). Similarly, Cakir et al. examined
the effect of alpha lipoic acid on rats in the prevention of hepatotoxicity caused by MTX. Thirty
two rats is divided into four groups; Group 1; Control, Group 2; ALA, Group 3; MTX, Group 4;
MTX+ALA. Groups 3 and 4 wete given a single dose of MTX (20 mg / kg), while groups 2 and 4
were given intraperitoneal alpha lipoic acid for five days. On the 6th day, blood and liver tissue
taken from rats were examined. TNF-a (pg / ml) and IL-18 (pg / ml) values were found
respectively in Group 1; 9.7£1.3, 10.5+1.3, in Group 3; 33.1£3.5, 31.6+3.1 in Group 4; 13.9£2.8,
16.3+2.7. It was concluded that MTX caused a significant decrease in GSH and Na +, K + ATPase
activity while it caused a significant increase in MDA and MPO activity. In addition, TNF-a, IL-3
values also increased significantly in the MTX group. As a result, they found that ALA treatment
reversed all these biochemical indices and histopathological changes induced by MTX (Cakir et al.,
2015). In another study, Erdogan et al. investigated the possible protective effect of rutin (Rutin
trihydrate, Santa Cruz, USA) on MTX-induced hepatotoxicity. Twenty-two rats were divided into
three experimental groups for the study; Group 1; Control-saline, Group 2; MTX, Group 3;
MTX+Routine. They took hepatic tissue for histological evaluation and biochemical analysis,
analyzed the oxidative stress parameters (malondialdehyde (MDA), glutathione peroxidase (GSH-
Px) and superoxide dismutase (SOD)) and liver markers in serum (aspartate aminotransferase
(AST), alanine aminotransferase (ALT)). They found that there was less damage in histological
examinations and increased levels of MDA, ALT, SOD and GSH-Px in the MTX+Routine group
compared to the MTX group. They found that MDA and ALT levels were higher, SOD and GSH-
Px levels were lower, and AST levels were similar in the MTX group compared to the MTX +
Rutin group (Erdogan et al., 2015). In another study made with experimental animals, Moghadam
et al. examined the effect of turmeric against liver toxicity and oxidative stress caused by MTX.
Wistar albino male rats were fed for 30 days and they were divided into 6 groups; Group 1; control,
Group 2; turmeric (100mg/kg), Group 3; turmeric (200mg/kg), Group 4; MTX (20mg/kg), Group
5; turmeric (100mg/kg)+MTX (20mg/kg), Group 6; turmeric (200mg/kg)+MTX (20mg/kg).
SOD, CAT and GSH-Px for cellular antioxidant defense activities and MDA for lipid peroxidation
were investigated. They obtained significant signs of liver damage in the MTX group. In the
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microscopic examination of liver tissue, they found that MTX treatment caused severe
centrilobular degeneration, periportal degeneration, portal vein hyperemia, increased arterial
inflammatory cells infiltration, necrosis, and all histopathological changes were reduced in the
group given turmeric (200 mg / kg) (Moghadam et al., 2015). In addition, El-Sheikh et al. examined
the effect of Timokino (TQ) (10mg / kg) on MTX-induced hepatorenal toxicity on rats orally for
10 days. For this study, four groups were designed as Group 1; control, Group 2; TQ given, Group
3; MTX given and Group 4; MTX+TQ given. They observed that caused impairment in kidney
and liver functions in urea nitrogen, creatinine, alanine aminotransferase and aspartate
aminotransferase in the groups given MTX (20mg/kg i.p.) at the end of the 3rd day. Moreover,
they found that MTX caused a decrease in glutathione, catalase, increase in malondialdehyde levels
and nitrosative stress associated with increased nitric oxide in liver and kidney. They also found
that MTX caused an apoptotic effect as it lowered the caspase 3 level. When the groups given TQ
at the end of the 10th day were examined, they found that MTX also reversed the inflammatory
and apoptotic findings, oxidative and nitrosative stress (El-Sheikh et al., 2015). In another study by
Ramachandran et al, they examined the effect of hepatitis C virus structural proteins on
acetaminophen-induced liver damage in mice, and stated that there was an increase in AIF and
GADD153 values compared to the control group and a decrease in GRP78 in mice with hepatitis
¢ with liver damage (Ramachandran et al., 2015). Hamed et al. investigated the protective effect of
strawberries (fragaria ananassa) against hepatotoxicity due to carbon tetrachloride and found that
the value of BAX, CASPASE 3 decreased and BCL2 value increased in the strawberry given group
(Hamed et al., 2016). Montasser et al. in 2017 examined the protective effects of balanites
aegyptiaca extract, melatonin and ursodeoxycholic acid against hepatotoxicity caused by MTX in
male rats. Eighty adult male rats (Sprague Dawely) weighing 190£10 g were randomly divided into
eight equal groups: Group 1; Control, Group 2; MTX, Group 3; melatonin, Group 4; balanites
aegyptiaca extract, Group 5; ursodeoxycholic acid, Group 6; MTX + melatonin, Group 7; MTX +
balanites aegyptiaca extract, Group 8; MTX + ursodeoxycholic acid. They examined liver function
biomarker enzymes, liver tissue oxidative stress parameters, total antioxidant capacity, and tumor
necrosis factor (INF-a). They also performed histopathological and immunohistochemistry
examinations. In the MTX group, alanine transaminase (ALT), aspartate transaminase (AST),
alkaline phosphatase (ALP), gamma glutamyl transferase (GGT), total and direct bilirubin, TNF-a
levels, oxidized glutathione (GSSG), malodialdehyde (MDA), nitric oxide (NO) found a significant
increase. They noted that there was a significant decrease in total protein, albumin, total antioxidant
capacity, glutathione (GSH), glutathione peroxidase (GPx), glutathione reductase (GR), glutathione
S-transferase (GST), superoxide dismutase (SOD) and catalase (CAT) levels in the MTX-treated
group. They stated that while there were positive changes in the treatment of melatonin and
balanites aegyptiaca extract, no improvement was seen in ursodeoxycholic acid treatment
(Montasser et al., 2017). In another experimental study, Abo-Haded et al. investigated the
protective effect of Sitagliptin, a selective dipeptidyl peptidase-4 inhibitor used clinically as a novel
oral anti-diabetic agent, against MTX-induced liver toxicity. They divided forty mice into four
groups (10 mice each); Control, MTX, and two sitagliptin groups (pre-treated with sitagliptin 10
mg/kg/day and 20mg/kg/day) during the five days prior to MTX injection. They found that there
was hydropic degeneration, apoptosis and focal necrosis in all liver regions and in biochemical
analysis, there was a significant increase in serum transaminases, alkaline phosphatase and lactate
dehydrogenase in the MTX group. They observed that MTX induced oxidative stress and
depressed antioxidant system of hepatic tissues, activation of inducible nitric oxide synthase and
increased nitrite / nitrate level in MTX group. When investigating hepatic cellular apoptosis, they
found that there was an increase in Bax and caspase-3 levels and a decrease in Bcl2 levels. They

32



Kabakci, Ayse Gil & Bozkir, Memduha, Giilhal; Preventing Liver Toxicity Induced By Methotrexate

stated that all biochemical, histopathological, and immunohistochemical markers were significantly
improved in the groups in sitagliptin given groups (Abo-Haded et al., 2017). In another study made
in mice to prevent acetaminophen-induced hepatotoxicity, the protective effect of Folium
Microcos was examined, and an increase in CASPASE3, BAX values and a dectrease in BCL2 were
observed in the acetaminophen given group compared to the acetaminophen+Folium Microcos
group (Wu et al., 2017). In addition, Rizk et al. investigated the effect of MET (Metformin) on
hepatotoxicity of MTX induced. They divided the thirty rats into 3 groups: Group 1; control,
Group 2; receiving MTX treatment and Group 3; receiving MET/MTX treatment. After 7 days,
they observed hepatorenal toxicity in the group receiving MTX and performed histological
examinations and biochemical analysis of liver and kidney function. As a result, they observed an
increase in hepatic and renal malondialdehyde levels, a significant decrease in hepatic and renal
total antioxidant capacity levels and Na + / K + -ATPase in the other groups compared to the
control group. They have demonstrated that MET significantly reduces hepatorenal toxicity and
can prevent toxic effects on all measured parameters (Rizk et al., 2018). Amirfakhrian et al. in their
study in 2018 evaluated the protective effect of vitamin E against hepatotoxicity caused by MTX
using 99mTc-phytate as a radiopharmaceutical agent. They divided the rats into five groups; Group
1; control, Group 2; solvent, Group 3; Vit E (100 mg/kg), Group 4; MTX (20 mg/kg) and Group
5; Vit E+MTX. The rats continued intraperitoneal injection of Vit E for 17 days before MTX
injection and for 4 days after MTX injection. 99mTc-phytate (% ID/g) in the livers, significantly
increased the ID/g % level in MTX-injected rats. This study shows that 99mTc-phytate is an
acceptable radiopharmaceutical agent for the evaluation of liver and spleen injuries in an animal
model (Amirfakhrian et al,, 2018). In another study examining the effect of vitamin E and
Metallothionein in fish to prevent the toxicological effect of cadmium on the liver, an increase in
CASPASE 3, AIF, BAX values and a decrease in BCL2 value were found in the group given saline
compared to the group given vitamin and Metallothionein (Duan et al., 2018). In the same way,
Hasan et al. in 2018 examined the therapeutic benefits of indole-3-Carbinol in adjuvant-induced
arthritis and its protective effect against MTX-induced hepatic toxicity. Arthritic Sprague Dawley
rats injected Complete Freund's Adjuvant (CFA) and administered Indole-3 Catbinol and/or
MTX. In order to examine the anti-inflammatory and anti-arthritic effect, they examined the values
of body weight, macroscopic scoring of the hind paw, level of pivotal cytokines (TNF-o, IL-6),
pathogenesis, spleen index and erythrocyte sedimentation rate. They stated that both I3C and MTX
by reducing inflammatory markers and mediators, alleviated inflammation and histopathological
changes affecting the tibiotarsal joint. In this study, they found that I3C alleviated arthritis and liver
failure induced by MTX therapy by shrinking prooxidants, regulating antioxidant defenses, and
reducing pathological changes affecting the liver (Hasan et al., 2018). In another study examining
the effect of coenzyme Q10 on lung and liver fibrosis in rats treated with MTX, combined therapy
of CoQ10 and methotrexate was used, and blood samples for biochemical analysis, lung and liver
tissue were examined for biochemical and histopathological analysis.

They found that combined treatment with CoQ10 and methotrexate resulted in improved
histological picture of lung and liver tissues, modulation of liver function (elevations in serum ALT
and AST and decrease in albumin), and oxidative stress biomarkers (increase in GSH level and
decrease in MDA level). Autophagy genes [rapamycin mammalian target (m-TOR), Microtubule-
associated proteins 1A/1B light chain 3 (MAP1LC3B) and Sequestosom 1 ubiquitin binding
protein p62 (p62 / SQSTM1)] and Protein B1 (HMGB1) with simultaneous reduction in the High
Mobility Group). Based on their results, they found that CoQ10 up had protective properties
against methotrexate-induced lung and liver fibrosis in the current study rat model (Mohamed et
al., 2018). Ebrahimi et al. examined the hepatoprotective effect of Ellagic acid (EA) against MTX-
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mediated oxidative stress (OS). Thirty two Wistar rats divided into 4 groups; Group 1; control,
Group 2; 10 days of oral corn oil (0.5%)+a single 20 mg/kg dose of MTX at the end of the third
day (ip), Group 3; 5 mg/kg oral EA for 10 consecutive days+a single 20 mg/kg dose of MTX (ip)
at the end of the third day and Group 4; 10 mg/kg oral EA for 10 consecutive days+a single 20
mg/kg dose of MTX (ip) at the end of the third day. After biochemical analysis, liver enzymes and
malondialdehyde were found to be significantly higher in the MTX group. They stated that oxygen
species (ROS) overproduction, decrease in mitochondrial outer membrane potential,
mitochondrial swelling, cytochrome c release and increase in caspase-3/9 resulted apoptosis. Also,
they noted that overexpression of proinflammatory factors, nuclear factor kappa B (NF-xB) and
interleukin 6 (IL-6) showed MTX-induced inflammation in the MTX-treated group. But they found
that EA can significantly prevent OS, mitochondrial dysfunction, apoptosis, and the inflammation.
Furthermore, the EA-treated rats also found that both nuclear factor erythroid 2-associated factor
2 (Nrf2) showed significant upregulation (Ebrahimi et al., 2019). Moreover, in a study of Nho et
al. examined the effect of Acori Graminei Rhizoma on type II collagen-induced arthritis (CIA).
They evaluated the water extract of Acori Graminei Rhizoma (WAG) in Tus, CIA mouse models.
Male DBA / 1 mice were divided into five groups (NOR; n = 10, CON; n = 10, CIA +
methotrexate (MTX); n = 10, CIA + 100 mg / kg WAG; n = 10, CIA + 500 mg / kg. WAG; n =
10). They analyzed hematological parameters, liver and kidney serum toxicity markers. Also, they
analyzed serum levels of interleukin (IL) -6, TNF-and type II collagen IgG by enzyme-linked
immunosorbent assay (ELISA). As a result, they found that WAG did not alter hematological
parameters, kidney and liver toxicity markers, but could be used to treat arthritis by reducing
inflammation (Nho et al., 2019). Samdanci et al. investigated the protective effect of molsidomine
against hepatotoxicity caused by the use of MTX in rats. Fourty Wistar albino rats were divided
into five groups as Group 1 (control), Group 2 (Molsidomine), Group 3 (MTX), Group 4
(Molsidomine-MTX) and Group 5 (MTX-Molsidomine). Average values of SOD (U/mg), CAT
(k/g), GSH-Px (U/g), MDA (nmol/g), GSH (micromole/g), MPO (ng/mL) parameters was found
respectively in Group 1; 0.32, 0.22, 0.83, 3.27, 2.07, 12.75 in Group 2; 0.026, 0.50, 4.69, 6.98, 2.46,
13.76 in Group 3; 0.02, 0.22, 0.96, 13.97, 1.58, 14.65 in Group 4; 0.031, 0.41, 1.52, 8.86, 2.37, 13.86
and in Group 5; 0.036, 0.32, 1.24, 11.18, 1.97, 13 (Oguz et al., 2015). Significant differences were
found between groups in all parameters except MPO parameter. While GSH, GSH-Px, and GSH
were significantly higher in the group receiving molsidomine and in given the first molsidomine
group, the CAT level was significantly higher in the group treated with molsidomine only
(Samdanci et al., 2019). In another experimental study, Ge et al. investigated the protective effect
of tempol against acute hepatotoxicity caused by acetaminophen and found that it reduced pro-
apoptotic protein expressions (split CASPASE 3 and BAX) and increased anti-apoptotic BCL2
(Ge et al., 2019). Kalantarive et al. examined the protective effect of inulin on MTX-induced liver
toxicity in mice. In the study, 48 male mice were divided into 6 equal groups and the mice were
treated orally with inulin (100, 200 and 400 mg/kg) for 9 days and given MTX (10 mg/kg,
intraperitoneally) on days 7 and 9. Serum samples were taken and they evaluated the expression
levels of oxidative stress biomarkers, pathological changes, apoptotic factors such as Bcl-2, caspase
-3 and miR-122. The results showed that MTX induced significant liver damage and serum factors
in all mice, and found a decrease in Bcl2 and an increase in caspase-3 activity and miR-122
expression compared to the control group (Kalantaria et al., 2019). Similarly, Kury et al. examined
the effect of Ginkgo biloba on preventing MTX-induced liver toxicity. Rats were divided into the
saline, MTX, and Gb treatment groups (Gb was administered as 60, 120, or 180 mg/kg) and the
silymarin group. Overall, a seven-day protocol was adopted, in which animals received either a
single daily dose of saline (with 5% DMSO) or a daily oral dose of Gb (60, 120, or 180 mg/kg) or
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a daily dose of silymarin (100 mg/kg). Looking at histopathological results, they found that MTX
had a significant increase in various hepatic enzymes such as alanine transaminase (ALT), aspartate
transaminase (AST) and serum alkaline phosphatase (ALP). In addition, MTX contributed to the
significant release of inflammatory mediators such as apoptotic (caspase-3 and c-Jun N-terminal
kinases (JNK)) and tumor necrosis factor (TINF-a). As a result, they found that treatment with Gb
was protective against MTX-mediated apoptosis and inflammation, as well as correcting innate
antioxidative mechanisms such as glutathione (GSH) and glutathione S-transferase (GST) (Al Kury
et al., 2020). In the study made by Orazizadeh et al., examining the effect of glycyrrhizin acid on
BAX and BCL2 expression in hepatotoxicity caused by Titanium dioxide nanoparticles in rats, they
found that there was an increase in BAX expression and a decrease in BCL2 expression
(Orazizadeh et al., 2020). In the study examining the protective effects of Moringa oleifera leaf
extract against oxidative stress and apoptosis in the liver and kidney due to MTX in mice, the BAX
value was found to be higher in the MTX group compared to the group receiving Moringa+MTX,
while the BCL2 value was found to be lower (Soliman et al., 2020). In addition, Zhang et al.
investigated the protective effect of aspirin on acute liver injury due to paraquat in rats, and found
that BAX, AIF and CASPASE 3 decreased, while BCL2 value increased after aspirin treatment
(Zhang et al., 2020).

When the literature studies with humans on hepatotoxicity induced MTX, in meta-analysis
study, over 1000 patients with osteosarcoma and acute lymphoblastic leukemia were given high
doses of MTX and investigated whether the 677C> T variant was associated with the risk of liver
toxicity associated with MTX therapy. All patients included in the study were evaluated for
hepatotoxicity and classified according to the National Cancer Institute criteria. As a result, no
relationship was found between the presence of the genetic variant in the MTHFR gene and the
development of liver toxicity (Hagleitner et al., 2014). They found no relationship between the two
functional MTHFR genetic variants and the occurrence of liver toxicity or other toxicities. In
rheumatoid arthritis patients, MTX doses are much lower than used in cancer treatment. Generally,
higher doses of MTX are thought to cause liver toxicity. Therefore, it is much more important to
determine toxicity in cancer patients receiving high doses of MTX. Yang et al. found a significant
correlation between the 677C> T genetic variant and the occurrence of liver toxicity in their study
with adult and pediatric patients of different ethnic origins with acute lymphoblastic leukemia
(Yang et al., 2012). They also classified the patients according to their ethnic origin and found that
the risk of liver toxicity was high, especially in Africans and Caucasians, while Asians were not at
high risk. When the age factor was evaluated, they found that the presence of liver toxicity with the
677C> T variable was more dominant in adults compared to children. However, while high doses
(3.5 g / m2) of MTX are used in the treatment of childhood acute lymphoblastic leukemia, the use
of lower doses (15-30 mg / m2) of MTX in adults also makes this result interesting. Certainly, the
number of patients in the studies is insufficient to confirm this result. Lopez-Lopez et al. in another
meta-analysis study, they investigated the relationship between the presence of 677C> T and
1298A> C genetic variants of the MTHFR gene and MTX-induced toxicity in children with acute
lymphoblastic leukemia. In the pediatric population included in the study, they showed that there
was no relationship between these genetic variables and MTX-induced toxicity in children, as in
the study by Yang and colleagues (Lopez et al., 2013). In another study in patients with rheumatoid
arthritis, Owen et al. examined 309 patients with toxicities caused by MTX treatment (Owen et al.,
2013). Feinsilber et al. emphasized the importance of defining and managing toxicity in high-dose
MTX administration in their study in 2018. In the literature, Lin et al., selected 1130 records with
liver toxicity risk from 5903 records in 2015. All features were included in a 3-month section for
classification and analyzed the records with Apache clinical Text Analysis and Knowledge
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Extraction System. They emphasized the importance of classifying RA patients with MTX-induced
liver damage (Lin et al., 2015). Hagag et al. investigated the role of protective silymarin on hepatic
and renal toxicity caused by MTX-based chemotherapy in children with acute lymphoblastic
leukemia (Hagag et al., 2016).

Conclusion

These recent studies have shown that the development of liver toxicity of MTX is
associated with free oxygen radicals and hydrogen peroxide. For this purpose, melatonin,
nicotinamide, methionine, vitamin E, vitamin C, n-acetylcysteine, ALA, coconut, folic acid,
antioxidant agents, anti-inflammatories and vasodilator agents have been used to protect tissues
from liver toxicity of MTX (Table 1). Thus, discontinuation of MTX treatments due to side effects
will be prevented.
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Nutrition in the Climacteric Period

Ayse ELKOCA'
Cigdem AKSU?

Introduction

A woman's life consists of five stages: childhood, adolescence, sexual maturity, menopause
and old age. Each of these periods shows unique physical, psychic and hormonal differences.
Although each period has its own characteristics, puberty and menopause are the most important
periods because of their effects on women's life (Celik Sis & Pasinlioglu, 2013). The climacteric
period, on the other hand, is the transition period between the productive and old age period of
women's life, characterized by symptoms that occur as a result of changes in hormonal balance due
to morphological and functional changes in the ovaries. Climacterium and menopause are often
confused with each other. Menopause is a stage seen in the climacteric period. The climacteric
period begins around the age of 45, which is considered the premenopausal stage, and continues
until the age of 65, which is considered the old age, including the postmenopausal period. In this
respect, it can be defined as the transition from the sexual maturity period to the old age period.
The climacteric period; includes premenopausal, menopausal and postmenopausal periods (Gorgel
& Cakiroglu, 2007).

It is stated that the average age of menopause worldwide is 51 and varies between 45-55 years.
In Turkey, the median age of menopause was found to be 47 years (Ozdemir & C6l, 2004). In the
2019 data of the Turkish Statistical Institute (TUIK), it is stated that 1/7 of the female population
in our country is in the menopause period (TUIK, 2019), while the life expectancy in women is
81.3 years in the TUIK 2020 data (TUIK, 2020). Based on these data, it can be said that women
spend most of their lives in the menopause and postmenopausal period. The problems to be
encountered for the menopausal and post-menopausal female population, which constitute a large
part of the society, should be emphasized (Akdag, Kaner, & Ayer, 2022). Age at menopause is
affected by many factors such as genetic, environmental, socioeconomic and nutrition. It is
emphasized that many factors such as not giving birth, smoking, high dietary fat intake and caffeine
consumption accelerate the onset of menopause (Sapre & Thakur, 2014).

Menopause is not a disease but a natural and inevitable process in the life of a healthy woman
(Kurt & Arslan, 2020). A healthy diet, protection and maintenance of health during and after
menopause are of great importance in reducing the risks of diseases that may be caused by
menopause. Chronic diseases such as obesity, cardiovascular diseases, diabetes and osteoporosis,
which increase during and after menopause, can be prevented to a large extent by the combination
of medical nutrition therapy and physical activity. The nutritional needs of women in the
menopausal and postmenopausal period are quite different from women of childbearing age. For
this reason, the individual nutrition programs of women in this period should be arranged by a
dietitian, taking into account their chronic diseases and their needs specific to the menopause
petiod (Pekcan, Sanlier, Bas, Basoglu, & Acar Tek, 2010).

Nutrition During Menopause

Nutrition; It is defined as the consumption of nutrients that provide the nutrients and bioactive
components necessary for the continuation of life, growth and development, protection,
improvement and development of health, increasing the quality of life, ensuring productivity.

1 Dr.0gr.Uyesi, Gaziantep Islam Bilim ve Teknoloji Universitesi,
2 Dr.Ogr.Uyesi, Gaziantep Islam Bilim ve Teknoloji Universitesi,
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Nutrition in menopausal and postmenopausal periods is important, energy, carbohydrate, protein
and fat intake, fluid consumption, vitamin and mineral intake, especially calcium and vitamin D,
salt and caffeine intake are important in this period (Akdag et al., 2022).

Energy Intake

With the menopausal period, even if the body weight remains the same, a decrease in muscle
mass, an increase in fat mass and a decrease in total body water level occur. Both the absence of
the menstrual cycle and the decrease in muscle mass cause the basal metabolic rate to slow down,
resulting in a decrease in energy expenditure (Directorate, 2017). In addition, with the advancing
age, there is a decrease in metabolic activities and physical activity levels in the body. With the
decrease in physical activity levels, total energy expenditure decreases, so the prevalence of obesity
in menopausal women increases (Pekcan et al., 2016). It was determined that there was an average
increase of 2.1%5.1 kg in body weight in the menopausal period (Guthrie, Dennerstein, & Dudley,
1999). In the American Heart Association 2013 / American College of Cardiology Obesity
Guidelines, it is recommended for women to consume 1200-1500 kcal/day energy intake or 500-
750 keal/day energy deficit for body weight loss and to reduce the consumption of foods with high
carbohydrate and fat content (Members et al. al., 2014). However, the recommended energy intake
level according to Turkey Dietary Guidelines 2015 is 1934 kcal for a moderately active woman aged
40-49, and 1917 kcal for a moderately active woman aged 50-59 (Toplar, Kaner, & Ayer, 2022).

Carbohydrate Intake

Carbohydrates, which are the main energy source of the body, should constitute 45-60% of
the total energy taken daily and at least 130 g/day of carbohydrates should be consumed. Bread,
which is the most consumed grain product, should be prepared from whole grain flours or mixed
whole grain flours. A diet rich in whole grains provides more dietary fiber, vitamins and minerals
to the human body than refined grains. In this period, it is recommended that the bread and cereal
group consume 3-3.5 portions and the pulp consumption should be 25 g/day. Therefore, at least
half of the total daily grain consumption should be whole grain (Akdag et al., 2022; TUBER, 2015).
It is emphasized that the consumption of vegetables and fruits, which are a source of complex
carbohydrates, is rich in vitamins, minerals and phytochemicals, and is effective in preventing
cardiovascular diseases, some types of cancer, type 2 diabetes and some eye diseases. Consuming
fresh vegetables mostly raw or cooked in their own juices provides more bioavailability. In the
Turkish Dietary Guidelines, it is recommended to consume 2.5 portions of vegetables and 2
portions of fruit for this period (Yabanci, Akdevelioglu, & Rakicioglu, 2012). In a study conducted
in England, it was determined that women with a high habit of consuming refined pasta and rice
entered menopause on average one and a half years earlier, and women with high consumption of
legumes about one year later (Dunneram, Greenwood, Butley, & Cade, 2018). In another study
conducted with menopausal women, it was determined that dietary lactose and galactose were not
associated with the age of menopause (Rostami Dovom, Moslehi, Mirmiran, Azizi, & Ramezani
Tehrani, 2019). In addition, it has been determined that simple carbohydrates increase insulin
resistance, impair sex hormone binding globulin production and trigger early menopause
(Dunneram et al., 2018).

Protein Intake

Consumption of quality protein in recommended amounts for age and gender is important for
tissue formation, repair, and musculoskeletal health in the menopausal period, as it is in every
period of life. According to Turkey Dietary Guidelines 2015, adult individuals are recommended
to consume 0.8-1.0 grams of protein per body weight per day (TUBER, 2015). It is stated that the
minimum protein consumption level that should be taken to prevent lean mass loss in
postmenopausal women is 0.8 g/kg per day. It is recommended that 10-20% of the daily needed
energy should be met from protein sources and this ratio should be regulated according to the
quality of the consumed protein source (Akdag et al., 2022). In addition, it is recommended to
consume 1.5 servings/day (120 g) of meat, chicken, fish, eggs, legumes and oilseeds group (Akdag
et al., 2022).
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Osteoporosis is one of the biggest health problems that occur with the menopause period. In
the Turkish Dietary Guidelines 2015, it is emphasized that high protein consumption should be
avoided. In a randomized controlled study with obese women in the postmenopausal period, it was
determined that medical nutrition therapy containing 1.2 g/kg/day protein was effective in
reducing the loss of lean body mass. However, it has been shown that 1.2 g/kg/day protein intake
causes changes in muscle cell structure and organization, and body weight loss prevents oxidative
stress caused by low protein intake by regulating muscle-insulin signaling (Smith et al., 2016). Unlike
this study, in a randomized controlled study with postmenopausal women, it was concluded that
1.2 g/kg/day protein intake did not supportt the increase in lean tissue. It is stated that more studies
with a longer duration and involving more participants are needed to evaluate the effect of low or
high protein intake recommendation on lean tissue gain in postmenopausal women (Rossato et al.,
2017).

Oil Intake

The menopausal period is a process in which many chronic diseases occur (32). In the Turkish
Dietary Guidelines, it is stated that the energy from fat should be 20-35% of the total energy need
for healthy individuals. However, it is recommended that cholesterol intake be below 300 mg/day
and omega-3 intake should be 250 g/day (TUBER, 2015).

In the literature, it is thought that the type and amount of dietary fat may have effects on bone
health. It has been reported that excessive dietary intake of saturated fatty acids adversely affects
bone density (Wang et al., 2016). In a study on the subject, it was stated that omega-3 fatty acids
affect the age of menopause. It has been determined that as oily fish consumption increases,
women enter menopause later (3.3 years) (Dunneram et al.,, 2018). In a randomized controlled
study with postmenopausal women, it was reported that 900 mg of omega-3 consumption per day
significantly reduced body mass index, waist circumference, blood pressure, serum triglyceride,
interleukin-6 and insulin resistance (Tardivo et al., 2015).

It is emphasized that adequate adherence to the energy-restricted Mediterranean diet is
important in achieving improvements in body weight loss and metabolic health in postmenopausal
women (Bajerska et al., 2018).

Vitamins and Minerals

It is emphasized that the consumption of vegetables and fruits, which are good sources of
potassium and magnesium, should be increased due to the increase in the risk of chronic diseases
during the menopause period. Green leafy vegetables, especially rich in folic acid, reduce the risk
of coronary heart disease by preventing the increase in homocysteine levels in the blood (TUBER,
2015).

A diet rich in antioxidant vitamins A, C and E significantly reduces serum lipid peroxide levels
in postmenopausal women. For this reason, it is recommended that women in the postmenopausal
period increase their intake of antioxidants such as vitamin A, beta carotene, vitamin C, vitamin E,
plant flavonoids and soy isoflavones. These nutrients are generally found in fruits, vegetables,
soybean, cocoa and tea leaf extracts (Ko & Kim, 2020).

Adequate intake of calcium in all age groups reduces bone mineral loss and maintains bone
health. For this reason, with increasing age in women, consumption of foods with high calcium
content such as milk, yogurt, cheese, green leafy vegetables should be increased for bone health.
The daily calcium requirement in women is determined as 950-1000 mg/day for 19-50 years old
and 950 mg/day for 50 years old and later according to Turkish Nutrition Guidelines. It is
recommended to consume 3 portions of milk and products, which are sources of calcium, in the
menopausal and postmenopausal periods (TUBER, 2015).

According to the Nurses' Health Study evaluation, women with the highest dietary intake of
vitamin D (528 IU/day) had a 17% lower rate of early menopause than those with the lowest (128
1U/day), and women with the highest dietary calcium intake (1246 IU/day). mg/day) compared to
those with the lowest consumption (556 mg/day), it was determined that the rate of entering early
menopause was 13% lower (Ozcan & Oskay, 2013). In a study conducted with postmenopausal
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women in Korea, it was stated that vitamin D concentration should be measured regularly to
maintain the optimum vitamin D level, and if the level is insufficient, individuals should be made
aware of the issue and additional supplementation should be given (Lee et al., 2019).

Water and Salt Consumption

Adequate fluid intake is important for all age groups to maintain normal kidney functions,
prevent urinary tract infections, kidney stones and constipation. It is very important to ensure
adequate fluid consumption in the menopausal and postmenopausal periods, since the sense of
thirst decreases with age. With menopause, there is a decrease in total body water as a result of
frequent urination and less fluid retention in the body. For daily fluid requirement, at least two
liters of water (8-10 glasses of water) should be consumed per day (TUBER, 2015).

Since the risk of osteoporosis increases with menopause, hard water with high mineral content
should be preferred. In terms of bone and dental health, it is recommended that the fluoride
content of drinking and potable water should be at the level of 0.7-1.2 milligrams per liter (Akdag
et al., 2022).

In a randomized controlled study to investigate the effectiveness of increasing daily water
consumption in premenopausal women on the frequency of recurrent cystitis, 140 participants
were divided into a control group consuming a normal amount of water and an intervention group
consuming an extra 1.5 liters of water per day. As a result of the research, it was stated that
increasing water intake is beneficial in reducing the risk of recurrent cystitis in women who
consume little water and have a history of frequently recurring cystitis (Hooton et al., 2018).

Salt is an essential mineral soutce that plays a role in the body's fluid-electrolyte balance with
its sodium content. It is stated that excessive salt consumption increases urinary sodium and
calcium excretion, decreases bone mineral density, and therefore increases the risk of osteoporosis.
It is stated that adequate dietary calcium intake is effective in preventing osteoporosis, and the
recommended amount of salt consumption affects this situation positively (Yilmaz Tagkin,
Demirel, & Kumsar Karakog, 2015). The World Health Organization recommends that adults
consume 5 grams of salt per day (WHO, 2012). Excessive salt consumption during menopause is
associated with many diseases, especially hypertension and osteoporosis (Oztiirk & Garipagaoglu,
2018). However, in the results of the Salt Consumption and Hypertension Community Surveys
SALTURK 1 and SALTURK 2, it was stated that the average salt consumption in Turkey is 18
g/day and 15 g/day. With these studies, it has been determined that the Tutkish population
consumes much more salt than recommended, and it has been emphasized that applications to
reduce salt consumption should be given priority (Erdem et al., 2017; Exrdem et al., 2010).

Conclusion and Recommendations

As in every period of life, a healthy diet, protection and maintenance of health in the
menopause and postmenopausal period are of great importance in reducing the risks of diseases
that may be caused by menopause. During the climacteric period, the nutritional needs of women
differ from previous years. In this context, the energy, macro and micro nutrient needs of the
individual should be provided with individually planned nutrition programs. Individual nutritional
recommendations should be made, taking into account the symptoms experienced by women in
this period, hormonal changes and their needs specific to the menopause period.
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Introduction

Post-supported basic restorations and crowns are most commonly used in the restoration
of teeth with root canal treatment and excessive tissue loss (Dietschi & et al., 2008; Zarow, Devoto
& Saracinelli, 2009; Ma & et al., 2009). Despite the fact that some clinical success was achieved
with the use of intracanal posts, the disadvantages of this are: it causes loss of healthy tissue in the
tooth, requires additional processing and time, and causes fractures in the tooth root (Lazari & et
al., 2013). Pissis proposed a new technique in which a pulp chamber was used for the retention of
crowns without the need for posts. Bindl and Mormann defined “endocrowns” as adhesive crowns
for the purpose of restoring root canal-treated posterior teeth that have complete coronal hard
tissue loss (Bindl & Mormann, 1999).

Thanks to developments in advehise dentistry, restoration of teeth that have undergone
treatment (such as root canal treatment) can be done more conservatively by using endocrowns.
Endocrowns combine the crown, core, and intraradicular post in a single component; therefore,
they represent monoblock restorations. Endocrown restorations, unlike traditional approaches
such as using intraradicular posts, are fixed to the interior of the pulp chamber and to the cavity
margins. This results in a micro and macro-mechanical retention, as provided by the adhesive
cementation as well as pulp walls (Cunha & et al., 2017).

Developments in computer-aided design and manufacturing (CAD/CAM) have provided
more accurate, aesthetically pleasing, and less time-intensive restorative procedures for both
material processing and tooth restoration. The different materials that are made available with this
technology give clinicians the opportunity to choose the most suitable materials for them.6 In the
literature, for glass ceramics that are reinforced with lithium disilicate or leucite, it has been found
that feldspathic glass ceramics and resin composites are the best choices for endocrown
production, as they show higher flexural strength and can withstand occlusal forces during chewing
(Otto, 2004; Biacchi & Basting, 2012; Bindl, Richter & Mérmann, 2005; Zhu & et al., 2017). Resin-
based CAD/CAM blocks developed in recent yeats constitute an important alternative to
traditional ceramic blocks. The mechanical properties of resin-based materials and their abrasive
behavior on enamel provide significant advantages over glass ceramics, which cause severe abrasion
on the enamel of fragile and opposing teeth (Lin & et al., 2010). This review’s purpose is to examine
the pros and cons of endocrown restorations and to evaluate current materials and studies.

1 PhD., Health Science Univercity

2 Assist.Prof., Health Science Univercity

3 Assist.Prof., Health Science Univercitym
4 Prof., Health Science Univercity

50



Kus, Burcu & Aydin, Numan & Ers6z, Bilge & Karaoglanoglu, Serpil; A Current Practice in Dentistry;
Endocrowns

Endocrowns

Alintilar metin icinde ve parantez kullanilarak verilmelidir. Metin i¢i atiflar tek yazarh
eserlerde (Anaz, 2014), iki yazarl eserlerde (Bekir & Ulas, 2003), ti¢ yazarl eserlerde (Kul, Faruk &
Deniz, 2016), Gg¢ten fazla yazarl eserlerde ise (Gerekvar & ark., 2018) seklinde olmalidir. Bir yazarin
ayni yil igerisinde yayinlanan eserlerine atif yapilirken (Yilmaz, 2014a, 2014b) seklinde verilmelidir.

Deciding on the indications for root canal-treated teeth with excessive dental tissue loss is
difficult, as there are many restorative materials and restoration options. It has been stated that the
main reason for the extraction of these teeth is prosthetic, periodontal, and endodontic failures.
With advances in dentistry, a more conservative approach is recommended to restore root canal-
treated teeth using endocrowns. (Figure 1A) (Olcay, Ataoglu & Belli, 2018).

Endocrown restorations can be applied to all teeth on the arch, and they are generally a
better recommendation for molars. Premolars and anterior teeth, meanwhile, have a small pulp
chamber and are subject to lateral forces of larger magnitudes (Sedrez-Porto & et al., 2016; Rayyan
& et al., 2019; Al-Dabbagh, 2020). Endocrowns are also indicated in cases of excessive coronal
tissue loss and limited interocclusal space when teeth have short, obliterated, dilated, or curved
roots (Biacchi, Mello & Basting, 2013). The performance of endocrowns is affected by many
factors, including material types, loading axis, and preparation patterns. (El Ghoul & et al., 2019;
Altier & et al., 2018; Taha & et al., 2018).

Advantages of endocrowns
e FEndocrowns are a conservative technique.
e They require a much shorter session time.

e The tooth/restoration interface of the restored teeth is better at evenly distributing chewing
forces across the tooth structure.

e It can be applied to teeth with curved roots and calcified canals.
e This can be applied in cases where the interocclusal distance is insufficient.
e Healthy tooth tissue is preserved.

Disadvantages of endocrowns

e Endocrowns are unsuccessful in the following cases; if adhesion is not achieved or the depth
of the pulp chamber is measured below 3 mm, the thickness of the peripheral walls must be
thicker than 2 mm.

e Endocrowns can be contraindicated if there is improper occlusion (parafunction).

e In tooth preparation, a 1.5-2 mm ferrule should be made to prevent fractures in the tooth
(Singh & et al; 2019).

Classification of endocrown restorations

The classification of endocrown restorations is based on the amount of tooth tissue that
remains after preparation.

1. A tooth preparation with a minimum of two solid walls is described.
2. A tooth preparation is described in which a maximum wall has a height of

>1/2 of its original measured height.
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3. A tooth preparation is described in which all of the walls are <1/2 of their original height
(Belleflamme & et al., 2017).

Construction Stages of Endocrown
Cavity Preparation

The purpose of this preparation is to obtain a large, stable surface that resists the
compressive stresses known to occur in molars (Zogheib & et al., 2011). The surface was prepared
parallel to the occlusal plane. This provides resistance to stress along the major axis of the tooth
(Fages & Bennasar, 2013). As a result, lower stress levels are achieved compared to teeth with
prosthetic crowns (Dejak & Miotkowski, 2013).

Thanks to developments in adhesive cementation systems, the need for macroretentive
preparation has decreased for cowns (Lander & Dietschi, 2008). The pulp chamber space also
provides stability and retention. The trapezoidal shape of the mandibular molars, as well as the
triangular shape of the maxillary molars, help increase the stability of the restoration. In addition,
additional preparation isn’t required. The saddle form of the pulp base helps increase stability. Due
to the adhesive properties of bonding materials, this anatomy makes the use of root canals
redundant (Figure 1B).

The quality of the endodontic treatment was evaluated from radiography before starting
the endocrown preparation. Before dehydration of the teeth, the color of the material to be used
was selected. The existing restorations were removed. Attention is paid to the width of the coronary
chamber and the amount of enamel remaining on the edges. It is used with diamond burs to
provide sufficient space (about 1.5 mm) for restoration. A diamond bur was used to obtain the
proper surface on the mesial and distal walls of the tooth and to remove unsupported enamel. The
cavity was finished with the same diamond burs used during the low-speed rotating preparation.
All interior walls are rounded to facilitate impression-taking, restoration placement, and removal
(Cunha & et al., 2017).

As deep subgingival carious lesions and restorations deepen, the gingival marginal enamel
keeps thinning down until it reaches the cement-enamel junction (CEJ), and at this point, bonding
to the enamel is impossible. Margins that are placed apically to the cement-enamel junction on
dentin are known to be more prone to microleakage caused by differences in thermal expansion
between the tooth structure and restorative material and their respective thermal expansion
coefficients. Incomplete hybridization between the adhesive system and collagen fibrils is also a
cause of microleakage (Stockton & Tsang, 2007).

In cavities containing subgingival margin, a technique known as deep margin elevation,
proximal box elevation, or relocating cervical margin, also known as opensandwich technique is
used. This technique utilizes a direct restoration approach, placed solely in the deep apical portion,
during preparation to raise the cavity margin to a more favorable and coronal position for the final
part of restoration fabrication and cementation. The oral environment is exposed to direct
restoration by deep margin elevation. This extra interface of direct restoration can potentially leak,
and there are some concerns that it may be associated with the increased failure rate with this
technique (Frankenberger & et al., 2013).

Vertolli et al. showed that deep margin elevation results in a reduction in the fracture of
ceramic restorations when the cavity margins extend below the cement—enamel junction. Marginal
integrity has been preserved in restorations, both direct and indirect, by using the deep margin
elevation technique. This suggests that deep margin elevation may be a viable treatment option, as
restorations are made difficult by subgingival margins. No difference was found between the
materials (resin-based composite, glass ionomer, resin-modified glass ionomer, and bulk-fill
composite) used for proximal box elevation (PBE) in terms of margin quality or fracture resistance.
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It is stated in the literature that any of the resin-modified glass ionomer, composite resin, or glass
ionomer materials may be suitable for PBE procedures (Vertolli & et al., 2020).

Material Selection

In studies on endocrowns, nanoceramic resin, reinforced composite resin, lithium disilicate
glass-ceramic, zirconium reinforced lithium silicate, feldspathic ceramic, and hybrid ceramic blocks
were used. For the purposes of endocrown restorations, the most widely used material is lithium
disilicate glass-ceramic (ILDS), as its biomechanical properties fit. (Kuijper & et al., 2020; Zhu & et
al., 2020; Einhorn & et al., 2019).

CAD-CAM materials used in endocrown restorations: Vita Suprinity (VS; VITA
Zahnfabrik, Germany), IPS e.max CAD (EMX; Ivoclar Vivadent AG), Vita Enamic (VE; VITA
Zahnfabrik), Grandio blocks (GR; VOCO), and Lava Ultimate (LU; 3M ESPE) were investigated
using Finite Element Analysis (FEA) and Weibull Analysis (Hidaka & et al., 1999; Gonzaga & et
al., 2011). As a result of these analyses, the LU and GR models showed a more balanced distribution
of stress. Weibull analysis has also revealed that the 5 models performed similarly while under
normal occlusal forces. During clenching, the VE and LE models achieved the highest chances.
The fracture strength of GR is significantly higher than that of other materials (Zheng & et al.,
2021).

In recent years, continued research on biocompatible materials that have mechanical and
physical properties that are similar to those of natural dental tissues has produced a new generation
of resin-based ceramic restorative materials. The hybrid nature of resin-based ceramic blocks
provides a measure of elastic modulus (12.8 Gpa) that is similar to dentin. The advantages of resin-
based ceramic restorations are that they show better fracture resistance and less crack propagation
than some CAD/CAM ceramics (El-Damanhoury, Haj-Ali & Platt, 2014; Chen & et al., 2014;
Magne & et al., 2010). Today, CAD/CAM blocks that are resin-based with different contents (Vita
Enamic, Lava Ultimate, Brilliant Crios, Cerasmart, Shofu Block, and Grandio Block) are available
to physicians.

Cementation

Restoration prepared using different dental design programs was produced with the help
of milling devices (Figure 1C). The rod area of the restoration produced in the digital system is cut
with the help of a diamond bur and removed. The endocrown is then placed in the patient’s mouth
to assess interproximal contact and marginal integrity. Occlusion control of the restoration was
performed. Corrects sections that prevent occlusion restoration are repositioned and marked.
When evenly distributed occlusal contacts are observed, polishing is performed with a diamond-
containing tire rotating at low pressure and low speed. Ceramic blocks reinforced with glass
ceramic, lithium silicate, and zirconia are sintered according to the instructions of the manufacturer
(except resin-based CAD/CAM block). Pigments and glaze materials are used to characterize and
polish the restoration. Resin-based blocks are only polished with a rubber diamond polisher.

Before cementation of the endocrown, the cavity and adjacent teeth were isolated.
Restoration surfaces produced from ceramic-containing blocks are roughened for 20 seconds with
hydrofluoric acid and then rinsed for 20 seconds before leaving them to dry. The inner surface of
the block, which is produced from resin-based blocks, is roughened by sandblasting. Adjacent teeth
are protected by polyester tape; enamel is roughened with phosphoric acid to increase retention
and washed.

Dual-cure resin cement was prepared according to the instructions of the manufacturer and
applied to the tooth surface. The restoration was then placed on the prepared tooth surface. Excess
cement on the proximal surfaces was removed with dental floss and with an explorer on lingual as
well as buccal surfaces and polymerized (Cunha & et al., 2017) (Figure 1D).
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In vitro studies on endocrown restorations

Many studies have compared the mechanical and physical properties of endocrowns. When
Chang et al. compared the failure modes and fracture resistance of endocrowns to conventional
post-core supported crowns in maxillary premolars, they found that the endocrowns showed
higher fracture resistance compared to conventional crowns; however, between the two groups,
there was no significant difference in terms of failure modes (Chang & et al., 2009).

El-Damanhoury et al., in an in vitro study in which they examined the fracture resistance
and marginal leakage concerning ceramic endocrowns produced using 3 different CAD/CAM
made of lithium disilicate, resin nano-ceramic, and feldspathic porcelain on maxillary molars. It has
been shown that resin nanoceramic endocrowns have noticeably greater fracture resistance (El-
Damanhoury, Haj-Ali & Platt, 2014).

An in vitro study concerning mandibular molars found that when the fracture strength with
respect to ceramic endocrowns strengthened with lithium disilicate and traditional crowns
supported by glass fiber posts was examined compared to conventional crowns, endocrowns
showed higher fracture strength. Furthermore, the failure pattern for both groups was similar. In
addition, it is characterized by tooth fracture related to restoration displacement (Biacchi & Basting,
2012).

A study conducted on adhesive restorations of endodontically treated anterior teeth found
that failure modes and fracture resistance concerning endodontically treated upper incisors that
had been restored with endocrowns made of ceramic or composite blocks were examined. No
significant difference was observed (Ramirez-Sebastia & et al., 2014).

Taha et al. Conducted an in vitro study to evaluate the effect that occurs when changing
the margin designs concerning endodontically treated teeth that have been restored using polymer-
infiltrated ceramic by the method of endocrown restorations on fracture resistance; it has been
observed that endocrowns that have shoulder finish and axial reduction lines have greater fracture
resistance (Taha & et al., 2018).

In the literature, studies evaluating the biomechanical behavior of teeth that have been
endodontically treated and restored by utilizing different endocrown extensions in the pulp
chamber have concluded that greater elongation of the endocrowns results in greater mechanical
performance (Dartora & et al., 2018; Silva-Sousa & et al., 2017).

Altier et al. reviewed the fracture resistance of three endocrowns to compare them. They
were made of two different indirect resin composites and lithium disilicate ceramics. Finally, they
determined that, compared to the indirect composite groups, lithium disilicate ceramic endocrowns
showed a higher fracture strength. (Altier & et al., 2018).

A study by Darwish et al. exhibited that endodontically treated maxillary premolars that
were restored using resin nanoceramic endocrowns exhibited superior internal adaptation when
compared with endocrowns that were restored using lithium disilicat. Finally, the endocrown
preparation with smaller axial wall divergence (“6” grade) provided a better internal fit (Darwish,
Morsi & El Dimeery, 2017).

In the study by Anton et al. fifty extracted mandibular molars were used; it has been
reported that the fatigue resistance concerning endodontically treated molars restored using fiber-
reinforced endocrown restorations does not increase, and the potential effect of fiber supports may
be reduced due to the high thickness of the restorations. On the other hand, it has been observed
that fiber reinforcement positively affects the failure mode and crack propagation after fatigue
failure, thus increasing the chance of repairability (Anton & et al., 2021).
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In vivo studies on endocrown restorations

Sedrez-Porto et al. evaluated clinical trials. They compared endocrown restorations to
conventional treatments while utilizing direct composite resin, intraradicular posts, or onlay and
inlay restorations. Endocrowns have been reported to be an improvement over conventional
methods, and in the worst cases performed similarly (Sedrez-Porto & et al., 2016).

Bindl and Mérmann have also reported that 19 adhesive-bonded CEREC endocrowns (15
molars and 4 premolars) operated clinically successfully for 28 months, while only one of the
endocrowns failed due to recurrent caries (Bindl & Mormann, 1999).

Belleflamme et al. reported that despite the presence of occlusal risk factors, such as
extensive coronal tissue loss, adverse occlusal relationships, or bruxism, endocrowns can still be

reliable as an approach to restoring severe cases of damaged premolars and molars (Belleflamme
& et al., 2017).

Otto et al. concluded that the success rates of feldspathic endocrowns in premolars and
molars were 75 and 90.5, respectively 75%, and 90.5% over a 12-year follow-up. In another clinical
study, endocrowns showed a clinical success rate ranging from 94% to 100% in 3 years, while the
10-year success rate was 98.8% (Otto & Moérmann, 2015).

Conclusion

Endocrowns have superior fracture strength compared to teeth restored with post-core
retaining crowns. Therefore, it represents a promising treatment alternative for root canal-treated
molars, preserves the structure of the tooth, and is suitable for minimally invasive dentistry.

Four essential factors explain the long-lasting and successful effects of endocrowns: correct
selection of restorative materials as well as correct preparations of the tooth. In addition, the
location of the restoration margin and the correct case selection are important factors.

Although feldspathic and lithium disilicate ceramic blocks were initially used in the
treatment of endocrown restorations, resin-containing blocks have recently been used for
endocrown restorations.

Despite the gains in popularity of endocrowns, it is doubtful whether this restoration
method could replace conventional restorative treatments that utilize the post-core in teeth treated
with the anterior root canal. To the extent of our knowledge, laboratory and clinical evidence
proving the safety of endocrowns for use in antetior teeth is lacking. Therefore, more evidence is
needed, supported by long-term clinical trials.

Figure 1A. Intraoral view of tooth before treatment, B. Cavity preparation of tooth C. Intraoral
scanning of the cavity, D. Intraoral view of the completed restoration
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1. INTRODUCTION

Eye is one of the most complex organs that converts the light reflected from objects into
electrical impulses and transmits them to the brain via the optic nerve. The eye might be
investigated in two different perspectives which are anatomical and functional. In context with
anatomical. The eye composes two different parts; anterior and posterior segments. While the
anterior segment consists of the cornea, anterior chamber, iris, posterior chamber, ciliary body and
lens, posterior segment consists of the vitreous, retina, retinal pigment epithelium, and choroid
(Figure 1).

Sclera /y'——\ —
Ciliary Body,_ N\

Lens Optic Nerve

Vitreous Retina

Figure 1. Anatomical investigation of eye division (Pautler, 2021)

The major duty of the components in the anterior segment is permeating the light stimuli
to the posterior segment as well as that focus on the macula. The posterior segment, which forms
the posterior 2/3 of the eye, includes the vitreous humor, retina, macula, and optic netrves
(Gaudana, Jwala, Boddu, & Mitra, 2009; Wadhwa, Paliwal, Paliwal, & Vyas, 2009). In addition, the
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eyeball can be functionally examined in three layers. The outermost protective layer consists of the
sclera and cornea. The cornea is a transparent structure with a diameter of 11.7 mm and a thickness
of 0.5 - 0.7 mm, which protects the eye against infections, physical damage, and transmits light to
the lens and retina by refracting it (Yasukawa et al., 2004). The sclera protects the eye from internal
and external forces and ensures that the shape of the eye remains intact is the structure of the
uttermost layer of the eye. The middle layer includes the ciliary body, choroid, and iris. The choroid
is a highly vascularized structure located among the retina and the sclera. The iris is the structure
that plays a role in regulating the amount of light reaching the retina by controlling the pupil
opening (DelMonte & Kim, 2011). The retina is the layer that forms the inner layer and contains
the basic nerve cells and structures for the sense of sight. And last structure is the ciliary body
controls the shape of the lens (Miiller, Pels, & Vrensen, 2001).

1.1 Ocular Barriers

The ocular drug delivery process is difficult due to the anatomical and physiological barriers
in the eye. In the treatment of superficial diseases of the eye, systemic drug administration is not a
preferable option as so the obstacle components such as the blood-aqueous barrier and the blood-
retina barrier block desired level of the drug (Figure 2). Hence, for overcoming of this problem,
high systemic drug dosage is being applied; unfortunately, this approach causes side effects in
patients. For this reason, topical drug administration is frequently preferred in the treatment of
superficial diseases of the eye, as well as eye drops constitute more than half of ophthalmic
preparations (Singh, Ahmad, & Heming, 2011).
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Figure 2: Encountering the barriers on ophthalmic administration

However, low ocular bioavailability (< 5%) is observed with topical administration of drugs
to the eye. The reasons for this can be summarized as follows (Kompella, Kadam, & Lee, 2010):

-After the drug is applied to the eye, the drug solution is diluted with lacrimal fluid.

- The volume of lacrimal fluid in the eye is approximately 7 to 10 pL, as well as the volume
of each drop applied to the eye is approximately 50 uL. Therefore, approximately 80% of the
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amount of drug administered immediately protrudes from the surface of the eye or is removed
from the conjunctival tract.

- Topically applied drug continues to dilute with increasing tear, normal tear cycle as well.

- Consequently, regarding other barriers in the eye, the penetration of the drug into the
back of the eye is restricted.

Solutions are one of the traditional ophthalmic drug forms that are used ubiquitously forms
for the topical application of drugs to the eye. The crucial points regarding the solution's
formulation are solubility, ocular toxicity, pKa, the effect of pH, tonicity, buffer capacity, viscosity,
compatibility with other ingredients in the formulation, preservatives to be used, comfort in eye
application and can be listed as convenience (Gericke et al., 2019; Winter, Anderson, & Braun,
2010).

In order to boost the ocular bioavailability by decreasing the loss of the drug, dozens of
strategies (such as increasing viscosity, developing into the ointment, adding a cationic agent,
prodrug development, and penetration enhancer addition) had been utilized by the researchers
(Gaudana, Ananthula, Parenky, & Mitra, 2010). Unfortunately, these strategies were not very
effective at improving bioavailability.

1.2 Novel ocular drug delivery systems

New drug delivery systems are being developed since traditional strategies are not
adequately efficient in terms of increasing the accommodation in the precorneal area, preventing it
from moving away from this area, and increasing drug penetration through the cornea. These
systems can be listed as polymeric nanoparticles, solid lipid nanoparticles, nanoemulsions,
nanosuspensions, liposomes, micelles, dendrimers, hydrophilic gels, inserts, and ocular minitablets
(Hornof, Toropainen, & Urtti, 2005; Irimia et al., 2018; Urtti, 2000)

The pharmaceutical industry is encountered many problems for instance insufficient
bioavailability and low water solubility of newly developed drug molecules. Hereby, the
requirement is available to occur the action taken promptly for improving the novel drug delivery
system that overcomes these disadvantages(Urtti, 2006). These delivery systems should not have
acute and chronic toxicity, as well as they should have adequate drug loading capacity, drug
targeting, and controlled release properties. Meanwhile, the chemical and physical stability of the
drug must be ensured. Size reduction is not one of the best methods only, it is also increasing the
solubility of poorly water-soluble agents of biopharmaceutical classification system (BCS) classes
IT and IV(C. Freitas & Miller, 1999; Fresta, Guccione, Beccari, Furneri, & Puglisi, 2002).

Colloidal systems are drug delivery systems in micron and nanometer sizes, in solid or semi-
solid form and show all the advantages of controlled release systems (Yalpani, 1997). In addition,
they increase solubility and bioavailability of inferior drugs by acting as preservatives for sensitive
drug compounds (Fialho & da Silva-Cunha, 2004). Parameters that need to be controlled to select
the most suitable colloidal system are indicated in the Table 1 (Chrysantha Freitas & Miiller, 1998;
Miller et al., 2001; Winter et al., 2010).
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Table 1: Specifications that affecting on the colloidal systems (Chrysantha Freitas & Miiller, 1998; Miiller et al.,
2001; Winter et al., 2010)

Parameters of colloidal particles

Electrostatic Morphological Solution Optical Quantitative
Surface charge  Size Turbidity Refractive Loading capacity
index
Zeta Potential ~ Molecular viscosity Coefficient Encapsulation
weight absorption efficiency
stability

Moreover, regarding the carrier systems: zz-vivo degradation time, toxicity, biocompatibility
with ocular tissues, and excretion time from the body are also important except for the specified
parameters in the Table 1.

2. QUALITY BY DESIGN (QBD) — OCULAR APPLICATIONS

Quality by Design (QbD) is a design concept that aims to cover the entire lifecycle of a
product, from the design stage to the marketed stage, as well as an initiative initiated by the United
States Food and Drug Administration (FDA). QbD is a new paradigm that emphasizes
understanding the product and process within the product development process and throughout
the product lifecycle. As can be seen from the studies in the literature, the basis of QbD studies is
the scientific understanding of the product and the process, hereby statistical experimental designs
(Design of Experiments, DoE).

In the literature, reducing the number of experiments and obtaining more useful data.
Numerous experimental designs have been described that can provide. If the purpose of an
experimental design is to classify many variables as “dependent” and “independent”, first-order
designs such as Plackett-Burman or Taguchi may be preferred.

However, if the aim is to predict a response variable mathematically (estimation) or to
optimize a process, quadratic models such as Box-Behnken, Central Composite, or Optimal
designs should be preferred. As seen in the literature examples, the use of appropriate software in
the creation is a crucial part of the process as much as selecting the suitable type of the DoE model,
and the quality of the data to be obtained from the study as well. By looking at the characteristics
given in Table 1 (dependent), the roadmap used in the selection of the appropriate formulation
can be determined. Determining of the levels of independent variables in two-level experimental
designs is a critical point. If the gap between the low and high levels is too narrow, a significant
factor may be considered meaningless, or on the contrary, if the gap between the two levels is too
wide, a nonsignificant factor may be considered significant under normal conditions and may mask
the effects of other factors (Ahuja, Ferreira, & Moreira, 2004; Tekade & Chougule, 2013).

Khan et al., investigated the main effects of various adjuvants and process parameters using
a seven-factor, twelve-experiment Plackett-Burman design and used X-Stat® software. For this
purpose, cumulative drug release was determined as the independent variable, and the lag time and
the time when 50% of the total drug was released were considered by constraints. In the
quantitative analysis, the most significant factors were determined, and the significance of these
factors was tested by analysis of variance (Khan et al., 2000).

Kiss et al. determined the changing active substance (w/w, %), lipid (w/w, %), and
sutfactant (w/w, %) ratios; investigated their effects on patticle size (nm), zeta potential (mV),
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loading capacity (%EE) and PDI using two-factor, eight-experimental full factorial design.
Consequently, it was observed that the surfactant ratio had a significant effect on both size and
EE% (p<0.05), it was determined that the lipid ratio did not have a significant effect (p>0.05) (Kiss
et al., 2020)

The effect of formulation components on the release of besifloxacin- loaded
nanostructured lipid catrier was studied using Design-Expert® software (Stat-Ease Inc., USA) with
the aid of a Box-Behnken Design by using amount of drug (X3), lipid:polymer ratio (w/w, %) (X>)
and surfactant concentration (Xs) are independent variants, as well as the particle size (Yi) and
%EE (Y2) are dependent variants. ANOVA was used to validate the optimization design and
correlation of response of 3D plots was generated. As a result of the analysis of variance, it was
seen that the factors had significant effects on the response variables (p<<0.05) (Ferreira et al., 2007).

Fangueiro et al. used Softisan® 100 (w/w, %), Lipoid S75 (soybean phosphatidylcholine)
(w/w, %), and Poloxamer 188 (w/w, %) to had a lipid nanoparticle with a water/oil/water structure
containing positive potential. In the Taguchi factorial design model performed with CTAB, it has
been shown that the lecithin concentration in the formulation (Lipoid S75) is the key factor
affecting the nanoparticle size and PDI (p < 0.05). The optimized formulation containing CTAB
(0.5% of the lipid phase) appeared to be biocompatible in the human retinoblastoma cell line
(Fangueiro et al., 2014).

Recently, formulations can be created by using 2 different design models at the same time
in order to obtain precise results. Paclitaxel nanoparticles were prepared by Yerlikaya et al. using
both Plackett-Burman and Box-Behnken designs. After determining paclitaxel amount (w/w,%),
PLGA amount (w/w,%) , PLGA molecular weight, PLGA terminal group, sutfactant
concentration (w/w,%), surfactant type, homogenization rate (tpm) and homogenization time
parameters (min) as potential risk factors, these risk factors effects were specified on the critical
quality properties of nanoparticles, which were determined using the Plackett-Burman
experimental design. As a result, it was seen that the amount of PLGA (w/w,%), surfactant
concentration (w/w,%), and homogenization rate (rpm) of the emulsion affected the patticle size,
zeta potential and encapsulation efficiency properties of paclitaxel nanoparticles, therefore these
factors were critical formulation and process parameters. The formulation and process parameters
were investigated in Box-Behnken experimental design after determining critical factors as a result
of the Plackett-Burman experimental design.

Fifteen formulations in the Box-Behnken test matrix were prepared and analyzed for
particle size, zeta potential, and %0EE. When the results obtained were evaluated by regression and
analysis of variance, it was seen that the mathematical models established could explain the effect
of factors on particle size and encapsulation efficiency (p<0.05), but the model established for zeta
potential was not statistically significant (p>0.05) (Yerlikaya et al., 2013).

4. FUTURE SIGHT

Process validation approaches consisting of different stages adopted in drug production
for the last 10 years have brought significant advantages in the production of a targeted quality
drug product. Although QbD-based product development, design, and continuous process
verification phases require detailed planning and investment, it has been the most beneficial
approach in terms of stakeholders (patient, industry, official authority) that concern patient health
in general.

For the design and development of desired robust ocular products in terms of quality target
product profile (QTTP) is mandatory given the biopharmaceutical properties of the active
substance. These properties are called critical quality properties (CQAs) and include physical
(particle size distribution/morphology, polymorphism, water solubility), chemical (pKa, chemical,
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photolytic, and oxidative stability), biological/microbiological property (partition coefficient,
membrane permeability, bioavailability, microbial limits) or the property of an output material,
including the finished drug product, that must be within an appropriate limit to achieve the desired
product quality.

The criticality of an attribute is decided by the degree of damage done to it. The ocular
product design defines whether the product meets the patient's requirements and maintains its
performance throughout the shelf life specified both by clinical and stability studies. It is obvious
that it provides benefits both on the basis of the patient and company while reducing the possible
errors in production to the lowest levels and ensuring the delivery of quality products to the patient.
However, since the application of current approaches in process validation requires a significant
culture change; regulators, industry, and academics, all together with a multidisciplinary approach
needs to work.

5. CONCLUSION

DoE approach provides the most appropriate result by changing many variables at once,
instead of changing one variable at a time, which is the traditional method. In this way, many factors
are evaluated both simultaneously and independently of each other. Thus, the interactions between
the variables are more detailed, interpretable, and clear in a short time. Based on these studies, it is
clear that the designs of nanoparticles have been prepared successfully with the QbD perspective.
In this way, in the future, it will be possible to use drugs that are clinically critical and costly more
effectively and to improve new drug carrier systems in a less complicated and time-consuming
manner.
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Vaginal Infections

Ahmet Burak ZAMBAK!
Cenk SOYSAL?

Vaginitis term has a wide definition that is including infectious, inflammatory disorders and
substitutions in the normal vaginal flora. Vaginal infections topic will be discussed in this chapter
particularly.

General Epidemiology

Epidemiologic studies usually fail to define the real prevalence of vaginal infections because
some microorganisms can be found as a normal flora member and cause symptomatic disorder
only in specific conditions. In addition, prevalence for vaginal infections is affected by method of
diagnosis that can vary widely, from symptomatic questioning to cultures or molecular tests. In
general, it is estimated that most of females will be involved with vaginal infection whilst their
lifetime that is characterized by malodorous vaginal discharge, itching and burning (1).

Normal Vaginal Discharge

Vaginal discharge is the cardinal symptom for vaginal infections but may be difficult to
differenciate the normal discharges from abnormal ones due to hormonal status of women. In
reproductive ages, 1 to 4 mL of white or transparent, mostly odorless and not accompanied by
itching, burning, irritation, erythema, local erosion and cervical or vaginal fraibility vaginal discharge
is accepted as normal.

Vaginal nonkeratinized stratified squamous epithelium becomes rich in glycogen by effect
of estrogen. Lactobacillus microbiom of vagina uses glycogen as a source that is shed from
epithelium in order to provide acidic environment in the vagina that protects women from sexually
transmitted diseases and opportunistic infections (2). In the premenarche and postmenopause,
sparse amount of estrogen results in elevated vaginal pH (3). Also, vaginal normal discharge may
become more apperent at pregnancy, ovulation and usage of estrogen-progestin contraceptives.
Diet, sexual activity, medications and stress may impact on the volume and character of vaginal
discharge.

Etiology

The most common causes of vaginal infections are vulvovaginal candidiasis, bacterial
vaginosis and trichomoniasis (4,5). These infections are responsible for over 90 percent of
infectious vaginitis (6). Also, cervicitis originating from sexually transmitted infections such as
gonorrhea, chlamydia and mycoplasma may be found as nonspecific agents.

Common causes of vaginal infections will be discussed seperately below.

1 Op. Dr., Kutahya Health Sciences University, Faculty of Medicine, Obstetrics and Gynecology Department, Kiitahya,
Turkey
2 Assoc. Prof., Kutahya Health Sciences University, Faculty of Medicine Obstetrics and Gynecology Dep., Kiitahya,
Turkey
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Candida Vulvovaginitis

Vulvovaginal candidiasis is one of the most common infections of vagina causing pruritus
and leucorrhoea. It is described as vulvovaginal inflaimmation in the presence of Candida species.
Since Candida sp. are part of normal vaginal flora of 25 percent of women (7), identifying the
presence of Candida is not adequate to diagnose candida vulvovaginitis without symptoms.

Epidemiology:

Vulvovaginal candidiasis is the second most common cause of vaginitis symptoms and
constitutes one-third of vaginitis cases (8). The exact prevalence is difficult to determine because
Candida sp. not accompanied by inflammation can be identified in vaginal lumen and endocervical
canal in 10 to 20 percent of healthy individuals in the reproductive age, 6 to 7 percent of
menopausal women and 3 to 6 percent of prepubertal girls (9,10). The wide use of unprescribed
antifungal drugs, diagnostic dependence on symptoms but not microscobic examination and
cultures without clinical correlation can be listed as other causes for difficulty of epidemiologic
studies. In a survey study, 55 percent of female university students reported at least one health care
provider-diagnosed vulvovaginal candidiasis by age 25 (11) and 9 percent of women reported
having four or more infections within 12 months, described as reccurent vulvovaginal candidiasis
(12).

Microbiology and Pathogenesis

In 80 to 92 percent of vulvovaginal candidiasis cases in the United States, Candida albicans
is identified and Candida glabrata is reported as the second most common cause for candidiasis (13).
All Candida species cause similar symptoms but severity progresses milder in Clglabrata and
C.parapsilosis. Access to vagina via migration from rectum across the perianal area is suspected since
gastrointestinal tract and vagina cultures showing similar Candida species (14). Unlike bacterial
vaginosis, vulvovaginal candidiasis is not associated with reduction of vaginal lactobacilli (15).
Overgrowth of pathogen and penetration of epithelial cells is described as pathogenesis and
severity of disease is associated with host inflammatory response and yeast virulance factors (16).

Risk Factors

Diabetes mellitus itself is a known risk factor for vulvovaginal candidiasis (17). Particularly
nonalbicans Candida species have been identified pathogen among patients with diabetes mellitus
type 2 (18). In the other hand, treatment of diabetes mellitus with sodium glucose cotransporter 2
inhibitors (such as canagliflozin, dapagliflozin, and empagliflozin) may increase the risk of
colonization and inflammation of Candida species (19).

Usage of broad-spectrum antibiotics increases the risk of candida vulvovaginitis caused by
decrease of normal vaginal microbiom (20). Besides, administration of oral or vaginal Lactobacillus
during and after for four days after antibiotic use doesn’t decrease the risk for development of
postantibiotic vulvovaginitis (21).

Candida vulvovaginitis seems to be more frequent in circumstances progressing with
elevated estrogen levels (For example: pregnancy and postmenopausal estrogen replacemet
therapy).

Immunosuppressed  patients such as undergoing glucocorticoid or  other
immunosuppressive therapies or human with HIV infections are involved with increased
prevalence of candidal infections (22).

Genetic studies have compared women suffering recurrent vulvovaginal candidiasis with
control groups and identified polymorphisms in the SIGLECT5 gene (23), TLLR2 gene and
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mannose-binding lectin genes (24), which are not modifiable risk factors but future gene therapy
researches may decrease recurrence of vulvovaginal candidiasis.

Diet, sexual behavior, intrauterine or vaginal contraceptive devices and combined oral
contraceptives are other known risk factors but studies have not reported consistent result about
these risk factors, yet.

Symptoms and Physical Examination

Vaginal pruritus is the major symptom of vulvovaginal candidiasis (13). Vulvar burning and
soreness are also common. Vulvar irritation may be present due to candidiasis itself or itching.
Symptoms often worsen during the week before menses (25). The severity of symptoms varies from
mild to severe except C.glabrata and C.parapsilosis infections, which is featured with minimal clinical
findings or mild symptoms.

Erythema of vulva and vagina can be seen in physical examination. Vulvovaginal edema
may be present. There can be minimal or no discharge. If present, vaginal discharge is classically
white, thick and adherent to vaginal walls. It’s been described as curd-like or cottage cheese-like,
clumpy discharge. The malodorus discharge may be absent or minimal. The cervix usually appears
to be normal.

Diagnosis

Diagnosis can be assessed via clinical findings, office evalution, culture and nucleic acid
tests. The office evaluation comprises of swabbing vaginal wall and discharge, assessing the vaginal
pH and performing microscopy. The vaginal pH usually is normal but may be elevated with
presence of concomitant bacterial vaginosis. In wet mount of discharge with addition of 10 percent
potassium hydroxide, cellular components will be destroyed and microscopic evalution will identify
budding yeast, pseudohyphae and hyphae (Figure 1) (26). A surfactant, potassium hydroxyde and
blue dye mixture known as Swartz-Lamkins fungal stain may make Candida structures easier to
identify (27). Nevertheless, microscopy may be negative in 50 percent of cases with culture
confirmed candidiasis (10).

Figure 1. Pseudohyphae of Candida albicans on wet mount vaginal discharge miscroscopy
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The vaginal culture may be indicated in patients who are demonstrating clinical features of
vulvovaginal candidiasis but no pathogens are present on microscopy, in order to avoiding empiric
and unindicated therapies. The culture swab should be rubbed against vaginal sidewalls and
inoculated onto Sabouraud agar or Microstix-Candida medium which performs equally well against
first choice (13).

Polymerase chain reaction and other molecular tests may be considered in resistant and
recurrent cases or in studies but clinicians should have regard to high costs and unnecessarity of
molecular tests in cases with highly specific clinical features. Also Pap smear may be positive in 25
percent of cases but it’s an insensitive testing due to sample origin is cervix, which is not affected
by Candida vaginitis.

Self-diagnosis is a common situation in vulvovaginal candidiasis and should be discouraged
by health care providers. Women with prior infection usually make correct self-diagnosis but this
will increase the unprescribed medication uses and may result with unnoticed and more serious
gynecologic disorders.

Treatment

Vulvovaginal candidiasis treatment strategy should be set for relief of symptoms since 10
to 20 percent of reproductive aged females have Candida sp. as a part of vaginal flora, those do not
reqiure any therapy.

Treatment’s severity is determined according to candidiasis, whether it’s uncomplicated or
complicated. Uncomplicated infection criterias are sporadic episodes (<3 episodes/ year), mild to
moderate symptoms, probable infection with Cl.a/bicans, healthy and non-pregnant patient, non-
immunsuppressed individual. To tell that the infection is uncomplicated, all criterias must be
present.

The initial treatment may be administered as fluconazole, 150 mg single dose. Therapeutic
concentrations in vaginal secretions maintains for 72 hours after ingestion of single 150 mg tablet
(28). When compared to topical antifungals, single-dose oral fluconazole regimen is less expensive
treatment for candida vulvovaginitis.

Single dose topical regimens are also available in many countries for treatment of
candidiasis. Topical agents seem to have less side effects, may lead to possible local burning and
irritation, while oral treatment may cause gastrointestinal intolerance, headache, rash and transient
liver function disorders. Also, oral treatment may take longer duration to relieve the symptoms.
Oral or topical choice for therapy should be considered by cost, patient preference and
contraindications. If the topical treatment has been chosen, not only vulvar but vaginal treatment
would be crucial to eradicate candidal reservoir (29).

Ibrexafungerp is a single-day oral triterpenoid antifungal drug for use in uncomplicated
vulvovaginal candidiasis. Ibrexafungerp shows its effect by inhibiting formation of fungal cell wall
and resulting in death of Candida species. It’s first in its class and may be indicated in patients who
have allergic reactions or resistant infections to fluconazole or can not tolarate fluconazole therapy.
Clinical trials have shown that ibrexafungerp results in high clinical cure rates compared to placebo,
but comparison to azole treatment is yet to be recruited (30,31). It’s been administered as two 150
mg tablets twice a day (i.e. two in the morning and two at night). CYP3A inhibitors may interact
with ibrexafungerp, so patient who undergone CYP3A inhibitor treatment should reduce the dose
to 150 mg twice in a day. Pregnancy and lactation data for humans are yet lacking.

In patients with severe symptoms or immunocompromise, fluconazole is suggested two or
three (the number of doses depends on symptom severity) sequential 150 mg doses 72 hours apart.
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C.glabrata has low vaginal virulence and infrequently causes vaginal symptoms. When
suspected, adequate effort should be made to exclude other causes of symptoms. When C.glabrata
is identified, vaginal 600 mg boric acid capsules once daily at night for two or three weeks may be
administered. The success rates differ between 65 and 70 percent. For better results flucytosine
cream or 4% amphotericin B cream may be beneficial with combination of boric acid capsules (32).
Neither boric acid capsules nor flucytosine or amphotericin B cream is available commercially and
is made by compounding pharmacy. Boric acid capsules may be fatal if swallowed.

In pregnant women, clotrimazole topical agents should be used for one week because oral
azole treatments may lead to miscarriage or birth defects, in first trimestr, particularly.

Oteseconazole is another choice of azole antifungal drugs which is more potent than
fluconazole in recurrent vulvovaginal candidiasis but has a long half-life (138 days) and
contraindicated in women who have potential to get pregnant or lactating (33).

Trichomoniasis

Trichomoniasis is a genitourinary infection caused by protozan Trichomonas vaginalis. 1t’s
been known that trichomoniasis is the the most common nonviral sexually transmitted infection
wortldwide. It affects women more than men and is one of three common infectious agent that
causing vaginal complaints. It’s been estimated that trichomoniasis is affecting 3,7 million women
and men in the United States annually and African-Americans are at risk greater four times
compared to other races (34). World Helath Organization has estimated 156 million new
trichomoniasis cases occured in 2020 (35).

T.vaginalis is the flagellated protozan that is infecting squamous epithelium in the urogenital
tract, especillay vagina, urethra and paraurethral glands (34). Cervix, bladder, Bartholin glands,
prostate and even oral and rectal cavities are the other sites reported as involved.

Trichomoniasis is almost always sexually transmitted. Females acquire disease from both
males and females, while males acquire disease from females but usually don’t transmit disease to
males. The incubation period is unknown but in-vitro studies have shown that incubation lasts for
4 to 28 days in approximately 50 percent of patients. Coexistance of trichomoniasis and bacterial
vaginosis ise common, ranging from 20 to 80 percent. Screening for trichomoniasis is not
recommended unless HIV infection is present.

Symptoms in female include a purulent, malodorous and thin vaginal discharge with
burning, itching, dysuria, lower abdominal pain and dyspareunia. In physical examination, erythema
of the vulva and vaginal mucosa may present. The classically describe yellow-green malodorous
vaginal discharge occurs in 10 to 30 percent of women (36). Punctate hemorrhages may be shown
on vaginal mucosa and cervix, named as strawberry cervix or colpitis macularis (Figure 2).

Untreated trichomoniasis may result in urethritis or cystitis, posthysterectomy cuff cellulitis
and abscess, pelvic inflammatory disease, infertility, increased risk of acquiring HIV and HPV in
non-pregnant women. In pregnant women, increased risks for premature rupture of membranes,
preterm delivery and low birth weight infants have been reported.

Diagnostic evalution include wet mount microscopy and nucleic acid amplification test
(NAAT). Clinicians should consider NAAT’s longer turn-around time and higher cost and should
prefer this test only in microscopic negative cases. In microscopy, jerky and spinning movement
of flagellated Trichomonas may be seen in wet mount vaginal discharge preparates. Culture and
cervical cytology is less accurate diagnostic tests and not recommended while trichomoniasis is
highly suspected on clinical evalution (37).
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Figure 2. Strawberry cervix or colpitis macularis seen in trichomoniasis

The treatment should be started with avoiding sexual activity until both male and female
of couple are treated. Preferred therapy is metronidazole 500 mg orally twice daily for seven days.
When it’s not available, single dose of 2 g metronidazole is recommended but also associated with
lower cure rates. Metronidazole vaginal gel is not recommended alone because doesn’t treat all
possible anatomic reservoirs.

Gonorrhea

Gonorrhea, the infection with the grma-negative coccus Neisseria gonorrhoeae, is a major
cause of morbidities among sexually active women worldwide. Over 600,000 cases are reported in
the United States annually (38). It’s the major cause for urethritis in males and females. Thereafter
the infection can result in pelvic inflammatory disease, infertility, ectopic pregnancy, chronic pelvic
pain and disseminated gonococcal infection resulting with endocarditis and meningitis with severe
morbidities. Gonococcal resistance for antibiotics is common.

The cervix is the most common site for mucosal infection in females. Up to 70 percent of
cases may remain asymptomatic, thus the incubation period in females is less characterized than
males. When symptoms are present, they manifest as vaginal itching and mucupurulent discharge.
Some females may suffer intermenstrual bleeding and menorrhagia. Abdominal pain and
dyspareunia may be present if the infection raises to upper genital tract. Urethritis may be presented
with dysuria and urgency in posthysterectomy women, in particular. In association with pelvic
inflammatory disease, perihepatitis (Fitz-Hugh-Curtis Syndrome) may exist and causes sharp
pleuritic pain in the upper right quadrant of abdomen. Fitz-Hugh-Curtis syndrome is diagnosed
usually incidental whilst surgery for any other reason. In pregnant women, gonococcal infections
may result in chorioamnionitis, premature rupture of membranes, preterm birth, low birth weight
and spontaneous abortions. Also, untreated N.gomorrhoeae infections may cause neonatal
conjunctivitis in infants after delivery.

Treatment for uncomplicated cases of gonococcal infection is 500 mg ceftriaxone,
administered intramuscular for individual weighed under 150 kg. Above 150 kg, the dose should
revised as 1 g. If the presence of Chlamydia trachomatis can’t be excluded, additive treatment with
doxycycline (100 mg twice daily for seven days) is recommended due to high rates of coinfection.
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Introduction

Coronavirus disease (COVID-19) is a disease which develops with respiratory tract
symptoms; it was seen in Wuhan, China in December 2019 for the first time and was defined on
January 13, 2020. The outbreak related with the disease first occurred in people in seafood and
animal market in Wuhan region. Later on, it spread to other regions, especially Wuhan, to different
provinces of China and then to many different countries (T.R. Ministry of Health COVID-19
Information Platform, 2020). Coronavirus (COVID-19), which gradually became a global health
problem, affects the daily and social lives of individuals negatively. COVID-19, which initially
occurred as a local health problem, became a global epidemic in a short time due to rapidly
developing mobility and easy transmission (WHO, 2020). The disease is transmitted among people
through the coughs and sneezing of sick individuals. Droplets scattering around as a result of the
coughing and sneezing of the sick people and taking hands to eyes, face, nose or mouth without
cleaning them after touching surfaces contaminated with respiratory particles are also the causes of
virus transmission. Touching the face with contaminated hands increases the contagiousness of
COVID-19 (T.R. Ministry of Health COVID-19 Information Platform, 2020). Individuals who have
the disease have mild, moderate or serious symptoms. The disease, which usually targets upper respiratory
tracts, also brings along musculoskeletal system diseases during and after the disease period. The disease has
many side effects. These effects influence individuals and the society severely in health, social and economic
areas. COVID-19 pandemic has affected all areas of life and also brought negative consequences in
the world and in the field of health (Senol et al., 2021 ; TR. Ministry of National Education, 2020).

What are COVID-19 risk factors?

Not all individuals infected with COVID-19 are affected by the disease to the same degree.
Age groups, profession and chronic diseases affect the disease, the course of the disease and its
symptoms. 80% of individuals with the disease survive the disease with mild symptoms. 20% of
individuals with the disease are treated in health institutions. COVID-19 has more effects on
individuals aged 60 and older (T.R. Ministry of Health COVID-19 Information Platform, 2020).

Individuals most affected by the disease and age groups- Individuals older than 60
years of age: Although COVID-19 has affected all age groups, the elderly constitute the majority
of individuals with the disease and deaths. According to data published by the United States of
America in March 2020, it was reported that more than 80% of the disease-related mortality rate
belonged to individuals over the age of 65 (Lee et al., 2020; Aytepe & Efe, 2021).
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Individuals with serious chronic medical conditions: In individuals with chronic
disease, the process of surviving the disease and severity of the disease was more difficult than
other individuals. Studies conducted showed that the most common comorbidities among chronic
diseases were high blood pressure, diabetes, congestive heart failure, asthma, COPD (chronic
obstructive pulmonary disease), inflammatory rheumatic disease and coronary artery disease (Guinal
et al., 2020).

Healthcare professionals: It was inevitable for healthcare professionals, who are at the
forefront of the fight against the pandemic, to contact the virus directly. As of April 8, 2020, 22.073
healthcare professionals diagnosed with COVID-19 from 52 different countries were reported to
World Health Organization (Pala & Metintas, 2020).

What are the signs and symptoms of COVID-19?

Common symptoms of COVID-19 are high fever, fatigue and weakness, cough, loss of
sense of taste or smell, muscle, joint and back ache. Less common symptoms are headache,
diarrhoea, sore throat, skin exfoliation, redness and irritation of the eyes. Severe symptoms are
respiratory distress or shortness of breath, confusion, disorientation in movement or speech and
chest pain.

What are the post COVID-19 musculoskeletal system complaints?

Low back, back, shoulder and neck pain are common post COVID-19 musculoskeletal
system complaints. A large number of studies conducted support these symptoms. The regions
with more intense pain in the musculoskeletal system have been found as neck, pain and low back
region (Gayretli et al., 2021). Studies conducted have shown that the region where pain occurs
most in actively working people is the formations on the spine as the waist, neck and back. In one
study, it was stated that waist, back and neck regions had the highest rate of pain during the last
year, highest rate of work disability during the last year and the highest rate of pain during the last
week (Jang et al., 2014; Briggs et al., 2009). A study by Skovlund et al. (2020) researched
musculoskeletal pain in working population and stated that pain occurred mostly on waist and neck
regions (Skovlund et al, 2020).

Post COVID-19 Management of Pain in Musculoskeletal System

The main effect in COVID-19 is lung involvement. However, studies conducted have
stated that some other organs are also targeted because they have some common tissues with the
lungs (ACE 2 receptors). These receptors targeted by the virus can be found in intestines, small
vessel endothelium, smooth and striated muscle and synovial tissue. Therefore, when the existing
cases are examined, it is possible to encounter not only cough, dyspnoea or high fever, but also
symptoms of fatigue, myalgia and arthralgia. The prognosis is no doubt more severe when the
patient’s motility loss, malnutrition and respiratory problems are added to this picture.

While musculoskeletal system pain is one of the most common acute findings of COVID-
19 infection, chronic complications related with moderate and severe COVID-19 have also been
reported. In addition to prolonged immobilization and intensive care units processes, pro-
inflammatory, cytokines and chemokines and direct damage of SARS-Cov2 to the tissue have been
held responsible for the destruction of skeletal muscle, bone, joint, nerve and soft tissues (Huang,
2020). In studies conducted, while the complaint of weakness was the complaint that continued
most frequently with a rate of 58% in post COVID-19 patients, joint complaints were found to
occur in 19% of the patients (Lopez-Leon, 2021). In addition to this, it was reported that the
trequency of muscle weakness or fatigue was 63% in post COVID-19 sixth month (Huang, 2021).
Some of the pain felt by patients is related to the pathophysiology. However, the problems in
posture and bodily awareness that occur due to lack of movement and spending more time with
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technological and electronic devices during the isolation period should not be overlooked.
Clinicians should also accept the importance of describing pain phenotypes correctly. For example,
it has been suggested that infections may affect peripheral nerve system or central nerve system
directly or induce post-viral immune syndrome supporting the development of neuropathic pain.
Patients with neuropathic pain usually have negative results when compared with patients who
have nociceptive pain. For this reason, evaluating pain phenotypes in patients with permanent
COVID-19 symptoms provide important information for healthcare professionals. In addition, the
treatment protocol to be applied guides the choice of methods and exercises that will provide
holistic healing as well as the muscle and bone structures that are symptomatic (Karateev, 2021).
Many problems continue in patients after COVID-19 infection. Patients may have respiratory
symptoms such as fatigue, weakness in skeletal and respiratory muscles and atrophy, decreased
exercise capacity, fatigue, pain, limitation of functions, dyspnoea during low intensity exercise or
daily living activities; psychosocial problems such as anxiety, depression and post-traumatic stress
disorder; and prolonged problems such as cognitive disorders, speech and swallowing disorders,
deterioration in daily living activities and decreased quality of life. Therefore, COVID-19 patients
are candidates for pulmonary rehabilitation (PR) (Zhao et al., 2020; Yang & Yang, 2020).

Methods used in pulmonary rehabilitation for post-COVID patients
Physiotherapy agents

1.Tens (Transcutaneous Electrical Nerve Stimulation): High or low frequency tens is
a physiotherapy agent that has been found to be very effective especially in waist and beck pain in
studies conducted. Tens can be preferred especially for short-term immediate relief of pain (Oral
& Ketenci, 2013).

2.Therapeutic ultrasound: These are devices producing high frequency sound waves.
Sound waves can disperse in solid and liquid space. Heat energy is released by reflection in the
tissues through which these waves pass. Sound waves have the ability to disperse in solid and liquid
space. Heat energy is released by reflection in the tissues through which these waves pass. Micro-
massage and warming effect of ultrasound is used in the treatment of pain. The skin is nourished
and revitalized by stimulating and working in the capillaries. Ultrasound may be preferred for the
recovery of soft tissue disorders and relief of arthralgia symptoms. No treatments are made on
bone tissue (Oral & Ketenci, 2013).

3.Hot application: 1t is the warming of skin and subcutaneous tissue with the help of
special fabric bags that do not leak water. A more superficial heat effect is released when compared
to ultrasound. The veins expand and circulation relaxes with the effect of increasing heat. It is not
preferred in acute inflammation and rheumatological cases and also in cases metastasis may occur
(Ozdingler, 2016)

Therapeutic Exercises

Therapeutic exercise is a physical therapy technique used to improve or maintain an
individual’s physical condition through resistance, endurance, flexibility and balance training. The
intensity, volume, progression and type of exercises should be personalized based on the physical
condition and tolerance while performing the exercise. When prescribing exercise to patients,
exercise type, intensity and frequency suitable for the result of the evaluation should be determined.
It has been stated that exercise therapy will be beneficial in the recovery of muscle, bone, joint and
connective tissue during the COVID-19 process (Oztiirk & Kaya, 2020).

1a. Core stability and balance exercises: The ability of muscles to provide the functional
stability of joints by creating synchronized activity and controlled movement is called
neuromuscular control. The part of the body known as “core”, or the lumbopelvic hip component,
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consists of both passive and active structures of the hip and trunk. Stabilization is mainly achieved
by co-contraction of the muscles. Core stabilization is very important in maintaining the balance
of spine structure. A healthy posture supports the position and functions of the tissue and organs.
It also provides the adequacy of joint range of motion in the neck, upper and lower extremities
(Ytksel et al., 2019).

1b. Mobilization: According to clinical studies conducted, in and out-of-bed activities
performed according to the respiratory and muscular capacity of the individual reduce pain
significantly. Transition from lying in bed to sitting position, sitting and short distance walking can
be given as examples to these activities (Kirmizi, 2020). Early physiotherapy applications including
gradual mobilization and exercise therapy have an important place in reducing complications
associated with immobilization, returning to daily life and increasing physical activity tolerance in
COVID-19 patients (Kirmizi, 2020).

Ic. Joint range of motion exercises: They are the movements performed by the muscle
and joint by using the physiological limits of the joint range of motion. They can be performed
passively or actively (Yiksel, 2019).

1d. Aerobic exercises: Exercises such as walking, running, swimming and cycling are
aerobic exercises; they work the major muscles and have effects such as increasing aerobic capacity,
decreasing insulin resistance and inflammation and losing weight. These effects have been found
to be effective in decreasing pain intensity in patients with musculoskeletal system pain (Meng,
2015). In patients with continued oxygen support, low intensity aerobic exercises such as walking
(<3 MET) are started with close monitoring of blood pressure, SaO, heart rate monitorization and
newly developed cardiorespiratory symptoms. Duration and intensity of exercise are gradually
increased according to the patient’s condition by starting 3-4 times a week and for 10-15 minutes
(Barker-Davies, 2020).

le. Strengthening exercises: 1 repetitive maximum (RM) 30-40% mild and moderate
intensity 1-3 sets of exercise, 8-15 repetitions of each set with 2 minutes of rest in-between sets
should be performed 2 times a week by starting with 3-4 muscle groups in very weak patients.
Weight should be lifted for 3-6 seconds without causing pain and discomfort. Valsalva manoeuvre
should be created by exhaling while lifting (Yuksel, 2019). Intensity of exercise and number of
repetitions are gradually increased according to the tolerance and condition of the patient. While
returning to exetcise from mild/moderate severity COVID-19, 1 week of low level stretching and
mild muscle strengthening activity should be tried before targeted cardiovascular sessions (Barker-
Davies, 2020).

If. Diaphragm exercises: In patients who have had COVID-19, the aim of respiratory
exercises is to regulate the respiratory cycle, improve dyspnoea symptoms, regulate respiratory
movements, increase oxygenation, decrease secretion in airway, prevent dysfunction, decrease
anxiety and depression, provide and improve relaxation, maintain functions and increase quality of
life (Arzani, 2020; Zhao, 2020). The objective of PR is not only to improve the physical condition
of individuals. It also enables individuals to return more quickly to their environment and the
society (Yang & Yang 2020).

With the correct use of diaphragm muscle in individuals who have had COVID-19, the
capacity and efficiency of respiration increases, organ mobility is ensured, lymphatic system is
activated, spine mobilization is increased with chest mobility and the rate of healing increases in
tissues and organs (Yang & Yang 2020).
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Introduction

The amount of ionizing radiation that a person is exposed to has sharply risen over the last
decades (LLeuraud & et al., 2015). Medical radiation exposure is the largest part of the total amount
of radiation. The average yearly medical exposure dose had increased almost 600% (0.5 mGy in
1982 and 30 mGy in 2000) in the United States (Mettler & et al., 2008). The largest parts are coming
from nuclear medicine applications and computed tomography scanning. Occupational sources of
radiation exposure are also important (Leuraud & et al., 2015; Mettler & et al., 2008).

The effects of X-ray radiation on the mechanical properties of articular cartilage was studied
previously. It was found that ionizing radiation caused adverse effects on the function of articular
cartilage. The Young’s Moduli for the controls were significantly higher than the ionizing radiation
exposed samples (Cash & Dean, 2019; Lindburg, Willey & Dean, 2013). The same effects of
ionizing radiation found by other studies (Cicek, 2016; Kuzu & Cicek, 2019). Ionizing radiation
increased cellular apoptosis both in vivo and in vitro studies (Rocha & et al., 2010).

The effects of ionizing radiation on articular cartilage are characterized as negative effects, no
effects and positive effects in the literature (Cash & Dean 2019). Previous studies on cartilage
response to ionizing radiation are inconsistent and radiation effects on articular cartilage is unclear
(Hugenberg, Myers & Brandt, 1989; Willey & et al., 2013).

Articular cartilage is the smooth connective tissue and is 2 to 4 mm thick (Sophia, Bedi &
Rodeo, 2009). The chondrocytes are the only cells in articular cartilage. Chondrocyte shapes are
depth-dependent in articular cartilage. There are flat chondrocytes, spherical chondrocytes and
elongated chondrocytes in the superficial, middle and radial zone, respectively (Sophia, Bedi &
Rodeo, 2009). The injury reaction of the tissue is inefficient since articular cartilage is an avascular
tissue (Willey & et al., 2013).

It is important to know ionizing radiation effects to balance medical applications against the
risks. The aim of this study was to investigate the effects of ionizing radiation on chondrocyte
volume from bovine articular cartilage. The size of the chondrocyte was measured from confocal
image of articular cartilage.

Materials and Methods
Explant harvest

Mature bovine knees with joint capsules were obtained from a local abattoir (Bud’s Custom
Meats, Riverside, IA, USA). Osteochondral explants (2.5 cm x 2.5 cm) were carefully excised from
the lateral tibial plateaus of the joints under sterile conditions. Then, they were placed immediately
in Hanks balanced salt solution (HBSS). HBSS was supplemented with penicillin/streptomycin and
amphotericin B. Explants were incubated in culture medium during the whole study to maintain
tissue viability (Ramakrishnan & et al., 2011; Cicek & Arikanoglu, 2014; Goodwin & et al., 2010;
Martin & et al., 2012).
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X-ray Irradiation

The explants were exposed with X-ray 150 keV, 15 mA. The distance between X-ray source
and samples was 115 cm. The total exposed dose was 100 mGy. Imaging process started 3 hours
after the irradiation.

Confocal imaging

The explants were stained with dihydroethidium (DHE, Invitrogen) and calcein AM
(Invitrogen) for 30 min. The stained explants were scanned on a BioRad 1024 Confocal Microscope
equipped with a Krypton/Argon laser (Biorad Laboratories Inc., Hercules, CA). Images of the
osteochondral explants were performed with a 20X water immersion lens. The random sites close
to the radial center were imaged from the surface to a depth of ~200 pm in 20um intervals. 20X
image stacks were acquired from randomly selected imaging sites. 20X image stacks were utilized
for chondrocyte shapes analysis. More information regarding imaging conditions was described
previously (Ramakrishnan & et al., 2011; Cicek & Arikanoglu, 2014; Goodwin & et al., 2010; Martin
& et al., 2012).

Image Analysis

The Image] version 1.53 was used to analyze live cells from confocal image stacks. We
measured the surface area of the chondrocyte, perimeter, long (major) and short axis (minor) inside
the cell, height of cell, cell angle, circularity of the chondrocyte and aspect ratio. The size (area) of
the chondrocyte was selected between 20 to 80 um2. The circularity of the chondrocyte was among
0.01-1.00. Image] version 1.53 for Windows was obtained from the NIH website (Image],
Rasband, W.S., U. S. National Institutes of Health, Bethesda, MD, http://rsb.info.nih.gov/ij/).

Results
Table 1 presents the chondrocytes parameters for the control group.
Table 2 shows the chondrocytes parameters for the X-ray exposed group.

The p values show the significance between the control group and X-ray exposed group. The
volume (p= 0.001), area (p < 0.001), perimeter (p < 0.001), major axis (p < 0.001) and minor axis
(p= 0.006) were significant. The angle of chondrocytes (p = 0.820), circularity (p =0.139) and
aspect ratio (p =0.343) were insignificant.

Table 1. The chondrocytes parameters for the control group.

Depth | Number For each depth the mean values and standard errors of chondrocytes
(pm) | ofcells | Volume (pm’) Area (pm?) Perimeter Major axis | Minor axis Angle Circularity | Aspect ratio
(um)

0 30 1496.92 + 46.95 | 86.74 + 2.51 | 37.29 £ 0.63 | 13.32 £ 0.36 | 8.38 + 0.23 88.19 & 8.96 0.79 £0.02 | 1.65+ 0.08
-40 30 1205.31 £ 67.68 | 80.79 £4.32 | 3550+ 1.13 | 1291+ 0.55 | 7.96 £0.29 | 100.86 £9.39 | 0.80 £0.02 | 1.69 £0.11
-80 30 1247.07 £ 60.74 | 84.07 £4.04 | 35.66 £ 0.97 | 12.99 £0.42 | 8.17 £0.24 77.74 £7.13 0.82 +0.01 1.62 £0.06
-120 30 1130.03 £ 51.16 | 7517 £3.31 | 33.75+1.01 | 1227+ 0.51 | 7.84 £0.23 80.11 £ 9.00 0.83+0.02 | 1.61+0.09
-160 30 1168.24 £ 57.58 | 78.00 £3.89 | 3457 +1.27 | 1216+ 0.53 | 816+ 0.22 | 90.38 £ 7.88 0.83 £0.02 | 1.53 +0.09
-200 30 1221.57 £73.98 | 73.62+4.10 | 34.80 £ 1.38 | 12.66 £ 0.59 | 7.39 £ 0.23 86.63 £ 8.26 0.77 £0.02 | 1.76 + 0.10
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Table 2. The chondrocytes parameters for the X-ray exposed group.

For each depth the mean values and standard errors of chondrocytes

Depth | Number Volume (pm3) Area (pm?) Pez;tzle)ter Major axis Minor axis Angle Circularity iz}:f:t
(pm) | of cells

p = 0.001 p < 0.001 p < 0.001 p < 0.001 p = 0.006 p = 0.820 p =0.139 p =0.343
0 30 851.75 £ 49.59 | 56.93 £ 3.31 | 29.03 £ 0.97 10.50 £+ 0.40 6.79 £0.22 103.10 £ 9.55 | 0.84 £0.01 | 1.57 £ 0.06
-40 30 980.21 £ 56.31 65.64 + 3.80 | 31.18 £ 0.96 11.13 £ 0.41 7.40 £ 0.22 105.58 £ 9.14 | 0.83 £0.01 | 1.52£0.15
-80 30 996.36 £ 51.96 | 66.92 £ 3.43 | 32.30 £ 0.97 11.93 £0.44 7.21 £0.28 94.80 £11.64 [ 0.81 £0.01 | 1.70 £0.08
-120 30 938.98 £ 43.59 | 063.48 £ 2.87 | 31.17 + 0.86 11.36 + 0.39 7.10 £ 0.22 78.82 + 10.87 | 0.82+0.02 | 1.65 = 0.08
-160 30 999.35 + 40.22 | 66.93 £2.69 | 31.94 £ 0.80 11.63 £ 0.42 7.39 £0.23 79.22+9.97 | 0.83+£0.02 | 1.64 £0.10
-200 30 1055.16 £ 51.15 | 70.84 £ 3.41 | 32.72 + 0.89 11.47 £ 0.35 7.82 £ 0.26 7176 £ 9.86 | 0.82£0.01 | 1.51 £0.07

Figure 1. Confocal image from bovine articular cartilage
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Figure 2. The depth-dependent volume of chondrocyte for control and irradiated groups
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Figure 4. The depth-dependent area of chondrocyte for control and irradiated groups
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Figure 5. The depth-dependent perimeter of chondrocyte for control and irradiated groups

Figure 1. shows confocal image from bovine articular cartilage. The volume of the
chondrocyte can be seen in this image. Figure 2 demonstrates the depth-dependent volume of
chondrocyte for control and irradiated bovine articular cartilage. The chondrocyte volume in the
control group is higher than the X-ray exposed group for all depth of articular cartilage. The lowest
and highest mean volume of chondrocytes were 852 um3 and 1055 pm3, respectively for the
exposed group.

Figure 3 presents the mean value of chondrocytes volume for control and irradiated bovine
articular cartilage. The mean value of chondrocyte volume in the control group was 1245 um3,
while it was 970 pm3 in the exposed group. The mean value of chondrocyte volume in the control
group was significantly higher than the X-ray exposed group. The mean value of chondrocyte
volume was significant between the groups (p= 0.001).

Figure 4 shows the depth-dependent area of chondrocyte for control and irradiated bovine
articular cartilage. The chondrocyte area in the control group is higher than the X-ray exposed
group for all depth of tissue.

Figure 5 demonstrates the depth-dependent perimeter of chondrocyte for control and
irradiated bovine articular cartilage. The chondrocyte perimeter in the control group is higher than
the X-ray exposed group for all depth of cartilage.

Statistical analyses were performed using the Minitab 19 software. One-way analysis of
variance (ANOVA) was used for statistical analysis. A p-value less than 0.05 was considered
significant. The depth-dependent measured chondrocyte volume was demonstrated for control and
radiated groups. The volume of chondrocytes was decreased in the exposed group. The results
were significant (p= 0.001).

Discussion

Reduction in matrix metabolism is displayed as the reason of cartilage weakening at articular
surfaces in response to irradiation which, due to permanent deterioration of mechanical properties,
may contribute to overall joint erosion (Willey & et al., 2013), joint failure (Kolar, Vrabec & Chyba,
1967) and osteoarthritis (Goldring & Marcu, 2009).
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It has been shown to induce senescence among young rabbit articular chondrocytes early after
radiation exposure (Hong & et al., 2010). It has been reported that radiation exposure of rabbit
knee with a total dose of 5 Gy does not affect cartilage mechanical properties, although
chondrocyte clustering changes were seen (Oncan & et al., 2013).

Since types and exposure amounts are varying, ionizing radiation effects on articular cartilage
is not clear. Degradation of cartilage following exposure may be dependent on the radiation model
and radiation dose (Hugenberg, Myers & Brandt, 1989; Jikko & et al., 1996). Ionizing radiation (2
Gy and 10 Gy doses) induced active degradation of matrix and reduced proteoglycan synthesis in
human and pig cartilage and chondrocytes. However, the nature of the degradation and impaired
production of proteoglycans following ionizing radiation exposure is not clear (Willey & et al.,
2013).

A major pathway of active degradation of articular cartilage after radiation exposure may be
acute loss of glycosaminoglycans (Cornelissen, Thierens & De Ridder, 1996). The
glycosaminoglycan content a week after the irradiation in a study was 55% lower in irradiated
explants than controls, in which recovery from the initial loss is not likely (Rojas & et al., 2014). It
was shown that 2 Gy X-ray exposure reduces stiffness in a 3D model of porcine articular cartilage.
This reduction is related with a large release of glycosaminoglycans from irradiated explant 24 h
after exposure (Saintigny & et al., 2005). It is believed that glycosaminoglycan loss is not the only
factor affecting the modulus after radiation exposure, although other causes remain undefined. It
was not possible to determine if changes in cross-linking or other structural damage are
contributing to the reduction in modulus after radiation exposure (Lindburg, Willey & Dean, 2013;
Willey & et al., 2013; Hong & et al., 2010).

It was reported that X-ray exposure with 20 Gy decreased type II collagen and
glycosaminoglycan production (Cornelissen, Thierens & De Ridder, 1993). They also showed that
50 Gy X-ray dose reduces dramatically extracellular matrix components in 14 days in mature
cartilage (Cornelissen, Thierens & De Ridder, 1993a, 1993b). It was shown that type II collagen
reduction after X-ray exposure is linked with induction of type I collagen, especially into pericellular
spaces of chondrocytes (Muhonen & et al., 2000). It was proposed that radiation-induced changes
in oxygen concentrations might increase in type II collagen. Furthermore, it has been suggested
that reactive oxygen species (ROS) suppress proteoglycan synthesis. Radiation effect on
proteoglycan synthesis might reflect effects of ROS, since free radicals suppress proteoglycan
synthesis (Bates, Johnson & Lowther, 1985a, 1985b).

These dramatic failures of fibril organization cause a loss of mechanical properties in mature
cartilage (Muhonen & et al., 2006). Moreover, it causes a functional decline of cartilage health, in
patients treated with ionizing radiation (Cornelissen, Thierens & De Ridder, 1996; Rojas & et al.,
2014). Constant radiation caused changes in extracellular matrix metabolism could deteriorate
cartilage mechanical properties after exposure, by extracellular matrix degradation (Saintigny & et
al., 2005).

It was reported that lower doses of ionizing radiation may cause a significant decrease in the
compressive stiffness of articular cartilage at multiple length scales. Young’s modulus reduction in
mechanical properties following radiation exposure suggests that alterations are occurring in the
matrix. This reduction in Young’s modulus after radiation exposure is not solely due to the
observed loss of proteoglycans, which are only estimated to be responsible for about 50% of the
compressive stiffness of cartilage (Buschmann & Grodzinsky, 1995).

In a previous study, application of X-ray at 4.8 mGy in compressive moduli of equine articular
tissue experiments produced similar results with another study (Kuzu & Cicek, 2019), in the
decreasing of stiffness (Cicek, 2016).
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In a previous study (Bates, Johnson & Lowther, 1985b), in which the differential effect of C-
ions versus X-rays was investigated in human articular cartilage, exposure to X-ray and C-ions were
not able to induce neither necrosis nor apoptosis in either 2D or 3D culture. The previous studies
are supporting the relative radiation resistance of chondrocytes, regardless of the radiation quality
in rabbit articular chondrocytes (Hong & et al., 2010), porcine and human articular cartilage (Willey
& et al.,, 2013). However, exposure to ionizing radiation might induce bone differentiation and
senescence (Saintigny & et al., 2005), the latter is an important factor of potential cartilage attrition
(Hamdi & et al., 2010).

Conclusions

Application and exposure of ionizing radiation is increasing globally. Articular cartilage is the
thin and white connective tissue. Chondrocytes are the cells in articular cartilage. The effects of
ionizing radiation depend on type and amount of ionizing radiation. In this study, ionizing radiation
effects on chondrocyte volume was investigated. We also investigated the changes of chondrocyte
shape after ionizing radiation exposure. The results were reported according to the depth of
chondrocyte since it displays zonal shape dependency. Further research is necessary to identify
potential molecular targets for the functional deficits in cartilage post-irradiation. In conclusion,
chondrocyte volume of bovine articular cartilage was found to reduce after exposure to ionizing
radiation with X-ray. We demonstrated ionizing radiation (X-ray) effects on chondrocyte volume
from confocal image of bovine articular cartilage.
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Rational Use of Medicaments

Zeynep Ece KAN'
Ekrem SEVIM?

Introduction

The definition of rational drug use was first discussed at a meeting held in Nairobi, Kenya in
1985. According to the definition made here, rational drug use; “It is all of the rules that require
patients to take the drugs they need to use in accordance with their clinical needs, in an amount
that meets their personal needs, in a sufficient time frame, at the lowest cost to themselves and the
society” ( Holloway & Dijk , 2011).

The use of drugs, which cannot be considered rational, is known as a type of habit that is
difficult to correct. Although irrational drug use seems to be a serious problem in all countries, it
is more common in underdeveloped or developing countries (Acar & Yeginoglu, 2005). In addition
to insufficient education level, economic, sociocultural and regulatory mechanisms are important
factors in irrational drug use (Kaya et al., 2015).

The issue of rational drug use plays an important role in the interaction of individuals' personal
health and social and economic structures and being an effective element of the health care
management system (Amin et al., 2011).

Various factors are effective on rational drug use. One of the most important of these is the
level of health literacy. It has a direct relationship. These two elements are concepts that
complement each other and one improves the other. Individuals with a high level of health literacy
are also expected to have a high level of rational drug use (Incesu, 2017).

World Health Organization for rational drug use is guiding in the drug treatments that
physicians will recommend to patients and in points such as drug prescribing. This guideline
includes criteria such as being effective, safe, appropriate and economical when choosing drugs.
These issues are very important in prescribing drugs to patients (Giilhan, 2013; Erden & Gog¢mez,
2004; Akici et al., 2002).

All behavior, except for the rational use of drugs, can be described as irrational drug behavior.
Irrational drug use behavior emerges as a result of patients not getting enough benefit from drugs.
This situation creates an extremely negative impact on the economies of countries (Ekenler &
Kogoglu, 2016).

Many processes are carried out to ensure the effective, efficient and functional delivery of
health services. Due to the scarcity of resources, their efficient use and the implementation of
policies aimed at saving have gained importance. Thus, with the increasing health needs, the
importance of making rational decisions about using scarce resources more effectively increases
(Ates & Aba, 2019). Living healthy is the most basic right of every human being. For this reason,
it is the most natural right of individuals to want to be treated when their health integrity is impaired
(Sevim & Nal, 2021). Policies for rational drug use are important for the sustainability of this
system.
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Rational Drug Use

The first step in rational drug use is the creation of the Primary Essential Medicines list,
which was determined by the World Health Organization (WHO) in 1977 to assist in the
preparation of national drug lists to be created in line with the needs of countries. Rational drug
use, with its current definition; In a meeting organized by WHO in Kenya in 1985, it was stated as
“The set of rules that require patients to take drugs suitable for their clinical needs, in doses that meet their personal
needs, for a sufficient period of time, at the lowest cost for themselves and the society” . Following this first step, the
International Network for Rational Drug Use (INRUD) was established in 1989 in order to carry
out multicenter research projects from a single center and to support the rational use of drugs

(WHO, 2002).

Ministry of Health, rational drug use; It defines it as the planning, execution and monitoring
process that enables the use of drugs in an economical, effective and safe manner (TC Ministry of
Health, General Coordination of Health Project, 1993). According to the definition of the World
Health Organization in 2002, it is the planning process in a way that can provide the rational use
of drugs according to the clinical results of the individuals, in the appropriate dose according to
their individual characteristics, at the lowest cost for a sufficient period of time (WHO, 2002).

The primary goal in rational drug use is to prevent all the physiological, biological and
psychological problems that may arise with the wrong use of drugs, and to try to minimize social
and economic damage as much as possible (Ulusoy & Sumak, 2011). While one-third of the world's
population struggles to purchase even essential drugs, the ease of access to drugs by some people
without a prescription, and the increase in the amount and types of drugs with each passing day
show the necessity of the concept of rational drug use (WHO, 2002).

According to the World Health Organization, a drug is defined as “@ substance or product that
is used or intended to be used to modify or examine physiological systems or pathological conditions for the benefit of
the recipient, and to provide mental or physical well-being in the user” (WHO, 2002). Medicines are an essential
component of health. In this context, it plays a vital role in healing patients and saving lives
(Angamo, Wabe & Raju, 2011).

The use of drugs has an important place in the health services offered in terms of the
benefits it will provide in the lives of people in the cure of many diseases and in the mortality and
morbidity rates caused by many diseases, or vice versa, in the correct and sufficient consumption
(Buytkturan & Buyiikturan, 2017).

The drug should be used rationally, not randomly. In addition to the economic burden it
reflects on individuals and society, unconscious drug use can even result in death. A drug is a
product used to protect or regain health, rather than irrational consumption. For this reason, it is

necessary to consume the drug consciously and in sufficient quantities (Akict et al., 2011; Kurt et
al., 2020).

Medicines have an undeniable importance in protecting, maintaining and improving the
health of individuals (Memisoglu, 2016). If drugs and treatments are not managed correctly, they
can cause many health problems and death, in addition to their protective and curative effects.
Accordingly, the increase in medical costs makes the rational use of drugs important (Pinar, 2012).

all over the world and in Turkey is a concept whose importance is increasing day by day
because the country's resources are not wasted. Compared to developed countries, the amount of
drugs used in Turkey is stripped of its therapeutic dimension and takes the form of wasting more
resources. In this context, the most important cause of waste in drug consumption is over-the-
counter and unconscious consumption. Compared to other countries, the share allocated only to
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pharmaceuticals in healthcare payments is 25-30% higher in Turkey (Demiroglu, Polat & Dogan,
2017).

Research shows that more than half of the drugs in the world are prescribed by doctors, but only
half of individuals use these drugs correctly in accordance with recommendations. Considering
these rates, it is understood how important rational drug use education is (WHO, 2002; Holloway
& Dijk , 2011).

Basic Principles of Rational Drug Use

The prescribing guide, organized by the World Health Organization, is a guide in the drug
treatments that physicians will recommend to patients and in points such as drug prescribing. This
guideline includes criteria such as being effective, safe, appropriate and economical when choosing
drugs. Physicians need to create a list of drugs and treatment models that are compatible with the
patient, taking into account the prescribing guidelines (Gtlhan, 2013; Erden & Go¢mez, 2004;
Akict et al., 2002).

- Effectiveness: Pharmacological properties of drugs
- Being safe: Side effects due to drug use

- Eligibility: Side effects caused by drugs

- Being economical: Presentation price of drugs

Rational Drug Use Criteria

In order to choose an effective, safe, appropriate and economical drug in the principles of
rational drug use, a set of criteria must be met in the planning, functioning and follow-up processes.
Drug rationality is to ensure that evidence-based information produced by experimentation and
observation is effectively included in the diagnosis and treatment process, and is accessible in terms
of financing drugs and when necessary. In this context, certain criteria are needed. Criteria for
rational drug use; rational choice of drugs, rationality of the pharmaceutical industry, the process
of prescribing and responding to prescriptions, rational consumption of drugs, and the rationality
of regulations on drug management (The Alphabet of Rational Drug Use, 1993, www.e-
kutuphane.teb.org.tr).

Rationality of Pharmaceutical 1 ogistics: It consists of purchasing, storage, inspection and
distribution of drugs. Rational financing in the purchasing process of the drug, storage and storage
in appropriate conditions, delivery to the point of need in a timely and sound manner, and ensuring
that all these steps are propetly supervised are among the suggestions regarding the rationality of
drug logistics (Uslu & Akcadag, 2012; The Alphabet of Rational Drug Use, 1993, www.e-
kutuphane.teb.org.tr).

Rational Selection of Medicines: The physician should make a “rational” (rational) drug selection
in accordance with the clinical condition of the patient, of the drugs whose safety and effectiveness
have been tested and proven in line with the generally accepted parameters. If a rational choice
cannot be made in this regard, ineffective treatments will emerge, leading to unnecessary drug
consumption by patients (Sagir & Parlakpinar, 2014). It is recommended to consider standardized
treatment protocols, epidemiological data obtained with mortality and morbidity numbers, and the
distribution of patient burden in determining the priority drug list (The Alphabet of Rational Drug
Use, 1993, www.e-kutuphane.teb.org.tr ).

Rationality of the Prescribing Process: It is the stage where the physician participates in the rational drug
use process. In this process, physicians are the party directly responsible. This stage should begin
with the correct diagnosis (Yorulmaz, 2003). This process, which is a part of the treatment; It
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includes determining the need for medication, evaluating alternative treatment options, arranging
the necessary treatment and making appropriate follow-up. The basis of the prescribing process
should be the rational decision of the physician, not the pressure made by the patient or the
recommendations of the pharmaceutical companies (The Alphabet of Rational Drug Use, 1993,
www.e-kutuphane.teb.org.tr).

Rationality of the Prescription Response Process: This process is the point where the pharmacist is
involved in the rational use of drugs and his role becomes most evident. Reading the prescription
written by the physician correctly and communicating with the physician when necessary,
responding to the prescription appropriately (preparing the drugs in a timely manner and presenting
them to the patient) is followed by providing appropriate communication, including oral or written
education of the patient. In this regard, it is very important to do it without commercial concerns
(Yimaztirk, 2013).

Rational Consumption of Drugs: The parties responsible for rational drug consumption are health
personnel, mass media groups, pharmaceutical industries and the most important element, society.
In this context, knowing the awareness level of the society and its approaches on this issue play an
important role in order for the interventions to be applied to the society to be more effective and
appropriate. It is a situation where attention should be paid to raising awareness on health literacy
by providing training on disease and drug treatment in the society (Ministry of Health, 2011; The
Alphabet of Rational Drug Use, 1993, www.e-kutuphane.teb.org.tr).

Drug Information Support: 1t is known that drug information must be accurate, complete, impartial, up-
to-date, usable and accessible at all stages of rational drug use. It is extremely important to update
and inspect the books, brochures, programs, websites, pharmaceutical companies, guides and
guides that are sources of information when necessary (Yorulmaz, 2003; The Alphabet of Rational
Drug Use, 1993, www.e-kutuphane.teb.org.tr).

Responsibility of the Parties in Rational Use of Medicines

It is known that there are many factors such as lack of education, socio -cultural, economic,
administrative and regulatory mechanisms that lead to Irrational Drug Use . There are three main
parties in rational drug use: the supplying party, the demanding party and the supervisory-regulatory
mechanisms (Ekenler & Kogoglu, 2016; Stirmelioglu et al., 2015) (Figure 1).
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Figure 1. Key stakeholders in rational drug use
Source: (Siirmelioglu et al, 2015)

Health is an important phenomenon for the individual and society. It is also one of the
most basic human rights (Nal, 2021). Supply, demand and regulatory mechanisms have
responsibilities for rational drug use in health care.

Responsibility of the Physician: Physicians are known as the occupational group with the highest efficiency
in rational drug use. The first step of the triangle of physician, patient and pharmacist in rational
drug use can be described as a physician (Saygili & Ozer, 2020).

In addition to making a diagnosis, the physician should fulfill the treatment obligation based
on the patient's voluntariness in the process of deciding on the treatment method that is compatible
with the patient. The physician, who is in close contact with the patient during the communication
process, should inform the patient about the results of the diagnosis and treatment of the disease.
The physician should show the necessary care and attention during the treatment applied to the
patient (Regulation of Medical Deontology 2015).

In general, physicians, who have great responsibilities in the field of drugs and health
services in general, need to be trained on rational drug use and their information on the subject
should be kept up-to-date (Ministry of Health, 2011).

Responsibility of the Nurse: In the interaction of physician, nurse and patient, the role of the nurse is
primarily communication, education and practice. In this context, physicians and nurses act jointly
for the same purpose. Drug treatment to be administered to the patient is a process that starts with
the decision of the physician and ends in line with the supervision of the nurse. It is extremely
important for the society that nurses maintain the necessary care and awareness in the rational drug
use process and maximize the benefit to the health system (Ulupinar & Akict, 2015).
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The nursing regulation, "In the implementation of the medical diagnosis and treatment plan; to apply
the treatments given by the physician in writing, except for emergencies, to accept the verbal medical request of the
treating physician in unexpected or sudden sitnations that develop in the patient and in the diagnosis and treatment
Pplans that must be applied urgently. In this process, patient and employee safety Statements such as “to monitor the
effects of medical diagnosis and treatment interventions on the patient, to keep the necessary records in case of
undesirable situations, to notify the physician and to take the necessary measures” are among the duties of
the nurse (TC Resmi Gazete, 2010).

Pharmacist's Responsibility: Pharmacists are responsible for presenting drugs to patients and informing
patients about the drugs they use. In the rational drug use process, the second responsibility falls
on pharmacists (Barutgu, Tengilimoglu & Naldoken, 2017).

Although it is the physician who provides the treatment of the diagnosed patient, the last
person the patient consults before the treatment is usually pharmacists (Toklu & Dilger, 2011). In
addition, pharmacists are the first healthcare professionals consulted when a patient wishes to self-
medicate. For this reason, it should guide the patient to the correct use of the drug by supplying
the drug in the most correct way (Alpdogan & Altindis, 2019).

Since the pharmacist is the last step of the treatment process, the role of giving the
prescribed drug to the patient, educating the patient about how to use the drug and increasing
patient compliance is extremely important in rational drug use (Toklu, 2015).

Patient Responsibility: One of the responsibilities of the society regarding rational drug use is the
rational consumption of drugs. This responsibility; should be distributed among the health care
workers and mass communicators together with the society (Yorulmaz, 2003).

Rational drug use is the habit that patients acquire during drug use and the process of
adherence to the treatment shown accordingly. It is very important to use the prescribed drugs in the
amount, time and in accordance with the recommendations made by the physicians. In cases where
these items are not fulfilled, the efficiency of other treatment options for the treatments is greatly
reduced (Vangelik, Calikoglu & Giiraksin, 2006). Misuse or abuse of drugs threatens patient safety
and leads to waste of resources in this context (Altindis, 2020).

The last element of the quartet, which has the most important obligation in rational drug
use, is the patient. The use of the prescribed drugs by the patient in accordance with the
recommended dose, duration, interval and warnings is considered as patient compliance. The
effectiveness of all steps in rational drug use depends on patient compliance. In order to increase
compliance, the physician's allocation of sufficient time to the patient, the education of the patient,
the delivery of clearly written drug prospectuses, dose scales, and the reinforcement by nurses in
clinics and pharmacists, who are the last factor in pharmacies, have a significant impact (State
Planning Organization, 2001).

Regulatory and Supervisory Mechanisms: Many organizations and societies such as the Ministry of Health,
health institutions, health personnel, policy makers, reimbursement agency, NGOs and the media
are responsible parties for rational drug use (Ministry of Health, 2011). Pharmaceutical industry,
which is one of the parties to rational drug use, is also the party that has the obligation to provide
health workers with accurate information and appropriate training about their current products
and clearly inform them about how to use drugs (Pharmaceutical Industry Employers' Union,
2000).

The stages of reaching the consumer of the drug are production, storage and logistics. All
processes are under supervision and control in order to offer safe and effective products to
consumers, and all processes are controlled to ensure that the quality standards of drugs produced
in the country and imported from abroad are met in a certain amount. All stages in the field of
inspection are carried out in Turkey by the “Turkish Medicines and Medical Devices Agency, Drug
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Inspection Department” (Oktay, 20006).
Family Medicine and Rational Drug Use

In Turkey, where drug use habits are high and the share of drug expenditures in health
expenditures is high, the necessity of economical and rational drug use has come to the fore once
again with the adoption of family medicine practice (Ministry of Health, 2011).

One of the important indicators in the evaluation of the level of rational drug use of family
physicians, who play an important role in the diagnosis and treatment of patients in primary health
care services, is the prescriptions offered by the physicians to the patients. Recognition of the
contents of the prescription written by the family doctor or being aware of the prescription; It can
be shown as a guiding resource in identifying the problems experienced in drug use and eliminating
the problems in this regard (Aksoy, Alkan & Isli, 2015). One of the rational drug indicators defined
by the World Health Organization is the antibiotic prescription rates of physicians (WHO, 2004).

In this context; Yagiz (2020) determined the health literacy levels and knowledge levels of
university students studying at Kocaeli University in the 2019-2020 academic year on rational drug
use. In addition, the relationship between health literacy and rational drug use levels was examined.
As a result of the study, it was determined that 87.6% (n:599) of the students had a high level of
rational drug use and 12.4% (n:85) had a low level of rational drug use.

In the researches, it is thought that irrational behaviors are common in the society in
rational drug use of individuals, therefore it is thought that more studies on the subject will be
positive in terms of public awareness.

Rational Drug Use Practices in Turkey and in the World

Depending on the developments in the world in the current century , studies on rational
drug use are carried out in Turkey according to WHO recommendations. In this regard, the “Guzde
to good The resource named “ Prescribing ” was translated as “Guide to Good Prescribing” by the Ministry of
Health in Turkey and #he “Rational Drug Use Program” was initiated. The guide also covers rational
drug use in the light of the basic principles of general drug treatments (Turkish Medicines and
Medical Devices Agency, 2011).

Rational Drug Use Branch Directorate was established in 2010 under the Ministry of
Health, General Directorate of Pharmaceuticals and Pharmacy. The Turkish Medicines and
Medical Devices Agency, the responsible institution for pharmaceuticals, was established on
November 2, 2011 (www.resmigazete.gov.tr, KHK/663). Again, in 2011, a study called "Rational
Prescribing Approach of Physicians’ was conducted by the School of Public Health affiliated to the
Refik Saydam Hygiene Center Presidency of the Ministry of Health (Turkey Rational Medicines
Bulletin, 2015).

"Regutation on Classification of Medicinal Products for Human Use " that prescription drugs can
only be obtained under prescription within the scope of the rationality of the prescription
fulfillment process . Prescription drugs within the scope of this regulation are clearly stated as:
“BEven if they are used correctly, they pose a direct or indirect health hazgard if they are not used under medical
supervision, and they are frequently and widely misused, and as a result, they pose a direct or indirect danger to
human health” (Resmi Gazete, 2005, www.resmigazete.gov.tr ).

Another study was prepared from the National English Formulary, which includes drug-
related formulas, to our British National Formulary - BNF literature in 1999 with a team formed
by Prof. Dr. S. Oguz Kayaalp. The sixth and last edition of the “Turkish Medication Guidelines”,
which was regularly updated in line with the developments, was published in 2011. (Akic,
www.tfd.org.tr ).
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In order to make patients' access to medicines from pharmacies safer, they are monitored
in a virtual environment with the "Drug Tracking System". The Pharmaceutical Tracking System
and DataMatrix Application was implemented on October 1, 2009 in order to prevent counterfeit
medicines by keeping track of the medicines and to prevent counterfeit medicines and to generate
data for the policies to be prepared regarding medicines (Pharmaceutical Tracking System,
WWW.its.gov.tr).

In addition to these, Hospital Service Quality Standards; The Guide on Rational Drug Use
and the Guide on Rational Drug Use Sessions ( issued for drug and product license holders) are
published through the Ministry of Health (Turkish Medicines and Medical Devices Agency) in
order to involve hospitals in this process and to raise awareness of healthcare professionals and
those applying to hospitals. , 2011).

It has found an important research area throughout the country with its studies carried out
around the world for thirty years on rational drug use. Activities related to rational drug use started
in Turkey in the 1990s. The first step that stands out is “Problem-Based Rational Treatment Training” in
Medical Faculties 1t was eliminated with the implementation of the (Akict et al., 2011).

"Medium-Term Cogperation Program" that WHO and TR Ministry of Health carried out in
coordination starting in 1998, the " Pharmacotherapy Training and Clinical Pharmacology Study
Meeting on the Placement of Rational Drug Use Principles in Turkey" was held in 1999 . “Turkish
Medicines Guide-TIC” was published in 1999 on the use of physicians and pharmacists. Studies
were accelerated in 2003 within the framework of the Health Transformation Program (SDP)
(Vangelik, Calikoglu & Giiraksin, 20006).

There are 12 basic recommendations put forward by WHO with the aim of promoting
rational drug use. These recommendations are shown in table 1:
Table 1. WHO's recommendations for the promotion of rational drug use

1. To create a supervisory and regulatory institution that will monitor the policies regarding drug use.

2. Utilizing clinical findings and treatment guidelines

3. Based on priority treatments in the creation of a list of essential drugs

4. Establishment of drug committees in hospitals and certain districts

5. Ensuring that student physicians studying at medical faculties receive pharmacotherapy training

6. Providing continuous medical education in-service

7. Developing feedback and monitoring systems

8.Using unbiased and complete information data about drugs

9. Informing and educating societies about drugs

10. Prevention of inappropriate financial incentives

11. Implementation of mandatory and appropriate regulations

12. Taking necessary precautions by securing the availability of drugs and staff

Source: (Turkey Bulletin on Rational Use of Medicines, 2015; WHO, 2002).
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Rational drug use is a very important health problem all over the world as it is in Turkey.
The “National Action Plan for Rational Use of Medicines” was implemented between 2014 and
2017 in order to train the society and health workers on rational drug use, to increase their level of
knowledge and awareness, and to ensure the coordination of all activities. The National Action
Plan includes a total of 99 activities, consisting of six main titles and twenty basic strategic
objectives. One of the most notable activities is the Prescription Information System (RBS), where
prescriptions written by physicians can be monitored and evaluated. In addition to this plan, the
"Rational Drug Use National Action Plan 2018-2022 Workshop " of the "Rational Drug Use
National Action Plan 2014-2017" was held in Ankara in 2018 (Ministry of Health, 2017; Turkish
Medicines and Medical Devices Agency, 2018).

Irrational Drug Use

All behavior, except for the rational use of drugs, can be described as irrational drug
behavior. Irrational drug behavior emerges as a result of patients not getting enough benefit from
drugs. This situation has an extremely negative effect on the economies of the countries. In Turkey,
too, irrational drug use behavior causes a higher rate of waste of drugs (Ekenler & Kogoglu, 2016).

Irrational drug use can lead to serious drug costs, leading to many health problems,
including economic problems and even death. In order to find solutions to these important
problems, all countries should take direct measures with their health policies and raise the
awareness of the society on rational drug use (Strmelioglu et al., 2015).

Irrational drug use has become a serious health problem worldwide and in Turkey.
Overcoming this problem is through the rational use of personally defined drugs, following the
rules set by the WHO, which are universally accepted (Orhaner & Salgin, 2018).

Reasons for Irrational Drug Use

irrational drug use , and among the main problems generally identified in the studies; The
antecedents such as prescribing unnecessary amounts of drugs, using unnecessary expensive drugs,
not administering drugs correctly, using more antibiotics than necessary or recommending more
injections by physicians are among the causes of irrational drug use (WHO, 2002; Stirmelioglu et
al., 2015) . In this context , it is seen that many economic and sociological factors also affect the
causes of irrational drug use . It is known that the physician is the basis, but pharmacists, other
health personnel, society, non-governmental organizations, the pharmaceutical industry and the
state also have important responsibilities (Ozata, Aslan & Mete, 2008).

irrational drug use , many factors affect another factor and may complicate the problem.
This starts from a low level of education and is based on reasons such as social and economic
structure, regulatory and administrative mechanisms (Akict et al., 2002).

Unnecessary and inappropriate drug use results are seen as an important public health
problem in Turkey and around the world. Irrational drug use may cause decreased adherence to
treatment, drug interaction, resistance to certain drugs, recurrence or recurrence of the disease,
increased incidence of side effects , and increased treatment costs (Why Rational Drug Use,
www.akilciilac.gov.tr/ ).

Consequences of Irrational Drug Use

Reasons such as irrational drug use, life-threatening danger to the patient, unnecessary
consumption of resources, side effects of drugs and the possibility of creating dependency
emphasize the necessity of rational use of drugs. If drugs are not used rationally, problems such as
disruptions and decreases in patients' adherence to treatment, unexpected results, recurrence of the
disease and decreased belief in treatment, increase in the recovery period of the disease, frequent
side effects, and increased treatment costs lead to problems. This situation greatly increases the
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burden on the economies and health systems of countries. As a result, it causes damage to the trust
of the societies in the country's health system (Altindis, 2017; Ozgelikay, 2001; WHO, 1990).

WHO makes recommendations about the irrational use of drugs in order to prevent the
negative effects of health on the economy. In this context, it is extremely important to inform
physicians, people in the pharmaceutical industry, pharmacists and the public about the rational
use of drugs among the recommendations (Sagir & Parlakpinar, 2014; Alundis, 2017).

Precautions to be Taken Against Irrational Drug Use

In order to prevent or minimize the problems related to irrational drug use, first of all,
rational drug use should be ensured. The main points to consider in this regard are;

e The patient's problem must be cleatly defined. Undoubtedly, physicians undertake the most
important task in this regard (Things to Be Considered, www.akilciilac.gov.tr/ ).

e In the correct use of drugs, it is extremely important to inform health workers and the
community about this issue (Le Grand, Hogerzeil & Haaijer-Ruskamp, 1999).

e to be taken that countries manage their health policies correctly on the rational use of drugs
and that physicians and health workers act in a coordinated and conscious manner in this
regard (Orhaner & Salgin 2018).

e It is important to increase the amount of lessons related to the problem in addition to the
theoretical curriculum during the faculty education period of the physician candidates in
terms of reducing the irrational use of drugs (WHO, 2002).

e In order to prevent unnecessary antibiotic use by patients, pharmacies should be directed to
physician control before antibiotic sales.

e The society should be kept up-to-date visually and audibly through the media on the rational
use of drugs.

e Itis important to inform the public that not all drugs on the market will have the same effect
on every individual (Ercan & Biger, 2019).

e Physicians should be prevented from prescribing new and high-priced drugs and making
financial profits.

e Increasing the quality of in-service training programs of healthcare professionals and keeping
them up to date play an important role in the rational use of drugs.

e In the event that the drug treatment administered by the patient is not completed, waste drugs
collection projects should be encouraged in order to prevent child poisoning, drug waste and
drug accumulation habits by ensuring the destruction of drugs (Pinar, 2012).

Rational Treatment Process

The rational treatment process begins with the planning of the treatment process after the
physician makes the correct diagnosis of the patient in line with the principles of rational drug use.
At the stage of diagnosing the patient, the physician sees the patient as a pillar of the treatment
process and directs the treatment in the direction it requires. In this context, it starts the treatment
process by determining the individual treatment and drug (Akict, 2013).

The rational treatment process specified by WHO consists of the following steps (WHO,
1994).

e Determination of the patient's problem by the physician in accordance with the patient's
complaint with the correct diagnosis

e therapeutic purpose. At this stage, the goal is “What do you want to achieve with treatment?”
is to answer the question. In order to ensure the continuity of treatment compliance between
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the physician and the patient, the treatment method should be shared with the patient in a
clear language.

e Individualized treatment with the appropriate treatment method and drug selection
determined by the physician. While choosing a personalized medicine, principles such as
effectiveness, safety, cost and suitability, which are important for rational drug use, should be
considered. At this stage, “What are the non-drug treatment options?”” search for an answer
to the question. It is a priority to provide treatment only by changing the lifestyle. If the
change in lifestyle does not have a positive effect in the treatment process, drug therapy
should be applied.

e With the drug treatment method, the physician writes a prescription appropriately for the
patient and in this context, warns the patient if there is a special situation. Dosage and
duration should be determined according to the patient's compliance.

e The last step of the rational treatment process is the physician's evaluation of the treatment
applied. At this stage, “Is there a need for the physician to repeat the treatment process with
the patient within the scope of the patient's treatment?” The answer to the question is sought
(Akicy, 2013).

Conclusion

The primary goal in rational drug use is to prevent all the physiological, biological and
psychological problems that may arise due to the misuse of drugs, and to try to minimize the social
and economic damage as much as possible (Ulusoy & Sumak, 2011). While one-third of the world's
population struggles to purchase even essential drugs, the ease of access to drugs by some people
without a prescription, and the increase in the amount and types of drugs with each passing day
show the necessity of the concept of rational drug use (WHO, 2002).

The most basic purpose in rational use is the correct and conscious use of resources.
Irrational use causes waste, workload, reductions in service quality and cost increase (Aba, Torun,
2020). The World Health Organization sees it as an extremely important situation to inform
physicians, people in the pharmaceutical industry, pharmacists and the public about rational drug
use (Sagir & Parlakpinar, 2014; Altndis, 2017).

Bian et al. (2015) and Demirtas et al. (2018), it has been shown that the level of rational
drug use knowledge is higher in young individuals, women, individuals in the high income group,
and individuals with high education levels. According to Demirtas et al. (2018), on the other hand,
the level of rational drug use was found to be higher in individuals under the age of 30, and it was
found to be lower in individuals with regular drug use.

In the study conducted by Kan (2022), it was found that rational drug use differs according
to the age of the individuals. In the study, it was observed that the rational drug use scale scores of
individuals aged 46 and over were higher than those of other age groups. It was concluded that the
presence of chronic disease and regular drug use also affect rational drug use. Considering that age
increases the chronic disease state and the associated regular drug use, it can be said that the results
of the study are significant. It has been stated that this result may be related to the increase in the
incidence of chronic diseases as we age. In addition, it can be considered as an important result
considering that 90% of individuals over the age of 65, which is accepted as the old age limit, have
at least one chronic disease and 60% of them use at least one drug. In general, the mean score of
the rational drug use scale was found to be 38.821+3.90. A score of 35 and above is considered a
good result when evaluated as having knowledge of rational drug use. In addition, this result; It
was evaluated as a positive result that individuals did not differ between groups according to their
age, gender, educational status, income status, occupation, chronic disease status and regular drug
use.
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It is important when considering the reasons such as irrational drug use, patient's life
danger, unnecessary use of resources, side effects of drugs and the possibility of creating addiction
accordingly. If drugs are not used rationally, problems such as disruptions and decreases in patients'
adherence to treatment, unexpected results, recurrence of the disease and decreased belief in
treatment, increase in the recovery period of the disease, frequent side effects, and increased
treatment costs lead to problems. This situation greatly increases the burden on the economies and
health systems of countries. As a result, it causes damage to the trust of the societies in the country's
health system (Altindis, 2017; Ozcelikay, 2001; WHO, 1990).

There are some actions that can be taken to prevent or minimize the problems that occur
in irrational drug use. One of the most important of these is that physicians define the patient's
problems clearly. Another important issue is raising awareness of the society on the correct use of
drugs. Making this awareness by all health professionals, especially physicians, pharmacists and
nurses, is important in achieving success. In addition, it can be said that the results can be achieved
more easily with the applications to be made within the scope of social marketing.
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Remineralization Efficiency of Herbal Products

Elif ALKAN!
Dilek TAGTEKIN?

Introduction

Dental caries is one of the most common chronic diseases in the world and might cause
tooth loss when not treated propetly. The concept of modern dentistry aims to prevent the
progression of caries with eatly diagnosis, and to improve the aesthetics and function of the tooth
with the remineralization process. Thus, caries lesions without cavity are treated with a non-
invasive method (Nagarathana et al., 2015). Demineralization occurs through the leaving of mineral
ions in dental hard tissues from hydroxyapatite crystals. Restoring these mineral ions to
hydroxyapatite crystals is called remineralization. Both processes take place on the tooth surface
and a large number of mineral ions can be lost from hydroxyapatite without deterioration of tooth
integrity. As a result of the deterioration of the hydroxyapatite structure, cavities are formed.
Demineralization is a reversible process; therefore, partially demineralized hydroxyapatite crystals
in teeth can be remineralized (Higham, 2016). Enamel caries diagnosed at the initial stage can be
treated by regulating diet, controlling plaque formation, and applying appropriate antibacterial
agents, thus, demineralized dental tissue can become remineralized (Guertieri et al., 2012).

Formation of Initial Enamel Caries

The caries formation process is a gradual process that requires periods of repeated and
prolonged exposure of the enamel to acidic attacks, with the environment dropping below the
critical pH (pH 5.5) and returning to the intermediate medium's plaque pH (pH 7.0). In the
development of dental caries, the stage before cavitation is called the initial caries lesion. It is
characterized by subsurface demineralization areas that occur under an intact enamel surface (Kidd
& Fejerskov 2004) (Figure 1). The mineral content of the affected area is reduced, which affects
the translucent nature of enamel and the color of these areas appears more opaque white. For this
reason, initial enamel lesions or flat surface caries are also called white spot lesions and are the first
visible signs of caries formation (Dgaard et al., 1988). It is important to distinguish the etiology of
these lesions clinically, because white lesions can be caused by caries or be hereditary. When the
tooth surface is air-dried, caries lesions appear opaque and chalky. This appearance is due to the
loss of its translucent feature due to subsurface demineralization of the enamel tissue in this area.
In contrast, developmental lesions are less or unaffected by air drying (Fejerskov et al., 2015).

1 Res. Assist., Marmara University Faculty of Dentistry Department of Restorative Dentistry
2 Prof. Dr., Marmara University Faculty of Dentistry Department of Restorative Dentistry
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EHT = 15.00kV
WD = 11.0 mm

Figure 1. Demineralized enamel tissue: a)coronal section b) saggital section. (Alkan, 2022)

Treatment of Initial Carious Lesions

Various options are available for the treatment of initial carious lesions. Recent approaches
are listed in the following sections.

Providing Oral Hygiene

Dental caries is an important problem that affects not only the individual, but also social
institutions and the health economy. Untreated caries affects millions of people worldwide. Such a
big problem also causes huge cost. Raising awareness about individual oral hygiene and daily
brushing with fluoride toothpaste is one of the solutions for tooth decay. Providing personal oral
hygiene with tooth brushing and flossing, removing the bacterial plaque and thus changing the
initial carious lesion formation process are the most effective methods that patients can apply
individually (Hicks et al., 2005).

Diet Regulation

Apart from the presence of bacterial plaque, another factor affecting caries formation is
diet. The foods taken can act as an inhibitor of caries formation and can be among the causes of
caries formation. For example, some foods with a hard and fibrous structure help mechanical
cleaning, while others show a caries preventive effect by increasing the amount and flow rate of
saliva with their taste and smell. Food and beverages such as cheese, milk, cocoa, tea and proteins
have a bacteriostatic effect by changing the metabolism of cariogenic bacteria. However, fermented
carbohydrates can cause caries when consumed frequently (Kalender, 2017).

Use of Antimicrobial Agents

The use of chlorhexidine was first offered to the public in the USA as a 0.12% mouthwash
for periodontal treatment of high-risk patients. It reduces the number of Streptococcus mutans
and accelerates remineralization. It is recommended to use a chlorhexidine mouthwash for 30
seconds just before going to bed, as the reduced salivary flow rate at night helps chlorhexidine to
bind to the structures in the mouth more easily. It has been reported that when chlorhexidine
mouthwash is used in this way for 2 weeks, it reduces the number of Streptococcus mutans below
the potential for caries formation, and the effect of this reduction lasts between 12 and 26 weeks
(Roberson et al., 2000).
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Remineralization of Initial Carious Lesions

Initial caries lesions can be remineralized by preventing the factors that cause caries
formation and increasing the duration of the protective factors in the mouth. In general,
remineralization is a natural repair process and many methods have been proposed to improve it.
The dynamics of formation and prevention of the initial caries lesion occurs between
demineralization, which is the process of removing mineral ions from the hydroxyapatite crystals
of enamel, and remineralization, which is the process of restoring these lost mineral ions,
particularly calcium and phosphate ions, into the cavities in the hydroxyapatite crystals (Figures
2,3).

An ideal remineralizing agent (Walsh, 2009):

It should provide optimum level of calcium and phosphate ions, thus increasing
remineralization and preventing the formation of tartar.

* It should be able to penetrate deeply into the subsurface demineralized area.

* It should be in active form even below the critical pH and thus prevent demineralization.
¢ It should have antimicrobial activity against cariogenic microorganisms.

¢ It should show a synergistic effect with the remineralization capacity of saliva.

* It should be effective even in cases where there is a decrease in salivary flow rate and in
xerostomia patients.

¢ It should not cause any negative effects.

¢ It should be easily accepted by the society.

Demineralization + F Figure 2. Enamel demineralization in the presence of F
H<5.5; pH>4.5 . .
X R in dental biofilm. Carbohydrates (sucrose, glucose, fructose)
Sucrose . S . .
stihose _ are converted into organic acids by bacteria in the biofilm.
Glucose T \ .
Fructoss 7~ Acid . When the pH drops below 5.5, the saturation of
H* +———— roxiapatite | . . . .
) G2 Cay,(PO.)s(OH): hydroxyapatite (HA) in the biofilm decreases, cansing
Ca™ H.PO, . . . . . .
L e e | ; mineral dissolution. However, if the pH is higher than 4.5
Cat* ——+ —— Florapatite ! . . .
. |- Ca”F | CaulPOL)F: and F is present, the biofilm Florapatite (F.A) becomes
i Pos Blofilm - supersaturated and mineral re-precipitation occurs in the
g - chamel, . . . .
— enamel. As a result, demineralization is reduced (Cury &
Tenuta 2008).
Rem'“eﬂ;a;'“’“ +F Figure 3. Enamel remineralization in the presence of F in
pH>5. . .
e - dental biofilm. After the intake of carbohydrates has
@j@se ceased, the acids in the biofilm are cleared by saliva and
F e \ : :
. Add A0 | apatite _ converted into salts. As a result, the pH increases and at
o | PO CaulPOLLOH), 5.5 or bigher the biofilm becomes supersaturated with HA
FoL .Fr',o ,3&: | Florepatite | and FA. Thus, Ca and P lost by the enamel can be
o T PO, L. . e . .
- e cq T BualPOLF recovered more efficiently if F is still present in the biofilm
‘ \_Biofilm (Cury & Tenuta 2008).

Saliva Enamel
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Fluoride Applications

Fluoride shows its effect against caries by three different mechanisms. First, the presence
of fluoride greatly enhances the formation and accumulation of fluorapatite, which is formed by
the combination of calcium and phosphate ions in saliva. Florapatite is resistant to dissolution;
therefore, it replaces salts containing manganese and carbonate, which are easily dissolved and lost
due to demineralization, making the enamel more resistant to acids. The second mechanism is
remineralization of the initial cavity lesion with florapatite crystals. The third and final mechanism
is the antimicrobial activity of fluoride ions. Low fluoride concentrations inhibit the production of
the glycosyltransferase enzyme. The glycosyltransferase enzyme enhances bacterial adhesion and
provides glucose for extracellular polysaccharide formation. Topical fluoride applications at high
concentrations (12,000 ppm) have a direct toxic effect on oral microorganisms, including mutans
streptococci (Roberson et al., 2000). Fluoride applications can be classified as systemic and topical.

Systemic Applications

Systemic applications are effective methods, especially in individuals with a high risk of
caries formation and in societies where fluoride use is low. Fluoridation of water, which is one of
the systemic applications, shows not only systemic but also topical effects (Roberson et al., 2000).
The World Health Organization (WHO) has reported that consuming 1 mg of fluoride per day is
beneficial for health. Systemic applications of fluoride are the fluoridation of drinking water, salts
and milk, and the addition of fluorinated tablets or drops to the diet.

Topical Applications

Systemic fluoride intake was thought to be effective for a long time before the application
of fluoride directly to the tooth surface was initiated. However, it is now accepted that the use of
topical fluoride is more beneficial during tooth development and maturation. Topical fluoride in
high concentrations (12,000 ppm), often professionally applied in dental clinics, has a direct toxic
effect on oral microorganisms, including Streptococcus mutans (Roberson et al., 2006). Fluoride
varnishes have been developed to prolong the contact time with the tooth, to hold onto the enamel
for a longer time, and thus to prevent rapid fluoride loss after application. Varnishes act as a
reservoir for slow release and facilitate further fluoride uptake (Dgaard et al., 1994). In the
guidelines of the American Academy of Pediatric Dentistry, it is recommended to apply fluoride
varnishes at a concentration of 5% (22,600 ppm) at least twice a year for primary teeth and two or
four times a year for permanent teeth (de Sousa et al., 2019).

Casein Phosphopeptide—Amorphous Calcium Phosphate (CPP-ACP) Applications

ACP is a tricalcium phosphate containing calcium and phosphate ions in an amorphous
structure. When ACP enters a solution, it rapidly transforms into a stable structure such as
octacalcium phosphate or apatite. Casein is a phosphoprotein that makes up 80% of the proteins
found in cow's milk. The most important feature of casein is the retention of calcium and
phosphate ions in protein complexes. These ions break down into smaller peptides like CPP,
making them highly durable. Casein molecules act as a carrier, providing calcium and phosphate
ions that tissues such as teeth or bones can use for remineralization. Mendes et al. reported that
the use of CPP-ACP is a good alternative for remineralization of initial carious lesions (Mendes et
al., 2018). The remineralization effect can be improved when this product is applied together with
fluoride.

Nanohydroxyapatite

Today, nanotechnology is developing by offering various caries preventive and therapeutic
applications. Nanotechnology has sought to replicate the nanostructural properties of human
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enamel and offer biology-inspired strategies for remineralization and caries treatment (Chandki et
al., 2012).

In dentistry, nanoparticle application is used in two ways as preventive dentistry and
restorative dentistry (Maman et al., 2018). In recent years, various hydroxyapatite types of calcium
carbonate in nanometric sizes have been applied in the prevention and treatment of incipient caries
lesions. In dentistry, the sizes of hydroxyapatite nanocrystals vary between 50-1000 nm; being so
small in size increases the surface area they can bind to, so they can bind to proteins, biofilm and
bacteria when present in the toothpaste. Likewise, thanks to their small size, they can repair small
cavities and indentations in the enamel surface. Nanohydroxyapatite, a bioactive and biocompatible
material, contributes to the remineralization process with high amounts of calcium and phosphate
ions from oral fluids, increasing crystallization by directly filling the micropores of the initial caries
lesions. It has been reported that a 10% nanohydroxyapatite concentration is optimal for
remineralization of initial enamel caries (Huang et al., 2009).

Sodium Calciumphosphosilicate (Bioactive Glass)

When bioactive glass comes into contact with saliva, it rapidly releases sodium, calcium and
phosphorus ions available for remineralization of the tooth surface into the saliva and increases
the pH. The released ions directly form hydroxycarbonate apatite (HCA). They also attach to the
tooth surface and continue to release ions and remineralize the tooth surface after the first
application. These particles have been shown to convert to HCA for up to 2 weeks by releasing
ions (Du et al., 2004). Novamin, a commercial form of bioactive glass, adheres to the exposed
dentin surface and forms a mechanically strong and acid-resistant mineralized layer. There is a
sustained release of calcium that maintains its protective effects on dentin over time (Burwell et al.,
2010).

Natural Remineralization Systems

Plant extracts have been used as medicine in traditional medicine since ancient times.
Today, these plant extracts are of particular interest because they are not chemical or synthetic. If
the effect of herbal products is supported by evidence as a result of scientific-based studies, they
may be better and safer alternatives for treatment (Shaheen et al., 2015). In recent years, the desire
to return to natural products has also affected the view against the use of herbal agents as
antimicrobial agents in dentistry. Antimicrobial properties of essential oils obtained from plants
instead of artificial molecules are being investigated. Besra et al. investigated the antimicrobial
propertties of various plant extracts on caries pathogens and concluded that the plants can be used
alone or in combination in the treatment of dental caries (Besra & Kumar 2018). Studies have been
conducted in which herbal extracts are used as antimicrobial plaque agents to prevent dental caries
and reduce gingivitis (Poureslami, 2012).

Some natural plant extracts have antimicrobial properties and have the potential to prevent
demineralization and provide remineralization of enamel (Philip, 2019). Among the
remineralization systems, fluoride-free and natural systems will reduce the risk of fluoride toxicity.
Because plant-based phytochemicals and bioflavonoids can provide remineralization of the initial
caries lesion, they will be more acceptable to the public than artificial chemical derivatives and
fluoride-based systems used for dental caries prevention. Common oral health problems such as
dental caries, periodontitis, microbial dental plaque and gingivitis can be prevented and treated if
appropriate herbal treatments are used consistently over a period of time (Bilgin G6¢men et al.,
2020). Also, most of them are natural foodstuffs that show no toxicity and are "generally recognized
as safe" (GRAS) by the US Food and Drug Administration (FDA) (Annamalai et al., 2020). Some
of the natural and herbal extracts are listed below.
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Cocoa Bean

Theobromine is an alkaloid found in cocoa beans (Theobroma coca) and chocolate. It is a
white crystalline powder from the methylxanthine family (3.7 dimethylxanthine). Theobromine has
been shown to increase crystal growth, resistance to acid attack, and microhardness of enamel
(Amaechi et al., 2013; Syafira et al., 2013). In another in vitro study, it was reported that
theobromine has a remineralization capacity similar to that of fluoridated toothpastes (Taneja et
al.,, 2019).

Xylitol

Xylitol is a naturally occurring five-carbon sugar polyol (pentylol) found naturally in fruits,
vegetables, and berries. It is mainly derived from xylan-rich plant materials such as birch and beech
(Bar, 1988). It is used instead of sugar. It has been reported that the use of chewing gum containing
xylitol increases the salivary flow rate, improves the protective properties of saliva and helps
remineralization. It has been suggested that caries-associated mutans streptococci are unable to use
xylitol in their metabolism and therefore reduce acid formation in the oral biofilm. It has been
reported that xylitol significantly reduces the incidence of caries and increases tooth
remineralization (Hildebrandt & Sparks, 2000; Ritter et al., 2013).

Ginger

Ginger (Zingiber officinale) is one of the most widely used herbs in traditional medicine.
Numerous pharmacological activities such as antioxidant, antibacterial, anti-inflammatory,
antinociceptive, antimutagenic and hepatoprotective have been shown in many studies (Abdel-
Azeem et al.,, 2013; Jeena et al., 2013; Jeena et al., 2014). In addition, there are studies showing the
antibacterial effect of ginger against many microorganisms, including mutans streptococci (Fatima
et al., 2000; Khan et al., 2010; Islam et al., 2012).

Ginger content; It contains approximately 50% carbohydrates, 9% protein and free amino
acids, 6-8% fatty acids and triglycerides, 3-6% ash and 3-6% crude fiber (on the basis of dry matter),
although it may vary depending on the type and geography of cultivation (Tang & Eisenbrand,
1992). Ginger is a good source of essential micronutrients such as potassium, magnesium, copper
and manganese. Ginger rhizome also contains small amounts of vitamins A, E, and some B- and
vitamin C (PR & Prakash, 2010). Ginger is a non-toxic natural product and is considered "generally
safe" (GRAS) by the U.S. Food and Drug Administration (FDA). The pungent oil component in
it consists of a series of polyphenolic ketones with many pharmacological activities (Ravindran &
Babu, 2016). The bioactive components gingerol and shagelol obtained from the ethnolic extracts
of ginger exhibit antifungal and antibacterial activity. It is thought that ginget's remineralization
capacity is due to its antimicrobial properties and high fluoride content (Al-Duboni et al., 2013).

Ginger is one of these herbal extracts with its antibacterial properties. Ginger essential oil
and oleoresin have shown significant antioxidant and antimicrobial activities (Bellik, 2014). Ginger;
It has been included in oral and dental care products as an accepted and renewable natural product
due to fewer side effects, better patient tolerance, relatively cheaper, long history of use (Ody, 2000;
Al-Achi, 2001; Abebe, 2003; Barrett, 2004).

Bilgin et al. conducted two studies with a herbal mixture consisting of chocolate, ginger
and honey, and in both in vitro and in situ studies, they showed that tooth cream containing ginger
and honey had very positive effects on remineralization as a result of both microhardness and
fluorescence evaluations compared to alternative normal fluoride toothpaste. (Bilgin et al., 2016;
Bilgin G6¢men et al., 2016).
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Rosemary

Rosemary (Salvia rosmarinus) is a small aromatic shrub composed of terpenoids,
flavonoids, phenols and essential oils with antimicrobial, antifungal and antioxidant properties. Al-
Duboni et al. reported that methanolic extract of rosemary (30g/100mL) had inhibitory effects on
mutans streptococci, and stated that rosemary extract was effective in remineralization as a result
of fluorescence and microhardness evaluations on enamel (Al-Duboni et al., 2013). Bilgin et al.
reported the in vitro remineralization capacity of a mixture of rosemary, ginger extract and honey
(Bilgin et al., 2016).

Hesperidin

Hesperidin is a member of the flavanone group of flavonoids isolated in large quantities
from the peels of citrus fruits such as lemons, oranges, grapes and tangerines. Hesperidin has been
shown to have antioxidant, anti-inflammatory and anti-carcinogenic properties. It has been
reported that Hesperidin inhibits demineralization, increases remineralization in dentin, and
preserves collagen even under fluoride-free conditions (Islam et al., 2012; Li & Schluesener 2017).

Grape Seed Extract

Grape (Vitis vinefera) seed extract contains a powerful antioxidant polyphenol,
proanthocyanidin. It strengthens collagen-based tissues by increasing collagen cross-links.
Proanthocyanidin has been shown to inhibit root caries by interacting with microbial cell
membrane proteins and lipids, leading to cell membrane disruption. Proanthocyanidin inhibits the
enzymatic activity of ATPase and amylase. At the same time, it inhibits the glucosyl transferase
enzyme produced by mutans streptococci, preventing bacterial adhesion to the tooth surface,
which shows anticariogenic properties. It has been shown that grape seed extract can be used as a
substitute for fluorides in the prevention of root caries in elderly patients. An in vitro study reported
that mouthwash containing grape seed extract limits dentin matrix degradation and increases
remineralization. A recent systematic review concluded that the caries prevention of grape seed
extract compared with fluoride inhibits the proliferation of bacterial biofilms on the tooth surface
and promotes remineralization (Xie et al., 2008; Khaddam et al., 2014; Delimont & Catlson, 2020).

Galla Chinensis

Galla chinensis is a traditional Chinese herb that has been thought to have anti-caries effect
in recent years. It has been stated that Galla Chinensis prevents demineralization and contributes
to remineralization and increases the effect of fluorine. According to a hypothesis that emerged as
a result of the studies, they stated that Galla chinensis can affect the remineralization of the caries
lesion, and that it does this by combining with the organic matrix in the enamel. The possible effect
of Galla chinensis is thought to be through its polyphenols, which combine with the organic matrix
in the enamel and block the ion diffusion pathways. Polyphenol compounds have been reported
to act as calcium ion carriers to the lesion body (Cheng et al., 2010; Zhang et al., 2016; Philip, 2019).

Honey

Honey is a natural food product produced by honey bees (Apismellifera), consisting of
nectar secreted from flowers and substances secreted by insects. Due to its chemical composition,
honey has been used for many years in the treatment of burns and infected wounds (Medhi et al.,
2008; Mandal & Mandal, 2011). Honey has been found to have promising potential as an alternative
agent in the management of disease conditions such as dental caries and gingivitis following
orthodontic treatment (Atwa et al., 2014).

Honey, one of the agents traditionally used with herbal medicines, has a bacteriostatic effect
on pathogens and has a pH of about 3.9. Studies have shown its effectiveness on oral pathogenic
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bacteria (Al-Hasani, 2018; Sateriale et al., 2020). Honey has antibacterial effects on S.mutans, L.
acidophillus, A.viscosus, P.aeroginosa, V.alcaligens and S.aureus. Honey has a pH of 3.9 so it is
acidic and can inhibit the growth of pathogens as most pathogenic microorganisms thrive at pH
4.0-4.5. Diluting honey with saliva will increase the pH and reduce its effect. This contributes to
its antibacterial activity by increasing the enzyme activity and the effect of glucose oxidase enzyme
and the production of hydrogen peroxide, which is an oxidizing agent (Molan, 1992; Brudzynski et
al., 2011). The glucuronic acid produced by glucosoxidase in honey helps calcium absorption
(Eteraf-Oskouei & Najafi, 2013). In addition, it has been reported that orally taken honey reduces
prostaglandin levels and has prebiotic and antibacterial effects (Al-Waili et al., 2011; Al-Waili et al.,
2011).

Conclusion

Although modern chemicals are widely used today, the demand for herbal/natural products
has increased in recent years. Plant extracts, which are frequently used in traditional medicine, gain
importance as an alternative treatment for dental health. As a result of the researches and
achievements in the field of herbal medicines and formulations, many problems of oral health
might be prevented and treated. Today, there are many herbal medicines and derivatives,
toothpastes, mouthwashes, etc., which are related to oral and dental health, sold with or without a
prescription exist. Natural products are potential and valuable resources for the development of
medicines and products to manage oral diseases. Although some progress has been made in this
area, there is still limited information about the safety and effectiveness of these products. Thus
dentists should be skeptical about the utilization of products that do not have sufficient scientific
studies and proven efficacy, and should pay attention not to mislead the society.

Further clinical research is needed to develop drugs and products containing active plant
extracts or phytochemicals that can be offered as a supplement to existing treatment or as an
alternative treatment. Dentists should be knowledgeable about these products as they are natural,
safe and economical. They should also choose to prescribe and recommend these products in their
treatments.
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Introduction

Probiotics, derived from the Greek and meaning “for life”, is a term used to define living non-
pathogenic organisms which have a demonstrated beneficial effect on the host when ingested in
adequate amounts (FAO/WHO, 2001). The most commonly used probiotics ate represented by
lactobacilli, bifidobacteria and non-pathogenic yeasts. They must be capable of surviving the
passage through the stomach to enter the intestinal tract, where they exert helpful effects on the
gut microbiota, and of resisting to the stressful environments during industrial processes. The most
important and known beneficial effects of probiotics include the prevention of diarrhea,
constipation, and food allergies; other factors, such as a reduction of gas production, changes in
bile salt conjugation, anti-bacterial, anti-inflammatory and anti-viral effects, may result relevant to
the benefits of specific probiotics (Barrett et al., 2008).

Biofilms and Quorum Sensing

Biofilms form a heterogeneous matrix consisting of microbial communities and their
secreted extracellular polymeric substances (EPSs) (Wingender et al., 1999) and in sediments
incorporate particles within the matrix. Microorganisms that inhabit sediments and form biofilms
are highly adapted for this habitat and secrete adhesive polymers. The EPS is primarily composed
of organic molecules such as polysaccharides, proteins, lipids, and nucleic acids (Stoodley et al.,
2002). EPS affects sediment dynamics by, directly enhancing the cohesive forces between
sediments, binding them together, and coating sediment particles and changing the
micromorphology of individual grains (Paterson et al., 2009). Bacteria in natural habitats
predominantly exist as matrix-encased species-rich communities, either as surface associated
biofilms or surface independent floccular aggregates. This is in contrast to their planktonic single
species population counterparts commonly studied in laboratory conditions. The formation and
dispersal of structured bacterial biofilms or aggregates occur in response to a range of
environmental cues and signals, such as changes in nutrient concentrations, oxygen, temperature,
as well as chemicals and predatory stresses (Matz et al., 2004).

Bacterial biofilm formation is often regulated by quorum sensing (QS) which is a
population density-based cell-cell communication process via signaling molecules. Numerous
signaling molecules such as acyl homoserine lactones, peptides, autoinducer-2, diffusion signaling
factors, and a-hydroxyketones have been studied in bacteria. Genetic alteration of QS machinery
can be useful to modulate vital characters valuable for environmental applications such as biofilm
formation, biosurfactant production, exopolysaccharide synthesis, horizontal gene transfer,
catabolic gene expression, motility, and chemotaxis (Fig 1). These qualities are imperative for
bacteria during degradation or detoxification of any pollutant. QS signals can be used for the
fabrication of engineered biofilms with enhanced degradation kinetics (Mangwani et al., 2010).
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Fig. 1. The cyclic evolution of a biofilm at cellular level, from single cells, sedimented and

adherent to a conditioning pellicle on a substratum, cellular multiplication and colonization of
substratum, formation of a multilayer biofilm with columns and mushroom-like structures, and
finally the detachment of single cells or aggregates and their dissemination (Lazar, 2011).

QS also regulates many biological behaviors of the mature biofilm. For example, the
expressionof several extracellular virulence factors, including exotoxin A, elastase, pyoverdin and
rhamnolipid (Kirisits and Parsek, 2006). QS factors are critical to establishing infection in the host
and contribute antibiotic resistance properties, as well; therefore, inhibition of the QS system is
believed to be a promising strategy to attenuate production of virulence factors and protect against
infection. Secretion of an extracellular polysaccharide substances that acts as a physical protection
barrier for the encased bacteria. there is pressing demand for targeted therapies that are capable of
killing cancer cells selectively without afecting normal healthy cells or at least to act as adjuvants to
lower the therapeutic doses and increase efciency of conventional anticancer drugs. Synthesis of
EPSs by LAB is a well-known phenomen on which exists as a cell-bound EPS, adhering closely to
the bacterial surface, or releases EPS into the surrounding medium (Paulo et al., 2012). The
polysaccharide structure may affect bacterial adhesion to mucus. Other authors have claimed that,
in some cases, the EPS envelope covering the producing strains hinders bacterial adhesion (Nikolic
et al.,, 2012).

Lactobacillus EPSs have been reported to contain several functional groups, for instance,
carbonyl, phosphate, andhydroxyl groups, which were suggested to play an essential role in exerting
the antimicrobial and antioxidant effects of EPS (Riaz Rajoka et al., 2020). These polymers showed
in vitro or in vivo inhibition of Gram-positive and Gram-negative pathogens with different degrees
of resistance. The Gram-positive bacteria cell wall includes numerous structural components,
which are essential components involved in the interaction between bacterial cells and various
receptors on other surfaces (AlKassaa et al., 2014). The cell surface of bacteria is a vital elementin
cell-to-cell and cell-to-host communications (Dertli et al., 2015). Many of the studies reviewed in
this report did not examine the electrical charge on the polymer. For instance, negatively charged
EPS from the Lactococcus lactis F-mou strain revealed higher inhibitory action against Gram-
positive than Gram-negative pathogens, with Bacillus cereus ATCC 10702 demonstrating the
greatest inhibition (Nehal et al., 2019). There is no definitive mechanism to explain the antibacterial
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action of the EPS produced by the LAB against Gram-positive and -negative bacteria. Attempts to
investigate a potential mechanism(s) to explain the observed antibacterial activity are continuing. It
was thought that because EPS was able to disrupt the structure of the bacterial cell envelope,
especially the peptidoglycan layer, it was proposed as a potential inhibitory mechanism (Sivasankar
et al., 2018). These biofilm communities containing beneficial organisms such as lactobacilli may
play an essential role as protective agents (Aoudia et al., 2016).

Biofilm formation is a complex and dynamic process comprising five steps including: initial
attachment, irreversible attachment, initial growth of the biofilm structure, maturation, and
dispersion (Spano et al., 2016). Bacteria release chemical autoinducers (Als) through the action of
QS that accumulate within the bacterial environment (Fig 2). Through detecting changes in Al
concentrations, bacteria exchange information. A range of signaling molecules related to bacterial
QS has been discovered. Dependent on the type of signaling and sensor systems, the QS of bacteria
can be classified, we summarize the pathways associated with each QS system and its distribution
in bacteria (Ran et al.,, 2016). Inhibition of signaling molecule generation: the QS process is
inseparable from the generation and participation of signaling molecules. By inhibiting related
enzymes in the signaling molecule synthesis pathway, the generation of signal molecules can be
blocked and QS can be inhibited. For example, Triclosan can inhibit enoyl-ACP reductase an
important protein in the acyl-homoserine lactone (AHL) generation process (Fischer et al., 2015).

Autoinducers (Als) Regulation of some physiological processes by QS moleculer or
-Gram positive bacteria: Ais Aus in high density populations: conjugation, sporulation, motility
-Gram negative bacteria: HSLs antibiotic production, symbiosis, biofilm formation, virulance

factors prduction(EPS,toxins, siderophores) etc.

Fig 2. Cell to cell communication by QS mechanism, mediated by small molecules or antoinducers (Lazar, 20117).
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The Problems Experienced By Infertil Couples and the Nursing Approach

Fatma BASAR!

Introduction

Infertility is defined as the inability to conceive or maintain a pregnancy despite having
regular sexual intercourse (two or three times a week) for at least one year without using any
contraception method. It is reported that 10-15% of couples of reproductive age in the world have
infertility problems and more than 80 million people are affected by infertility. In our country, it
has been determined that the rate of married women between the ages of 15-49 who have no
children and who are not able to have children is 11.2%. According to the 2018 data of the Turkey
Demographic and Health Survey (TNSA), the rate of married women between the ages of 15-49
who have no children and stated that it is not possible to have a child is 5%. Approximately 40%
of infertility cases, which is one of the important questions of our age and affects many couples,
are women, 40% are men, and the remaining 20% are combined causes.

Infertility diagnosis and treatment process is a difficult and long process that affects couples
physically, psychologically and financially. In this process, couples may experience stress, panic and
intense emotional pressure. At the same time, in societies where femininity is equivalent to
motherhood and men's productivity, fertility is accepted as an indicator of an individual's sexual
identity. The society's ostracism of the woman without children and the questioning of her
husband's masculinity may negatively affect the mental health and quality of life of the couple,
leading to depression, anxiety, decreased sexual desire and deterioration in marital relations. In
many studies, it has been determined that infertile couples experience psychological, social and
sexual problems. Although both spouses are affected during the diagnosis and treatment of
infertility, women feel more stress, guilt and responsibility than men due to the effect of
interventions on the female body.

In this section, it is aimed to understand the problems experienced by infertile couples by
examining the socio-cultural, psychosocial, economic, sexual problems and quality of life of
infertile couples in line with the literature.

Sociocultural Problems in Infertile Couples

Marriage brings with it having children and problems may arise in marriages where there is
no child. Birth not only increases the respect for the woman, but also strengthens the place of the
woman in the family, relatives and group. The father, on the other hand, not only looks to the
future with confidence, but also gains prestige among his friends and relatives. Because no matter
how despised the infertile woman is by her relatives because she cannot give birth, the man also
feels the social and mental oppression of the pressure coming from the environment and the 'not
being put in the place of a man'. A woman who does not have children is not treated well in the
family, and a woman who is called "infertile" can be desctibed as "unlucky". As in many countties,
the words woman and mother are used synonymously in Turkey, and childlessness in such a
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cultural structure is quite a degrading situation for women. In our country, couples who do not
have children in rural areas are excluded by the society, but more blame falls on the shoulders of
women, and the woman has to accept the marriage in order for her husband to have a child. One
of the basic instincts in humans is the reproductive instinct. It may become inevitable for sexuality
to go beyond the reproductive function, to experience feelings of failure and inadequacy at this
stage, and to create problems that spread to many areas of life. Inability to reproduce often creates
a social stigma and is perceived as a shameful inadequacy.

Cultural, ethnic or religious factors also impose new burdens on the infertile couple. For
example, there is a lot of superstition and misinformation about infertility, especially in vitro
fertilization (IVF) treatment in Turkish culture. Kamact (2003) found in his study that 28% of
women and 8% of men visit the hodja-mausoleum-cesme, 7% of women and 36% of men use
herbal medicine, and about half of the couples resort to traditional methods.

Childbirth is perceived as a divine reward, while infertility is perceived as divine
punishment. In some religions, assisted reproductive techniques are considered a sin, and if the
woman is infertile, her marriage is perceived as inadequacy.

Psychosocial Problems in Infertile Couples

Although the reactions of individuals to infertility show individual differences, it is stated
that there are similar aspects. For couples, the common feelings of not being able to have children
are the feeling of frustration and the lack of parental roles in society.

Since infertility is a multidimensional problem, it negatively affects the psychological well-
being of couples. D'Souza et al., in their study, stated that the psychological well-being of women
who received infertility treatment was low. In Klemetti's study; states that the psychological well-
being of infertile women and men is very low and that this situation is related to anxiety and
depression. In addition, it has been reported that the emotional stress experienced during the
diagnosis and treatment of infertility may cause couples to think that they cannot have children and
lead them to a sense of hopelessness. Kaya et al., in their study, found that infertile women
experience stigma and hopelessness. determined that hopelessness increased as social support
decreased in infertile women.

Depression and anxiety levels were compared among infertile couples in Poland in 20009.
According to Beck depression scale; Depression level was found to be 28.6% in infertile women,
18.4% in fertile women, 9.0% in infertile men, and 11.0% in fertile men (Drosdzol and Skrzypulec
2009). In the study of El Kissi et al. (2013) with couples who received infertility treatment, it was
determined that women experience more anxiety and depression than their spouses. In addition,
women's self-esteem was found to be lower than their spouses [16]. In Yusuf's study (2010), it was
found that 70% of infertile women experience varying degrees of anxiety and 58% experience
moderate-to-severe anxiety.

Psychosexual Problems Experienced by Infertile Couples

Evaluation of infertility is a condition that is emotionally disturbing and also sexually
disturbing to individuals. For example, when taking the history of the couples, the couples are
asked questions about their sexual performance such as copulation techniques, sexual desire and
responses, history of abortion, discomforts during intercourse, knowledge of sex and reproduction.
Such questions may be seen as threatening, disturbing and inappropriate by couples. In some cases,
questions focusing on sexual competence can lead to sexual failures or changes in sexual behavior
over time.

Infertile couples frequently experience sexual problems such as sexual reluctance,
anorgasmia, decreased sexual satisfaction, and dyspareunia as sexuality becomes an act to have
children. In the study of Tao et al. (2011) it was stated that infertility affects the sexual activities of
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individuals, and there is a tendency to decrease in the frequency of sexual intercourse in individuals
experiencing fertility stress. In the study of Duman and Kogak (2013), it was determined that the
most common sexual problem in infertile women was arousal at a rate of 20.5% and orgasmic
disorder in 19.5% of women. In the study of Ergin et al. (2018), women reported that they did not
find themselves attractive because sexuality was seen as a duty. In the process of infertility, couples
who adapt to the change in sexual life increase mutual communication, attachment and satisfaction
with marriage. It is stated that infertile women have lower marital adjustment than infertile men
(Egelioglu Cetisli et al., 2014; Bodur et al., 2013) and that as dyadic adjustment increases in infertile
couples, there is a decrease in anxiety and depression levels (Bodur et al., 2013).

Economic Problems in Infertile Couples

Since the drugs used in the treatment of infertility and the treatment process are quite
expensive, they also cause economic difficulties for couples. Working couples are constantly
dismissed from work due to treatment.

They have to get permission. Especially women quit their jobs or give up on making a
career. In a study conducted by Kogyigit in 2012, it was reported that the average expenditure for
infertility treatments reached approximately three times the average household budget (Kogyigit,
2012). The economic difficulties experienced can cause domestic economic violence. In a study, it
was stated that 41 out of 122 infertile women were subjected to domestic violence and 29.2% were
exposed to economic violence. In his study, Can (2005) found economic problems at a rate of
16.4% among the causes of stress experienced by infertile women during treatment. In the study
of Kamact (2003) it was determined that 84% of women and 85% of men stated that infertility
treatment forced their family budgets economically.

Quality of Life of Infertile Couples

For most couples, infertility is a major life crisis. Studies on the relationship between the
psychological reaction to infertility and gender have shown that women experience higher levels of
anxiety, depression and loss of self-confidence compared to their spouses. However, psychological
factors such as anxiety, depression and anxiety may affect physiological factors by reducing the
probability of pregnancy. Psychosocial effects in the diagnosis and treatment of infertility can
significantly affect the overall quality of life. In addition, spouses may react differently to infertility.

On the one hand, infertility itself, on the other hand, examination and treatment approaches
applied for reproductive assistance, strain the coping skills and social support resources of the
individual and the couple, and consume their physical and emotional energy, causing sexual
dysfunction, depression, anxiety and deterioration in the couple's relationship. In the Rashidi and
Montazeri study in Iran (2008), when the quality of life of women and men who receive IVF
treatment is examined, according to the findings obtained, men lead a better and better quality life
than women. In general, the relationship between being young, being female, low education level
and quality of life was found to be significantly significant; No relationship was found between the
duration of infertility, previous infertility treatment, or the causes of infertility and quality of life. It
is understood that while the studies carried out to date mostly focus on documenting the
physiological causes of infertility, less attention is paid to the individual's quality of life.

Johansson et al., examining the quality of life in couples 4-5.5 years after failed IVF
treatment, found that childless couples had a lower quality of life than couples with children.
Khayata et al. reported that female factor infertility adversely affects quality of life in infertile
women compared to male and combined factor infertility.

Infertility Nursing

Nurses have an important role in supporting the communication of infertile couples,
providing counseling for psychological problems, supporting coping resources and raising
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awareness of the society. In addition to the roles of infertility nurses in medical care, there are roles
of providing information, coordinator-manager, researcher, patient rights advocate, educator-
counseling and psychological support. Within the scope of these roles, nurses often take
responsibility in practices that require special knowledge and skills, such as evaluating the infertile
couple, planning the determined treatment, assisting in assisted reproductive treatment procedures,
preventing complications, case management, infertility counseling and coordinating. In addition,
infertility nurses can provide information, explanation and decision-making counseling (the type
of counseling in which the effect of starting or ending infertility treatment on the couple's life is
explained), support counseling (the type of counseling given with therapeutic counseling for stress
reduction) and therapeutic counseling (individual counseling, couple counseling). , group therapy,
individual behavioral groups, emotional interactive groups, groups created using technology),
telephone counseling and self-help groups are recommended. Nurses should be aware of the
problems and effects caused by infertility, which creates a crisis in the lives of couples. The
communication of the infertile couple should be supported, stress, anxiety and depression
symptoms should be aware of the psychological problems that the couple may experience, risk
factors should be questioned, and cooperation should be made with a psychologist or psychiatric
nurse. The family should be supported in coping with the crisis situation, approaches that increase
women's self-esteem and strengthen the relationship between couples should be adopted to reduce
hopelessness, and public awareness should be raised in order to reduce social pressure on the
couple.

Due to their changing and developing roles in the team, infertility nurses need to be aware
of the economic and ethical problems and develop themselves in counseling for sexual health.
Effectively fulfilling the roles of nurses will help couples to cope with problems and become
stronger in coping with the process. Continuous trainings to be organized in this field will also
contribute to the empowerment of infertility nurses.
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Quality of Life and Nursing Care in Menopause

Fatma BASAR!

Introduction

Menopause, which is a natural part of the aging process in women, is defined as the loss of
reproductive ability due to regression in ovarian functions. WHO defines menopause as “the
permanent cessation of menstruation as a result of loss of ovarian activity”. In the studies, it is seen
that the age of menopause varies between 49.3-51.4 years in developed countries, while this age
range is 43.5-49.4 years in developing countries. When the TDHS data is examined, it has been
determined that the age of Turkish women at menopause is concentrated in the 46-49 age range.
According to the TDHS 2018 results, the age group with the highest menopause rate is the 48-49
age group with a rate of 45.1%. While the rate of women entering menopause in the 46-47 age
range is 31.2%, the rate in the 44-45 age range is 15.9%.

In some women, the menopause process begins earlier than the expected age range. This
process, called premature menopause; It is defined as “the loss of ovarian function of the ovary
before the age of 40 (cessation of menstruation)”. According to the 2013 results of TDHS, the rate
of women between the ages of 30-39 who entered menopause is 1.9%. According to the 2018
results of TDHS, the proportion of women between the ages of 30-39 who entered menopause
increased to 2.6%.

As in every life period, many factors are effective on the time of menopause. In the fact
that the age of menopause differs from society to society, even in different cultures of the same
society; It is thought that individual factors such as genetic and environmental factors, nutrition
and routine habits also have an effect. age of menopause; It is not affected by race, socio-economic
status, number of pregnancies, oral contraceptive use, education, physical characteristics, alcohol
consumption, age, or date of last pregnancy. It has been determined that smoking definitely
accelerates the consumption of follicles and causes early menopause. Menopause directly affects
both work and family life and social life of women.

Menopausal period; women expetience intense hormonal changes; It is a period in which
physiological, psychological, sexual and social changes occur depending on this change. The main
reason for these changes is the decrease in estrogen level. During this period, symptoms related to
different body systems may occur, from vasomotor symptoms to mental symptoms, from sexual
function changes to osteoporosis. Symptoms such as menstrual irregularities, vaginal dryness, flora
changes, sleep disorders, headache, dizziness, shortness of breath, heart palpitations, tremors, and
anxiety can also be seen.

It is among the most important responsibilities of the nurse to determine their quality of
life and the factors affecting it, while giving care to women in the menopausal period, and to use
the results to improve women's health. Nurses should have knowledge about the risk factors that

! 1Kutahya Health Sciences University, Faculty of Health Sciences, Department of Obstetrics and Gynecology Nursing,
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may develop by determining the changes that may occur in women in this period and know how
this will affect their quality of life; will provide support for women to gain coping skills with
menopausal complaints. In addition, nurses; Prioritizing the quality of life while giving care to
women in the menopausal period will enable them to provide higher quality care and counseling
services in order to increase the quality of life of women. In this section, the effects of menopausal
problems on quality of life and nursing approach are discussed.

Changes Seen During The Menopuse Period

With the menopause period, the activity of the ovaries begins to decrease and there is a
decrease in the estrogen level to women; physiological, psychological, sexual and social etc. changes
in many ways. These changes, which are thought to occur due to estrogen deficiency, cause many
problems in the early and late periods. In the early period, vasomotor symptoms such as hot
flushes, sweating, palpitations, headache, insomnia, muscle-bone pains, depression, loss of
attention, forgetfulness, decreased libido, vaginal atrophy and urinary problems are. In the long
term, there is an increase in the incidence of osteoporosis, cardiovascular diseases and cancers.

Cycle Changes

One of the most obvious differences experienced by women in the menopausal period is
menstrual cycle changes. The termination of estrogen production, which is considered to be the
main cause of menopausal changes, does not occur suddenly. Estrogen continues to be secreted in
small amounts, so menstrual bleeding in women may continue for a while. This is most common
in the premenopausal period. During this period, menstruation is of the anovulatory type. That is,
the luteal phase has disappeared. Due to the decrease in the activity of the ovaries, enough estrogen
is not secreted and the endometrial cycle cannot occur because the amount of estrogen in the blood
decreases. Due to the anovulatory cycle, estrogen is constantly secreted from the follicles, and since
this excess is not met by progesterone, bleeding can be intense and continuous during this period.
As a result of all these changes, menstruation in women; It may occur as polymenorrhea,
amonorrhea, hypomenorrhea, and hypermenorrhea. This type of bleeding can be a normal
physiological process as well as a harbinger of various diseases. Therefore, women in the
menopausal period should be considered as a risky group starting from the premenopausal period
and the care to be given should be planned correctly.

Vasomotor Changes

Vasomotor changes are one of the most common symptoms, the severity of which varies
by most women during the climacteric period. Vasomotor symptoms begin to appear from the
premenopausal period and their incidence varies between 60% and 85%. vasomotor changes; Hot
flashes are defined as an uncomfortable feeling of warmth that starts in the face, head or chest and
progresses in any direction, sometimes spreading to the whole body. In the study of Ege et al.
(2014) on women in the menopausal period; 69.5% experienced hot flashes, 55.3% had night
sweats and 53.7% had insomnia problems; According to the study of G6ziibebek and Baser (2016),
it was seen that these vasomotor problems experienced by women negatively affect their daily lives.

Emotional Changes

Each life period has its own characteristics and stress factors. The menopausal period is
also a period that includes many changes in women's lives. Therefore, it is important for women
to be able to adapt to these changes and not to deteriorate their quality of life. The degree to which
the woman is affected by each physiological event seen in this period and the meaning attributed
to it varies from person to person. Mental problems are very common in the menopausal phase of
women's life, especially in the perimenopause period. In the first place, thoughts that anxiety,
depression and sexual dysfunctions increase are frequently expressed. Studies conducted to
determine the emotional changes of women in the menopause period have also revealed that
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women in this period experience emotional problems. In the study of Simon and Reape (2009),
91% of women in the climacteric period had irritability, irritability, 86% depression, 82% loss of
concentration, 81% personality change, 77% sleep disorder, 77% It was determined that there was
lack of motivation in .75%, memory deficit in 75%, hot flashes in 37%, headache in 19% and
excessive sweating in 18%. According to the research results of Bozkurt and Sevil (2016); 44.2%
of the women participating in the study had menopause after distress-stress, followed by
“relaxation (20.8%)”, “inability to bear children (12.5%), “aging (8.3%)”, “a natural event (7.5%)”
and “loss”. (6.7%)”. In Taiwan, a study was conducted with 3359 women aged 40-55 years to
determine the level of depression occurring during the menopause, and 145 of the women had
high-grade depression symptoms related to menopause.

Structural Changes in Bone

Another change that occurs as a result of long-term estrogen deficiency is osteoporosis.
osteoporosis; It is a chronic and progressive musculoskeletal problem that begins with a decrease
in the volume, density and quality of bone mass and continues with increased susceptibility to
fracture. 50% of individuals aged 50 and over living in Turkey have osteopenia and 25% have
osteoporosis. While this rate is 12.9% for women over 50 years old, it is 7.5% for men. Since 80%
of people with osteoporosis are women, osteoporosis is an important gynecological problem. The
national osteoporosis organization states that there are 200 million people in the world suffering
from osteoporosis. When we look at the rate of women experiencing this problem, 30% of women
with osteoporosis are postmenopausal women, and one out of every three women over the age of
50 experiences bone fractures caused by osteoporosis.

Cardiovascular Changes

Menopause is accepted as a risk factor for cardiovascular system diseases. Especially in
terms of coronary artery disease, women with surgical menopause and early menopause are at
higher risk than women who enter menopause in the normal age range. Since the positive effect of
estrogen will disappear earlier in women who enter menopause early, these women are at higher
risk for cardiovascular diseases. In the study of Ebong et al. (2014), the risk of heart failure in
women with early menopause was found to be 66% higher than in women with normal menopause.
Physiologically, estrogen decreases the LDL cholesterol level and increases the HDL cholesterol
level, thus regulating the serum cholesterol level. In postmenopausal women, where estrogen levels
are not sufficient, the cholesterol level gradually rises and the risk of atherosclerotic disease
increases. Also, from menopause, women are more susceptible to weight gain and fat distribution
due to changes in estrogen levels. This is another risk factor that puts women at risk for
cardiovascular diseases.

Urogenital Changes

Another change that occurs due to a decrease in estrogen is urogenital changes. Urogenital
changes; They are changes in the vulva, vagina, cervix, uterus, tuba uterine, pelvis and urinary
system. The main reason behind these changes is the decrease in estrogen level. Among the most
important effects of estrogen on the urogenital system of women; By increasing sexual motivation,
it improves secondary sex characters and gives a feminine identity. Especially in women with early
menopause, the absence of estrogen stimulation for a long time with menopause adversely affects
the reproductive organs and regression is observed in the reproductive organs. This regression
mostly occurs in the uterus, vagina, vulva and urethra. The vulva shows very rapid atrophy in the
face of estrogen deficiency. Therefore, dystrophies are one of the most common problems in
menopausal women in the future. Dystrophies cause excessive stenosis of the vulva and are
accompanied by itching. In addition, atrophy seen in the vulva can cause cancer formation. With
the decrease in estrogen level, some changes occur in the color, texture and flexibility of the vagina.
These changes are more; It manifests itself as a narrowing in the vagina, a decrease in its color and
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flexibility. In menopause, the vaginal wall becomes thinner and holds less moisture. This causes
vaginal dryness. Vaginal dryness is seen at low rates in women with regular menstrual cycles; The
incidence of wvaginal dryness is increasing in perimenopause, postmenopause and late
postmenopause periods. Dyspareunia is seen with vaginal dryness. In order to prevent dyspareunia,
it is recommended to use water-soluble oils to eliminate vaginal dryness, and not to use insoluble
oils such as vaseline. Because insoluble oils can clog the vaginal glands and cause infection. In
addition, with the decrease of Estrogen, alkaline PH occurs in the vagina and the vaginal flora
deteriorates. Estrogen deficiency changes the vaginal pH from 3.5-4.5 to 6-8. The alkaline
environment makes the vagina susceptible to the invasion of a large number of pathogenic bacteria.
This directly makes women more susceptible to infections. As a result of the loss of flexibility of
the vagina after menopause, the infrastructure of the urethra shortens and narrows. Accordingly,
especially in the following years, women; problems such as urination difficulties, true stress
incontinence and urethral syndrome.

Vaginal disorders mentioned in postmenopausal women negatively affect sexual function.
Levine et al. (2008). reported that sexually active women with sexual dysfunction and in the
postmenopausal period were approximately four times more likely to have vulvovaginal symptoms
than those without sexual dysfunction. In the same study, it was determined that 40% of women
with vulvovaginal symptoms experienced general sexual dysfunction, 24% aversion, 34% difficulty
in arousal, and 19% difficulty in orgasm [95]. In the study of Siit and Kugtikkaya (2018), in which
they investigated the sexual quality of life of women in the menopause period, it was determined
that the most intense vaginal dryness complaint was in the perimenopausal period, and the
complaint of dyspareunia was in the postmenopausal period, and it was reported that these
symptoms reduced the quality of life of women [96]. Simon et al. (2014) in a study of 1000
postmenopausal women to investigate the effects of vulvovaginal atrophy, they reported that 64%
of women experienced painful intercourse and loss of libido [89]. As can be seen, it is noteworthy
that the quality of sexual life decreases in most of the women in the menopause period. Although
these symptoms are not life-threatening, they can be progressive. All these urogenital system
changes, in fact, seriously affect the sexual life of women and their quality of life. Women should
develop some healthy lifestyle behaviors and evaluate treatment options in order to be least affected
by these changes.

Dermatological Changes

One of the areas most affected by estrogen deficiency is the skin. Along with the decrease
in estrogen level, the aging of the skin accelerates, collagen connective tissue and elastic fibers
decrease, and the epidermis becomes thinner. Depending on the decreased collagen, epidermal
changes such as decrease in the thickness of the epidermis, decrease in the secretion of the
sebaceous glands, loss of flexibility, and decrease in blood flow are experienced. Studies show that
HRT has a positive effect on skin dryness and skin thickness. It has been observed that there is a
10%-20% reduction in skin thinning and skin dryness in women taking HRT in the
postmenopausal period (Aboobac. The decreasing estrogen level since menopause increases the
testosterone level by decreasing the SHBG level, which leads to hair growth in the mustache and
chin area and thinning of the hair in the pelvic and axillary region. Although all these skin changes
are not actually a disease or a deterioration in physiological function, conditions such as thinning
of the skin, wrinkling of the skin, deterioration in the appearance of the skin, sagging of the breasts,
etc. can negatively affect the self-perspective in women, as they may cause a feeling of loss of
attractiveness. and can damage self-esteem.

Menopause and Quality Of Life

It is very difficult to define quality of life and there is no agreed definition at present. The
reason for this is that quality of life is a multidimensional concept used in all areas of life. According
to the World Health Organization, health is “a state of complete physical, mental and social well-
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being and not merely the absence of disease or infirmity”. Based on the “well-being” in this
definition, WHO defines quality of life as “the patient's personal perception of his/her situation in
life, both in the context of the cultural structure and value system in which he/she lives, and in
terms of his/her own goals, expectations, standards and concerns”.

During menopause, women experience many symptoms and their daily living activities are
significantly affected. Although the reasons for the emergence of menopausal symptoms are not
known exactly, it is generally thought to be caused by the deficiency of ovarian hormones. These
symptoms are; cycle disorders, vasomotor symptoms (VMS), emotional changes, sleep disorders,
genitourinary problems, sexual problems, cardiovascular diseases and osteoporosis. All these
changes bring about problems that negatively affect women's quality of life. Although the
symptoms of menopause differ in each woman, it is estimated that 80-85% of women experience
these symptoms and this reduces their quality of life. Physical, psychological and social changes
that negatively affect the quality of life during menopause are quite complex. The nursing approach
in this period includes careful diagnosis, support and education. Therefore, women's health nurses
should provide care and counseling in order to increase the quality of life of women and to ensure
that they spend this period in the best way possible. There are many studies in the literature to
determine the symptoms and quality of life experienced by women during menopause. Ertem
(2010) stated in his study that 79% of women in the menopause period experienced hot flashes
and their quality of life decreased during this period. Asadi et al. (2012) found that the symptoms
experienced by women during menopause were hot flashes (59.5%), mood changes (42.6%),
vaginal dryness (41.1%), sleep problems (40.4%), night sweats (38.2%), memory loss (42.6%).
32.3%), urinary symptoms (18.3%), palpitations (6.6%), anxiety (5.8%), joint and muscle pain
(59.9%), depression (4.4%), and irritability (3.6%). In the study conducted by Ttumer and Kartal
(2018) with 152 women to determine the relationship between women's attitudes towards
menopause and their menopausal complaints, it was found that women experienced the most
psychological problems. In another study, it was determined that 80% of women experience hot
flashes and 31.3% of them experience night sweats. In an international study conducted in five
European countries, it was reported that 55% of menopausal women and 75% of women living in
the United States experienced hot flashes. In a study in many developed countties, it was reported
that 75% of menopausal women experience hot flashes and 39% experience sweating. In the study
conducted by Kharbouch and Hotun Sahin (2007), it was determined that women who have been
in the postmenopausal period for five years or more have low quality of life scores in psychosocial,
physical and sexual areas. All these study results show us that women may encounter many health
problems during menopause, which is a normal process of their life stage, and their quality of life
may be adversely affected.

Menopausal Period and Nursing Approach

Menopause is a period in which many important changes and related problems are
experienced. The nurse, who is a member of the multidisciplinary team, helps women in the
menopausal period to cope with these problems; practitioner, manager, trainer, consultant and
researcher. Nurses, who are professional members of the health team, should play an active role in
determining the health problems of women specific to the menopausal period, planning and
implementing the interventions. Researches made; It has been shown that many women do not
know what menopause is and what changes are taking place in their bodies. Based on the idea that
many women have little knowledge about menopause, they should be told what changes will occur
in menopause and how to take precautions, and whether these changes are normal.

It is among the important responsibilities of nurses to determine the quality of life of
women in the menopausal period and the factors affecting them, and to use the results to improve
women's health. The fact that nurses have knowledge about the quality of life of women in this
petiod and are aware of the risks that affect their quality of life will enable them to provide more
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support to women in coping with menopausal complaints. The nursing approach in this period
includes careful diagnosis, support and education. Nurses should provide quality care and
counseling services to improve the quality of life of menopausal women.

Health professionals should have up-to-date information about the menopausal period,
menopausal symptoms, complications and their effects on quality of life. It is recommended to
educate women on the management of symptoms related to menopause and how to prevent
complications, to provide counseling to increase women's quality of life, and to carry out
experimental studies that will lead to a personalized healthy lifestyle, considering that individual
characteristics may affect menopausal complaints.
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The Relationship Between Long-Term Care Expenditures and Health
Status

Giilay EKINCI!

Introduction

Long-term care (health) consists of a set of medical and personal care services consumed for
the purpose of relieving pain and suffering and managing deterioration in health status in patients
with long-term dependence (OECD, 2011).

LTC includes services for patients with persistent or recurring illnesses and increased levels of
addiction. These diseases include a wide range of services such as recurrent long or short-term care
needs such as substance abuse, psychiatric disorders, management of chronic diseases such as
cancer, end-of-life care, and care needs of individuals with physical disabilities.

Since long-term health services are provided informally (by family or relatives in the home
environment) in low- and middle-income countries, data on these services are limited to upper-
income countries where they were formal structured.

The need for long-term care is increasing day by day due to changes in demographic indicators
such as the prolongation of life expectancy, the increase and structural changes in the burden of
diseases, and the transformation in the work and employment structure.

The aging phenomenon, which develops due to the prolongation of life expectancy, increases
the need for care support due to chronic diseases and mobility weakness due to aging. At the same
time, the prevalence of chronic diseases such as high blood pressure, diabetes, muscle and bone
diseases, alzheimet's, demenias increases the need for long-term care.

Long-term care services within the scope of "medical or nursing care" includes to prevent
further deterioration of the patient's state of health, chronic disease management, rehabilitative
care to restore functionality

Personal care services included supported self-care primarily due to disability and illness. These
services are administered directly or under the supervision of nursing staff. These services provide
help with activities of daily living (ADL) such as: eating, dressing, bathing, washing, getting in and
out of bed, getting to and from the toilet and managing incontinence. These services are included
within the health care boundary because the purpose of this type of care is linked to survival and
the maintenance of health status (OECD, 2011).

Health status is an indicator of an individual's health level. Health status can be evaluated
objectively and subjectively. The concept of perceived health status is a subjective concept.

In the perceived health status, the individual may have a positive or negative attitude towards
the disease they have, or they may remain indifferent. Therefore, there are three types of
assessments on perceived health status. It is possible for an individual to feel good, to feel bad, or
to evaluate himself as neither good nor bad.

In this context, three types of evaluations are made under the heading of the individual's
petceived health status in the OECD database. These petceived health status were "Good/very
good health, total aged 15+ % of population (crude rate) "; "Fair (not good, not bad) health, total

1 Dr. Ogretim Uyesi, Istanbul Sabahattin Zaim University, Faculty of Health Sciences Health Management Department, Istanbul,
Turkey, ORCID: 0000-0003-4773-4821.
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aged 15+ % of population (crude rate)"; "Bad/very bad health, total aged 15+ % of population
(crude rate)".

Health status can be measured statistically and objectively expressed with various indicators
and methods developed (Goodacre vd.,2010) These indicators are life expectancy at birth (LEAB),
mortality rates, morbidity rates.

The need for long-term care is closely related to life expectancy and morbidity from a health
status perspective.

Average Life Expectancy is one of the most common measures used to obtain information
about the health of a population. Average life expectancy is a rough measure of how long a person
will live. This measure shows how long a person is likely to live at a given age unless there is a trend
change in death rates (Ulutiirk, 2015).

Morbidity is another measure of the health status of the population. It gives the ratio of
individuals with impaired health to the population of the society. The most important concept used
within the scope of morbidity is disease burden. The burden of disease measures the difference
between the current life status and the ideal life status, where each individual can live free from
diseases and disabilities in later life, to see the effect of diseases and disabilities (Uluttrk, 2015).
The most frequently used indicators of disease burden from the perspective of health economics;

*  Quality Adjusted Life Year (QALY) is defined as the expected life expectancy of the patient
and the quality of life in these years. QALY value is between 1 and 0. “1” represents perfect
health while “0” represents death (Rudmik ve Drummond, 2013). For example, if a heart
disease that has a negative impact on quality of life reaches a disability score of 0.8, the
quality of life score will be 0.2.

* Disability Adjusted Life Year (DALY) is a measure of the overall disease burden, expressed
as the number of years lost due to loss of health, disability, or premature death.

*  Year Lost Life (YLL) expresses the number of deaths occurring at each age multiplied by
the estimated remaining life years according to life expectancy. It is based on the calculation
of life years lost due to death.

*  Year Lost Disability (YLD); the number of cases resulting from injury or illness is based
on disability-adjusted life years calculation.

Diseases are considered at three basic levels in the calculation of disease burdens:

a. Noncommunicable diseases (NCD) are a group of noncommunicable diseases that occur in
the long term due to one or more risk factors, for example; Alzheimert's, diabetes, cancer diseases
etc.

b. Communicable diseases—CD is a type of disease that has a disease agent in its etiology,
occurs in the short or long term, and shows contagious features, for example; AIDS, syphilis,
tuberculosis, influenza etc.

c. Injuries are the negative changes that occur in the health level of the individual by any sharp
object injury, fall, drowning, poisoning, accident, terrorism, etc. For example; traffic accidents,
drowning, etc.

At a global level in 2019, DALY for non-communicable diseases was 1.6 billion/year, DALY
for communicable diseases was 668 million/year, and DALY for injuties was 249 million years was
calculated. DALY of non-communicable diseases has a high share of 64% in the total disease
burden. This calculation shows that the years of life spent due to diseases related to chronic diseases
or lost due to premature death are at a very high level. Therefore, chronic diseases appear as an
issue that should be evaluated in terms of health economics.

According to the World Health Organization (WHO), chronic diseases are defined as diseases
that are not contagious, persist for 6 months or more, generally progress slowly, and many risk
factors play a role in their development.

According to the Commission on Chronic Illness, chronic diseases are defined that are
generally non-infectious in nature, in which socioeconomic, personal characteristics, and genetic
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factors play a role in the formation of slowly progressive, permanent, and usually permanent
disabilities, in which the recovery is not usually seen completely (Aywater, 1949; Bilir, 2006).

The group of non-communicable diseases consists of chronic diseases. Among these diseases,
mental diseases such as cancet, cardiovascular system diseases, diabetes, Alzheimer's, and dementia
have an important place. Chronic diseases involve high costs due to the long-term diagnosis,
treatment, and rehabilitation processes. In addition, increases in life expectancy and the incidence-
prevelance of chronic diseases brought about by these increases also increase health expenditures.

In a study, the annual cost per patient was calculated as $48293 for HIV/AIDS disease;
$38551 for kidney diseases, $37155 for CVD, and $25016 for respiratory disorders (Hajat et al,
2021).

These diseases involve high costs depending on their duration and whether they are comorbid
with additional diseases.

In the same study, in the evaluation of chronic diseases per patient; the Annual health
expenditure of patients with 2 chronic diseases was 4385 dollars, 5851 dollars in 3 chronic diseases,
10088 dollars in 5 chronic diseases, 19856 dollars in 8 chronic diseases, 33874 dollars in 11 chronic
diseases (Hajat et al, 2021).

In another study, in the percentage of Health Care Total Spending by Number of Cronic
Conditions, it was determined that; 16.2% of expenditures are spent on 0 chronic diseases, while
18.4% on 1 chronic disease; 17.2 % was spent on 2 chronic diseases, 15 % on 3 chronic diseases,
11.1 % on 4 chronic diseases, and 22.1 on 5 or more (Gerteis et al. 2014).

Countries make health expenditures to manage the health needs for individuals. Health
expenditures are generally considered as total and current health expenditures. However,
demographic changes and changing health needs cause the services offered to diversify or to be
handled in detail. Contrary to the general approach to health expenditures, WHO has published a
more detailed guide and discussed health expenditures in 9 categories. One of these expenditures
is long-term maintenance expenditures. Long-term care expenditures are the expenditures made to
ensure the well-being of the individual for conditions such as the management of chronic diseases,
the need for palliative care services, age-related health deficiencies, and substance abuse.

In this context, long-term care expenditures are handled in two dimensions health
expenditures and social expenditures. Long-term care expenditures-social are expenditures made
to meet the social and economic needs of individuals (retirement, incapacity payments, sickness
payments, services to support daily activities, etc.) in long-term deterioration in the health status of
the individual. Long-term care expenditures-health are health-related expenditures made for the
management of long-term deterioration in the health status of the individual (OECD, 2011). Long-
term care-health; i) inpatient long-term care-health, ii) Day long-term care-health, iii) Outpatient
longterm care-health, iv) Home-based longterm care-health.

Countries determine their health expenditures and investments by taking into account the
health services needed by the population. This study, it was aimed to evaluate the relationship
between long-term care expenditures, life expectancy at birth, and perceived health status.

Methods

Descriptive methods were used in the analysis. The analysis was done in three stages. In the
first stage, descriptive information about the variables was given; in the second stage, the increase-
decrease relationship of variables was examined according to years; in the third stage, the
correlation relationship between the variables was examined; in addition, the relationships between
the variables were evaluated through graphics.

Variables

Only 29 countries had regular long-term care expenditures data between 2010-2020. These
countries were Austria, Belgium, Canada, Croatia, Czech Republic, Denmark, Estonia, Finland,
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France, Germany, Greece, Hungary, Iceland, Ireland, Korea, Latvia, Lithuania, Luxemburg,
Netherlands, Norway, Poland, Portugal, Romania, Slovak Republic, Slovenia, Spain, Sweden,
Switzerland, United States. The data on long-term care expenditures according to the PPP§ (Per
capita, current prices, current PPPs) for 2010-2020 was used.

The variables used in the study were long-term care expenditures (LTCE), life expectancy at
birth (LEAB), three separate data given under the heading of Perceived health status as the well-
being of the population in terms of morbidity. These variables of Perceived health status were
"Good Health: Good/very good health, total aged 15+ % of population (crude rate) "; "Fair
Health: Fair (not good, not bad) health, total aged 15+ % of population (crude rate)"; "Bad Health:
Bad/very bad health, total aged 15+ % of population (crude rate)".

Limitations Of This Study

The limitation of this study was considered to be the number of countries and year range. The
other limitation of this study is Turkey does not have data on long-term care expenditures, so it
could not be included in the analysis. In addition, disease burdens were not evaluated as a variable
in this study.

Statistical Analysis

Statistical analyzes were made using Eviews 10 program (Eviews 10, IHS Global Inc., 4521
Campus Drive, #330, Irvine, CA 92612).

Results

Results were made in three stages such as; i) descriptive analysis of the variables, ii) results on
the relationship between long-term care expenditures and variables , iii) results on the relationship
between life expentancy at birth and variables.

a. Descriptive analysis of the variables

According to Table 1; the mean of LEAB of 29 countries was 80.01 £ 2.71 (min: 73.10; max:
84.00); the mean of LTCE was 595.26 £ 494.08 PPP$ (min: 6.42; max: 1946.49); the mean of Good
Health Status was 67.02 = 13.11 (min: 29.50; max: 89.00); the mean of Fair Health Status was 23.16
+ 8.86 (min: 8.00; max: 53.50); the mean of Bad Health Status was 9.86 * 4.96 (min: 2.50; max:
26.90).

Tablo 1. Descriptive Analysis of The 1 ariables

LTCE* LEAB Good Health  Fair Health Bad Health
Mean 595.2613 80.01379 67.01661 23.16426 9.858934
Median 636.3710 81.10000 69.50000 21.70000 8.700000
Maximum 1946.494 84.00000 89.00000 53.50000 26.90000
Minimum 6.423000 73.10000 29.50000 8.000000 2.500000
Std. Dev. 494.0802 2.706282 13.10574 8.864702 4.964747
Skewness 0.487303 -0.802500 -0.637659 0.964884 0.692728
Kurtosis 2.168927 2.449334 3.000417 4.239605 3.111243
Jarque-Bera 21.80549 38.27010 21.61803 69.92253 25.67768
Probability 0.000018 0.000000 0.000020 0.000000 0.000003

Source: Prepared by the author, * Per capita, current prices, current PPPs

Long-term care expenditures have increased by an average of 1.02 times (102%) at the level
of 29 countries in 11 years. Countries with the highest increase in Long-Term Care Expenditures
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in 2020 compared to 2010 were Croatia; Czech, Estonia, Korea, Greece, Poland, Germany (an
increase of 1x or more); decreases were experienced in Luxemburg and Romania.

Life Expectancy At Birth has increased by an average of 1.3% at the level of 29 countries in
11 years. Countries with the highest increase in Life Expentancy At Birth in 2020 compared to
2010;Korea, Estonia, Latvia, Denmark, Finland, Lithuania, Norway, Ireland, Romania (an increase
of 2% or more); decreases were experienced in United States (respectively %0.27; %2.1)

Good Health Status has increased by an average of 2.7 % at the level of 29 countries in 11
years. Countries with the highest increase in Good/Very Good Health total aged 15+ in 2020
compared to 2010; Croatia, Hungary, Slovenia, Estonia (an increase of 10-30 %); the highest
decreases were experienced in Korea, Lithuania (decreases respectively 16%, 12%).

Fair Health Status has increased by an average of 1.08 % at the level of 29 countries in 11
years. Countries with the highest increase in Fair (Not GoodNot Bad) Health total aged 15+ in
2020 compared to 2010; United States, Luxemburg, Sweden, Korea, Lithuania, Portugal (an
increase of 10-30 %); the highest decreases were experienced in Slovenia, Austria, Switzerland,
Ireland, Germany (decreases respectively 15-10 %).

Bad Health Status has decreased by an average of 10.7 % at the level of 29 countries in 11
years. Countries with the highest increase in Bad/very bad Health total aged 15+ in 2020 compared
to 2010; Germany, Ireland, Norway, Iceland, United States, Switzerland, (an increase of 2.8-52 %);
the highest decreases were experienced in Croatia, Hungary, Portugal, Greece, Poland, Slovenia,
Romania, Czech, Estonia, Finland, Latvia, Austria, Spain, Lithuania, Belgium, Netherlands,
Denmark, Korea, Slovak Republic, Sweden, Canada, Luxemburg (decreases respectively 2.5-44 %);
besides this there was no increase or decrease in France.

Tablo 2. Descriptive Analysis of The Series, Yo Change, 2010-2020

Countries LTCE | LEAB GOOD FAIR BAD
HEALTH HEALTH HEALTH

Germany 1,0276 | 0,0075 20,0215 -0,1049 0,5185
Ireland 03329 | 0,0223 0,0109 -0,1143 0,2188
Norway 0,4298 | 0,0259 -0,0287 0,0581 0,1538
Iceland 0,4689 | 0,0147 20,0154 0,0353 0,1346
United States 04176 | -0,0216 0,0034 0,1847 0,1000
Switzerland 0,4480 | 0,0048 0,0221 20,1267 0,0286
France 0,5491 | 0,0049 0,0178 20,0504 0,0000
Luxemburg 20,0605 | 0,0173 20,0239 0,1131 -0,0250
Canada 0,4965 | 0,0037 0,0102 ~0,0889 20,0345
Sweden 0,2520 | 0,0098 20,0242 0,1235 -0,0370
Slovak Republic | 0,4036 | 0,0185 0,0252 -0,0398 20,0435
Korea 23092 | 0,0411 20,1622 0,1584 ~0,0495
Denmark 02811 | 0,0290 0,0028 0,0095 20,0506
Netherlands 0,5585 | 0,0049 0,0000 0,0353 ~0,1000
Belgium 0,4204 | 0,0062 0,0329 20,0615 -0,1429
Lithuania 0,8456 | 0,0246 20,1175 0,2990 10,1818
Spain 0,2752 | 0,0000 0,0167 0,0149 -0,1852
Austria 0,3803 | 0,0074 0,0647 20,1315 -0,1935
Latvia 0,8054 | 0,0328 0,0397 0,0548 20,2171
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Finland 0,1248 | 0,0224 0,0220 0,0041 0,222
Estonia 2,9224 | 0,0382 0,1082 -0,0679 -0,2349
Czech 53974 | 0,0077 0,0193 0,0664 20,2377
Romania -0,1314 | 0.0068 0,0641 -0,0963 -0,2396
Slovenia 0,6274 | 0,0100 0,1258 20,1365 20,2857
Poland 1,1378 | 0,0013 0,0657 0,0299 20,2987
Greece 1,4271 | 0,0099 0,0384 0,0068 20,2990
Portugal 09169 | 0,0125 0,0407 0,1639 20,3448
Hungary 04292 | 0,0134 0,1273 20,0106 20,4036
Croatia 6,1942 | 0,0143 0,3181 20,1424 20,4424

1,0237 | 0,0131 0,0270 0,0108 20,1074
*Year ranges used in the calculation of countries data: LTCE: Ireland 2011-2020, Croatia 2011-2020, Sweden 2011-
2020; Good Health Status: Iceland 2010-2018,United States 2010-2019; Fair Health Status: Iceland 2010-2018, United
States 2010-2019; Bad Health Status: Iceland 2010-2018, United States 2010-2019.

Source: Prepared by the anthor

b. Results on the relationship between long-term care expenditures and variables

The correlation analysis results of the variables were given in Table 3.

Table 3: Correlation Analysis Results

LTCE | LEAB |GOOD HEALTH| FAIR HEALTH | BAD HEALTH
LTCE 1 0.64 0.62 -0.51 -0.68
LEAB 0.64 1 0.47 -0.38 -0.56
GOOD HEALTH 0.62 0.47 1 -0.96 -0.90
FAIR HEALTH -0.51 | -0.38 -0.96 1 0.76
BAD HEALTH -0.68 | -0.56 -0.90 0.76 1

Source: Prepared by the author

According to Table 3, there was a positive correlation between long-term care expenditures
and life expectancy at birth (t=0.64). It is understood from Figure 1 that long-term care
expenditures between 0-500 PPP dollars were concentrated in the 73 years and over, while the
expenditures of 500 dollars and above were mostly made in the 78-84 age group (Figure 1).
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Figure 1. Long-term care expenditures and life expectancy at birth, 29 countries, 2010-2020
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There was a positive correlation between long-term care expenditures and Good Health Status
(r=0.62). According to Figure 2, while long-term care expenditures between 0-500 PPP dollars
were pointed to the Good Health Status of 29.5-89 % population; spending 500 PPP dollars or
more was pointed to the Good Health Status of 60-90 % population.
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Figure 2. Long-term care expenditures and Good Health Total Aged 15+, 29 countries, 2010-2020

There was a negative correlation between long-term care expenditures and Fair Health Status
(r=- 0.51). According to Figure 3, while long-term care expenditures between 0-500 PPP dollars
were pointed to the Fair Health Status of 15-55 % population approximately; spending 500 PPP
dollars or more was pointed to the Fair Health Status of 8-30 % population approximately.

wy
DI
w
]
qzl
|
50
=
=]
'_| 50 0l =0
T .
L]
= 40 o
] %’
I =,
D| a0 a
=T i?"*ﬁm Mgl o o oae
I:ﬂI L1 ‘:70 - a -
= 20 Y o =8 .
%I £ *ﬁﬁg@ ap &
[=1
o1 10 ﬁﬂw:.m
[=]
L]
o o
'_
o
=
| 0 500 1,000 1,500 2,000
o
= LTCE
(T

Figure 3. Long-term care expenditures and Fair Health Total Aged 15+, 29 countries, 2010-2020

There was a negative correlation between long-term care expenditures and Bad Health Status
(r=- 0.68). According to Figure 4, while long-term care expenditures between 0-500 PPP dollars
were pointed to the Bad Health Status of 5-27 % population approximately; spending 500 PPP
dollars or more was pointed to the Bad Health Status of 2.9-12 % population approximately.
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Figure 4. Long-term care expenditures and Bad Health Total Aged 15+, 29 countries, 2010-2020

c. Results on the relationship between life expentancy at birth and variables

There was a positive correlation between life expectancy at birth and Good Health Status
(r=0.47). From Figure 5, it is understood that in the age range 80-84 around 60-90% of the
population indicated Good Health Status.
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Figure 5. Life Expentancy At Birth and Good Health Total Aged 15+, 29 countries, 2010-2020

There was a negative correlation between life expectancy at birth and Fair Health Status (r=-
0.38). From Figure 0, it is understood that in the age range 80-84 around 8-30 % of the population
indicated Fair Health Status.
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Figure 6. Life Expentancy At Birth and Fair Health Total Aged 15+, 29 countries, 2010-2020

There was a negative correlation between life expectancy at birth and Bad Health Status (r=-
0.56). From Figure 7, it is understood that in the age range 80-84 around 2.5-22 % of the population
indicated Bad Health Status.
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Figure 7. Life Expentancy At Birth and Bad Health Total Aged 15+, 29 countries, 2010-2020

Discussion and Recommendations

There are many influential factors on perceived health status such as age, gender, education,
marital status, working conditions, genetics, diseases burdens etc.
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In a study, when averages in health status perceptions are detailed according to rural-urban,
gender, marital status, income, and education level, the most important factors affecting positive
health perceptions are marital status, education level, and income level, respectively. In a study
conducted in Turkey, the European Union, and OECD countries, approximately 30-32% of people
reported that they had health problems, while 65-70% of the population stated that their health
status was "good" (Aydin, 2019). In this study, our results showed that while 67% of the population
perceived their health status as good in the countries subject to the study, 23.2% evaluated it as fair
health status and 9.2% as bad health status.

Population satisfaction with regard to coverage of primary health care services at the level of
10 industrialized countries, 12 health indicators (eg infant mortality, life expectancy, and age-
adjusted mortality rates) and overall costs of systems was studied. While the results reveal overall
concordance for primary care, health indicators and satisfaction-expenditure ratio in nine out of 10
countries; USA and West Germany were found to be at low levels (Starfield, 1991).

In a study using health expenditure, maternal mortality, and neonatal mortality, it was
concluded that health expenditures can improve the aforementioned indicators of low HDI
countries by mediating the relationship between HDI and neonatal and maternal mortality rates
(Nuhu et al, 2018).

In a study using disability rate, mortality rate, and quality of life, it was concluded that there is
a strong relationship between Human Development Index and health indicators (Prashanthy,
2021).

In the evaluation of 29 countries between 2010-2020;

e The average life expectancy in the countries studied is 80 years old.

e Long-term care expenses average around 600 PPP dolars.

e Long-term care expenditures have increased by over 102% in 11 years.

e Average life expectancy increased by around 1.3% in 11 years.

e The percentage of the population with good health increased by around 2.7% in 11 years.
e The percentage of the population with a fair health status increased by 1.08% in 11 years.

e The percentage of the population with bad health status decreased by around 10.7% in 11
years.

A moderate and positive correlation was found between long-term care expenditures and
average life expectancy. Results showed that long-term care expenditures between 0-500 PPP
dollars were concentrated in the 73 years and over, while the expenditures of 500 PPP dollars and
above were mostly made in the 78-84 age group (Figure 1).

A moderate and positive correlation was found between long-term care expenditures and the
percentage of the population with good health status. According to Figure 2, while long-term care
expenditures between 0-500 PPP dollars were pointed to the Good Health Status of 29.5-89 %
population; spending 500 PPP dolars or more was pointed to the Good Health Status of 60-90 %
population.

A low level and negative correlation was found between long-term care expenditures and the
petcentage of the population with fair and bad health status. In other words, while the increase in
long-term care expenditures causes a decrease in the fair-bad health level; the decrease in long-term
care expenditures causes an increase in the fair-bad health level.

A low level and positive correlation was found between average life expectancy and the
percentage of the population with good health status. From Figure 5, it is understood that in the
age range 80-84 around 60-90% of the population indicated Good Health Status.
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A low level and negative correlation was found between average life expectancy and the
percentage of the population with fair-bad health status. From Figure 0, it is understood that in
the age range 80-84 around 10-30 % of the population indicated fair health status. From Figure 7,
it is understood that in the age range 80-84 around 2.5-22 % of the population indicated bad health

status.

The results of the evaluation of the countries within the framework of the variables;

Countries where long-term care expenditures and life expectancy at birth increase together,
with a decrease in the level of good and fair health status and an increase in bad health status;
Germany.

Countries where long-term care expenditures and life expectancy at birth increase together,
with a decrease in the level of good health status and an increase in the level of fair and bad
health status; Iceland, and Norway.

Countries where a decrease in long-term care expenditures and an increase in life expectancy
at birth, with a decrease in the level of good and fair health status and an increase in bad
health status; Luxemburg.

Countries where an increase in long-term care expenditures and a decrease in life expectancy
at birth, with an increase in good-fair-bad health status together; United States.

Countries where long-term care expenditures and in life expectancy at birth increase together,
with an increase in the level of good health status and a decrease in fair-bad health status;
Croatia, Hungary, Slovenia, Estonia, Austria, Belgium, Slovak Republic, and Canada.
Countries where long-term care expenditures and life expectancy at birth increase together,
with an increase in the level of good-fair health status and a decrease in bad health status;
Portugal, Greece, Poland, Czech, Denmark, Netherlands, Spain, Latvia, Finland.

Countries where long-term care expenditures and life expectancy at birth increase together,
with an increase in the level of good-bad health status and a decrease in fair health status;
France, Ireland, and Switzerland.

Countries where long-term care expenditures and life expectancy at birth increase together,
with an increase in fair health status and a decrease in good-bad health status; Lithuania,
Kotea and Sweden.

Countries where where an decrease in long-term care expenditures and increase in life
expectancy at birth decrease, with an increase in good health status and a decrease in fair-bad
health status; Romania.

Generally the increase in long-term care expenditures with the increase in life expectancy
points to the percentage of the population with a better good health status. Therefore, it is thought
that it will guide the policies to be followed for long-term care expenditures.
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Polycyclic Aromatic Hydrocarbons and Their Effects on Health

Hakan TOGUC

1. Definition

Polycyclic aromatic hydrocarbons (PAHs) are structures formed by the combination of two,
three or more aromatic rings. Under the influence of high temperature, pyrolysis of hydrocarbons
occurs. PAHs with less than four benzene rings are defined as mild PAHs, and PAHs with four or
more benzene rings are defined as severe PAHs (Wu, Tao & Liu, 2006). Coal, oil, cigarette or
hookah smoke, smoke from industrial facilities, and foods cooked on barbecue are among the
sources of PAHs (Li et al, 2000).

Polycyclic aromatic hydrocarbons are a semi-volatile group of organic pollutants that can be
formed and spread through various agricultural activities and industrial areas (Wick et al, 2011). It
has been found that it can easily contaminate the air, water, soil and nutrients (Srogi, 2007). PAHs
are compounds with higher affinity for heavy metals and other organic pollutants due to their
strong hydrophobic properties. Due to their low water solubility, they are difficult to detect, so
accurate and appropriate analysis methods must be developed (Hu et al, 2015).PAHs can be formed
in foods as a result of heat treatments such as barbecue, grilling, smoking and roasting, as well as
the compounds found in polluted air conditions in industrial production areas, accumulating on
plants and contaminating vegetables, fruits and cereals (Moazzen et al, 2015).

These groups of compounds have potentially harmful effects on ecosystems and human health,
as many of them have been shown to be carcinogenic, teratogenic and mutagenic. (Sojinu, Sonibare
& Zeng, 2011). Various approaches and strategies, including physical and chemical, have been
developed, optimized and used to reduce the effects of these pollutants and rehabilitate polluted
areas (Moazzen et al, 2015). Some of these traditional remediation techniques are not common due
to their technological complexity, high cost, and significant limitations, such as lack of public
acceptance. Most of the techniques are invasive and simply relocate the contamination problem,
which often requires more waste management (Sojinu, Sonibare & Zeng, 2011).

2. History

Although the fact that chemicals such as PAH can cause cancer was determined as a result of
a research conducted in London in 1775, there is not enough information about the damage of
these compounds on the tissue. In 1920, it was determined that tumors formed on the skin of mice
after soot extracts were applied to the skin of mice by Japanese workers. In 1953, it was found by
Doll that smoking is the main cause of lung cancer. After the analysis, BaP in cigarette smoke and
tar was found to have a carcinogenic effect (Simko, 2002).

3. Physical and Chemical Properties

PAHs are compounds that occur as a result of incomplete combustion of hydrocarbons, and
often occur as a complex mixture of combustion products instead of a single compound (ATSDR,
1995). But it can also be produced as a pure compound for research purposes. PAHs in pure
compound form are white, green, light yellow, colotless, solid and have a slight pleasant odor. Most
of these hydrocarbons do not have a specific area of use, except for PAHs produced for purposes
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other than research. Some PAH compounds can be used in healthcare and in the manufacture of
paints, pesticides or plastics (ATSDR, 1995). Figure 1 shows the molecular structures of some PAH
groups. PAHs react with nitric acid and nitrous oxide to form sulfur dioxides, nitro derivatives,
and sulphonic and sulfuric acid forms by reacting with sulfuric acid (WHO, 1998). In addition, they
can react with ozone and hydroxyl radicals (Douben, 2003). Factors such as the solubility of PAHs
in water, their diffusion in the environment, their vapor pressure, and logKow (WHO, 1998).

4. Classification

It is known that there are more than 100 PAH compounds in nature. However, 16 different
PAH compounds in Figure 1, which are thought to have higher carcigenic and toxic effects, are
recognized as priority pollutants by the United States Environmental Protection Agency (US-EPA)
(Rubailo et al, 2008).

Figure 1. 16 different PAH compounds thought to be carcinogenic.
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5. Presence in Foods

PAH compounds formed due to environmental pollution (Szterk, 2013) in industrial
production areas pass into the soil, water and air and contaminate agricultural products such as
vegetables, fruits and cereals (Shi, Zhang & Liu, 2016). In addition, these compounds have been
found in processed and heat-treated foods such as roasted coffee, dairy products, vegetable oil, tea,
and packaging materials (Londofio, Reynoso & Resnik, 2015). PAH compounds formed in coffee
occur during roasting of coffee beans (Szterk, 2013). PAH compounds found in oilseeds; As a
result of contamination with environmental factors such as soil, water and air, it can infect these
seeds, and it can be transferred to vegetable oils in stages such as drying method and solvent
extraction during the seed stage (Shi, Zhang & Liu, 2016). European Commission regulations
(835/2011); propolis etc. reported that various herbal products such as green tea and bee products
contain PAH compounds depending on the production techniques (EC, 2011).

It is thought that PAH compounds can be formed in foods by basically three different methods.
First method; It is the formation of PAH compounds as a result of pyrolysis of organic substances
such as carbohydrates, proteins, fats, etc. with high temperature (500-900 °C). Second method; The
oil droplets dripping from the foods cooked with coal fire can turn into volatile PAHs as a result
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of dripping on hot coal and burning with intense fire. These volatile PAH products are more likely
to contaminate the surface of the food as the smoke point increases. The third method is; The
formation of PAH products with the incomplete combustion of coal and the contamination of
these products on the food surface (Esposito et al, 2015). In particular, fats melted in meat cooked
on barbecue or charcoal fall on hot coal and become pyrolysis (Alomirah et al, 2011). Thus, the
PAH compounds formed are carried towards the meat by the smoke and accumulate on the
surface. Later, it is carried into the food and accumulates in lipid components (Santos, Gomes &
Roseiro, 2011). Due to the lipophilic nature of PAH compounds in this transport, the fat and water
content of the food has an important role in the transport rate (Santos, Gomes & Roseiro, 2011).

Polycyclic aromatic hydrocarbons are environmental pollutants formed as a result of the effects
of solid fuels, fossil fuels and biological organisms (Huang and Penning, 2014). In addition,
smoking, cooking, stove use, and incense are also shown to be among the main sources of PAH
(21). For this reason, the PAH rate is high in kitchens, and it can also be taken into the body from
air, water, soil, food and water consumption (WHO, 2014).

6. PAHs in the Food Chain

The sources of PAHs in foods by contact with foods are numerous. PAHs are industrially
released into nature as pyrolysis from organic substrate compounds originating from human
activities. PAHs emitted to the environment as a result of the combustion of wood or coal and the
emission of exhaust fumes from motor vehicles become contaminated with food (WHO, 2014).

Many PAH compounds have low water solubility and low volatility. Therefore, they tend to
remain in the form of small organic particles such as ash. As a result of the contamination of these
compounds with soil, foods such as legumes, cereals, vegetables and fruits are grown in
contaminated soil (WHO, 2014). In a study conducted in England, the amount of B[a]P in the peel
of vegetables as a result of soil contamination was found to be between 590 and 2301 pg/kg. The
high amount of PAH in the soil causes contamination by passing from the plants that animals
consume while grazing to their milk and from there to dairy products (WHO, 2014).

7. PAH Formation During Food Preparation and Cooking

Foods may be contaminated with PAH before preparation, but the PAH content in foods can
often increase during cooking (Wick et al, 2011). In the researches on the formation of PAH in the
cooking stages of foods; While the method that produces the most PAH is seen as roasting and
frying, the least PAH formation is observed in the boiling method (WHO, 2014). The contribution
of these methods to the PAH content can be explained as follows.

7.1. Food Smoking

The smoking method, which is one of the oldest cooking methods, is often used in the storage
and flavoring of foods such as meat, fish and cheese. In this method, it is applied at 650-700 °C in
wood fire. The smoke from the fire comes into contact with the food, and the food continues to
be smoked as the temperature of the fire decreases (WHO, 2014). Liquid smoke flavorings (LSF)
can also be used to reduce PAH formation in smoking. This method provides lower PAH
formation compared to smoking (WHO, 2014).

7.2. Grilling

In this method, in which heat is transmitted to the food by using an oven or pan, high-
temperature butter, margarine or vegetable oils can be used. During this process, PAH formation
can occur mostly as a result of cooking fatty beef with barbecue (WHO, 2014).
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7.3. Frying

The method of cooking foods with animal or vegetable oil at high temperature is called frying.
In this cooking method, since the heat in the hot oil is applied directly to all surfaces of the food,
it provides faster cooking (Singh, Varshney & Agarwal, 2016). In the frying method, the PAH
content of the food differs according to the processing of the oil used. Repeated use of the used
oil significantly increases the PAH content in the food. As a result, both the fried food and the air
in the kitchen are contaminated with PAH with the gas released (Singh, Varshney & Agarwal, 2016).

7.4. Drying

Drying is one of the oldest methods applied in foods. The aim is to prolong the shelf life of
the food by preventing bacterial growth in the food. This method can be applied to meat and meat
products, vegetables, fruits, cereals and legumes. In this method, the air of the environment and
the drying floor are among the factors that increase contamination during the drying phase (Singh,
Varshney & Agarwal, 2016).

7.5. Steaming

Steam cooking method is the method of cooking food as a result of transferring heat from
steam. Since pyrolysis is minimized in this method, PAH formation is also low. This method is the
most important cooking method that supports low PAH formation. In this method, it was
determined that PAH was formed 35 times less than the grill method, 24 times less than the
smoking method, and 15 times less than the roasting method (Chen and Lin, 1997).

8. PAH - Impact on Health

The effects of PAHs on human health depend on the PAH concentration and exposure time
of the contact contamination (Buha, 2011). The health of the individual is also related to other
factors such as basic health status, genetic characteristics, environmental factors, age and gender
before exposure (Buha, 2011). Epidemiological studies have shown that combinations of PAHs
and duration of exposure affect basic health (ATSDR, 2011). Naphthalene, which is frequently
found in potable water from PAHs that enter our lives in many ways, binds to molecules in kidney,
liver and lung tissues with covalent bonds and increases the toxicity rate with this method (Sudip,
Om & Rakesh, 2002). In addition, it is known to cause eye defects and hemolytic anemia (Srogi,
2007). In the short term, many symptoms such as vomiting, nausea, diarrhea, abdominal pain,
headache, excessive sweating, and tachycardia can be seen with high exposure (IPCS, 2002). At the
same time, mild irritation and dermatitis can be observed on the skin after high exposure in a short
time (CDC, 2009). In addition to all these, urban air pollution and PAHs taken with food have
negative effects on the immune system (Liu et al, 2013). In addition, both short-term and long-
term effects of Acenapthene caused adverse effects on the immune system and skin diseases, while
PAHs such as Benzo (a) anthracene caused tumors as a result of animal exposure (Kim et al, 2013).

9. Conclusion and Recommendations

v" In cases where the smoking method is not applied consciously, it is inevitable that undesirable
compounds will occur in the food to be consumed. These hydrocarbons can accumulate in
the human body over time and cause important health problems, especially breast, pancreatic
and stomach cancer, where they can have mutagenic and carcinogenic effects.

v" Instead of the traditional smoking techniques that are frequently used in our country; Smoked
technology should be used in systems where smoke aroma, oven temperature and humidity
inside the oven can be controlled, and the cooking smoke can be prepared outside the oven
and then filtered and delivered to the nutrients in the modern oven. In this way, consumption
of richly flavored incense products will not pose a health problem, and it will be possible to
produce standard smoked foods similar to the practices in European countries.
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v" In addition, it should be preferred to bake and boil foods of animal origin (fatty meat) instead
of grilling them by placing them on coal or direct fire. Pure charcoal should be used as fuel
type. When grilling, the cooking process should be done on embers after the flames are
extinguished, not on the burning fire.

The distance between meat and fire should be at least 7 cm, ideally 10-15 cm.

Measures should be taken to prevent air, soil and water pollution and inspections should be
carried out effectively.

AN
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Anal Fissure

Mirag Ilker PALA!
Muhammed Kadir Yildirak?
Hiiseyin Ketem TOLAN?

Definition and Etiology

An anal fissure is a tear in the anoderm (Fig. 1). Being distal to the dentate line, it is a
painful and distressing condition. Patients often describe a sharp pain, as if their skin is being cut
by a knife or as if they “pass glass”, during stool passage. In some cases, pain continues for hours.

FIGURE 1. The Ilustration of an Anal Fissure. HP: Hypertrophied Papillae, AF: Anal
Fissure, SP: Sentinel Pile

The true prevelance is hard to presume, since most cases heal spontaneously, such as
anal fissures occurring during pregnancy, and thus patients do not seek immediate medical care.
However, it is a common disease, which comprise an important part of the outpatient general
surgery practices. In a contemporary study, the life time risk of this clinical picture was found to
be 7.8% (1). Both genders are equally affected and middle aged individuals are at increased risk (2).

1 Op. Dr. Istanbul Medipol University, Department of General Surgery,
2 Op. Dr. University of Health Sciences, Umraniye Training and Research Hospital, Department of General Surgery
3 Dog. Dr. University of Health Sciences, Umraniye Training and Research Hospital, Department of General Surgery
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There are two main theories, which explain the source of this condition; the increased
internal anal sphincter (IAS) pressure and decreased epithelial blood supply (3). Frankly, when IAS
pressure increases chronically, the blood flow to anoderm, especially to its posterior part, decreases.
So these two theories actually support each other, as most of the tearings occur at the posterior
line. Nevertheless, it is logical to assume, that some patients are prone to this condition. When a
triggering event, such as constipation, chronic diarrhea or anal intercourse, damages the anoderm,
a vicious cycle begins. Patients will feel uncomfortable while passing stools. This will result in more
hardened stools and thus more damage to the anoderm. Actually, any alterations of bowel
movements caused by pain eventually contribute to the cycle. Consequently, treatments aim to
break this cycle by decreasing the IAS tone and thus increasing the blood supply to the sensitive
anoderm.

Classification and Diagnosis

90% of tears occur at the posterior line and almost 10% occur at the anterior line. These
fissures are called typical anal fissures. Tears occurring elsewhere are classified as atypical or
secondary anal fissures and associated with an underlying disease. The underlying condition can be
an anorectal cancer, leukemia, Crohn’s Disease, HIV/AIDS, tuberculosis, syphilis, HSV, or
psoriasis (4). The key to treat an atypical fissure, is to treat the underlying disease.

Fissures, which last less than 6 weeks, are classifed as acute fissures, whereas fissures,
which last more, are referred as chronic. Acute fissures are superficial tears and associated with
bright red bleeding during and after stool passage (Fig. 2). Chronic fissures on the other hand, have
three distinct features; skin tags at external apex, hypertrophied papilla at the internal apex and
exposed IAS fibers in between (Fig. 3) (5). Considering both bleeding and palpable skin tags
together, it does not come as a surprise, that patients mistake an anal fissure for hemorrhoids.

Gentle traction of buttocks often exposes an anal fissure. If it can not be visualized or
an atypical fissure is found, examination under anesthesia is prompted. A physician is advised to
avoid digital rectal examination or proctoscopy not to aggravate the pain. If a secondary cause is
suspected or there is a suspicion of malignancy, the symptoms must be relieved prior to an
endoscopic evaluation. Anal manometry should also be postponed as passing the mash is also a
painful process and therefore patients often do not comply adequately.

Most fissures heal within 6 weeks with conservative measures. Chronic fissures require
medical treatment and if the conservative and medical treatments fail, surgery becomes a necessity.
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FIGURE 2. An acute anal fissure. The sphincter is not exposed and a
skin tag is absent.

FIGURE 3. Chronic Anal Fissure. An exposed IAS segment and a small
sentinel pile are visible.
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Conservative Management

Following the exclusion of secondary causes, if it is deemed necessary, the treatment
begins with conservative measures and is further tailored based on whether the condition is acute
ot chronic. Up to 90% of acute anal fissures heal spontaneously just with dietary modifications and
warm sitz baths (6). However, chronic anal fissures (CAF) have more than 50% failure rates, when
they are treated with conservative methods alone (7). The risk of failure is even more than that in
recurrent cases.

The aim is to ensure an adequate stool consistency with sufficient fibre intake and relax
the IAS with warm application. Our conservative approach is as follows;

1. 25g daily fibre consumption for women and 38g daily fibre consumption for men (8).
2. Warm sitz baths for 15 minutes at least twice daily or after each stool passage.
3. Analgesics (topical or peroral), in case of severe pain.

The source of fibre can be numerous and whether it is relevant is beyond the scope of
this topic. Nevertheless, two studies showed improved healing rates with 20g daily bran divided in
two doses and 15g daily bran divided in 3 doses (9, 10).

Patients with chronic or recurrent anal fissures are commenced on medical treatment.
In our clinic, patients are assessed according to their pain relief and fissure healing before they are
deemed as candidates for surgery. Therefore we do not have a strict time line for surgical
intervention for patients under medical treatment, as different medical treatment options require
different periods of time to take effect.

Medical Treatment

If conservative management fails or the patient presents with chronic anal fissure,
considering medical treatment options such as topical agents, botilinum toxin (BT), etc., along with
conservative management becomes appropriate.

Nitric Oxide

As stated previously, one of the main underlying causes of anal fissure is the increased
anal resting pressure. To help facilitate relaxation of the IAS and thus reduce this pressure, topical
Nitric Oxide (NO) application was proposed in the early 90’s (11). Although various NO donors
with different concentrations were used historically, the contemporary treatment utilizes glyceryl
trinitrate (GTN) at a concentration of either 0.2% or preferably 0.4% applied twice daily (12).

Initially this agent promised good and smooth healing rates in CAF. However, a
cochrane analysis demonstrated a healing rate of approximately 50% with GTN, with rates of
recurrence reaching up to 70% (13). Additionally, NO in general causes severe headaches in 50%
of patients, which results in discontinuation of the drug and thus the desired long term medical
treatment (>06-8 weeks) can not be achieved in 20% of patients (14). And since NO also causes
vasodilation, patients who are prone to hypotension or patients who are under phosphodiesterase
5 inhibiton therapy due to hypertension are advised to avoid this agent.

Calcium Channel Blockers

Oral and topical calcium channel blockers (CCB) are proposed as an alternative to relax
IAS. Nifedipine and diltiazem are the most utilized agents in this regard. Topical forms are favored,
since they are associated with fewer side effects, although there is no difference in recurrence rates
(15).

The commercially available drugs usulually contain either 2% diltiazem or 0.2-0.5%
nifedipine. However, to our knowledge, both in Europe and the USA there is no available
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commercial preparation and these drugs are custom-made. Given the fact, that both dosage and
substance might vary, more scientific effort is required to optimize CCBs in anal fissure treatment.
Nevertheless, the available data suggest that they are associated with fewer side effects, such as
flushing and headache, compared with GTN (16).

Botulinum Toxin

Clostridum botulinum is a bacteria, which produces the famous botulinum toxin (BT).
It is a protein which more or less paralyzes the muscle activity. There are 7 types of BT and BT-A
is utilized in CAF treatment. Also, there are 3 subtypes of BT-A. We prefer abobotulinumtoxinA
(Dysport) in our routine practice, however our preference is based on drug’s availability rather than
scientific facts.

BT has an overall healing rate of 60-80% in CAFs with a significantly less incontinence
risk compared to surgery (17). As one can appreciate, this rate is desirable due to the fact that every
recovered individual is a patient, who is saved from the complications of a surgical approach.
However, debates are ongoing about its dosage and site of injection.

Generally, 50 IU of BT-A is injected to the IAS in a single session (Fig. 4). In a
contemporary study, increasing the dosage was associated with better healing rates (18). However,
a recent meta-analysis demonstrated that increasing the dosage only increases the complications,
such as temporary incontinence, local hypersensitivity reactions, hematoma formation, etc (19).
This study also states that injection site is also important, as injecting the BT outside of the fissure
is associated with both increased healing and complication rates. Consequently, combining both
the dosage and site of injection facts and lack of data, it is quite early to come to a conclusion about
an optimal BT administration. Well structured prospective studies are necessary, in this regard.

In our daily practice, we prefer BT-A in patients with CAF and high fecal incontinence
(FI) risk in conjunction with medical therapy, when medical therapy alone fails to relieve the
symptoms.

i
k

-

|

FIGURE 4. BT injection.
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Miscellaneous Medical and Minimal Invasive Approaches

Neuromodulation, pelvic floor physical therapy (PFPT) and moist exposed burn
ointment (MEBO) therapies have been proposed as alternatives.

PFPT utilizes approximately 8 weeks of biofeedback therapy in conjunction with
conservative management. In a recent randomized controlled trial (RCT) PFPT showed 55%
healing rate in patients with CAF who did not respond to conservative and medical therapy (20).
A drawback of this study is that the results are short to mid-term.

MEBO is an ointment which is applied to patients with burns to promote wound
healing. It is also utilized for pressure ulcer treatment. The mechanism of healing is believed to be
the enhanced neovascularization and fibroblast proliferation (21). For this reason an ongoing RCT
hypothesise that MEBO in conjunction with a CCB is superior to MEBO or CCB alone, in CAF
treatment (22). Its results are yet to be published.

A subgroup of patients suffer from CAF due to pelvic floor disorders which result in
obstructive defecation syndrome. These patients often describe prolonged straining and chronic
constipation. An IAS hypertonicity might not even accompany the symptoms. Therefore, the
treatment is directed towards the underlying cause rather than the CAF by utilizing
neuromodulation.

Neuromodulation refers to either Sacral Nerve Stimulation (SNS) or posterior tibial
nerve stimulation (PTNS) in pelvic floor disorders. While the latter is performed mostly
transcutaneously, the former requires sedation and surgery. A recent systematic review evaluated
PTNS in CAF treatment and suggested up to 75% mid-term healing rates (23). In another
systematic review, SNS was also evlauated along with PTNS (24). The authors favored PTNS over
SNS. However, both studies cleatly stated that the data are sparse and methodological variations
render a healthy conclusion impossible at the moment. Additionally, neuromodulation is an
expensive procedure and to our knowledge there is little to no reference to the cost-effectivity in
the available studies.

In summary, more RCT's with standardized methodology are required to assess the true
value of above mentioned approaches.

Operative Management

IAS is the extention of circular muscle layer of rectum and relaxing it is the fundemantal
of any CAF therapy. Where conservative and medical managements fail, surgery comes in handy.

Historically, anal dilation was the treatment of choice. However, this approach resulted
in undesirable FI rates and therefore has been abondoned (25). As for the contemporary surgical
approaches, assessing the patient’s FI risk and evaluating any evident FI prior to surgery are
mandatory. The most common FI risk factors are as follows (26);

1. Vaginal Delivery (even uncomplicated deliveries pose a significant FI risk)

2. Anal or Pelvic Surgery History (Including transabdominal gynecological interventions,
such as hysterectomy)

3. Pelvic Radiotherapy
4. Anal Intercourse
5. History of Sexual Assaults

Choice of surgical intervention must be tailored according to the above-mentioned risk
factors. In a nutshell, a surgical approach must avoid the risk of FI as much as possible, while
maintaining adequate IAS relaxation and tissue healing.
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Sphincterotomy

The golden standard of CAF treatment is sphincterotomy. IAS is dissected, so that anal
resting pressure is diminished. However, some questions and debates about this procedure should

be addressed;

1. Where to dissect the sphincter? Should a surgeon dissect the already exposed sphincter
muscle or rather do a lateral sphincterotomy ?

- Lateral (3 or 9 o’clock) internal sphincterotomy (LIS) (Fig. 5) is the desired technique,
since posterior sphincterotomy can lead to a keyhole deformity and thus fecal soiling (27). In a
recent RCT, posterolateral internal sphincterotomy was evaluated and found to be superior to LIS
(28). This is an interesting finding and we believe more effort should be focused on this matter in
the future.

2. T'o what extent should the IAS be dissected ?

- The extent of a sphincterotomy should not exceed 1/2 of the IAS or the apex of the
fissure. However, women patients should be given special care when dissecting the sphincter.
Murad-Regadas et al. suggested 1/4 of the IAS or <1 ¢cm should be dissected (29). In a more recent
study, an even more conservative approach (dissection of 1/5 of the total IAS length) is proposed
and deemed favorable (30). It is a fact that women are under greater risk of FI and more prospective
studies are required to establish an optimized dissection extent in female patients.

]

A W i fny
FIGURE 5. Surgically exposed IAS during LIS procedure
3. Open or closed technique ?

- Debates are still ongoing. According to a cochrane review, there is no difference in
terms of healing or FI (31). A study evaluated postoperative endosonographic findings and
concluded that open technique is superior in terms of completion of sphincterotomy (32). In a
contemporary trial, a cataract knife assisted closed technique was compared to open LIS and found
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to be superior in terms of pain, bleeding, incontinence and recurrence (33). With the available data,
we suggest that every surgeon should prefer the method, with which he/she feels comfortable.

4. Does FI occur frequently after LIS?

-Historically, LIS was associated with almost 50% FI rate (flatus, liquid stool, etc.) (34).
However, with the new sphincter preserving limited dissections, contemporary studies report less

than 10% FI incidence (35).

Consequently, apart from some technical debates, LIS is a standard and successive
surgical procedure in CAF treatment. In our clinic, we perform LIS procedure in patients with no
FI risk factors, when conservative treatments fail and a hypertrophied IAS is present.

Fissurectomy and Fissurotomy

Some fissures have fibrotic edges, which may hinder healing. In such cases, curettage of
the fissure base, excision of fibrotic edges, sentinel pile (skin tag) and hypertrophied papillae,
namely fissurectomy was proposed. This method showed good results (>90% healing rate)
especially when it is combined with BT-A (36). However, more recent studies revealed a worse
postoperative FI profile following fissurectomy, which rendered its practice limited (37).

Another approach is unroofing the fissure, namely fissurotomy. With this technique a
sphincterotomy can be avoided and the inventors of this method reported up to 98% healing rates
(38). However, to our knowledge, the data have not been expanded since then in this regard and
therefore this method lacks the scientific evidence to be performed in daily practice.

Special Considerations
Fissures without IAS Hypertonicity

A CAF without an apparent increased anal resting pressure, clearly complicates the
treatment strategy, as it renders topical treatments, BT-A and sphincterotomy useless. In such cases
flap techniques (Flap Anoplasty) must be the treatment of choice. Although most of these
procedures were proposed as an alternative to LIS in patients with anal hypertonicity to reduce the
risk of FI, their results are satisfying with more than 80% overall healing rates and less than 2% de
novo FI events (39). A recent study even suggested the utilization of the skin tag as flap in patients
with anal hypotonicity and reported nearly 100% healing rates with no de novo FI (40). However,
this study has a limited number of patients and therefore can not be recommended as a standard
treatment option yet.

Consequently, anal advancement flaps are the only surgical treatment options for the
patients with low anal tone and they should follow conservative treatments, if deemed necessary.

Crohn’s Disease

Fissures are common findings in patients with Crohn’s Disease. The percentage of the
affected individuals can reach up to 50% (41). However, this condition is mostly due to chronic
inflammation rather than IAS hypertonicity. Therefore, efforts should be directed towards Crohn’s
remission before initiating an interventional therapy for the anal fissure. Conservative and medical
therapy can be started even before Crohn’s remission. The above-mentioned interventional
therapies (fissurectomy, BT-A, LIS, flap anoplasty) can be performed only when the Crohn’s
Disease Activity Index is less than 150 (42).

Child Patients

Conservative and medical treatments are deemed appropriate in children with either
acute or chronic anal fissures (43). Surgery should be avoided as much as possible and must be
reserved only for patients, whose symptoms do not improve with other methods. However, CAF
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is not a common condition in children and the data regarding this issue are sparse. Therefore, a
threshold time can not be established for timing of the surgery.

Concomitant Anal Lesions

Both sentinel pile and the hypertrophied papillae can be excised during a fissure surgery.
However, excisional hemorrhoidectomy should be avoided when performing LIS, as it increases
the risk of FI (44).

Human Immunodeficiency Virus (HIV)

Fissures can present in atypical locations. However, most of the HIV+ patients present
with typical fissures (either posterior or anterior) (45). Since infectious complications and impaired
wound healing are common problems in HIV+ patients, antiviral therapy should precede fissure
treatment. Conservative and medical treatments are favored in this patient population. In male
patients, anal hypotonicity is more prevalent in this group and the surgery, in case it becomes
necessary, must be tailored accordingly.

Recurrent Anal Fissure

The surgeon should query the treatment before the recurrence. For example; did the
patient undergo surgery, such as sphincterotomy, or did the fissure heal with only conservative
measures and then recur? When an anal fissure recurs, conservative measures and medical
treatments should be the first line treatments. Frankly, any treatment options are viable. However,
anal tone must be checked first and if a sphincterotomy was performed and the disease recurred, a
sphincter-saving procedure must be chosen.
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Changes In Jaw Surgery After The Pandemic And Their Effects On Oral
Health

[Thami Sancar SIMSEK'

Introduction

The Covid-19 pandemic, which broke out in China at the end of 2019 and affected the whole
wortld in a short time, deeply affected the production and delivery of health services, as well as all
areas of life. During the pandemic process, while there were uncertainties about the exact effects
of the disease, its way of spreading, which risk factors it has, and which groups it is risky for, on
the other hand, there were disruptions in all areas from social life to public order, from production
to education (da Silva et al, 2022; Buchy et al, 2021; Carbone et al, 2021; Sharma et al, 2021). One
of the areas most affected by this situation is the areas of oral and maxillofacial surgery.

Oral health is actually an important issue that is related to many health areas and closely
concerns public health and the quality of life of individuals. However, since the problems in general
and non-elective health services have not been resolved, especially in developing or
underdeveloped countries, oral health and related units gain importance only in the presence of a
situation that affects high pain or other health conditions. (Poirier et al, 2022; Gill et al, 2022;
Poudel et al, 2021; Petersen et al, 2020; Tynan et al, 2018). For this reason, it can be stated that
many factors such as physicians, health workers, institutions or equipment working in the field of
oral health are insufficient both compared to other health services and compared to the population.

One of the biggest challenges faced by those working in the field of oral health has been the
cessation of health tourism, which has increased its orientation due to the already limited
opportunities for dental health during the pandemic and especially due to very low profit margins
against very high costs in the domestic market. Although health is a constitutional right of
individuals and a social service, the provision of health services in reality brings a certain economic
cost. In dental and oral health, this situation has a much greater effect than other health services,
and external dependence is at the highest level in terms of materials (Chavda et al, 2022; Emrani et
al, 2021; Imai and Tanaka, 2021; Mallah et al, 2021; Murugan et al, 2021). Moreover, this situation
is valid not only for Turkey, but also for many countries in the world. Despite the dependency on
foreign materials in Turkey, highly qualified workforce has made our country one of the most
attractive centers in oral health and global health tourism. However, the pandemic process made
this situation very difficult and closed the foreign markets where dentists and surgeons met the
material-currency problems they had experienced in the domestic market.

Internally, the most important problems experienced in health services are the general
perspective on oral health and the low importance given to oral health in social or cultural terms.
Oral health, which was postponed or neglected even in normal times, was postponed more for
many different reasons during the pandemic process and many oral health services, especially jaw
surgery, were evaluated electively. Examining and revealing all these factors and the effects of the
process on oral health is more important than many studies, research or clinical findings in oral
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health and maxillofacial surgery, and there are a series of factors that will provide a direct economic
input to the field. makes a recommendation.

General Situation of Oral Health and Maxillofacial Surgery in Turkey

In Turkey, the situation of oral and maxillofacial surgery, or more generally, oral health
services, should be examined under two headings as material-material and workforce. In terms of
materials and materials, although production has been made for new domestic implants,
consumables or coating types in recent years, these products have not yet been sufficiently accepted
in the market and brands of flammable origin are dominant in the market. In this respect, it is
possible to state that foreign dependency as a material in oral health is high in Turkey, therefore it
is closely affected by exchange rate movements, and price stability is a disadvantage to either the
dentist or the patients. In particular, the products of countries such as Switzerland and Germany,
which dominate the market, almost hold the market superiority and monopoly in this field (Peker
et al, 2021; Kuzu, 2019). In this respect, it can be stated that oral health in Turkey does not have a
positive impression in terms of materials and materials. The increase in foreign exchange and
commodity prices along with the deteriorated economies during the pandemic process, on the
other hand, revealed how important domestic consumables are and how necessary a self-sufficient
system is despite all globalization and transportation-communication possibilities.

The second issue is the workforce or human resources. Although there are other important
workforce elements in oral and dental health, such as dental practitioners and technicians trained
in associate degree departments, dentists are predominantly important in dental health services and
are seen as an important indicator of the level of oral and dental health of the country. The
distribution of those who became dentists in Turkey in 2021 according to their ability to practice
their profession is shown in Figure 1.

Figure 1. Distribution of those who became dentists in Turkey in 2021 according to their ability to practice their profession

M Meslegini Aktif Olarak kra Eden
M Meslegini Aktif Olarak kra Etmeyen

Kaynak: Turkiye Dis Hekimleri Birligi, https://www.tdb.org.tr/sag_menu_goster.php?Id=92, Erisim:
22.09.2022
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According to Figure 1, 89% of those who became dentists in our country in 2021 are
practicing their profession, while 11% cannot. In fact, although 89% is seen as a very good figure
for a profession, the rate of 11% is quite high in an area whose training constitutes a very serious
economic cost according to the country's economy and the financial strength of individuals.
Morteover, while the population's access to dentists in general is quite low, a significant rate of 11%
cannot practice their profession either for economic or other reasons. Places where dentists work
in Turkey in 2021 is shown in Figure 2.

Figure 2. Places where dentists work in Turkey in 2021

13% 2%

B SERBEST @ Saghk Bakanhgi @ Dishekimligi Fakilteleri @ Diger Kurumlar

Kaynak: Turkiye Dis Hekimleri Bitligi, https://www.tdb.org.tr/sag_menu_goster.phprId=92, Erisim:
22.09.2022

According to the 2021 data of the Turkish Dental Association, 58% of the dentists in the
country are self-employed, 27% work in the ministry of health and 13% in dentistry faculties. The
ratio of those working in institutions other than these is around 2%.

In general, according to the distribution by place of work, self-employment is the most
preferred type of employment in the country. Although this is followed by the ministry of health
and universities, the sum of the two is not as much as the rate of self-employed. Therefore, it is
possible to state that dentistry services and oral and dental health services are mostly provided in a
private sector in Turkey, and this situation also brings with it costs and workload on dentists such
as marketing, advertising and operation.

The change in the number of dentists in Turkey by years is given in Figure 3.
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Figure 3. Change in the number of dentists in Turkey by years
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Kaynak: Tirkiye Dis Hekimleri Birligi, https://www.tdb.org.tr/sag_menu_goster.php?1d=84, Erisim:
22.09.2022

According to the change in the number of dentists over the years, there was a first
acceleration in the 1990s and a second acceleration in the mid-2000s. Since the pandemic process
in 2019, the sharp increase momentum that started in 2009 has experienced a serious decrease in
the rate of increase. However, when evaluating this change, it is necessary to take into account the
change in the population. The distribution of the change in the number of dentists by years
according to the population is as in Figure 4.

Figure 4. Distribution of the change in the number of dentists over the years by population
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When the population growth rate and the number of actively working dentists are evaluated
together, it is seen that the rate of dentists and the number of dentists per capita have increased
significantly. It can be stated that health tourism, which has increased significantly towards the end
of the 2000s, and the fact that one of the sectors that have the highest share in global health
services, is oral and dental health, has a significant impact on this change.

Changes in Oral Health and Maxillofacial Surgery after the Pandemic

One of the most important changes experienced after the pandemic is the decrease in
universities providing dental education. The distribution of the number of newly opened dental
faculties by years, according to state and foundation universities, is given in Table 1.

Table 1. Distribution of the number of newly opened dental faculties by years, according to state and foundation universities

YIL DEVLET UNIVERSITESI VAKIF ONIVERSITESI
1908-1939 1 -
1960-1969 4 -
1970-1979 2 -
1980-1989 2 -
1990-1999 3 2
2000-2009 10 3
2010-2019 42 21
2020-2022 9 3

TOPLAM 75 29

Kaynak: Tirkiye Dis Hekimleri Bitligi, https://www.tdb.org.tr/sag_menu_goster.phprId=84, Erisim:
22.09.2022

According to the data in Table 1, it is seen that the rate of increase in dentistry faculties,
whose number increased rapidly between 2010 and 2019 with the effect of global health tourism,
decreased after the pandemic. Although the faculties of dentistry and the process of training
dentists have high economic costs and returns, due to the serious decrease in the number of
international students after the pandemic, as well as the serious declines in dental health, like all
other fields in global health tourism, new It is observed that the increase in the number of dental
faculties has decreased significantly.

In addition to the training given at universities, there have been some changes in the
employment characteristics in the sector after the pandemic. According to the 2022 research
conducted by the Turkish Statistical Institute (TUIK), the distribution of the institutions where
dentists work over the years is given in Figure 5.
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Figure 5. According to the 2022 research conducted by the Turkish Statistical Institute (TUIK), the distribution of the

institutions where dentists work depending on the years
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According to the data in the figure, after 2019, employment rates in both state and
university decreased, while private employment increased. In fact, while the main reason for the
increase in the number of people employed in the private sector after the pandemic is the decrease
in the employment of dentists in public and universities, it is possible to state that there has been
a serious decrease in the number of physicians going abroad due to the effect of the pandemic.

In general, the most important changes in oral health and maxillofacial surgery after the
pandemic are the economic dimension of oral and dental health and the changes in the number of
patients. Although health services are a constitutional and human right that individuals have in the
global sense, private health services are provided in parallel with public or social health services
due to insufficient or insufficient quality of public health services. Oral and dental health, on the
other hand, is the area in which the private sector tends the most in terms of both the treatment
and the time to reach the doctor, and the quality of the service and materials provided in public
institutions. Therefore, the number of patients is of vital importance in oral and dental health
services. It can be stated that the most important disruption experienced in the pandemic process
and economic reasons come first in the field of oral and dental health, as in all other areas.

The situation is even worse in terms of maxillofacial surgery, and it is seen that foreign
dependency in terms of materials is more effective here. In addition, serious problems have been
experienced in jaw surgery due to the unlimited or insufficient interest and public support in the
country, which is directed to the fields related to the pandemic. In addition to the problems of
finding patients, important economic problems have been experienced due to the fact that the
materials used in maxillofacial surgery are dependent on the exchange rate, the exchange rate has a
sharp fluctuation, and the production has decreased all over the world due to the pandemic.

178



Simgek, Ismail Sancar; Changes In Jaw Surgery After The Pandemic And Their Effects On Oral Health

Conclusion

Although oral health is a health field that is important in terms of nutrition, good looks and
acceptance in the society, it is considered within the scope of secondary health services due to the
deficiencies in other health areas with high mortality rates. The company does not guarantee oral
health. In fact, although the reasons for this seem to be the ones listed above, basically the most
important reason for this is the cost and financial return calculations. In particular, the fact that
insurance companies do not offer packages to secure dental health services within the scope of
complementary health expresses the economic aspect of the situation more cleatly.

At the beginning of the economic reasons, the high level of foreign dependency in terms
of equipment and vehicles in the health services provided in the field of dentistry and oral health,
the absence of an economic exchange rate in the country, and therefore, the foreign dependency
and low predictability of each service in oral health come to the fore. Due to the unbalanced
increase in exchange rates, sectors are faced with the tables that may cause harm, let alone providing
income, in the ongoing oral health services. For this reason, in countries with a high level of external
dependence in terms of materials and equipment, oral health services are consistently seen as
elective or secondary health care services.

Turkey has overcome this negative situation or disadvantage with its qualified workforce
and has become a country that provides the highest quality service at the most affordable prices in
terms of oral and dental health in global markets. In this process, the low profit margin of the
patients in the domestic market or the quality of health services that may be of relatively lower
quality have increased as a result of the services provided by dentists and surgeons from outside.
However, with the pandemic, the situation regarding oral and dental health in health tourism and
global markets has been reversed. In this process, dentists and surgeons had serious economic
problems, the costs, especially materials and rents, were at very high levels, therefore, these gains
of the dentists, who had a very important place in the world and showed serious individual efforts,
almost melted away after the pandemic. Although oral health services have increased significantly
in the domestic market, it is possible to state that the main and hard blow comes from global health
tourism, which has a high economic impact.

In fact, while the operations in terms of oral and dental health and especially jaw surgery
continue locally in developed countries, the whole process from operations performed in jaw
surgery to minor procedures has been seriously disrupted in Turkey. After the Covid-19 pandemic,
even weddings, mass celebrations or ceremonies were considered obligatory and not considered
elective, while even very serious procedures in jaw surgery that adversely affected health were seen
as elective.

While the expected effect of the pandemic in other health fields is the formation of a health
awareness and individuals to pay more attention to their health, it has brought serious economic
difficulties within the framework of those who provide these services in oral and maxillofacial
surgery. National action plans are needed for the continuation of the achievements of all parties
working in the field of oral health, especially dentists and surgeons, with their individual efforts.
The pandemic process is actually important in oral and dental health, as in any other field, in terms
of revealing how negative results can be caused by external dependence in terms of materials and
equipment. Again, the post-pandemic events show how fragile and in need of encouragement oral
and maxillofacial surgery is economically. Oral and especially maxillofacial surgery should be
strengthened and necessary support should be given, both in terms of directly affecting the health
and quality of life of individuals and in terms of bringing foreign currency directly to the country
from foreign markets in economic terms.
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Introduction

The pericardium is a double-layered fibro-serous layer that covers the surface of the heart
and contains the pericardial fluid. Pericardium and pericardial fluid form a closed homeostatic field
that allows the heart to function easily. Interventions and illnesses may cause deterioration of the
homeostatic environment and accompanying mechanical stress (1). Pericardial fluid contains
growth factors, cardiac hormones and cytokines(2). Growth differentiation factor-15 (GDF-15),
known as macrophage inhibitory peptide, is in the transforming growth factor g (TGF-p)
superfamily. It is synthesized in response to conditions such as oxidative stress, inflammation,
injury, and tissue hypoxia (3). It has been reported that it is seriously elevated in diabetes, kidney
dysfunction etc.cases (4). Despite the high level of GDF-15 in patients with heart failure, the
synthesis site of GDF-15 could not be fully explained because it is not seen in cardiomyocytes (5).
Deaths not related to cardiovascular diseases (CVD) and CVD are associated with elevated GDF-
15 levels(3). Therefore, the function of GDF-15 has not been fully elucidated (6).

Paraoxonase 1 (PON1) is a glycoprotein grouped as the aryldialkylphosphatase enzyme (7).
It has anti-oxidant and anti-atherogenic effects (8). In addition, it is an enzyme that has arylesterase
and lactonase functions and has the ability to hydrolyze many substrates such as glucuronides,
organophosphate compounds, arylesters, and cyclic thiolactone carbonates (9). With this function,
it hydrolyzes oxidized lipids from low-concentration lipoproteins (LDL) (10). Also, PONT1 is
associated with its anti-inflammatory and anti-oxidative properties among the subgroups of high-
density lipoprotein (HDL) (8).

Examining the levels of GDF-15and antioxidant enzymes paraoxonase and arylesterase
which were previously studied only at serum level in many different disease prognoses such as
Pulmonary Embolism, Heart Failure, Thalassemia Major, Acute Pulmonary Proembolism, Ovarian
Surface Epithelial Malignant Tumor, Left Ventricular Systolic Function Disorder, will shed light
on the investigation of cardiovascular diseases.
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Material and Method

The study was initiated with the approval of the Ethics Committee numbered 16/03/38.
Pericardial fluid samples were taken from the patients who underwent surgery during the opening
of the pericardium after sternotomy.

Patient Population and Procedures

In this study, 40 (28 Male + 12 Female) patients who underwent open heart surgery due to
various cardiovascular diseases in the Cardiovascular Surgery operating rooms of Harran University
Faculty of Medicine and Mehmet Akif Inan Training and Research Hospital were included. The
age of these patients was a minimum of 38 and a maximum of 85, and the mean age was 60.97£8.79
years.

Average weight and height of the patients, respectively; while it is 86.23%£9.77 kg,
173.5%£4.79 cm in men, it is 73.50£5.61 kg, 158.572.16 cm in women. 97.5% of all patients had
coronary bypass surgery. All of the patients reported that they smoked cigarettes. In addition, 21
of all patients had diabetes mellitus, 26 had hypertension and did not have any other diseases.

Patients with left ventricular ejection fraction <30%, active infection, systemic
inflammatory disease, and chronic lung and kidney disease were excluded from the study.

Obtaining Pericardial Fluid

In patients undergoing open heart surgery, after mediansternotomy with standard
cardiopulmonary bypass procedures, the pericardium was opened and pericardial fluid was
aspirated (at least 2 ml) with a sterile syringe. Bloody pericardial fluid samples were excluded from
the study. Pericardial fluid, taken with a sterile syringe, was transferred to a sterile gel-free tube and
transported to the laboratory in a cold environment. Then, the pericardial fluid in the sterile tube
was centrifuged at 1000 g at + 4 °C for 20 minutes and the supernatant was taken into a sterile
eppendorf tube and stored at -80 "C to be studied.

Study of Pericardial Fluid Samples

Before the study, 40 samples belonging to the patients, which were removed from —80 °C,
were brought to room temperature and expected to dissolve. It was again passed through a second
centrifuge (1000 g + 4 °C 20 min) in order to avoid the patticles in it. The study was started by
transferring the supernatant part on the eppendorf tube to another eppendorf tube.

Measuring the Amount of GDF 15

Elabscience Human GDF-15 (GrowthDifferentiationFactor 15) Eliza Kit was used for this
study. This eliza kit is suitable for measuring serum, plasma and other biological fluids, and its
minimum detectable dose is 14.06 pg/mL.

Paraoxonase Enzyme Activity Measurement

Paraoxonase activity, a lipophilic, hydrophobic, antioxidant enzyme linked to HDL-
Cholesterol, was measured using a commercial RelAssay kit. In the method, the paraoxonasenzyme
paraoxon (O,0O-diethyl-O-pnitrophenylphosphate) hydrolyzes its substrate, resulting in the
formation of a colored pnitrophenol product. The absorbance of the formed product was
monitored in the kinetic mode at 412 nm, and the enzyme activity was expressed as U/L (11).

Arylesterase Activity Measurement

Arylesterase activity of paraoxonase enzyme, an antioxidant enzyme, was also measured
using a commercial RelAssay kit. This test is based on the colorimetric measurement of phenol
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released from the phenylacetate substrate by enzymatic activity. The results were expressed as
kU/L because the enzyme activity was at very high levels(12).

Total Oxidant Status Level Measurement

The total oxidant status (TOS) level of the samples was measured using commercial kits.
In the measurement, a colotimetric method based on the cumulative oxidation of ferrous ion to
ferric ion by the oxidant molecules contained in the samples was used. Results were expressed as
pwmol H202 Equivalent/L (13).

Measurement of Total Antioxidant Status

Total antioxidant level (TAS) level of the samples was measured using commercial kits. The
measurement method is based on the reduction of the colored ABTS* cationic radical by all
antioxidant molecules in the sample, resulting in decolorization of the colored radical in proportion
to the total concentrations of the antioxidant molecules. Trolox, a water-soluble analogue of
vitamin E, is used as the calibrator. Results were expressed as mmol TroloxEquivalent/L (14).

Oxidative Stress Index Measurement

Oxidative Stress Index (OSI), which is shown as an indicator of Oxidative Stress, is
expressed as a percentage of the ratio of Total Oxidative Status/Level (TOS) to Total Antioxidant
Status/Level (TAS). When calculating the Oxidative Stress Index (OSI) of the samples, the TAS
levels are multiplied by 10 to equalize the TOS levels and the units. The results were expressed as
ArbutraryUnits (AU) (15).

TOS,umol H202 Equiv. / L.

OSI = X 100

TAS, umol TroloxEquiv. / L.

Statistical analysis

Statistical analyzes were performed using the SPSS Version 17 (SPSS Inc. Chicago USA)
computer program. The significance of the difference between the means of the groups was
compared with the One-WayANOVA test. The relationship between the parameters was
investigated by Pearson Correlation Analysis. Values less than (p< 0.05) were considered
statistically significant.

RESULTS
GDF-15, Paraoxonase, Arelisterase, TAS, TOS and OSI values are shown in Table-1.

The lowest value of GDF-15 in the pericardial fluid of the patients was 13.57 pq/mL, the
highest value was 27.45 pq/mlL, and the mean was 18.21 pq/mlL. Considering the paraoxonase
values, the lowest value was 21 U/L, the highest value was 100 U/L, and the mean was 67.91 U/L.
Arelisterase values were measured as a2 minimum of 321 U/L, a maximum of 399 U/L, and an
average of 368 U/L.

GDF-15, Paraoxonase, Arelisterase, TAS, TOS and OSI correlation data are shown in
Table-11.

When correlation analyzes were examined, a positive correlation was observed between
GDF-15 and paraoxonase values (r=0.101), but no statistical significance was observed (p=0.673)
(Figure-1. Correlation between GDF-15 and PONT1 Levels). A negative correlation was observed
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between GDF 15 and arelisterase (r = -0.017), no significant statistical finding was obtained
(p=0.945) (Figure-2. Correlation between GDF-15 and Arylesterase Levels). A positive correlation
was observed between paraoxonase and arelisterase (r=0.039), no statistically significant finding
was obtained (p=0.871).

When the correlations of GDF-15, Arylesterase, Paraoxonase values and TAS, TOS and
OSI values were evaluated, no significant statistical data could be obtained for all parameters
(P>0.05)

DISCUSSION AND CONCLUSION

In recent studies, pericardial fluid concentrations for different cardiovascular diseases make
important contributions to the detection of many pathophysiological mechanisms. Pericardial fluid
contains growth factors, cardiac hormones and cytokines (2). Known as a macrophage inhibitor
peptide, GDF-15 is synthesized in response to conditions such as oxidative stress, inflaimmation,
injury, and tissue hypoxia (3).

Meloux et al. performed cerebral embolization in wistar male rats by microcircular
intervention of the left or right internal carotid artery. They evaluated stroke lesions and cardiac
function. They found that there was an increase in the levels of GDF-15 and catecholamines
immediately after the stroke. They showed that GDF-15 levels were significantly increased in rats
with ischemic stroke (16). In addition, they thought that GDF-15 gene polymorphism was one of
the strong factors in the progression of ischemic stroke, as the stroke affected large arteries and
the level of GDF-15 increased further (17)

Serum samples were obtained at each endomyocardial biopsy before and after heart
transplantation by Tokavanich et al. As a result of the examinations, they observed that the level
of GDF-15 increased significantly in patients with heart failure, and the level of GDF-15 decreased
after transplantation. It has been stated that GDF-15 follow-up may be useful in distinguishing
patients with a high risk after transplantation and may contribute to risk stratification in terms of
both primary graft dysfunction and the possibility of death in these patients (18). Rothenbacher et
al. investigated the relevance of baseline GDF-15 levels to overall mortality in an eight-year review
of 1,470 older adults. According to the results; They explained that there is a correlation between
GDF-15 levels and all factors that can cause death(19). Wollert et al. explained that, GDF-15 is
associated with mortality in heart failure with atrial fibrillation. As a result of the study, it has been
proven that GDF-15 levels in serum have a strong correlation with the occurrence, progression
and risk prediction of CVD in the general population and patient groups(3).

HDL are high-density lipoproteins. Density,. consists of subgroups that differ in terms of
lipid diversity, protein content, etc .It has many functions such as prevention of inflaimmation,
controlling the production of adhesion molecules that cause great vascular integrity, and apoptosis.
It also shows anti-atherosclerotic properties by maintaining endothelial barrier activations (20).
PON-1(8), which has anti-oxidant and anti-atherogenic effects, is strongly dependent on HDL (8).
Sun et al. found that those without coronary artery disease (CAD) had higher arylesterase functions
of PON-1 than those with CAD (21). Zuin et al. proved that PON-1 arylesterase level is decreased
in patients with CAD (22). Murillo-Gonzalez et al. examined serum PON-1 activity and the
relationship of its polymorphisms with CVD using four different substrates and explained that it
can be a guiding biomarker in the progression of CVDs(23)., Didas et al. explained that attenuation
of arylesterase ,an enzyme in the esterase family(24), activity may increase the likelihood of
developing chronic kidney disease (CKD) in type 2 diabetes patients (T2DM) and that it can be
used as a biomarker to predict the development of CKD in T2DM (25).
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In our study, the level of GDF-15, paraoxonase and arylesterase, filtered into the pericardial
fluid in patients undergoing open heart surgery, was determined in cardiovascular diseases and the
relationship between these parameters and the pathophysiology of the disease was investigated.
For this purpose, it is important that we use the pericardial fluid of patients during open heart
surgery. Because, according to many studies, the concentrations of some substances in the
pericardial fluid are of great importance for the diagnosis or prediction of pericardial or non-
pericardial disorders (2).

Although there was no statistical difference between GDF-15 levels and arelisterase levels,
a negative correlation was observed. When paraoxonase and arelisterase are examined, a positive
correlation relationship is observed even though it is not statistically significant. This situation
stands out as an expected situation. GDF-15 increases in conditions due to oxidative stress, on the
contrary, PON-1 and arylesterase activity are observed. However, when the correlation analyzes of
OSI values were evaluated in the study, the opposite results were obtained. There have been studies
on GDF-15, paraoxonase and arylesterase levels in many different disease prognoses such as
pulmonary embolism, heart failure, thalassemia major, acute pulmonary proembolism, surface
epithelial malignant tumor of the ovary, left ventricular systolic dysfunction, only at serum level.
Although there are no contradictory results and significant statistical results, the level of GDF-15,
antioxidant enzymes paraoxonase and arylesterase, in the pericardial fluid, is one of the pioneering
studies in the literature as far as we know, and it will be a pioneer for future studies.

Limitations of the Study

These limitations are the lack of standard methodology due to the fact that the study was
conducted for the first time, the small number of patients participating in the study, the sensitive
pericardial fluid taken, being adversely affected by environmental conditions, and the absence of a
control group.

CONCLUSION

In our study, GDF-15, paraoxonase and arylesterase in pericardial fluid and the correlation
between them were measured. As it is the first in the literature, we believe that it will shed light on
future studies. For this reason, there is a need for studies with larger series, multicenter, prospective,
controlled and standardized methodology regarding the parameters to be investigated in pericardial
fluid.
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Table I. GDF-15, Paraoxonase, Arelisterase, TAS, TOS and OSI values ,

Min Max Mean Std. Deviation
Pericard_Gdf15 | 13,57 27,45 18,2170 4,17715
Paraoxonase 21,00 100,00 67,9100 19,72111
Arelisterase 321,00 399,00 368,5200 17,78363
TAS ,90 1,68 1,3340 ,17901
TOS 5,70 19,00 14,5875 2,96044
Osi ,38 1,67 1,1112 ,25381

Table II. GDF 15, Paraoxonase, Arylesterase, TAS, TOS and OSI Cotrelation Table

TAS TOS OSI PONI1 ARE GDF_15
TAS  r |1 115 _544% -032 282 025
p 628 013 893 228 18
TOS t 115 1 755% 178 _242 S143
p 628 ,000 453 303 549
OSIt 544% | 755k 1 104 009 071
p 013 ,000 663 ,969 767
PONIr -,032 178 104 1 039 101
p 893 453 663 871 673
AREr ~282 ~242 009 1039 1 017
p 228 303 969 871 045
GDF_15r | ,025 143 071 101 017 1
p 918 549 767 673 045

PONI1: Paraoxonase, ARE: Arelisterase, * The correlation is significant at the 0.05 level, ** The

correlation is significant at the 0.01 level.
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The Relationship Of Nitric Oxide With Cardiovascular Diseases And
Pulmonary Hypertension

Mehmet OZDIN!

Introduction

Cardiovascular diseases (CVD) are among the most important health problems affecting
public health in the world. Atherosclerosis forms the basis of CVDs. Nutrition, environmental and
genetic factors play an significant role in the formation. It is formed by the accumulation of fat and
tissue residues under the cells lining the vein, which is the inner most layer of the vein. In this way,
it progresses with stenosis or obstruction in the lumen of the vessel and causes disruption of tissue
blood supply. Atherosclerosis is a multifactorial disease characterized by thickening of the vessel
wall and loss of vessel elasticity due to this thickening (Ilikay & et al., 2016) (Ozdin, 2021a, 2021b).
Atherosclerosis is the leading cause of death worldwide. One third of deaths in the world are due
to these atherosclerotic diseases (Coban, Erginel & Tuna, 2014). More than 600,000 people die
annually from CVD in the United States (Mangge & et al., 2014). Various metabolic, inflammatory,
infectious or hemodynamic factors are involved in the development of atherosclerosis, plaque
formation and activation. Vascular endothelial dysfunction is significant in the pathogenesis of
atherosclerosis causing coronary heart disease (CHD). Vascular endothelial dysfunction, which
develops when endothelial cells cannot fulfill their basic functions such as vascular homeostasis
and nitric oxide (NO) production, causes atherosclerotic plaque formation. Despite the complexity
of CHD in its etiological, pathophysiological, clinical and epidemiological developments, it is of
great importance to understand its formation mechanisms, since atherosclerosis is a preventable
condition. Atherosclerotic lesions begin at an early age, aging poses a risk for CVD. Middle-aged
men under 60 years of age have a 2 to 5 times greater risk of CHD than women, while the gender-
dependent risk decreases with age. Family history affects 40% of the total risk profile. Other major
risk factors for atherosclerosis include hypertension, type II diabetes mellitus (type II DM), elevated
blood cholesterol levels, sedentary life and obesity (Ozdin, 2003). (Giiray, 1997).

NO was discovered in the 1970s. Robert F. Aorta drawing attention to acetylcholine, which
plays a role in contraction, indicate that it is guanylate cyclase in the cytoplasm that causes
relaxation. Endotel stressed that the relaxation factor is NO. It was determined to be a NO
producing compound (Furchgott & Zawadski, 1990). NO is a very important molecule produced
in the body by the nitric oxide synthetase (NOS) enzyme from L-arginine, a semi-essential amino
acid. It must also be taken from outside. In this context, for a healthy life, attention should be paid
to foods containing L-arginine and L-citrulline amino acids. The most important point to be
considered here is to express the importance of natural NO production (Sar1, 2020). In this study,
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it was aimed to research the relationship of nitric oxide with CVD and pulmonary hypertension
(PH).

Nitric Oxide Biosynthesis

Physiological stimuli such as acetylcholine, glutamate, bradykinin, adenosine diphosphate
(ADP) activate nitric oxide synthetase (NOS) in endothelial cells. When this enzyme, which is
dependent on Calcium-Calmodulin, is activated, it provides the conversion of L-Arginine and
oxygen to L-Citrulline and NO by reacting. Thanks to the discovery and use of I.-Arginine analogs
that competitively inhibit the NOS enzyme, it has been possible to investigate the wide biological
role of NO (Moncada & Higgs, 1993). NO formed as a result of this reaction diffuses into the
vascular smooth muscle cells. NO actuates the enzyme by fixating to the heme group of the
guanylate cyclase enzyme. The activated guanylate cyclase enzyme converts guanosine triphosphate
(GTP) to cyclic guanosine monophosphate (cGMP). Causes muscle relaxation in cGMP. NO,
reacts with heme-containing proteins, especially hemoglobin, and is converted to nitrate (NO;-)
and excreted in the urine (Edwards, 1995). Nitric oxide is a colotless gas and is very stable in the
absence of oxygen. However, in contact with air, it quickly reacts with oxygen and turns into
nitrogen dioxide (NOy). Nitrogen Dioxide is a toxic gas that can cause tissue damage (Borland &
Higenbottam, 1989).

Nitric Oxide In Cardiovascular And Pulmonary System

The main task of the vascular endothelium is to prevent the adhesion and aggregation of
platelets and other blood cells. At the same time, it is to ensure the continuity of circulation by
providing adequate blood flow to the blood vessels. Vascular ebdotel synthesizes and secretes NO
in order to exert this effect. Systemic use of NO synthesis inhibitors enhancements blood pressure
in small arteries and arterioles (Anggard, 1994). This indicates the importance of nitric oxide made
in the vascular endothelium in regulating blood pressure and blood flow. As a matter of fact, any
functional disorder in the endothelium (diabetes mellitus, homocystinemia, familial hyperlipidemia)
or acquired (smoking, sedentary life, atherogenic diet) causes hypertension (Anggard, 1994, Vane,
Anggard & Botting 1990). Atherosclerosis, familial hypercholesterolemia, and reduction in
coronary blood flow in smokers cannot be increased by administration of acetylcholine. This is
because the dilator response of endothelium to acetylcholine is decreased (Cox & et al., 1989,
Celermajer & et al., 1992). Endothelium-dependent dilatation is reduced in essential hypertension
and experimentally induced hypertension in animals, with clear evidence that this is due to an
aberrance in the L-Arginine-NO system (Anggard, 1994). Persistent pulmonary hypertension
(PPH) occurs either primary or secondary. Secondarily, it may occur due to respiratory system
disorders such as perinatal asphyxia, meconium aspiration and severe respiratory distress
syndrome. It may also occur due to sepsis, diaphragmatic hernia, congenital heart disease and
polycythemia (Greenough, Morley & Roberton 1992). Although its exact occurrence is not known,
it has been shown that increased endogenous NO activity at birth contributes to the normally
observed decrease in pulmonary vascular resistance (Abman & et al., 1990). In PPH, the lack of
resistance normally seen in the postnatal pulmonary vessels may be related to low endogenous NO
production. In addition, the amino acid L-Arginine, which is the precursor of NO synthesis, may
be insufficient in children with PPH (Vosatka, Kashyap & Botting 1994). Intravenous vasodilators,
hyperventilation, high frequency oscillatory ventilation and extracorporeal membrane oxygenation
are used as specific treatment in PPH. Intravenous vasodilators, prostacyclin and magnesium
sulfate treatments cannot respond to the desired level and may cause systemic hypotension
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((Vosatka, Kashyap & Botting 1994, Kaapa & et al., 1985, Abu-Osba & et al., 1992). In PH, NO
selectively exerts a vasodilator effect on the pulmonary vessels. Inhaled NO reduces pulmonary
vascular resistance without reducing systemic vascular resistance and cannot have a vasodilatory
effect on the systemic vascular bed since it is rapidly inactivated by hemoglobin as soon as it enters
the bloodstream (Abman & ark., 1992, Pepke-Zabe & et al, 1991). At the same time,
methemoglobin concentration rarely rises above 1-2% during inhaled NO (INO) therapy (Kinsella
& Abman, 1993a). Ventilation increases perfusion compatibility in PH. In addition, it increases
cardiac output, pulmonary blood flow and oxygenation. Has all the features of an ideal pulmonary
vasodilator (Rossaint & et al., 1993). They can also widen the vessels in non-ventilated lung areas,
disrupting the ventilation-perfusion harmony. Because of these properties, INO is used in
newborns with pulmonary hypertension, in children with congenital heart disease and respiratory
distress syndrome in infants. In addition, INO has been used in adults with PH, adult respiratory
distress syndrome (ARDS), and bronchopulmonary dysplasia (Kinsella & Abman, 1993b).). The
most popular use of NO today is inhalation in pulmonary hypertension. Pulmonary vascular
diseases are a serious complication of congenital heart diseases. Hypertensive crisis in congenital
heart diseases is seen particularly after open heart surgeries. PH can overrun systemic arterial
pressure. As a result, the return of blood to the left atrium is reduced. Cardiac output drops rapidly
(Jones, Shore & Rigloy, 1981). Reversal of PH is very difficult and hypertensive crisis has an
important place in postoperative mortality and morbidity (Hopkins, & et al., 1991). Hyperoxic
hyperventilation and intravenous vasodilators are widely used in the treatment of PH (Schranz, &
et al., 1992). Nitric oxide inhalation is seen as an effective alternative therapy. The use of 1 ppm
(parts per million) in the treatment of pulmonary hypertensive crisis gives successful results
(Sellden, & et al.,, 1993). The use of 20-80 ppm of INO in infants with congenital heart disease
who develops PH is effective in reducing pulmonary arterial pressure (Roberts, & et al., 1993).
Patients with cardiorespiratory problems need to take NO at a high oxygen concentration in order
to benefit from INO sufficiently. However, since toxic NO production increases when INO is
given at high oxygen concentration, NO administration and monitoring should be done carefully
(Foubert, & et al., 1992, Bauchet & Renaudin, 1993).

Conclusion

Although NO, which is produced in almost all healthy tissues in the organism, is structurally
simple, its activity is a very complicated mediator. NO; It provides blood pressure and vascular
tone balance by vasodilation by stimulating guanylate cyclase in vascular smooth muscles. It is used
by inhalation in the treatment of PH in the clinic, and it is a broad-spectrum chemical that is
effective on other organs.
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Phthalates and Their Toxic Effects on the Immune System

Senanur AKDEMIR!
Mehtap KARA?

Introduction

Plasticizers are added to substance and materials to increase their flexibility, workability and
extensibility. Phthalates are a type of plasticizer and are also known as endocrine disrupting
chemicals (EBC). Phthalates are commonly used in many products in the environment. Cosmetics,
personal care products, medical devices and food packaging materials are just a few of the usage
areas. The widespread and increasing use of phthalates is very worrying,.

The immune system is a defense system that protects the body against external damage. It
is divided into two as innate immunity (Hereditary) and acquired (Adaptive). Innate immunity gives
non-specific responses while acquired immunity gives specific but slower responses. Damage to
the immune system leaves the body vulnerable to pathogens.

With the increase in the use of phthalates, their toxicity on the body has come to the fore
again. Studies show the toxicity of phthalates on many body systems. In addition to its endocrine
disrupting properties, it has been observed that it has effects such as shortening the gestation
period, increasing systolic pressure, focal testicular dysgenesis, neuronal degenerations and causing
changes in immunological responses. It is thought that permanent damage remains on the baby,
especially after exposure in the womb. It has been found that children are more exposed to
phthalates than adults. While phthalates were used in children's toys in the past, it was noticed that
children were exposed to phthalates in toys by sucking, and the use of phthalates in children
playthings was banned in the following years.

When the toxicity of phthalates on the immune system was investigated, it was observed
that they had positive effects on interleukin, CRP and TNFu levels. It is thought that autoimmune
diseases may occur as a result of these exposures.

Exposure to phthalates is a current and important issue. Although it is not possible to
completely prevent exposure due to their widespread use, its level can be reduced. Attention should
be paid to the contents of the materials used, food packaging, drugs, medical devices, cosmetics
and many other products. Reducing phthalate exposure is important for our health. With this
compilation, it is aimed to raise people's awareness about the toxicity of phthalates to the human
body and the ways of protection from phthalates.

Plasticizers

Additives that, when added to another substance, make the substance more flexible and
softer are called 'Plasticizer'. This expression is mostly used for additives added to plastics (Godwin,
2017). The Council of the International Union of Pure and Applied Chemistry (IUPAC) defines
plasticizer as “A plasticizer is added to a substance and material (usually plastic or elastomer) to increase its
flexcibility, workability or extensibility” (Altenhofen da Silva et al., 2011). Plasticizing technology initially

1 Ecz, I.U.Eczacilik Fakiiltesi Farmasétik Toksikoloji A.D. Beyazit-IST kurum,
2 Dog.Dr. 1.U.Eczacilik Fakiiltesi Farmasotik Toksikoloji A.D. Beyazit-IST
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focused on nitrocellulose type materials. In the 19" century, Alexander Parkes make a design of a
new nitrocellulose plastic, using various oils to make the brittle polymer flexible. Parkes and his
colleague Daniel Spill wanted to establish a plasticizer technology with this new nitrocellulose they
had developed. However, they could not obtain the desired quality product with the castor oil they
chose as a plasticizer (Hyatt, J.W. and Hyatt, LS., 1870). After that, John Wesley Hyatt
commercialized celluloids for the plasticizing process. In the early 1900s, phthalates and
phosphates began to be used as plasticizers. Increasing interest and usage area of two important
plasticizers, tricresyl phosphate and dibutyl phthalate (DBP) (Semon, W.L., 1933).

There are many classifications of plasticizers. Some of these are classifications based on
chemical structures and performance. Plasticizers are divided into five according to their
performance; general use, strong solvent, low temperature, low volatile and other plasticizers.
Chemically, they are divided into six: phthalates, aliphatic dicarboxylic acid esters, phosphates,
hydrocarbon extenders, epoxies, and others. Plasticizers can also be grouped into primary
plasticizers and secondary plasticizers. Primary plasticizers are substances that are present in the
plasticization system as the sole plasticizer or a high level of plasticizer. Secondary plasticizers are
used in combination with primary plasticizers to improve the plasticization process, improve
certain performances such as reduced flammability, or reduce costs (Godwin and Krauskopf,
2007).

There are different theories explaining the plasticization mechanism. Some of these are
lubricant, gel, and free volume theories. According to the lubricant theory, the plasticizer acts as a
molecular lubricant that allows the free move of polymer chains over each other if a force is applied
to the polymer. According to the gel theory, the polymer molecules are loosely attached to each
other at different points. The plasticizer added to the polymer increases the movement of the
polymer chain (Daniels, 2009). According to the free volume theory, the free volume represents
the internal volume in the polymer. As the free volume increases, the movement of the polymer
chains will be easier, and thus the flexibility will increase (Cadogan, D.F. and Howick, C.J., 2000).

Plasticizer Types

Aside from having a lot of areas of use, plasticizers also have a lot of types. Some of their
name and consumption rates in 2014 are given in Table 1. (Godwin, A., 2017).

Table 1. : Plasticizer types and their consumption rates in 2014 (Godwin, A., 2017).

Plasticizer Type Consumption Rate (%)
Phthalate Esters 75
Terephthalate 7
Dibasic acid esters 3
Epoxy plasticizers 3
Trimellitate esters 2
Benzoates 2
Cyclohexanoates <2
Polymeric Plasticizers <2
Phosphates 1
Citrates <1
Others 3

Annotation: The classification of plasticizers according to their chemical types and their consumption
percentages in 2014 are given in Table 1. Compared to today, the biggest change in this table was seen in
terephthalate plasticizers. With the prohibition of the use of some phthalate esters in children's toys, an
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increase in the use of terephthalate has been observed and it is predicted that this increase will continue in
the future (Bolton, D., 2013).

Immune System

The Immune System is body defense system that protects the body against diseases, foreign
substances that may come from outside, and their pathogenic effects. The main function of the
immune system is to recognize foreign substances and develop the necessary defense mechanisms
against them (Songu and Katmus, 2012).

The immune system can be classified as innate and the adaptive immune system. Innate
immunity is a non-specific defense system that is formed according to the innate characteristics of
the person. It cannot distinguish the difference of pathogens. Adaptive immunity, on the other
hand, is in a state of change. It responds specifically by distinguishing foreign substances and
pathogens from its own cells (Songu and Katmus, 2012). The differences between the adaptive
immunity and the innate immunity are given in Table 2. (Tomar, N and Rajat, K.D., 2014).

Table 2.: Plasticizer types and their consumption rates in 2014 (Godwin, A., 2017).

The Innate Immune System Adaptive Immune System

Non-specific response Specific response

. Delay between antigen exposure
Immediate response
and response

No immunological memory Retains immunological memory

Found in neatly all forms of life Found only in jawed vertebrates

Annotation: The innate immune system cannot distinguish between pathogens. In contrast, the adaptive
immune system specifically distinguishes pathogens but responds more slowly than innate immunity. While
there is immunological memory originating from T' memory cells in adaptive immunity, these cells are not
found in innate immunity.

Lymphocytes, an important member of the adaptive immunity, contribute to cellular and
humoral immunity. In cellular immunity, the effect of T lymphocytes and macrophages is
dominant. Macrophage, one of the most effective immune cells, is activated after encountering T
cell cytokines (Songu and Katmug, 2012). The innate immune system is called by this name because
it provides protection against pathogens without being dependent on an external factor. The innate
immune system reacts immediately when it encounters pathogens (McComb, S. et al., 2019). The
main four defense barrier types of innate immunity are; anatomical (skin, mucosa), physiological
(temperature changes, pH degree), phagocytic cells as monocytes, neutrophils, tissue macrophages
and inflammatory (serum proteins). Cells of the innate immunity are; phagocytes, neutrophils,
macrophages, natural killer (NK) cells, mast cells, basophils, dendritic cells and eosinophils. The
classified version of the immune system is given in Figure 1. (Tomar, N and Rajat, K.D., 2014).
Antibodies are an element of humoral immunity together with cytokines and complement system.
Immune system cells can be found in the body and also have a network of organs. It is distributed
throughout the body in a way that can quickly stop the spreading infection. The innate immune
cells are usually formed in the bone marrow and reside in the blood and tissues. The cells of the
adaptive immune system; T' and B lymphocytes, mature in the thymus and bone marrow, also
known as primary immune organs, and then remain in the lymphatic tissue. The accommodation
sites of these lymphocytes are known as secondary immune organs. Some of these organs are;
lymph nodes, spleen, appendix, tonsils, mucosa-associated lymphoid tissues, and adenoids
(McComb, S. et al., 2019).
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Figure 1.: Types of the Immune System (Tomar, N. and Rajat, K.D., 2014)
Phthalates

Plastics have brought enormous benefits to society since they were invented, but they have
also had negative effects on the environment and human health. People are constantly exposed to
plastics. Of these, the most worrying are; Phthalates are known as endocrine disrupting chemicals
(EBK). Phthalates are mainly used for their softening effects in polyvinyl chloride (PVC) plastics
(Wang, Y. and Qian, H., 2021). Phthalates also act as lubricants, solvents and impart positive effects
to the products they are added to. There are potential routes of exposure by ingestion, inhalation,
intravenous injection and skin contact (Schettler, T., 2006). While phthalate consumption is
increasing, more than 3000000 metric tons of phthalates are used worldwide every year (Lyche,
J.L., et al., 2009).

Phthalates are diester structured containing a benzene ring with two ester functional
groups. They have low water solubility, with increasing chain length and high molecular weight.
Therefore, while low molecular weight phthalates such as DMP (Dimethyl phthalate) and DBP are
more soluble in water, phthalates with high molecular weight and long alkyl chains have low water
solubility (Lyche, J.L., et al., 2009). Phthalates are generally lipophilic and this property affects their
spreading and environmental degradation properties (Schettler, T., 2006). The general chemical
structures of phthalates are shown in Figure 2 (EPA, 2012).
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Figure 2.: General chemical structures of phthalates (EPA, 2012).

Annotation: Dialkyl ortho-phthalates (or phthalate esters) have the chemical structure shown above. R
groups can be linear, branched, linear-branched or circular (EPA, 2012).

Phthalate Types

Phthalates are phthalic acid diesters and they are classified depends on molecular weight as
high and low. High molecular weight phthalates include various compounds that are widely used
to more flexible and durable plastics. Among them, the most widely used chemical is diethylhexyl
phthalate (DEHP) (Filardi, T. et al., 2020). Phthalates such as DEHP, DBP, diethyl phthalate
(DEP), di-isononyl phthalate (DiNP) and di-iso-decyl phthalate (DiDP) are mainly used to produce
PVC (Wang, Y. and Qian, H. , 2021). Low molecular weight phthalates are common mainly in
personal care products, cosmetics, pesticides and food packaging plastics (Filardi, T. et al., 2020).
With low molecular weight short-branched phthalates such as DMP and DEP are widely produced
and used in medical products and medical devices. Phthalate types and where they can be found
are shown in Table 3. (Wang, Y. and Qian, H., 2021).

Table 2.: Phthalate Types and where they can be found (Wang, Y. and Qian, H., 2021)

Compounds Abbreviation Where It Can Be Found

Diethylhexyl phthalate DEHP Plasticizer

Nail polishers; plasticizer; an additive to

Dibutyl phehalate DBP adhesives or printing inks

Toothbrushes; automobile parts; tools;
Diethyl phthalate DEP toys; food packaging; cosmetics;
insecticides; aspirin

Vinyl tiles; food conveyor belts;

Mono-(2- ethylhexyl) phthalate MEHP carpet tile; artificial leather

Annotation: It is almost impossible to avoid exposure to phthalates, as they are ubiquitous in the
environment. In addition, exposure to phthalates is increasing due to the use of plastic. Some of the
phthalates we encounter in our daily lives and they can be found are given in the table above (Wang, Y. and
Qian, H., 2021).
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Phthalate firstly metabolized with hydrolysis after absorption into the cell, then conjugated
with hydrophilic glucuronide conjugate and catalyzed via uridine 5'-diphosphoglucuronyl
transferase. The type of phthalates exert their toxicological effect in the body with different
mechanisms. Short-branched phthalates hydrolyzed into monoester phthalates and then excreted
via urine, and long-branched phthalates metabolized as hydroxylation and oxidation, which are
then excreted in urine and feces (Wang, Y. and Qian, H., 2021).

Toxic effects of Phthalates

In 20006, the National Toxicology Program (NTP) classified the effect of DEHP on the
reproductive system development of one-year-old boys as 'concerning'. At the same time, the
effects on the reproductive system of boys older than one year of age and exposed in the womb
have been classified as 'somewhat alarming'. Some studies show that exposure to DEHP increases
the risks of asthma, bronchial obstruction, ADHD and its symptoms and altered pregnancy
durations. The National Research Council concluded that multiple phthalates can cause cumulative
adverse effects on male reproductive system development (EPA (United States Environmental
Protection Agency), 2017).

Scientific Committee on Toxicity, Ecotoxicity and the Environment has reached tolerable
daily intake values (TDI) for phthalates based on NOAEL (No Observable Adverse Effect Level)
levels from animal studies. They concluded that predominantly used phthalates such as DEHP and
DiNP had the lowest calculated TDI values (Heudorf, U. et al., 2007). The NOAEL and TDI
values of phthalates in toys are shown in Table 3. (CSTEE, 1998)

Table 3.: The NOAEL and TDI values of phthalates in toys (CSTEE, 1998).

Phthalate NOAEL value Tolerable daily intake
mg/kg/day n g/kg/day

DiNP 15 150

DEHP 3,7 37

DNOP 37 370

DiDP 25 250

Phthalate esters and their metabolites residues commonly detected in different consumer
products, urine, breast milk, and amniotic fluid. Due to phthalates can also cross the placenta, they
could be teratogenic. Babies and young children consume more calories and relatively higher levels
of fatty foods than adults. Children's estimated total dietary DEHP intake is highest, compared to
younger adolescents. In addition to dietary exposure, oral phthalate ingestion also occurs via
mouth, suck, or chew toys. The passage of DEHP from toys with saliva solubilization. With the
release from some toys being higher than the maximum pass-through level determined by the
Scientific Committee on Toxicity, Ecotoxicity and Environment, the European Union (EU)
banned the use of phatalate types in children's toys and childcare products in 1999. In 2005 the use
of DEHP banned (Lyche, J.L., et al., 2009). In the United States (USA), the use of DiNP is still
allowed in toys, and it has been shown that children take up significant levels of DiNP as a result
of chewing activities (Kavlock et al., 2002). Human exposure can either be assessed based on
concentrations found in environmental samples and food, or indirectly reconstructed from urinary
metabolite levels that reflect internal exposure. There is substantial evidence to suggest that
phtatalate types negatively effects the male reproductive system functions, and it has therefore been
suggested that they may have a similar mechanism of action. High doses phthalates inhibit
testosterone production in both fetal and adult Leydig cells. In contrast, low doses of phthalates
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increase the number of adult Leydig cells and increase testosterone production. Side effects of
phthalate exposure related with dose and exposure duration. Serum thyroid hormone (TH) and
thyroid stimulating hormone (TSH) levels disruptions were related with MEHP concentrationsthat
can be indirectly affects the male and female reproductive system. Estimated concentrations of
DEHP in the general population were found to be highest in children and decrease with age. The
critical period for effects on male reproductive development appears to be late pregnancy and the
postpartum period. Recent data have shown that phthalates with a similar mechanism of action,
when administered as a mixture, cause cumulative, dose-added effects on fetal testosterone
production and testicular histopathology (Lyche, J.L., et al., 2009).

There are many studies showing that phthalates have serious toxic effects on many systems
such as cardiovascular system, reproductive system, nervous system and endocrine system.
(Mariana, M. & Cairrao, E., 2020) (Holahan, M.R., & Smith, C.A., 2015) (Hannon, P.R. & Flaws,
J.A., 2015) (Wang, Y. et al.,, 2019) (Holahan, M.R. and Smith, C.A., 2015) (Philippat, C. et al., 2012).

According to a study, deodorants, perfumes, shampoos, creams, make-up materials, soaps
and lotions are hygiene and beauty products that are used by pregnant women and contain high
levels of phthalates. DEHP is the most abundant phthalate in make-up products. However, this
rate may vary according to factors such as geographical conditions, diet, plastic use (Bustamante-
Montes, L.P., 2021). Exposure to phthalates during a sensitive period such as pregnancy causes
metabolic dysfunction in the mother and disrupts fetal development. (Filardi, T. et al., 2020).

Phthalates and Their Toxic Effects on the Immune System

For a functioning immune system, organs, cells and secretions provide body homeostasis.
The first line of defense is innate immune reactions. Stimulation of this system depends on previous
encounter with the pathogen; therefore, some time is required for it to react (Toskala, E., 2014).
Epidemiological studies have investigated the possible relationship between exposure to PVC or
phthalates and respiratory tract diseases in environments such as the home and workplace
(Jaakkola, J.J. and Knight, T.L., 2008). It has been suggested in both in vivo and in vitro
experimental studies that phthalates have adjuvant effects on immunoglobulin production, enable
differentiation from T helper cells, affect cytokine secretion, increase enzyme and histamine
secretion, and increase the phagocytic ability of innate immune cells (Bornehag, C.G. and
Nanberg). , E., 2010). Monocytes and macrophages are cells of the innate immune system.
Monocytes are found between the bone marrow and the bloodstream. They can migrate between
tissues and differentiate into macrophages in the tissues they pass through (Verschoor, C.P. and
Puchta, A., 2012).

In studies investigating the relationship between inflammatory responses and phthalate
esters; while there correlation between high molecular weight phthalate esters and CRP(C-reactive
protein), IL-6(Interleukin-6) and IL-10(Intetleukin-10), no relationship was found with low
molecular weight phthalate esters. According to studies, phthalate ester metabolites MBzP
(monobenzyl phthalate), MiBP (monoisobutyl phthalate) and MnBP (mono-n-butyl phthalate) are
directly associated with high levels of CRP, while other phthalate ester metabolites MCNP
(monocarboxynonyl phthalate) and MCPP (mono- 3-carboxypropyl phthalate) is related with high
levels of IL-6 (Franken, C., et al., 2017). Studies with DEHP also show that phthalates may cause
dysregulation in inflammatory responses and increase TNFa (Tumor necrosis factor) production
from monocytes and macrophages Hansen, J.F., et al., 2015a). In another review, the effects of two
phthalate ester metabolites MEP and MiBP on inflammation elements (TNFa, CRP, alkaline
phosphatase (ALP)) and absolute neutrophil count, ferritin, fibrinogen, IL-18, IL-6 and IL-10 were
investigated. The results found were not in line with other studies (Sweeney, M.R. et al., 2019). In
addition, phthalate esters were found to be positively associated with the anti-inflammatory
cytokine IL-10. The effect of phthalates on both pro-inflaimmatory and anti-inflammatory
responses has also been demonstrated by two different in vitro studies (Hansen, J.F., et al., 2015b).
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Both studies show an increase in 1L-10 levels after exposure to phthalate esters. 1L-10, produced
by natural killer (NK) cells during a systemic infection, acts as regulators that stabilize inflammation
and limit immune-mediated damage to the host (Martinez-Espinosa, 1., et al., 2021). IL.-10 secreted
by NK can also inhibit the function of effector T cells and reduce the efficacy of anti-tumor
immunity (Sun., H., et al., 2021). Increasing IL.-10 levels reduces inflammation-mediated damage
but can also lead to weak immune responses against the tumor. As mentioned before, phthalates
are divided into two according to their molecular weight. High molecular weight phthalates and
low molecular weight phthalates differ in terms of industrial use and exposure routes (North, M.L.,
et al., 2014). While low molecular weight phthalates are used in personal care products, medicines
and other consumer products; high molecular weight phthalates are mostly found in PVC food
packaging, home furniture and other construction materials (Beszterda, M. and Franski, R., 2018).

It is thought that DEHP and monoethylhexyl phthalate reduce the permeability of the
mitochondrial membrane in the human lymphoblast cell line (TKO6), thus leading to Reactive
oxygen species (ROS) production and caspase activation (Rosado-Berrios, C.A. et al.,, 2011)
(Nowak, K. et al., 2019).

Discussion

Phthalates are a group of plasticizers added to plastics to give them flexibility and reduce
their brittleness. They are also called endocrine disrupting chemicals. According to their molecular
weights; they are divided into two groups as high molecular weight phthalates and low molecular
weight phthalates. They are found in many diverse and different areas such as food packaging,
cosmetics, medical devices, drugs, construction materials, personal care products. Exposure is
inevitable as these chemicals are ubiquitous in the environment.

The immune system is a system that protects the body against pathogens that may come
from outside and develops a defense system. There are two forms of immunity, innate and adaptive.
Innate immunity produces non-specific responses and is the first line of defense. Elements of the
innate immune system are natural killer cells, macrophages, dendritic cells, and skin. Adaptive
immunity, unlike innate immunity, responds specifically and is in constant change. Adaptive
immunity elements are T and B lymphocytes. It is divided into humoral and cellular immunity.
Antibodies, which are an element of the humoral system, form an important part of the immune
system. Antibodies recognize the part of the pathogen called the antigen. The system called the
complement system is involved in the formation of the response in both the acquired immunity
and the innate immunity. There are three types of pathways that activate the complement system;
the classical pathway, the alternative pathway, and the mannose-binding lectin pathway.

The toxic effects of phthalates on humans are classified as worrisome. Many studies have
investigated the toxic effects of phthalates on the systems of the human body. It has been observed
that changes occur in the time of birth as a result of exposure during pregnancy. It is known to
reduce testosterone production and delay puberty when exposed to high doses. Exposure is very
important especially in the womb and in the pediatric period.

Studies show that phthalates have positive effects on interleukin levels, CRP and TNFa. It
is also thought that phthalate exposure may lead to autoimmune diseases.

Exposure to phthalates is an important risk factor today. In order to protect ourselves from
phthalates, we should pay attention to the packaging materials of the materials we use and the food
we eat. Since there is a possibility that phthalates can be transmitted through the air, we should
ventilate the environments we are in regularly. Even if it is not possible to be completely protected
from phthalates, which are ubiquitous in the environment, it is important for our health to
minimize exposure.
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Used to Predict Viral Etiology in Patients with Lower Respiratory Tract
Infection in the Pediatric Intensive Care Unit?

Merve MISIRLIOGLU'

Introduction

Viral infections are the most common causes of lower respiratory tract infections (LRTIs)
in childhood. Failure to determine the etiology in patients with LRTTs in the pediatric intensive
care unit (PICU) may lead to inappropriate treatment, unnecessary antibiotic use, and development
of antibiotic resistance, and prolonged hospitalization and intensive care unit stays (1-2).

The neutrophil/lymphocyte ratio (NLR) is calculated using the neutrophil and lymphocyte
values in the complete blood count and is an easily accessible, new biomarker that has been gaining
in popularity recently and can predict the progression and mortality in many rheumatologic, cardiac
and endocrinologic inflammatory diseases. It is thought to indicate the severity of inflammation.
Platelet/lymphocyte ratio (PLR) is used to predict the inflaimmatory process, disease activity,
response to treatment and prognosis in inflammatory diseases and malignancies (2).

Identification of the cause of the disease; It ensures that unnecessary treatment agents are
not used, the clinical course is predicted, and necessary treatment manipulations and precautions
are taken. In this study, it was aimed to investigate NLR and PLR values in predicting the etiology
of viral respiratory pathogens in patients with LRTIs admitted to the PICU due to respiratory
failure.

Materials and Methods

Samsun Training and Research Hospital pediatric intensive care unit provides service with
6 beds as a secondary level. Between October 2021 and April 2022, 126 patients were hospitalized
in the PICU. 26 patients who were admitted to the PICU due to respiratory failure and whose viral
panel was studied from nasopharyngeal swab were included in the study. Patient data were obtained
retrospectively from patient files in electronic media. Patients' age, gender, month of illness, length
of stay in hospital and PICU, NLR, PLR values with leukocyte, lymphocyte, neutrophil and platelet
measurements in complete blood count, respiratory failure treatment approaches (high flow nasal
cannula oxygen therapy, noninvasive and invasive mechanical ventilation) was recorded.

Patients in the 1 month-18 age group who were hospitalized due to respiratory failure due
to lower respiratory tract infection in the PICU and whose respiratory tract viral panel was studied
from nasopharyngeal swab were included. Patients with respiratory failure other than lower
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respiratory tract infection, patients under the age of 1 month and over 18 years of age, those
hospitalized outside of the PICU, and patients whose respiratory tract viral panel was not studied
from nasopharyngeal swab were excluded from the study. In addition, cases with conditions that
may affect the hematological parameters of the patients (chemotherapy, hematological malignancy,
immunosuppression) were not included in the study. Approval was obtained from Samsun
University Clinical Research Ethics Committee for the study (SUKAEK-2022/7/6).

Statistical analysis

SPSS version 21.0 (IBM SPSS) program was used for statistical analysis. Risk factors
affecting respiratory viral panel positivity were analyzed by Binary Logistic Regression Analysis and
Enter method was used to include parameters in the model. ROC Analysis was used to examine
the parameters determining respiratory tract infection positivity, and DeLong Test was used to
determine which of the parameters was better in determining positivity. Analysis results were
presented as mean * standard deviation. Significance level was accepted as p<0.05.

Results

In the pediatric intensive care unit. 126 patients were hospitalized for a period of 7 months.
26 patients who were admitted to the PICU due to respiratory failure due to lower respiratory tract
infection and whose viral panel was studied from nasopharyngeal swab were included in the study.
61.50% (n=16) of the patients were male and their mean age was 20.77+39.50 (1-204) months;
respiratory viral pathogen was positive in 80.76% (n=21). In 5 patients, dual pathogens were
detected and co-infection was present. There was no mortality in any of our cases. The length of
stay in the PICU was 4.881+2.97 (3-14) days and the length of stay in the hospital was 9.15%3.25
(4-19) days. The characteristics of the patients are given in Table-1.

The results of whole blood parameters checked during the patients' admission to the
intensive care unit; It is shown in Table-2. NLR was 3.18£3.65 (0.19-12.14) and PLR was 142.42
1108.62 (12.48-350.90). To determine the parameters that can be used to predict respiratory viral
panel positivity; the effects on positivity were examined by Binary Logistic Regression Analysis.
univariate and multivariate models were established. Since the PLR and NLR parameters cannot
enter the model at the same time (multi-connection problem), two multivariate models have been
established in which both are included separately. Other parameters were also excluded from the
model due to the multicollinearity problem. As a result of the analyzes performed, complete blood
count, biochemistry and blood gas parameters were not found to be an effective risk factor for
respiratory tract viral panel positivity (p>0.05) (Table-3).

Discussion

Lower respiratory tract infections; pneumonia and bronchiolitis consist of bronchitis.
However, since it is difficult to distinguish from each other, especially in pediatric patients in the
younger age group, this is the definition that covers these tables (3). Although the agents of
infection vary according to age, viruses appear as the most common pathogens under the age of
five (4). Respiratory Syncytial Virus (RSV) is the most common cause of bronchiolitis and
pneumonia, and is a virus that causes epidemics especially in winter and spring (5). In our study,
the most common agents were RSV and Rhinovirus. In another study conducted in critically ill
children in our country, RSV was found to be the most common, and Rhinovirus was the second
most common (1).
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As a result of the differentiation of stem cells in the bone marrow, leukocytes, erythrocytes
and platelets are produced. Although the density of the leukocyte series varies according to age,
the majority of them are neutrophils. In the case of inflammation, the lymphocyte count decreases,
while the neutrophil and platelet count increase. It is thought that NLR indicates the severity of
inflammation (6). Numerous studies conducted in pediatric patient groups have reported an
association between increased NLR and PLR and inflammation. NLR and PLR can be easily used
in the diagnosis of diseases with systemic inflaimmation such as Henoch-Schoenlein Purpura,
asthma, acute pyelonephritis, and acute appendicitis and in monitoring their progression. However,
NLR was found to be a factor affecting mortality and morbidity in intensive care patients (7-9). In
an adult study, it was reported that NLR could be a useful biomarker for mortality and acute
respiratory distress syndrome (ARDS) development in patients with miliary tuberculosis and ARDS
(10). Another hematological parameter whose number changes in inflammations is platelets. The
platelet count increases not only in case of acute inflammations, but also in chronic inflammatory
diseases. There are data showing that PLR, which can be used to predict disease activity, response
to treatment, and prognosis in the inflammatory process, affects mortality and morbidity (11,12).

In a PubMed-based study we conducted, we could not find any publication in the literature
examining the relationship between lower respiratory tract infection etiology and NLR and PLR in
the pediatric age group. To the best of our knowledge, our study is the first study on the relationship
between NLR and PLR in patients hospitalized in the pediatric intensive care unit due to respiratory
failure due to LRTTs. In a study conducted in adult COVID-19 patients, they stated that there was
a statistically significant difference between NLR healthy and covid patients, who also received and
did not receive intensive care support (13). In a study conducted with 216 adult pneumonia patients
in the intensive care unit, NLLR and PLLR were studied in the differentiation of bacterial and viral
pneumonia, but no difference was found; stated that it is not an ideal biomarker for viral / bacterial
differentiation (14). In our study, no statistically significant difference was found in NLR and PLR
values in predicting respiratory viral positivity.

As a result; In respiratory tract infections, the correct diagnosis and the application of the
right treatment can reduce the use of unnecessary antibiotic or antiviral treatment, prevent drug
resistance and prevent morbidities that may develop. PLR and NLR are easily accessible and
inexpensive parameters that can be used to detect the inflaimmatory state and do not require
complex calculations. According to the results of our study, we determined that PLR and NLR
could not be used to predict viral etiology in critically ill children with LRTIs; however, prospective
studies with larger patient groups are needed.
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Tables

Table 1. Demographic and clinical characteristics of the patients

Patients’ characteristics

n (%)

Age Groups
1 month-3 months:
3 months-5 years:
=5 years:

6 (23.1%) (2 patients positive / 4 patients negative)
18 (69.2%) (17 patients positive /1 patient
negative)

2 (7.7%) (2 patients positive)

Distribution by month of follow-up
October:

3 (11.6%) (2 patients positive / 1 patient negative)

November: 8 (30.7%) (6 patients positive / 2 patients negative)

December: 2 (7.7%) (2 patients positive)

January: 1 (3.8%) (1 patients positive)

February: 2 (7.7%) (1 patients positive / 1 patient negative)

March: 4 (15.4%) (4 patients positive)

April: 6 (23.1%) (5 patients positive / 1 patient negative)
Detected Viral Pathogens

Rhinovirus: 7 (26.9%)

H.bocavirus: 2 (7.7%)

RSV A/B: 7 (26.9%)

Enterovirus: 2 (7.7%)

Parainfluenza 4: 2 (7.7%)

Coronavirus OC43: 2 (7.7%)

H.metapneumovirus: 2 (7.7%)

Parechovirus: 1 (3.8%)

Parainfluenza 3: 1 (3.8%)

5 patients with co-infection

1. patient: Rhinovirus + H.bocavirus

2. patient: Rhinovirus + Enterovirus

3. patient: Rhinovirus + Parainfluenza 4

4. patient: Rhinovirus + Enterovirus

5. patient: RSV A/B + Coronavirus OC43

Co morbid Disease

Yes: 7(26.9%)
None: 19 (73.1%)

Individual with respiratory tract infection
at home

Yes: 13(50.0%)
None: 13(50.0%)

History of recurrent respiratory infection

Yes: 7(26.9%)
None: 19 (73.1%)

History of previous inhaler treatment

Yes: 10 (38.5%)
None: 16 (61.5%)

High flow nasal cannula oxygen

Yes:25 (96.2%)
None:1 (3.8%)

Noninvasive mechanical ventilation

Yes: 3 (11.5%)
None:23 (88.5%)

Invasive mechanical ventilation

Yes: 3 (11.5%)
None: 23 (88.5%)

Table 2. Results of whole blood parameters checked during the patients' admission to the pediatric

intensive care unit
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Mean = SD
Median (minimum-Maksimum)
WBC 710°/L 12.05 £ 4.72
11.04 (4.28-23.35)
ANC 10°/L 6.66 = 4.66
5.55 (1.40-20.77)
ALC 10°/L 418 +3.11
3.75 (0.90-13.30)
PLT 70°/L 331.50 + 117.12
332.00 (152.00-582.00)
NLR 3.18 £ 3.65
1.38 (0.19-12.14)
PLR 142.42 + 108.62
107.08 (12.48-350.90)
HGB gr/dL 10.93 + 1.74
10.85 (8.4-15.6)
HCT % 32.22 +5.58
32.30 (23.9-44.7)

WBC: White blood cell, ANC: Absolute neutrophil count, ALC: Absolute lymphocyte count, NLR: Neutrophile-to-

lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, HGB: Hemoglobin, HCT: Hematocrit.

Table 3. Examination of risk factors affecting respiratory tract viral panel positivity

Viral Panel Univariate Multivariate 1 Multivariate 2
P p- p-
Negative Positive OR (%95 CI) value OR (%95 CI) value OR (%95 CI) value
WBC 11.83 £ 2.91 12.1 £ 5.14 1.013 (0.818 - 1.254)  0.907 - - - -
ANS 6.09 £ 3.47 6.8 £ 4.96 1.037 (0.825 - 1.305)  0.754 - - - -
ALS 433+ 1.84 4.14 £ 3.38 0.981 (0.718 - 1.339)  0.903 - - - -
PLT 402 £ 108.52 31471 £ 11512 0.993 (0.984 - 1.002)  0.148 - - - -
NLR 2.08 £ 2.37 3.44+£39 1.141 (0.803 - 1.62) 0.461 - - 0.953 (0.505 - 1.798)  0.882
0.993 (0.971 -
PLR 140.73 £ 11557  142.82 + 109.89 1 (0.991 - 1.009) 0.968 1.016) 0.556 - -
0.876 (0.089 - 1.119 (0.095 -
HGB 9.82 £ 1.66 11.2 £ 1.69 1.895 (0.848 - 4.235) 0.119 8.609) 0.910 13.154) 0.929
HCT 28.78 £ 6.63 33.04 £5.14 1.198 (0.944 - 1.522)  0.138 - - - -
3.699 (0.227 - 3.526 (0.156 -
MPV 8.18 + 1.04 8.61 +1.19 1.495 (0.522 - 4.278)  0.454 60.23) 0.358 79.778) 0.428
1.342 (0.703 -
CRP 4.58 £ 3.89 19.3 +29.01 1.153 (0.928 - 1.432)  0.200 2.561) 0.373  1.222 (0.77-1.939)  0.395
AST 53.4 £ 46.72 54.55 £ 57.53 1(0.982 - 1.019) 0.966 1(0.869 - 1.151) 0.995  1.003 (0.869 - 1.157)  0.970
1.003 (0.831 -
ALT 24.6 + 20.67 41.41 £ 73.03 1.008 (0.976 - 1.041) 0.642 1.211) 0.975 1.017 (0.811 - 1.274)  0.886
Utrea 17.6 £ 9.81 21.38 + 16.29 1.029 (0.914 - 1.159)  0.635 1.34 (0.764 - 2.351)  0.307  1.282 (0.808 - 2.035)  0.292
Krea 0.4 +0.42 029 + 0.2 0216 (0.007 - 6.39)  0.375  0(0-87.539) 0171 0 (0 - 58.187) 0.160
27.961 (0.001 -
pH 7.3+ 0.12 7.33 £ 0.09 687284.597) 0.518 - - - -
pCO2 40.6 £7.13 42.29 £ 9.85 1.022 (0.911 - 1.146) ~ 0.711 - - - -
HCO3 20.54 + 5.12 21.67 £ 3.69 1.07 (0.851 - 1.346) 0.561 - - - -
BE -5.54 £ 6.96 -2.88 £ 5.27 1.079 (0.921 - 1.265)  0.347 - - - -
Lactat
e 392+ 44 2.14 £ 0.98 0.712 (0.429 - 1.181)  0.189 - - - -

1Coc&Snell R %40,3; 'Nagelkerke R?: %64,5; 2 Coc&Snell R %39,3; 2Nagelkerke R %63
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Introduction

Heart attack is a heart disease with the highest morbidity and mortality rate among
cardiovascular diseases and is very common in today's societies. The heart is a powerful organ that
pumps blood an average of 60-80 times per minute during rest. It needs to be able to work on its
own with the whole body and to feed itself for the continuity of this work. These self-feeding
vessels are called coronary arteries (Ilhan, 2016). If a deterioration occurs in these vessels, what we
call ischemia occurs and the heart muscle, namely myocardium, cannot be fed adequately. And in
this case, what we call myocardial infarction, that is, a heart attack occurs. Coronary insufficiency
tables vary according to the type, degree and location of the stenosis in the coronary vessels. In
some patients, there may be chest pain that occurs only during physical activity and is relieved by
rest, as well as a heart attack (infarction) that sometimes develops as a result of sudden occlusion
of the vessels and can lead to sudden death, starting with severe chest pain (Aybek, 2020 ).

When a part of the heart muscle undergoes ischemia and is deprived of oxygen, the
myocardium cannot perform its function and a heart attack occurs. Patients' approach to alternative
treatments has increased due to factors such as the expensiveness of the medical and surgical
treatment used, the risky, the difficult accessibility for low and middle-income patients, and the
greater confidence of people in natural methods. Although there are different methods in the
treatment of heart attack in the world and in our country, research on alternative treatment has
increased in many countries such as China and India, along with classical medical and surgical
treatment. Among the alternative treatments, especially in many countries, especially in China,
garlic, green tea, temple tree, licorice, cloves, ginger, St. John's Wort, pomegranate juice and
cranberry juice are used as blood thinners, cholesterol-lowering, anti-hypertension, anti-
atherosclerosis in the treatment of heart attack.

A heart attack usually has typical symptoms that manifest itself in the form of a pressing and
compressive pain in the middle of the chest, radiating from the chest to the neck, spreading to the
chin ears and arms, and especially numbness in the left arm and two little fingers (Sentiirk, 2008).
In humans, many factors such as age, obesity, genetic predisposition, alcohol and cigarette use,
malnutrition, etc., form the basis for heart attack and many similar cardiovascular diseases and
trigger disease formation.

However, among the important risk factors of heart attack can be counted as; Vascular diseases
or heart diseases such as atherosclerosis, a previous heart attack, any rhythm disorder or faint, age
(over 40 in men, over 50 in women), smoking, excessive alcohol consumption, some illegal drugs
and derivatives; high levels of triglycerides, high bad cholesterol and low good cholesterol content,
diabetes, high blood pressure, and chronic high stres (Jensen,1991). The diagnosis of heart attack
is made by the symptoms seen in the patient, the patient's history, physical examination, EKG and
blood tests (Sentiirk, 2008).
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Every year, approximately 18 million people die due to cardiovascular diseases and other
diseases it causes. When the causes of death worldwide are examined, it has been determined that
cardiovascular diseases are the number one cause of death in 2019 (Roth et al., 2020).

It is seen that most of these death rates are in middle-income countries such as Central Asian
and Eastern Furopean countries and some low-income countries. Heart attack is one of the
diseases with the highest mortality and morbidity rates (Kiling et al., 2021) According to the
wortldwide research statistics of the World Health Organization, the number of deaths from
cardiovascular diseases 1s expected to reach 23 million  in 2030
(https:/ /nccih.nih.gov/research/statistics /2007 /camsurvey_fs1.htm). According to the same
report, 18 million people die every year due to heart diseases. According to the report of the
American Heart Association, an increase of approximately 46% in heart failure is expected from
2012 to 2030; In 2030, it is predicted that more than 8 million people aged 18 and over in the USA
(with 5.8 million in 2011) will have heart failure (Bestepe et al., 2020). It is understood that this
estimated increase has triggered further research on heart attacks. Losses due to cardiovascular
diseases in Turkey are equivalent to 30% of all deaths, and this rate represents half of the deaths
from cancer (Coskun et al., 2009). 31% of deaths in the world are due to cardiovascular diseases,
and 85% of them are caused by heart attack and stroke. When we look at the 2018 Turkey data,
36.7% of the deaths are caused by cardiovascular system diseases, 39.1% of them are due to
ischemic heart disease and 22.2% are due to cerebrovascular diseases (T.R. Ministry of Health,
2019).

Considering all these data and evaluations, it is seen that coronary heart disease and
cerebrovascular disease are the most common causes of death among cardiovascular system
diseases.

In addition, even though the deaths due to cardiovascular system diseases have decreased over
the years, it is still seen that it is the most important cause of death both in the whole world and in
Turkey, and the complications related to these diseases are increasing (Tturk et al., 2021).

Considering the deaths caused by cardiovascular system disease, 36% of them are premature
deaths occurring before the age of 75. In terms of chronic heart disease, cerebrovascular disease
and peripheral arterial disease, atherosclerosis was found to be responsible for 71% of all deaths in
1997. When looking at the 35-45 age range in men, the incidence rate is 7% per year, while this rate
rises to 68% at the age of 85-95. In women, the difference decreases as the age progresses, but if
you look at the 10 years later, it is seen that the frequency increases at similar rates (Islegen, 2007).

Many factors such as the increase in education level, increase in income levels, change in
dietary habits and controlling infectious diseases in our country and throughout the world have led
to an increase in life expectancy. The prolongation of the average life expectancy has significantly
increased the percentage of individuals aged 65 and over in the general population in both
developed and developing countries, and the calculations show that 20% of the world population
will be 65 years and over in 2050 (Geng and Yigitbas, 2021). Among the alternative treatments,
such as garlic, green tea, temple tree, licorice root, clove, ginger, St. John's Wort, pomegranate juice
and cranberry juice, which are mainly preferred in many countries, especially in China, in the
treatment of heart attacks, blood thinners, cholesterol lowering, antthypertensive herbal treatment
sources used as a preventative against atherosclerosis. Despite all the developing opportunities,
most of the patients die before they can even reach the health institution. Therefore, people should
be informed about heart diseases, heart attack and its symptoms and should be directed to apply
to the nearest health institution as soon as the symptoms are felt. Patients with heart attack
symptoms apply to the emergency room, and treatment begins quickly. Oxygen support is provided
by measuring the person's blood oxygen value. People with high pain can be benefited from various
painkillers (Daskapan, 2013). The main purpose of treatment; It is the removal and opening of the
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blockage in the vessels feeding the heart and the immediate restoration of blood flow to that area.
Tissue oxygenation is restored and myocardial function is restored. For this purpose, aspirin is
given to remove blood clotting (blood thinner-anticoagulant therapy), nitroglycerin and oxygen
therapy to relieve chest pain and improve blood flow.

CAM (complementary and alternative treatments)

In addition to all these medical treatments, as mentioned before, the tendency to alternative
treatments has increased rapidly due to factors such as easier economic opportunities, accessibility
for patients and their relatives, and the fact that natural methods create a more reliable impression
on people. With this; Complementary and alternative medicine terms are generally gathered under
one title and evaluated as a whole. Alternative medicine is defined as any health service that replaces
medical treatments and is not included in modern biomedicine or treatments (Démbekci et al.,
2020). Complementary medicine, on the other hand, is defined as the treatment and care systems
applied in addition to medical treatment (Ceyhan and Yigit, 2016). According to the definition
made by the United Nations National Institute of Health, “Complementary and alternative
medicine; It is a broad field of health that encompasses all health services, methods, practices and
accompanying theories and beliefs outside the politically dominant health system in a particular
society or culture at a given time (Karayagiz and Oztiirk, 2008).

In other words, many definitions can be made about concepts such as complementary therapy,
which are shaped by the culture, value judgments and beliefs of the society we live in. Traditional
Medicine, or in other words, folk medicine, aims to evaluate the information to be obtained from
the religious beliefs, socio-cultural values and other elements of the culture of the society in which
it is transmitted from generation to generation and to use it in the treatment of diseases (Sttcd,
2018; Ersoy, 2014). An holistic approach to the concepts of health and disease is the essence of
complementary alternative therapies. Observation, trial and error, and the use of datas obtained in
this way as treatment have been transferred from each generation to the next and not only
contributed to medical science, but also used as alternative treatment (Ersoy, 2014). The basis of
alternative and complementary therapy applications is based on Chinese and Ayurvedic medicine
treatments, and it has developed in many areas towards the end of the 19® century. The United
States established alternative medicine offices within the national health institutes in 1993 and
expanded its powers in 1998. It changed its name to the national center for alternative and
complementary medicine (NCCAM, 2018). The purpose of this center; It is stated as to examine
the reliability and effectiveness of complementary and alternative medicine applications and to
ensure the participation of scientifically proven practices in traditional treatments (Karayagiz and
Ogztiirk, 2008).

However, when we summarize the factors that direct people to alternative treatments, the
following come to forward;

*effective and high reliability

*The patient has a feeling that he can control the treatment
*does not include invasive methods

* therapists spend more time with the patient

*besides being accepted easily and getting depressed

* fear of side effects of applied medical treatments
*insecurity

*The patient has no hope of recovery.
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(Ceyhan and Yigit, 2010)

In general, the most common and most preferred complementary and alternative medical
treatments from the past to the present; It covers ancient approaches such as Ayurveda,
Acupuncture, Traditional Anatolian Folk Medicine, Herbalism and Yoga, and new approaches such
as Oxygen Therapy, Ozone Therapy, Detoxification Therapy, Aromatherapy, Homeopathy,
Dietary  Support, Electromagnetic Fields, Massage, Reiki, Bioenergy and Hypnosis
(http:/ /tr.wikipedia.org/wiki/ Alternatif).

Ayurveda treatment, which is the most preferred and widely used in countries such as China
and India, is one of the oldest treatment methods (X century BC). It literally means 'science of
wellness' and originates from the mystical philosophy of the Hindu religion.

It is widely practiced in Nepal, Sri Lanka and Bangladesh. It is accepted as focusing on healthy
life instead of preventing the emergence of the disease or instead of intervening when the
symptoms of the disease occur or curing the diseases. According to this system, the human body
and the universe in which it lives are a whole, and human health is actually considered as a balance
of various elements that make up this whole. Ways to live long and healthy; Recommendations on
nutrition-lifestyle and physical-psychological health are presented in the form of complex systems
such as massage, meditation and yoga techniques. Ayurveda practice can be summarized as
maintaining a long and healthy life by reducing the effects of time and strengthening the body's
immune system (Ozturk, 1990).

Another treatment method that attracts the most attention and has been the subject of
research in recent years is herbal treatments. Since ancient times, plants have been used as medicine
and serious successes have been achieved in the treatment of many diseases. Especially since the
end of the 20" century, the tendency to treatments with herbs has increased rapidly due to reasons
such as being more economical, easily accessible, and having less side effects and toxic effects.
Herbal treatment sources such as garlic, green tea, ginger, Echinacea, Gingko biloba, Ginseng,
Elderberry, Turmeric, St. John's Wort, Valerian, Chamomile are traditionally used to treat
numerous illnesses, including heart disease, dementia, sleepping problems and some others.
Because herbal remedies are derived from natural sources, they are generally considered safe, but
this may not always be the case. Like traditional medicines, the use of herbal supplements may
cause serious side effects or interact with other medicines taken.

When looking at complementary therapies in general, they are classified according to different
criteria as follows:

1-Traditional Alternative Medicine: This field includes more common and accepted forms of
therapy such as acupuncture, Ayurveda, naturopathy, homeopative, Oriental practices (Natural
therapy, Chinese or Oriental medicine). Acupuncture is a kind of therapeutic model based on
traditional Chinese medicine (includes Chinese herbal medicine, moxibustion, cupping, Chinese
massage, mind-body therapies such as Qigong and tai chi, and dietary therapy). These therapies
have been practiced around the world for centuries.

2- Biologically-Based Therapies

The biologically-based therapies include aromatherapy, diet-based therapies, chelation therapy,
folk medicine, iridology, megavitamin therapy, phytotherapy/herbal medicine and neural therapy.

3-Body Therapies: Touch has been used in medicine since the early days of medical care.
Tactile healing is based on the idea that illness or injury in one part of the body can affect all parts
of the body. With manual manipulation, the body can fully focus on healing at the site of injury or
illness if other parts can be brought back to optimum health. Body techniques are often combined
with mind techniques. Examples of body therapies as chiropractic and osteopathic medicine;
acupressure, Alexander technique, Bowen technique, chiropractic manipulation, Feldenkrais
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method, osteopathic manipulation, reflexology, Rolfing, Trager bodywork, and Tui na, Meditation;
Biofeedback and Hypnosis, Massage; including, Swedish massage, sports massage, deep tissue
massage, and trigger point massage, body movement therapies; biofeedback, bioresonance,
cognitive-behavioral therapies, deep-breathing exercises, tai chi, yoga, and shiatsu can be given.
According to one of study; the use of frequency of this therapies change from 2% to 57%, with
deep breathing and meditation most preferred. In this study, it was indicated that, Cardiac patients
used these for stress, emotional health, and general wellness.

4-Dietary and Herbal Approach: For centuries, human beings have moved from a simple diet
of meats, fruits, vegetables and grains to a diet consisting of foods usually rich in fats and complex
carbohydrates. Both, as well as nutritional surplus and deficiency, have become problems that lead
to certain chronic diseases in today's society. Many dietary and herbal approaches are used to
balance the body's nutritional health. Within diet and herbal approaches, Dietary supplements;
herbal medicines; Nutrition / Diet applications ate included.

5-External Energy Applications: Some people believe that external energies from objects or
other sources directly affect a person's health. Examples of external source energy therapys as
Electromagnetic treatments; healing touch, light therapy, magnetic therapy, millimeter wave
therapy, sound energy therapy, Reiki and Qigong can be given. Reiki include therapeutic touch and
healing touch, known as together "hand-mediated" therapies and its aim to reduce pain and anxiety
and increase health via healing energy aspect.

-Forms of Sense-Based Treatment: Some people believe that the senses, namely touch, sight,
hearing, smell and taste, can affect overall health. Examples of therapies involving the senses are
Art, dance and music;Visualization and auxiliary images also can be added
(https:/ /www.hopkinsmedicine. org/health/wellness-and-prevention/ types-of-complementary-
and- alternative-medicine; Rabito and Kaye, 2013).

In addition to all these, various researches on cardiovascular, lung and blood diseases and their
treatments were conducted by the National Heart, Lung and Blood Institute and the National
Institute of Complementary and Alternative Medicine in 2001.

In the workshop held on the general use of CAM applications, there were positive opinions
on the fact that individuals began to prefer CAM applications to a large extent, and for this reason,
a joint decision was taken to initiate large-scale clinical studies in order to maintain and protect the
health of the population. It was emphasized that more serious research should be done to
understand the basic functioning of CAM applications, that time and resources could be wasted
and even risky. It is thought that meaningful basic and clinical studies are needed to standardize
the use of procedural CAM interventions and herbal products in treatment (Lin, 2001).

Standart Conventional Treatment and Drugs for Cardiovascular Treatment

After the definitive diagnosis of heart attack is made, it is necessary to start treatment quickly
to unclog the coronary vessels in the cardiovascular system, and for this purpose, two treatment
methods are applied;

These are;
1. Clot Dissolving Drugs (Thrombolytic Therapy)
2. Percutaneous coronary intervention (coronary angiography and angioplasty)

If we look at the interaction between drugs used in the treatment of cardiovascular diseases
and CAM,;

-Warfarin and its use for antithrombotic therapy:
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Many herbal uses have interactions with warfarin. During the use of herbal therapy, it increases
the risk of bleeding in patients receiving warfarin or conventional antiplatelet therapy, etc. It can
make positive or negative changes in platelet function, such as In many cases, it is thought to
increase the likelihood of bleeding; however, numerous cases of increased bleeding tendency have
been reported in patients using herbal supplements with or without warfarin.

-Digoxin: It has been explained that some plants can act as digoxin-like active substances and
therefore, plants that are likely to act in this way can increase the digoxin effects of plants. Chinese
silk vine (Periploca Sepium) is a poisonous plant containing cardiac glycosides. Uzarae radix (uzara
root) has been noted to have cardiac effects like digoxin when used in high doses. Serious side
effects of herbal treatments may result from lack of standardization and inadequacy in packaging
and preparation.

-Cyclosporine: This substance, which is used for immunosuppression after heart
transplantation, is exposed to many drug-drug interactions. For example, interaction with Diltizem
causes increased levels of cyclosporine. If diltizem is used in patients with heart transplantation and
hypertension, the dose of cyclosporine should be reduced. St. John's Wort is used as herbal
treatment for those with depression and mood disorders. Unexpected interactions with
cyclosporine have been reported in various sources. It is stated that it causes a decrease in the level
of cyclosporine and its rapid elimination from the body (Miller et al., 2004).

After all these definitions of CAM and Cardiovascular area, we summarized many different
CAM applications that have been tried in different geographies and including different applications
in this field, and aimed to reveal the advantages and disadvantages of CAM applications in the
Cardiovascular field, as well as being used in the treatment of many different diseases.

Summarized of some Studies on Cardiovascular Fields:

Studies to determine the use of CAM (complementary alternative therapy) in the field of
treatment of heart disorders are also carried out in different counttries.

One of them; It was conducted based on a questionnaire analysis between April 2013 and
April 2014 to determine the use of CAM in patients in the Cardiac Surgery unit of Angers
University Hospital in France. It was understood that 58% of the 154 patients included in the study
used a complementary and alternative medicine at least once in their lifetime, 38% in the previous
year before the disease appeared, and 14% between consultation and surgical intervention.

In total, 71% preferred alternative treatment at any stage of their illness, and only 29% of those
who used it informed their doctors and paramedics about it. It has been understood that the use
of complementary and alternative medicines is common among patients who apply to cardiac
surgery units, but the authorities are not sufficiently informed about this issue (Dalmayrac et al.,
2010).

Cardiovascular diseases (CVD) have traditionally been treated with medications and lifestyle
changes. The use of complementary therapies in this field has been increasing in recent years. The
use and success of CAM in the prevention and treatment of CVD, including hypertension,
hypetlipidemia, coronary artery disease, heart failure, and arrhythmias, was discussed in this another
study. Especially It has been suggested that Gatlic, which is included in TAT herbal applications,
may exert an antiatherosclerotic effect by interfering with the inflammatory and oxidative pathways
and inhibiting the lipid shield in the vessels, and it may mediate decreased peripheral vascular
radiation, vasodilation and smooth muscle expansion.

It has been concluded that alternative methods such as special nutrition programs, meditation,
yoga, acupuncture, herbal herbs and vitamin supplements that can be used as an adjunct to
traditional medical care to improve cardiovascular health and quality of life can be used in this area
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as promising, and it has been emphasized that similar results have been obtained from different
studies. But It was stated that physicians interested in the subject should be informed about the
possible effects of CAM interventions such as diet, exetcise, supplements, hetbs and mind/body
techniques (Aggarwal et al., 2017).

In the surgically created heart attack model, animals were administered T3 and T4 hormones
via gavage as a treatment model in another study and the values of proapoptic proteins p53, JNK,
BAX, Bcl2 were examined to determine the effect of the treatment given afterwards. It was
determined that thyroid hormones improve cardiac function and decrease the expression of
proapoptic proteins after heart attack since apoptosis is determined by genetically p53 evaluation.
It was concluded that hormone therapy, which is one of the CAM methods, has advantages in
terms of the therapeutic effect of heart attacks and the availability of alternative treatments against
heart attacks (Castro et al., 2010).

In the heart attack model caused by doxorubucin carried out by Shahid et al. in 2021; It has
been reported that doxorubucin was given every other day and intraperitoneally for two weeks, and
oral administration was applied for 14 days to determine the cardioprotective effect of boswellic
acids for treatment purposes. It was stated that blood lipid profile and cardiac biomarkers including
LDH, CK-MB, CPK, SGOT and troponin T were measured and histopathological evaluations
were made. According to the results obtained, it was stated that there was a significant increase in
cardiac enzyme levels and full lipid profile parameters in the diseased group compared to the
control group. On the basis of pretreatment with boswellic acids reduced the level of all measured
parameters and reduced the severity of myocardial damage, as supported by histopathological
studies as well (Shahid et al., 2021).

In a study conducted by Saravanan and Prakash in 2004 to investigate the effect of garlic
(Allium sativum) on lipid peroxidation in heart attack; Iso was used to create a heart attack, and
garlic oil was used as a treatment agent within herbal treatment CAM. As stated in the study; In
myocardial necrosis caused by isoproterenol; A significant increase in serum iron content, a
significant decrease in plasma iron binding capacity, ceruloplasmin activity and glutathione (GSH)
level were observed, while a significant increase in lipid peroxide levels was obtained. It has been
stated that the activities of antioxidant enzymes such as superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPX), glutathione-S-transferase (GST) and glutathione reductase
(GRD) are significantly reduced in the heart with isoproterenol-induced myocardial necrosis.
According to the results obtained; It has been stated that garlic oil provides a significant return
with its curative effect in metabolic changes due to heart attack caused by isoproterenol. It is an
important study in terms of using garlic-containing oil as a treatment agent and demonstrating the
curative effect of garlic as an alternative supportive treatment (Saravanan and Prakash, 2004).

In the study of Mnafgui et al. in 2016; In the iso-induced heart attack model, the
antithrombotic, anti-inflammatory and cardiac preventive effects of euganol were investigated.
There were first negative and then positive changes in troponin-T, CK-MB and LDH and ALT
plasma levels in all disease-induced and treated groups. An improvement was observed in the
markers indicating cardiac damage in the eugonal treatment group, and that eugenol reduced
inflammation by reducing inflaimmatory mediator proteins; indicating eugenol has a high level of
protective effects in the cardiac formation process. It is important that the use of eujonal as a
treatment agent and the subsequent improvements in biomarkers reveal the curative effect of
eugenol, the active ingredient of garlic, as a herbal CAM application (Mnafgui et al., 2010).

In the study conducted by Ganguly and Alam in 2015 to determine homocysteine and its
effects on the cardiovascular system; It has been stated that homocysteine can initiate an
inflammatory response in vascular smooth muscle cells by stimulating the production of CRP.
These findings provided new evidence for the role of homocysteine in the pathogenesis of the
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disease and it was stated that it may be sufficient to prove the role of homocysteine in the
pathogenesis of cardiovascular disease.

In this study, it was found that hyperhomocysteinemia may develop due to folate, vitamin B12
or choline deficiency, and It has been stated that the negative situation can be corrected and the
risk of CVD caused by it can be prevented with supportive treatments such as nutrition and
exercise. This study is important in terms of revealing the effect of homocysteine use and exposure
to hyperhomocysteinemia on cardiovascular disease risk factors such as myocardial damage and
also the effect of folate, vitamin B12 or choline deficiency on the occurrence of heart attack, which
can be complemented by CAM supplementation applications. (Ganguly & Alam, 2015).

In other study; 96 male Wistar rats (16 weeks old) were used by dividing into 12 groups.
Transthoracic echocardiography was performed on the rats. 4 weeks’ treatment was appplied with
using Allium sativum, Peganum harmala and Apium graveolens as CAM methods. Acording to
findings, Allium sativum, Peganum harmala and Berberis vulgaris could significantly improve
cardiac function by improvement of left ventricular remodeling, lowering hs-CRP and NT-
ProBNP and echocardiographic indexes without toxic effect into rats, suggesting they can be used
as an alternative treatment with no harmfull effect (Keihanian et al., 2021).

Oxidative stress is considered an important factor for several different disease including
cardiovascular disease (CVD). An active components of Chinese herbal medicines (CHMs) have
been searched and widely used for the treatment of CVD, including hypertension and coronary
heart disease. In a different study, various active CHM components have been searched and It has
been found that the active CHM components including astragaloside, ginsenoside and resveratrol
can regulate and modulate the oxidative stress and the circulatory system, suggesting they can be
used as an potential drugs for the treatment of various CVDs (Chang et al., 2020).

Gallic acid is a trihydroxybenzoic acid found in tea leaves and some plants. In a other study,
the efect of gallic acid as an herbal treatment, on cardiac dysfunction and fibrosis in a mouse model
of pressure overload-induced heart failure and in primary rat cardiac fibroblasts were searched. It
was found that Gallic acid reduces cardiac hypertrophy, dysfunction, fibrosis and the expression
of collagen type I and connective tissue growth factor; It decreases left ventricular end-diastolic
and end-systolic diameter, perivascular fibrosis, and recovers the reduced fractional shortening and
it suppresses the expression of atrial natriuretic peptide, brain natriuretic peptide, skeletal a-actin,
and B-myosin heavy chain. According to these findings; gallic acid is a therapeutic agent and can
be used safely for cardiac dysfunction and fibrosis in chronic heart failure (Jin et al., 2018).

In a different study, heart attack induced by experimentally giving the active substance
(isopretrenol) to rats and to cause myocardial damage by adding homocysteine to the drinking
water of the rats. Resveratrol, garlic extract and euganol as a complementary treatment were given.
Regarding heart attack and damage, experimentally administered isopretrenol causes heart attack
and homocysteine causes myocardial damage, the applied active substances of CAM methods had
a protective and therapeutic effect at different doses and levels, suppresses apoptosis on the basis
of genetic, molecular and biochemical analysis, indicating they can be used effectively and safetly
(Kocaman, 2022; Kocaman and Dosay-Akbulut, 2021).

In different study, a cross-sectional survey was conducted to the patients of cardiovascular
clinics at Singapore for 2 months in 2014. Information included subjects related to various aspects
of CAM use and its effect. According to findings; The prevalence of CAM use was 43.4 %
(333/768). Biologically-based systems (29.4 %) was the most preferred type of CAM. Some patients
(19.0 %) used multiple types of CAM. Approximately half of patients (50.8 %, n=169) found
CAM effective in treating their heart condition, while a smaller proportion (25.2 %, n = 84) found
CAM more effective than conventional western medicine in treating their heart condition. A small
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number of CAM users (7.8 %, n = 26) come a cross with side effects from CAM which included
gastrointestinal complaints, allergy and rash.These findings suggested that CAM methods are
popular within and can be prefer and use safely by cardiovascular patients (Teo et al., 2016).

Another similar study was conducted to evaluate the effects of Mind-body practices (MBI)
(eg, Tai Chi, yoga, meditation) included in CAM on individuals with heart failure. For this purpose,
the questions were asked to 1314 participants for determining the use and effects of 9 CAM
methods covering mind-body practice. The results were found as follows; Tai Chi (n = 7), yoga (n
= 4), relaxation (n = 4), meditation (n = 2), acupuncture (n = 2), biofeedback (n = 2), stress
management (n = 1) , Pilates (n = 1) and reflexology (n = 1). Most of the participants (n = 22,
95.8%) experienced quality of life (14/14), exercise capacity (8/9), depression (5/5), anxiety and
fatigue (4/4), blood pressure (3/5), stated that there was an improvement in criteria ranging from
low to moderate according to heatt rate (5/6) and heart rate variability (7/9) criteria. According to
these data; It has been stated that CAM applications can create moderate advantages in people with
heart disease and can be applied and preferred as a supportive treatment. (Dosay-Akbulut, 2020).

In a similar different study, 10,572 respondents with cardiovascular disease were used and
analyzed data on their CAM use. Among them, 36% had used CAM in a 12 months period. The
most commonly used therapies were herbal products (18%) and mind-body therapies (17%).
Among herbs, garlic, echinacea, ginseng, ginkgo biloba, and glucosamine with or without
chondroitin were preferred mostly. Among mind-body therapies, deep-breathing exercises and
meditation come forward. The patient that used CAM for their cardiovascular condition within
this survey, reported the therapies as beneficial (80% for herbs, 94% for mind-body therapies) (Yeh
et al., 2000).

Another study; based on determination of CAM using ratio after acute myocardial infarction
(AMI). Patients with AMI were assessed using Angina Frequency and Quality of Life domains from
the Seattle Angina Questionnaire and the Short Form-12 Physical and Mental Component scales
for their CAM using ratio and their choosing categories (as mind-body, biological, and manipulative
therapies) prior to and 1 year after AMI obtained from 24 US sites.

Among 1884 patients which they indicated not using CAM at the time of their AMI, 33% of
them reported that started et least 1 forms of CAM therapy 1 year following AMI. 62% adopted
mind-body therapies, 42% adopted biological therapies, and 15% started to use manipulative
therapies. According to findings; they were not obtaine any association between CAM use and
health-status recovery after AMI within patients of this study (Shafiq et al., 20016).

Coronary heart disease is determined and known with the formation of arterial plaque. If care
is not taken, it can be cause important problems like myocardial infarction and heart failure. Zhishi
Xiebai Guizhi Decoction can be use as a representative prescription in the treatment of coronary
heart disease. This another study was dizayn to give the information related to mechanism of Zhishi
Xiebai Guizhi Decoction in treatment of coronary heart disease. In this study, first of all the content
of Zhishi Xiebai Guizhi Decoction was determined. Then, it was aimed to determine and analyze
the molecular targets of Zhishi Xiebai Guizhi Decoction in coronary heart disease by using OMIM
and GeneCards databases.

In the findings; by using network pharmacology analysis, they were found that different
important core compounds of Zhishi Xiebai Guizhi Decoction (includes five herbs; as
Aurantiifructus immaturus, Alli macrostemonis bulbus, Trichosanthisfructus, Magnoliae
officinalis cortex, and Cinnamomi ramulusand) has therapeutic efficacy and anti-inflammatory
effects especially agains to chest stuffiness and indirectly against to cardiovascular diseases.

According to results; they indicated that Zhishi Xiebai Guizhi Decoction as one of CAM types
may play a role in treating coronary heart disease with successfully via several different signaling
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pathways and it can be nomanated in using against to coronary heart disease (Liu et al., 2022; Gao
et al., 2021).

Another study; carried out to determine the using ratio of CAM within hospitalized patients
with acute coronary syndrome from March 1, 2001 to October 31, 2002. Because the
complementary and alternative medicine (CAM) is generally preferred by patients with
cardiovascular disease. Poisson regression models were used to assess the results.

In the findings; CAM using ratio was 19% in patients with coronary artery disease (CAD).
Most of them who used CAM were non-Caucasian (31% vs 12%), uninsured (12% vs 7%),
economically burdened (58% vs 29%), and had depression (13% vs 6%, p<0.05 for all). The most
preferred CAM types in patients using CAM are beta-blockers (64% vs. 46%, p=0.008), aspirin
(73% vs. 74%, p=0.90), and statins (68% vs. versus 71%, p=).

According the results, CAM users of this study have worse socioeconomic status but in
comparison with standart therapies no evidence was obtained that using of CAM cause to worse
situation (Decker et al., 2007).

There is unsufficient datas on the use of complementary and alternative medicine (CAM) by
patients diagnosed with coronary heart disease (CHD). In this study; the using ratio of CAM among
patients with CHD, the reasons and factors effecting their choise, the preffered types of CAM, and
the relationship between CAM using situation and patient's demographics were searched.

A cross-sectional questionnaire descriptive study was carried out with Palestinian CHD
patients from three different hospitals. Siahpush scale was used to determine the approach of CHD
patients toward CAM use.

150 patients were interviewed and 128 (85.3%) of the them completed the questionnaire. The
majority of CAM users indicated they use CAM for health problems other than CHD, while a total
of 59 (45.9%) patients have used CAM for their heart problems. Also; religious practices were
found to be the most preferable form of CAM used by patients, while body and traditional
alternative methods were the less.

According to the findings; Participants of this study commonly prefer CAM. Also, Religious
practices come to first (Salah et al., 2020).

Another study was carried out to determine the possible use of Traditional Chinese medicine
(TCM) within the first 24 hours of hospitalization (early IV TCM) for acute myocardial infarction
(AMI). Datas were collected from 175 modern Western medicine hospitals throughout China
including total of 14 097 patients with AMI across the 3 years. Within the CAM techniques the
most preferable ones was herbal medicines and divided into 6 main groups according to their
contents. These are respectively, Salvia miltiorrhiza; Panax notoginseng; Folium ginkgo; puerarin;
and breviscapinun. According to result, almost all (99%) hospitals tried early intravenous TCM.
The most commonly used eatly intravenous TCMs were Salvia miltiorrhiza (danshen) (35.5%),
after that Panax notoginseng (12.2%); Folium ginkgo (7.5%); puerarin (2.7%); and breviscapinun
(2.2%) come to forward respectively. On the basis of analyses, no significant associations between
eatly intravenous TCM and in-hospital bleeding or mortality was obtained (Spatzs et al., 2018).

Complementary and alternative medicine (CAM) is most commonly used in China in the
treatment of coronary artery disease (CAD). In different study; to determine the CAM using ratio
and types and related informations against to CAD, a questionare study was design in Beijing. The
obtained datas were analyzed with Student's t-test and chi-square test. The datas wete obtained
from 546 patients with a diagnosis of CAD in the period of May to July, 2009. According to
findings; 69.1% of the patients with CAD used at least one of CAM types. Patent herbal medicine
(90.7%) was the most preferred CAM type. Comparison to non-CAM users, It was reported that
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CAM users were older (p < 0.01), had a longer disease course (p = 0.02), and had better current
health status.

On the basis of results; there are several different and important factors which can affect the
use of CAM by CAD patients (Chu et al., 20013).

In another study; the use of complementary and alternative medicine (CAM) possibilies, ratios,
types and the reasons among people with type 2 diabetes and/or cardiovascular disease (CVD),
and the effect onto the quality of life were searched.

For this study; a survey was applied via mail and internet in Victoria, Australia.

The applicants were adults with type 2 diabetes and/or CVD, questiones were asked about
whether they used CAM therapy as well as conventional medical treatment.

In the findings; The answers were given as follows; from 2766 people, 45.1% had used CAM
in last 1 year period with between 20-96 years old ages. CAM users reported lower (worse) quality
of life data than nonusers. In contrast, CAM users reported more positive changes in their
perception of illness and behavior towards it than nonusers.

Most CAM users (94.6%; n=1180) used CAM, primarily vitamins, minerals and other
nutritional supplements; 96.9% used them in addition to prescription drugs in standard treatment.
54.5% (n=671) of CAM users received counseling from CAM practitioners.

The rate of recommendation for the first use of CAM by a doctor, pharmacist or another
healthcare professional (42.7%); Belief that CAM will be good (39.4%); The belief that CAM is not
harmful (33.3%); a desire to have more control over their health (31.3%); desire to use “natural”
(27.8%); close circle advice (23.8%); results were obtained as dissatisfaction with the standard
treatment (18.2%).

These findings show that the use of CAM has a positive effect on the perspectives of people
with chronic conditions. Considering the general high use of CAM, there seems to be a belief that
the use of CAM can support the prevention of chronic diseases (Canavay et al., 2013).

Complementary and alternative medical (CAM) therapies are growing in popularity. There is
little information on the use and success of CAM therapy, especially in patients with cardiovascular
disease (CVD). In another study; telephone questionnaires were applied to 107 randomly selected
patients with CVD. In the findings; 64% of the surveyed patients reported using CAM. Nutritional
supplements (40%) and vitamins (35%) were the most preferred ones. Most of the CAM users
(65%) declared that they applied to CAM because of their heart conditions. Friends or relatives
(43%) or their own doctors were reported as the sources of information about CAM. However,

the majority of respondents stated that they also received an oral supplement at the same time as
CAM.

According to findings; It is seen that the use of CAM treatments is high on the basis of patients
participating in the survey. Therefore, more illumination and studies are needed on this subject
(Wood et al., 2003).

The use of complementary and alternative medicine (CAM) is increasing day by day. People
with cardiovascular diseases frequently use CAM, despite significant side effects and insufficient
information to support its use. This study was planned to reveal the relationship between CAM
use in heart patients, the types of CAM used, the reasons and factors affecting its use, patient
demographics and CAM use.

This study was conducted with 329 adult heart patients in the South-West District of Trinidad
and Tobago. A questionnaire was applied to the participants between July 1, 2012 and August 31,
2012. Data analysis included y(2) tests and binary logistic regression.
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In the result; One hundred and eighty-five (56.2%; standard error [SE] = 2.74%) patients were
found to use CAM. Herbal medicines are the most common (85.9%; SE = 2.56%); Among the
CAM methods used, spiritual therapy/mind-body systems (61.6%; SE = 3.58%), physical
therapy/body manipulation (13.5%; SE = 2.51%), alternative systems (8%, 1; SE = 2.01%) and
other methods (3.8%; SE = 1.41%) respectively.

The most frequently referenced CAM subtypes were determined as omega-3 fatty acids
(54.6%), B vitamins (50.4%), special diet/nutritional supplements (41.1%), and faith healing
(54.1%). Participants believe that CAM improves health and wellness (79.5%; SE = 2.97%), is
supportive in the fight against diseases (78.9%), believes that it can overcome the limitations of
standard treatment (69%), those who believed it relieved symptoms (21.6%), cost less than standard
treatment (CM) (21.6%) and had symptoms those who stated that they improved less than those
who stated that there were fewer adverse/damaging effects compared to standard treatment (CM)
(29.7%) or those who were unsatisfied with CM treatment (12.4%) results are declared. Ethnicity
has been found to have an impressively greater effect on CAM use than religion.

Acording to findings; In this study, the use of complementary and alternative medicine was
found to be high in heart patients (56.2%, SE = 2.74%), and it was revealed that ethnicity and close
environment affected the use of CAM (Bahall, 2015).

It would be beneficial for patients with coronary heart disease to learn how to manage their
condition and make the necessary controls in order to maximize their quality of life and prevent
recurrence or worsening of the disease. This study was planned to investigate the behaviors of
patients towards the use of complementary and alternative drugs and therapies (CAM) within 1
year after experiencing a cardiac problem in England.

A questionnaire was applied to 463 patients who applied to 4 hospitals in the West Midland
region of England during a 12-month follow-up period. In the results; 91.1% of the patients
participated in the survey study and 29.1% stated that they used CAM (mostly, acupuncture,
homeopathy, chiropractic, dietary supplements, massage and rubbing for aches and pains,
exercises) and/or one of the test kits, but very few (8.9%) used both methods. According to the
results, CAM was used more frequently in the treatment of other diseases than cardiovascular
diseases. Self-test kit use (77.2%) was found to be more common than CAM (31.7%), the most
common (80.0%) being recorded as blood pressure monitors. The majority of the patients (89.5%)
declared that they bought these test kits from various sources on their own initiative.

On the basis of findings; It was stated that the patients tried new technologies to monitor their
cardiovascular health, and the rate of CAM usage was less than that of test kits (Greenfield et al.,
2008).

This another study was conducted to evaluate the frequency and types of CAM treatments in
patients hospitalized with acute coronary syndrome arising from cardiac causes.

An attempt was made to reveal the profile of CAM users. Data were collected through
interview and based on information on demographics, patient's medical history, CAM use, doctor
visits, and patient-physician communication. 223 patients provided the necessary information by
meeting the appropriate criteria and filling out the questionnaire. Sixty-three percent stated that
they had used at least one CAM treatment in the past 1 year for general health purposes. Only
11.7% of the patients reported using CAM for cardiovascular problems. The rate of CAM use was
found to be higher in women than in men, and it was observed that they tended to use more CAM
treatments. More than one third (35.9%) of the patients using CAM did not inform their doctor
about it (Barraco et al., 2005).

Complementary and alternative medicine (CAM) can provide both risks and benefits for
people with cardiovascular disease. In this study,
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A general systematic study was conducted, including studies on the use of CAM in patients
with cardiovascular disease. Twelve of the 27 studies included in this overall evaluation wete in the
United States; six of them were made in Canada. The remaining nine were conducted in England,
Hong Kong, India, Italy, Korea, Nigeria, Spain and Turkey. It was stated that sample sizes ranged
from 65 to 10572 patient data.

When we look at the results; Twenty-seven studies were included in this study and the data
were evaluated. It has been observed that the rate of CAM use in heart patients varies between 4-
61%. Among the CAM types used, the rate of biologically based treatments varied between 22%
and 68%, while herbal medicines were used between 2% and 46%. Within the biologialy based
treatments; vitamins, minerals and other dietary supplements were preferred and used between 3%
and 54%. The most used supplements were vitamin B/B12 or B complex, vitamin C, vitamin E,
calcium, glucosamine/chondroitin, coenzyme Q10, calcium and magnesium. The most preferred
herbs were echinacea (2% to 14%), garlic (1% to 69%), ginger (1% to 24%), ginkgo (1% to 9%),
and ginseng. The using ratio of mind-body therapy (MBT) ranged from 2 to 57% with prayer and
fasting. Aiming good health were the main reasons for taking vitamins and herbal therapy as well
as specifically to treat cardiovascular disease and believe to get benefit from CAM. The majority of
patients did not inform their healthcare professionals about their use of CAM.

According to these results; The use of CAM appeared to be common in patients with
cardiovascular disease. The findings stated that the effects of CAM on the medical treatment of
cardiovascular disease were not taken seriously and patient-physician communication should be
strengthened in this regard (Grant et al., 2012).

Another study was conducted to examine the frequency and pattern of complementary and
alternative medicine (CAM) use in patients with hypertension who applied to a hypertension clinic.
225 patients who applied to the hypertension clinic of Lagos University Teaching Hospital over a
3-month period were interviewed and data were collected. Information on socio-demographic data,
hypertension, blood pressure, compliance with conventional drugs and use of CAM were obtained.
Healing systems, mind-body connections, dietary supplements and herbs, energy therapy, and
manipulation and touch therapy types were classified into questions to determine the CAM
methods used.

When we look at the results; Data from 90 (40%) male and 135 (60%) female patients were
evaluated. 88 (39.1%) of the participants stated that they use CAM. Herbal products were declared
as the most preferred type of CAM. Garlic was preferred as the most frequently used herbal
product (69.3%). Others are native plants (25%), ginger (23.9%), bitter leaf (Vernonia amygdalina)
(9.1%) and aloe vera (4.5%). Spiritual therapy was used at a rate of 2.5%. None of the patients used
healing systems, energy therapy, or manipulation and touch as CAM types. There was no difference
between CAM users and non-users in terms of characteristics such as socio-economic status and
blood pressure control.

According to these results, it has been revealed that a significant proportion of hypertensive
patients use CAM therapies. Due to the high rate of use of herbal CAM methods among the
hypertensive patients participating in this study, it is seen that it is important to inform the
physicians about the benefits and harms of such practices for hypertension and related heart
diseases that have the potential to ocur (Amira et al., 2007).

In another similar study; Information was obtained from 200 randomly selected adults by face-
to-face interviews in Durban, South Aftrica. When we look at the results;

The prevalence of CAM use for the 2000/2001 period was found to be 38.5%. Spiritual healing
and herbal/natural medicines, including vitamins, were the most common types, 42.8% and 48.1%,
respectively, within the general CAM use. People stated that they use CAM for the treatment of
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diseases such as diabetes mellitus, headaches, arthritis and joint pains, stress, skin disorders,
backaches, hypertension and nasal disorders, especially cardiovascular disorders. Half of CAM
users also preferred drugs. Analysis showed that age, gender, marital status, religion, education level
and income did not affect the use of CAM. More than half of CAM users (51.9%) stated that they
used it after a relative recommendation or a CAM-related advertisement in the press. Seventy-nine
percent of users stated that they got positive results from their treatments. Fifty-four percent of
CAM users (excluding those who only use spiritual healing) said that they did not inform their
doctors about using CAM.

Although CAM is preferred to treat many different ailments, this practice is not specific to a
particular demographic and has been found to be similar to the rest of the world in many ways. It
was stated that since most CAM users are satisfied with the effects of CAM, it would be beneficial
to conduct more research on this subject and reveal its possible positive and negative effects (Singh
et al., 2004).

Another similar study was conducted to evaluate the current and prospective use of
complementary and alternative medicine (CAM) therapies in outpatients with cardiovascular
disease. This study was planned in response to the increasing interest in CAM treatments and the
need to determine their use, especially by patients with cardiovascular disease. The data was created
with a 17-question questionnaire. The questionnaire was completed by 1,055 patients (655 males,
351 females; mean age 63.5 years). Of the respondents, 36.8% had cardiac symptoms for more
than 10 years, 48.2% had coronary artery disease, and 82.5% stated that they had used CAM
therapy. In the use of CAM, as a variety; 75.4% stated that they use dietary supplements, 31.5%
chiropractic treatment, 23.9% mind-body therapies and 19.2% massage. The top 5 dietary
supplements used were multivitamins (52.8%), fish oil (45.2%), vitamin C (36.1%), vitamin E
(29.0%), and fiber (27.1%). The top supplements used for heart-related conditions were fish oils,
omega 3 fatty acids, multivitamins, folic acid, coenzyme Q10, and vitamin E. Only 14.4% said that
they informed their doctors about the use of CAM. The most preferred practices for improving
cardiac symptoms were relaxation techniques, stress management, meditation and guided imagery.
Among patients with coronary artery disease, the greatest benefit from using these methods was
reported to be chest pain (20.0%), sleep disturbance (17.9%), leg swelling (17.9%), and shortness
of breath (13.9%). It was stated that the majority of the participating patients used CAM therapies
and were warmly welcomed to these applications (Prasad et al., 2013).

Conclusion

One of the diseases with the highest mortality rate in the world is heart attack. The incidence
of ischemic heart disease, hypertension, diabetes and other chronic diseases, increased
consumption of foods high in fat and sugar, and sedentary behaviors cause an increase in
cardiovascular problems. In order to correct this situation where many risk factors are effective, to
increase the quality of life of the society, to reduce the morbidity and mortality rates, and most
importantly, for people to access the treatment in the most effective, fastest, most economical and
most accessible way, there are different methods for the treatment of Cardiovascular problems.

Due to reasons such as the increase in the cost of classical drug therapy and surgical
interventions in the world, the difficulty of reaching the treatment on time and within the available
possibilities, the increase in awareness about the increasing side effects of drug therapy, it is at the
forefront in developed and developing countries and is preferred as an alternative to other
treatments. The use of alternative treatments has become widespread.

It is known that there is a significant increase in the preference of alternative methods,
especially in the treatment of heart attack, in addition to the known anticoagulant and
antithrombotic treatments. It is stated that eatly diagnosis and treatment of a heart attack reduces
the damage to the heart, and with this, before a definitive heart attack is diagnosed, various
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treatments are applied even in case of doubt to reduce the negative effect. Because of the narrow
therapeutic range of cardiac drugs, it has been stated that the possibility of adverse interactions
with dietary supplements and herbal medicines is of concern, therefore it is important to
understand the frequency and nature of CAM use in patients with CVD in order to promote
beneficial CAM therapies and prevent possible herb-drug interactions.

In this study, myocardial infarction, within the Cardiovascular problems and its alternative
treatments, the usability of these treatments, as well as the efficacy and causes of alternative
treatments in the world with summarize of some related sudies are mentioned. It was concluded
that complementary alternative treatment methods can be used in cases where conventional
treatments are insufficient and under the control of a doctor.
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Introduction

Mushrooms are living organisms that are widely found in nature, some of them are consumed
as food. Consumption of some types of mushrooms can lead to poisoning, which can even lead to
death. Humid environments provide mushrooms to thrive. For this reason, mushroom poisoning
is mostly caused by the consumption of mushrooms collected in rainy periods and regions.

90-95% of deaths due to mushroom poisoning are caused by amatoxins (Barbato, 1993; Diaz,
2018). Therefore, in this study, poisoning due to amatoxins and their treatment will be explained.

Amatoxins are oligopeptides and are selective inhibitors of RNA polymerases. Amatoxins are
not inactivated by boiling or freezing. Alpha amanitin is the most hepatotoxic among amatoxins,
and its lethal dose in humans is 0.1 mg/kg (Baumann, Minter & Faulstich, 1993).

Amatoxins absorbed from the gastrointestinal tract by ingestion of poisonous mushrooms
come to the liver, which is the main target organ, via the portal vein (Karlson-Stiber & Persson,
2003). 60% of the alpha amanitine absorbed from the gastrointestinal tract is excreted in the bile,
and some of it comes back to the liver by enterohepatic circulation (Busi et al., 1979). Amatoxins
are taken to the liver by active transport, OATP (Organic anion transporting polypeptide) 1B3 and
NTCP (Sodium-taurocholate cotransporter) (Letschert et al., 20006). Since messenger RNA cannot
be synthesized due to RNA polymerase inhibition, protein synthesis and metabolism at the cellular
level in the liver cease (Karlson-Stiber & Persson, 2003; Kroncke et al., 1980).

Most deaths caused by ingestion of mushrooms containing amatoxin are due to hepatocellular
necrosis (Diaz, 2005). In the kidneys, amatoxin is filtered from the glomeruli and reabsorbed from
the proximal tubules, so it can develop acute tubular necrosis in the kidneys (Gibbons, 1982). The
rate of binding of amatoxins to proteins is quite low. They are excreted in urine and feces, and can
be detected by high-performance liquid chromatography (Jaeger et al., 1993).

Most edible mushrooms are not toxic or cause mild or moderate gastrointestinal toxic effects.
(Trestrail, 1991). The clinical manifestations of amatoxin poisoning are divided into four stages.
The first stage is the latent phase, which is usually asymptomatic, lasting 0 - 24 hours. The second
stage is the gastroenteritis phase, which starts approximately 6 hours after the mushroom is taken,
and symptoms such as nausea, vomiting, diarrhea, abdominal pain, and hematuria are observed (6-
24 hours). The third stage is the relative recovery phase in which asymptomatic elevations of
hepatic enzymes are observed (24-72 hours). The last stage (4th - 9th day) is the hepatic failure
phase in which acute liver failure develops, renal damage, encephalopathy, coma and death can
ocur (Berger & Guss, 2005). Symptoms seen after a prolonged latent period are more suggestive
of amatoxin poisoning (Diaz, 2005).

For the diagnosis of mushroom poisoning, identification of the eaten mushroom, the time
elapsed between the mushroom ingestion and the onset of the specified symptoms, and laboratory
tests are used (Zilker, 2008). In case of suspected amatoxin poisoning, first of all, examinations
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such as complete blood count, blood glucose, urea, creatinine, electrolytes, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), bilirubins, prothrombin time (PT), active
partial thromboplastin time (aPTT) and complete urinalysis should be done. For diagnosis of
amatoxin poisoning, alpha amanitin can also be checked in the urine (Butera et al., 2004).

Prevention from Mushroom Poisoning

Mushrooms that grow in nature are collected in many countries for consumption as food. For
this reason, mushroom poisoning is common and important health problem, especially in rainy
periods and in rural areas. People who do not have sufficient knowledge and experience to avoid
mushroom poisoning should not collect mushrooms and should not consume the mushrooms they
collect. People especially in rural areas should be educated on this issue.

Treatment

Symptomatic patients should be hospitalized, supportive treatments such as fluid and
electrolyte support and symptomatic treatments should be given. In the stage of hepatic damage,
glucose-containing fluids should be preferred because of the risk of hypoglycemia (Ward et al.,
2013).

Gastric lavage should be performed in patients presenting at an early stage with suspected
mushroom poisoning. After lavage, it is recommended to administer repeated doses of activated
charcoal (initial dose 1 g/kg, maximum 50 g in adults and 0.5 g/kg repeated doses) (Diaz, 2005;
Zellner et al., 2019). Maximum benefit is obtained if activated charcoal is started within the first 24
hours after mushroom ingestion. However, in the first 4 days, 0.5 grams/kg can be applied every
4 hours. The biliary excretion of amatoxins can take up to 5 days. Activated charcoal binds
amatoxins and allows them to be excreted in the faeces (Jaeger et al., 1993). There was a significant
decrease in mortality in those who received repeated doses of activated charcoal and supportive
treatment compared to those who received only supportive treatment (mortality 10% and 47%,
respectively) (Enjalbert et al., 2002).

The most frequently used drugs in treatment are n-acetylcysteine, intravenous benzathine
benzylpenicillin (penicillin G benzathine), silymarin and cimetidine (Karlson-Stiber & Persson,
2003).

N-acetylcysteine is an antioxidant and free radical scavenger. However, it has been proven that
it is not hepatoprotective in cases of acute liver failure other than paracetamol, such as mushroom
poisoning (Karlson-Stiber & Persson, 2003; Sklar & Subramaniam, 2004). However, it can be used
in treatment considering its low side effects and potential benefits. In one study, it was found that
the combined use of silibinin and N-acetylcysteine increased survival (Bergis et al., 2012).

High-dose (300,000 - 1,000,000 units/kg/day) intravenous penicillin has been shown to inhibit
the uptake of amatoxin into hepatocytes. Benzylpenicillin acts by inhibiting the carrier protein of
alpha amanitin (OATP 1B3) in the hepatocyte membrane (Karlson-Stiber & Persson, 2003;
Magdalan et al., 2009).

Silymarin is one of the most studied drugs for the treatment of poisoning by amatoxins.
However, no randomized controlled trials have been conducted (Schneider, Borochovitz &
Krenzelok, 1987). Silymarin is an antioxidant and free radical scavenger derived from thistle, which
maintains hepatic glutathione levels such as n-acetyl cysteine. The main isomer and
pharmacologically active moiety of silymarin is silibinin (Popp et al., 2020; Saller, Meier & Brignoli,
2001). A meta-analysis of patients poisoned with amatoxins showed that mortality was significantly
reduced in patients treated with silibinin compared to those treated without silibinin administration
(9.8% with silibinin versus 18.3% with standard treatment; P<0.01) (Saller, Meier & Brignoli, 2001).
Silibinin also acts mainly by inhibiting the uptake of amatoxins into hepatocytes via OATP-1B3,
like Penicillin G (Popp et al., 2020).

232



Aydin, Muhammed; Current Treatment Approach in Mushroom Poisoning

In amatoxin poisonings, silymarin can be administered as 1 g/day oral or as a continuous
infusion of 20 mg/kg/day for 6 days after the first 1 hour of 5 mg/kg administration of silibinin
intravenously (Mitchell, 2010). It was stated that silibinin (alone or in combination) or N-acetyl-
cysteine should be used as the first choice treatment because of the low mortality rates (5.6% and
6.8%, respectively) (Mengs, Pohl & Mitchell, 2012). N-acetyl-cysteine can be given as an alternative
if silibinin is not available or in addition to silibinin because of its different mechanism of action
(Liu et al., 2020).

Cimetidine inhibits the hepatic microsomal cytochrome P450 enzyme system. For this reason,
high dose (200 mg/hour iv) administration in amatoxin poisoning limits the formation of cytotoxic
metabolites from amatoxin. Thus, it decreases mitochondrial damage and hepatocellular necrosis
(Schneider, Borochovitz & Krenzelok, 1987; Salhanick, Wax & Schneider, 2008).

The combination of methylprednisolone, which inhibits the NTCP transporter, and
polymyxin B, which inhibits the OATP 1B3 transporter, has been proposed as a potential antidote
due to positive results in animal experiments. However, due to the adverse effects of

corticosteroids, more studies are needed before this combination can be applied in humans (Garcia
et al., 2019).

Since most of the excretion of amatoxins is via the urinary tract, forced diuresis (for 4 - 5 days
with 100 - 200 mL/hr target diuresis) has been recommended to increase their clearance (Jacger et
al., 1993). Hemodialysis and hemoperfusion are used to remove toxins in poisoning. However,
their efficacy in amatoxin poisoning is controversial. There was no clinical improvement in patients
who underwent hemodialysis and hemoperfusion, and no toxin was found in the dialysis fluids of
these patients (Mullins & Horowitz, 2000). The efficacy of hemodialysis, hemoperfusion, and
plasmapheresis is limited due to rapid blood clearance (rapid uptake by tissue and low plasma
concentrations) of amanitins (Berger & Guss, 2005; Jaeger et al., 1993). However, it has been
reported that hemoperfusion may be effective in preventing cerebral edema due to fulminant liver
failure (Berger & Guss, 2005). In amatoxin poisoning, hemodialysis is recommended only when
acute renal failure develops (Bergis et al., 2012).

In those who develop acute hepatic failure, high-volume plasma exchange has been shown to
improve survival without liver transplantation (Larsen et al.,, 2016). Although plasma exchange
transfusions are partially beneficial, their efficacy has been found to be insufficient in controlled
studies (Wittebole & Hantson, 2011).

The Prometheus fractionated plasma separation and adsorption (FPSA) system can also
prevent liver failure by eliminating amatoxins (Bergis et al., 2012).

Molecular absorbent regeneration system (MARS) is a method that removes albumin-bound
toxins with albumin-containing dialysate (Wittebole & Hantson, 2011).

Interruption of the enterohepatic cycle of amatoxins by performing biliary drainage in dogs
reduced intestinal amatoxin absorption by more than 70%. Less severe signs of toxicity were
observed in dogs with biliary drainage than in dogs without drainage. This could be a promising
adjunctive treatment for amatoxin poisoning (Sun et al., 2018).

When treatment is applied in the first 2-3 days of poisoning, mortality decreases to 9% (Saviuc
& Flesch, 2003). It was determined that hepatic coma followed the increase in AST and ALT in
patients with hepatic failure, and there was a significant correlation between this increase and
mortality (Eren et al., 2010).

Liver transplantation should be planned when a complete clinical recovery is not achieved
despite all treatments (Enjalbert et al., 2002). It is stated that liver transplantation should be
performed in patients accompanied by hepatic encephalopathy with high INR, ammonia and AST
levels or patients with metabolic acidosis, persistent hypoglycemia and hypofibrinogenemia (Galler,
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Weisenberg & Brasitus, 1992). Ganzert criteria have been developed for liver transplantation in
amatoxin poisoning. They stated that at any time between the 3rd and 10th days after eating
mushrooms, if the serum creatinine is 106 umol/L or above with a decrease in the prothrombin
index to 25% or less of normal, regardless of the presence of hepatic encephalopathy, urgent liver
transplantation is required (Ganzert, Felgenhauer & Zilker, 2005).

Patients should be referred to a more advanced center center to avoid loss of time in suspected
amatoxin poisoning. If possible, patients with a diagnosis of amatoxin poisoning should be

followed up in healthcare facilities that are experienced in toxicology and have an organ transplant
unit (Bernuau, 2004).
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Introduction

Dementia is a chronic, often progressive syndrome and is the 7th leading cause of death
worldwide. In individuals with dementia, cognitive functions are impaired more than would be
expected from normal aging processes (Organization, 2017). The result is that dementia
significantly reduces people's cognitive functions, activities of daily living, communication skills,
and quality of life (Munis, Parlak, & Kose, 2021).

Alzheimer's disease (AD) constitutes 60—70% of the etiology of dementia (Organization,
2017). Although AD first affects the memory, it is a neurodegenerative disease in which cognitive
functions such as attention and visual-spatial functions are increasingly impaired (Parlak, Altan, &
Saylam, 2022; Parlak, Babademez, Tokgoz, Bizpinar, & Saylam, 2022). Later symptoms can thus
include problems with language, mood swings, disorientation (including easily getting lost), self-
neglect, loss of motivation, and behavioral issues. It is estimated that AD will become a worldwide
public health problem that directly affects 100 million people by 2050. It has been stated that more
than five million Americans have AD and that this number may increase to 16 million by 2050 (A.
s. Association, 2018; Cao et al., 2020). According to the 2012 Alzheimer Europe Report, 331.512
individuals are currently suffering with AD in Turkey (Ozbabalik & Hussein, 2017). Globally, the
number of individuals with AD is expected to increase rapidly as the elderly population increases.

Language disorders appear early in AD and worsen as the disease progresses. As the disease
progresses and the cognitive functions of individuals deteriorate, the effects on their
communication skills increase and their independence level decreases (Parlak, Tokg6z, Bizpinar,
Saylam, & Koése, 2022). That people with AD become increasingly dependent on others reduces
the quality of life of their caregivers, along with increasing the burdens on families and health
systems (Bayles & Tomoeda, 2007). In this study, the cognitive communication disorders seen in
AD were examined.

Cognition

Cognition is a set of abilities that enable many mental processes and functions to work together
and is a general term that refers to our information processing systems and stored knowledge (Bas
B, 2022; Kathryn Bayles, McCullough, & Tomoeda, 2018). All situations that enable us to perceive
and interpret patterns, to achieve goals, and to change our behaviors to ensure survival are realized
through these cognitive functions. Cognitive functions play an important role in many daily living
activities, such as chatting with a friend or finding a job, and in adapting an individual to daily life.
To conceptualize cognition, we can liken it to a company. The mission of this company is analyzing
the senses, detecting regularities in incoming sensory information, remembering, and using
experience to guide behavior (Bayles et al., 2018; Bayles & Tomoeda, 2007).
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Cognitive functions are generally evaluated with cognitive screening tests, such as Mini-Mental
State Examination and Addenbrooke Cognitive Examination. Cognitive functions are examined in
these tests in five sections: orientation, attention, executive functions, memory, visuospatial
functions and language. Cognitive functions and their subsections are shown in Figure 1 (Bas B,
2022; Chung, Pollock, Campbell, Durward, & Hagen, 2013; Diamond, 2013; Hoffmann, Bennett,
Koh, & McKenna, 2010; Karakas & Irkec, 2008; Molloy & Standish, 1997; Noone, 2015; Sohlberg
& Mateer, 2001; Squire, 2004).

- Person
Orientation _— Location _ Episodic
B Time - Declarative — Semantikc
— Short-term memory Lexical
Memory — -
L Long-term memory ] - Reflexes
- Division of attention — Motor skills
- Maintaining attention Nondeclarative - Cognitive skills
Attention - Focus of attention o __ Cinditioned responses
__ Distraction BRI

Selectivity of attention

- Working memory

- Planning

— Problem solving, decision making

Executive functions
Inhibition

Cognitive flexibility

Initiation and organization etc.

- Distance
— Depth
Visuospatial functions —

—_ Internal and external imagery

Body diagram etc.

Figure 1: Cognitive functions and z‘/yez"r subsections (Bas B, 2022; Chung et al., 2013; Diamond, 2013, T.
Hoffimann et al., 2010; Karakas & Irkeg, 2008; Molloy & Standish, 1997; Noone, 2015; Soblberg &
Mateer, 2001, Squire, 2004)
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Communication

Communication is the sharing of information through a system of symbols. Communication
starts with the formation of an idea in the speaker's mind. The speaker encodes the message he or
she wants to convey in some way; in other words, he or she makes it communicable with the rules
of whichever communication tool he or she will use. The receiver of the message analyzes it and
makes sense of it (decoding). There are types of communication: verbal communication and
nonverbal communication. People convey their thoughts, ideas, and feelings using spoken or
written words in verbal communication. Nonverbal communication involves a variety of
techniques, including body language, which includes facial emotions, gestures, and more.
Communication types are shown in Figure 2 (Hans & Hans, 2015; Liu, 2016; Rocci & de Saussure,
2010).

Verbal communication

Non-verbal
communication

Figure 22 Communication types (Hans & Hans, 2015; Liu, 2016; Rocci & de Saussure, 20106).
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To communicate verbally or non-verbally, an individual must have an idea to share and a
system of symbols with which to express that idea. Both verbal and nonverbal communication are
impaired in AD because both require cognitive processes to share and interpret information. The
pathophysiological changes in AD interrupt the information processing process. Because verbal
communication requires the conscious sharing of ideas through language, it is typically the most
affected in AD (Bayles et al., 2018).

Cognitive Communication Disorder

Cognitive communication disorder is difficulty in any aspect of communication skills as a
result of the influence on cognitive functions (A. S.-L.-H. Association, 2022¢). The most common
etiologies of cognitive communication disorders are dementia (especially AD), stroke, brain tumor,
traumatic brain injury (ITBI), and right brain injury. Cognitive communication disorders have
negative effects such as difficulties in communicating people's needs and feelings and reducing
their independence. Some potential effects of cognitive communication disorders are shown in
Table 1 (A. S.-L.-H. Association, 2022c).

Table 1: Impacts of cognitive communication disorder (A. S.-L.-H. Association, 2022¢).
* Reduced awareness of and ability to initiate and effectively communicate one’s needs

* Risk of injury due to inability to communicate and/or anticipate the consequences of
one’s own actions in an emergency

* Reduced memory, judgment, and ability to initiate and effectively modify routine
information exchange

* Reduced social communication skills and/or ability to manage one’s emotions, often
resulting in loss of relationships

* Impairment of ability to fulfill educational or professional roles, resulting in potential loss
of employment

* Difficulty effectively performing personal lifestyle management activities (i.e., paying
bills)

* Decreased awareness of the disorder and its extent (i.e., loss of ability to assess one’s own
communication effectiveness)

* Decreased ability to predict possible outcomes with reasonable decision making and
problem solving

How does cognitive communication disorder occur in Alzheimer's disease?
The progressive deterioration in cognitive functions in individuals with AD leads to cognitive-

communication disorder, preventing communication. The production and understanding of
language are linked to information stored in the memory. When we think of the simple act of
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naming an object, for example, a carrot. we first need to perceive the characteristics of the carrot.
For that recognition to occur, a match must be made with the information in our long-term
memory. After that, the intention to say the name of the object is created. The linguistic
representations of objects are part of the long-term lexical memory and must be retrieved and
brought into consciousness. Maybe you can't be sure of what a carrot looks like, and therefore can't
be sure whether the object at hand is a turnip, radish, or carrot. In this case, a decision must be
made whether to indicate your uncertainty. A motor plan should be created to express uncertainty
about the object's name or properties. Therefore, the simple object naming actions are perception,
access to long-term memory, association, recognition, lexical recall, decision-making, motor
planning, and self-monitoring (Bayles et al., 2018; Klein & Mancinelli, 2021; Szatloczki, Hoffmann,
Vincze, Kalman, & Pakaski, 2015).

Since the information processing abilities of the explicit and working memory systems of
individuals with AD are affected, they have difficulty in producing verbal information (Bayles et
al., 2018; Hornberger, Bell, Graham, & Rogers, 2009; Rogers & Friedman, 2008). In people with
AD, information processing is impaired due to deficiencies in the cognitive processes of
perception, recognition, attention, and memory, which causes patients to have difficulties in
understanding language (MacDonald, Almor, Henderson, Kempler, & Andersen, 2001).

Cognitive Communication Disorders in Different Stages of Alzheimer Disease

The Clinical Dementia Rating (CDR) scale is frequently used in the clinic for staging AD
(Girvit, 2004; Parlak, Babademez, et al., 2022). The CDR is calculated by testing six different
cognitive and behavioral domains: orientation, memory, judgment and problem solving, home and
hobbies performance, community affairs, and personal care. The CDR is based on a scale of 0-3:
no dementia (CDR =0), questionable dementia (CDR = 0.5), mild dementia (CDR = 1),
moderate dementia (CDR = 2), and severe dementia (CDR = 3) (Figure 2) (Hughes, Berg,
Danziger, Coben, & Martin, 1982). In this article, cognitive communication disorders in mild,
moderate and advanced stages of AD were examined. Impairments in cognitive functions
according to Alzheimer's disease stages are shown in Figure 3 (Bayles et al., 2018).

0.5 —

Figure 2: Clinical Dementia Rating Scale (Hughes et al., 1982).
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Figure 3: Impairments in cognitive functions according to Alzheimer's disease stages (Bayles et al., 2018).

Cognitive Communication Disorders in Mild Alzheimer’s Disease

In mild-stage AD, speech is fluent, and the patients can understand most of what they read

and hear, but they quickly forget recently acquired information. While the semantic and pragmatic
components of the language are affected, phonology and syntax are generally better preserved over
the course of the disease. During spontaneous speech, early-stage AD patients usually have longer
hesitations and pauses and slower speaking rates (Kathryn Bayles et al., 2018; Gayraud, Lee, &
Barkat-Defradas, 2011; I. Hoffmann et al., 2010; Jarrold et al., 2014; Satt, Hoory, Konig, Aalten, &
Robert, 2014). However, their speech is fluent, without dysarthria or articulation errors (Weiner,
Neubecker, Bret, & Hynan, 2008).

Grammar is preserved in speech, but there is a marked increase in the number of “empty
words” (e.g., “thing” and “it”) in the content of the language (Blanken, Dittmann, Haas, &
Wallesch, 1987; Irigaray, 1967). Because early-stage AD patients often forget what they have just
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heard or thought, their oral discourse includes more sentence fragments and repetitiveness. Their
speech is less consistent than that of their healthy peers (Bayles, Tomoeda, Kaszniak, Stern, &
Eagans, 1985; Bayles, Tomoeda, & Trosset, 1992). Dysnomia during speech is common, and a
naming error is often semantically related to the target word (e.g., “sharp” for “knife”) (Bayles &
Tomoeda, 1983). Their performance on verbal fluency tests shows significant deficiencies
compared to that of their healthy peers (Araujo et al., 2011; Henry, Crawford, & Phillips, 2004). In
addition, one study found that the most frequently reported symptom in individuals with mild AD
was difficulty naming things (K. A. Bayles & Tomoeda, 1991).

Individuals with mild AD can identify words and describe pictures but have difficulty
following the context of speech. However, they may have the ability to follow three-step

instructions. Reading and writing skills are generally preserved at this stage, but typos are common
(Kathryn Bayles et al., 2018; Klein & Mancinelli, 2021; Szatloczki et al., 2015).

The written language of individuals with AD is more affected than their spoken language, and
their written discourse contains more errors than that of their healthy peers (Groves-Wright, Neils-
Strunjas, Burnett, & O’Neill, 2004). Grammar and spelling errors are common in written language.
Although they generally understand what they hear and read, they quickly forget this (Bayles et al.,
1992). They can answer most questions and define words, but they often miss the point of a joke,
which can be mistaken for sarcasm (Bayles et al., 2018).

Cognitive Communication Disorders in Moderate Alzheimer’s Disease

People with moderate stage AD are fluent in speech but usually speak more slowly and are
more hesitant to speak. Their speech is filled with more frequently repeated words and longer
pauses (Gayraud et al., 2011). Intellectual repetitions are common in their speech when they are
asked to describe a picture or object. The morphology of the language usually remains intact, but
the content is significantly affected (Bayles et al., 1992).

The oral expressions of individuals with middle-stage AD contain fewer nouns than verbs
(Blanken et al., 1987). Vocabulary loss and deterioration in conceptual knowledge are observed to
be more common in their performance on vocabulary tests (Bayles et al., 1992). Their ability to
create and name examples of things falling under a certain category is significantly impaired
compared to that of their healthy peers. Written languages also contain many errors.

Individuals with middle-stage AD exhibit a decrease in understanding both written and spoken
language (Bayles et al., 1992; Rochon, Waters, & Caplan, 2000). The mechanics of reading are
preserved at this stage, although most of them are at the level of words and expressions. However,
reading comprehension is impaired, and what they understand from what they read is quickly
forgotten. They are largely insensitive to context and may miss the main points of jokes. They also
tend to interpret figurative language literally (Bayles et al., 2018).

Individuals with moderate AD produce significantly less opinionated discourses than those
with mild AD do. During conversations, they often forget their intentions. This leads to many half-
sentence fragments. In addition, they lack self-monitoring and self-correction. They are usually able
to name items when given naming tasks but have difficulty participating in the conversation. Their
verbal outputs tend to be less significant. They usually understand two-step instructions, but they
have difficulty understanding three-step instructions. As in the eatly stage, they can write words for
dictation, but they may have difficulty writing long phrases (Bayles et al., 2018; Klein & Mancinelli,
2021; Szatloczki et al., 2015).
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Cognitive Communication Disorders in Advanced Alzheimer’s Disease

In advanced-stage AD, which is the last stage of the disease, due to cognitive destruction, the
patients’ language outputs are greatly reduced, and their speech is often meaningless. There are
significant differences in their ability to communicate with other individuals with advanced AD.
Some of them cannot speak at all, while others produce meaningless language. In addition, some
may have limited functional vocabulary. Most of the remaining language outputs are either
common social expressions or nonsensical words. Many of them are still able to follow simple one-
step instructions, but all of them can no longer follow instructions with more than one step. Some
can contribute to speech, say their names, and maintain the characteristics of social language (Bayles
& Tomoeda, 2007). However, almost all of them cannot express themselves in writing. Although
some can read single words aloud, their reading comprehension is severely impaired (Bayles &
Tomoeda, 2007). Cognitive communication disorders according to Alzheimer's disease stages are
shown in Figure 4 (Bayles et al., 2018; Klein & Mancinelli, 2021; Szatloczki et al., 2015).

Mild stage Moderate stage il Advenced stage

Verbal discourses with more Severely diminished verbal
sentence fragments and ‘ Man:/ half sif‘terl‘l:el output,
repetition, ragments, significantly less .
P i expressive discourses No speech or meaningless
Slower speaking rate speech

Severe dysnomia

Common
Dysnomia dysnomia and lexical greatIY rfeduced vo'cabulary,
iy e minimal functional
: vocabulary
Grammatical and spelling Severely impaired writing
errors in common written Poor writing skills inability to write
language meaningfully

Severely impaired reading
Poor reading comprehension comprehension, single word
reading

Declining reading
comprehension

Figure 4: Cognitive communication disorders according to Alzheimer's disease stages (Bayles et al., 2018;
Klein & Mancinelli, 2021; Szatloczki et al., 2015)

Conclusion

Attention, orientation, executive functions, visuospatial functions, memory, and language are
our basic cognitive functions. The most common cause of dementia is Alzheimer's disease, and
progressive deterioration in cognitive functions occurs during the disease process. Due to the
relationship between communication and cognition, patients' communication skills are affected
even in the disease’s early stages. Therefore, cognitive communication disorders are accepted as an
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important early symptom of Alzheimer's disease, which is a neurodegenerative disease, and
communication ability gradually deteriorates over the course of the disease.
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Introduction

The human lumbar spine, like the entire spine, consists of thin, compressible, fibro-
cartilaginous intervertebral discs to support upright posture and allow a wide range of motion. With
age, the discs begin to degenerate by losing their water. In certain circumstances, disc damage can
accelerate these changes, drastically alter the load-bearing properties of the disc, and lead to
significant disc degeneration. In severe cases, this degeneration can cause significant morbidity,
including pain and neurological symptoms.

To begin with, disc degeneration as a biochemical phenomenon associated with aging and
the accompanying radiological changes differ from disc disease as a symptomatic clinical entity. In
fact, radiographic signs of disc degeneration are very common in the general population, even if
they are not symptomatic. In the literature, magnetic resonance imaging (MRI) of 67 asymptomatic
patients was found in the literature by Boden et al. showed significant abnormalities consistent with
its degeneration (Boden et al, 1990). Paajanen et al. in their study, they found abnormal lumbar
discs on MRI in 35% of asymptomatic control patients (Paajanen et al, 1989 ). Disc degeneration
and lumbar disc herniation are very common in the community, with or without symptoms.

Symptoms associated with disc disease are often nonspecific; therefore, they do not provide
much diagnostic benefit over symptoms. The most common symptom directly related to lumbar
disc disease is low back pain, usually without radiculopathy. It should be noted that because back
pain is such a common symptom, the presence of back pain is not in itself a diagnosis of disc
disease and is not necessarily associated with evidence of disc degeneration on imaging in a
particular patient.

Diagnosis

As in all patients, a detailed history should be taken and a comprehensive history should
be taken including the onset of symptoms, duration and severity. The symptoms associated with
the disease should be identified by identifying aggravating and extenuating causes. It is also
important to evaluate the patient's social history in terms of contributing to the patient's
treatment. Fever, night sweats, night pain, pain that does not go away with position changes,
involuntary weight loss, use of anticoagulants, immunocompromised status, active/previous
malignancy, age over 60 years, long-term corticosteroid use, low back pain accompanying severe
trauma history are red flag symptoms (Downie's). A et al, 2008, Henschke, Maher & Refshauge,
2008:).Additional investigations should be considered in patients with multiple red flag
symptoms. In these patients, symptoms indicating emergencies such as cauda equina syndrome
should be sought.
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Although not every patient with lumbar disc degeneration shows symptoms, the most
common complaint of patients with disc disease is low back pain, usually radiating to the sacroiliac
joints (Madigan, 2009). It results in increased sensitivity to inflaimmatory mediators such as
prostaglandin E2 and interleukin-6-8 in the vascularized granulation tissue of annular tears of
diseased discs, which affects the severity of pain (Peng, 2006). Pain is usually exacerbated by
positions that increase axial loading on the discs and increase intradiscal pressure, such as flexion,
standing, and sitting.

Patients who experience protrusion or herniation of the nucleus as a result of degenerative
disc disease may develop symptoms of nerve root compression or, in rare cases, NEurogenic
claudication. The anatomy of the posterior longitudinal ligament is stronger in the midline but
weaker laterally. This may facilitate posterolateral herniation and cause compression in the nerve
roots (13 Peng 20006). The nerve root affected by the posterolateral herniation will usually be the
root that emerges from under the pedicle of the caudal vertebra. These patients may experience
symptoms associated with nerve root compression, including dermatomal sciatic pain, distal
paresthesias, and myotomal motor weakness.

Physical examination

Since the differential diagnosis of low back pain is wide, it is important to examine not only
the waist but also the abdomen and hips. On examination, the patient's gait and standing should
be observed. Visual inspection of the lumbar region; and the greater trochanters of the femurs, as
well as the spinous processes and paraspinal muscles are important. Spinal range of motion should
be evaluated while the patient is standing, especially in the anterior-posterior plane. Patients with
pain from disc pathology will typically experience more pain when the axial loading of the discs is
greatest and in positions that increase stretching of the lumbar nerve roots. Lower extremity
strength, reflexes, and sensation should be tested. Motor and sensory defects of certain muscle
groups may indicate the level affected.

Straight leg raise or Lasegue tests are applied for radicular symptoms caused by nerve root
compression caused by the lumbar disc. With the patient lying on his back, the affected leg is
straightened and slowly passively raised. The test is considered positive if the patient's sciatic pain
recurs between 30 and 70 degrees. A meta-analysis by Deville et al. in 2000 revealed the sensitivity
and specificity of straight leg lift to be 91% and 26%, respectively, in detecting lumbar disc
herniation (Devillé, 2000). The onset of symptoms with contralateral leg elevation - the so-called
cross straight leg raise or Fajersztajn's cross sciatic sign, while not particulatly sensitive (29%) is
much more specific (88%) (Devillé, 2000).

Treatment
Non-Surgical Treatments

The initial treatment for acute low back pain, including those caused by lumbar disc disease,
is usually nonsurgical. The primary treatment for acute and subacute low back pain in adults is
patient education, activity modification to limit disc loading, nonsteroidal anti-inflammatory drugs
(NSAIDs), and gradual return to physical activity. However, some patients may find relief with
heat therapy. Muscle relaxants can provide relief, but their side effects should be kept in mind.
Limited dose and limited duration opioid use may be considered in a selected group of patients
with severe acute pain that cannot be adequately controlled with NSAIDs and acetaminophen
(Goertz, 2012, Modic, 1984).

The results of epidural steroid injections for acute low back pain in the literature are not
consistent with each other. There is some evidence that they may provide short-term subjective
improvement in low back pain, but this is not consistent with a functional improvement or change
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in surgical planning. Epidural injections are not recommended in patients without symptoms of

radiculopathy. There is no indication for oral steroid use in the treatment of uncomplicated acute
low back pain (Engers, 2008, Heymans, 2008).

Physical therapy applications such as acupuncture, spinal manipulation, transcutaneous
electrical nerve stimulation or lumbar traction may also play an active role in pain. However,
surgical intervention may be considered for patients with prolonged symptoms or progressive or
particularly motor weakness of pain and neurological symptoms (Engers, 2008).

Surgical Treatments

Since most cases of low back pain (>85% in 6 weeks) (including those with disc herniation)
are self-limiting and will resolve with non-surgical treatment in the first place, they can be followed
up with non-surgical treatments, except in emergencies. It is important to select patients who will
require surgical intervention. (1) patients must be symptomatic; (2) symptoms must match
examination and imaging findings; (3) symptoms must be resistant to a long course of appropriate
non-surgical treatment (5-8 weeks); (4) there should be a reasonable expectation that surgery will
improve the patient's symptoms and functional status, (5) patients with persistent, debilitating low
back pain due to painful disc herniations or disc degeneration and who do not respond to
nonsurgical treatment may be considered for surgery. In patients with one or two levels of
degenerative disc disease and chronic low back pain for at least 2 years, research has shown better
benefit of lumbar spinal fusion versus intensive physical therapy (Engers, 2005).
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Effects of Melatonin on Physiological Functions

Nurhayat Atasoy'

INTRODUCTION

Melatonin is a derivative of the serotonin molecule produced in our body as a result of the
metabolism of the amino acid tryptophan. The serotonin molecule, which is widely produced in
the brain, is converted into melatonin in the pineal gland and given to the blood. Studies have
shown that the hormone melatonin plays a very important role in protecting and improving body
health. Melatonin is responsible for circadian regulation and sleeps control, which is encountered
in the organism at the highest concentration during the night (Tamura et al., 2009). With ageing,
there is a significant decrease in melatonin production among the elderly, which may decrease sleep
quality (Kennaway et al., 2002). In humans, as in other mammals, pineal melatonin is the nocturnal
hormone. It shows a circadian rhythm in the blood, and nighttime values are considerably higher
than daytime levels (Waldhauser et al., 1984; Illnerova, 1988). Melatonin has many important
functions in metabolism. Melatonin is also known to affect the depth and quality of sleep.
Accordingly, it has been determined that people who secrete enough melatonin have a more restful
and relaxing sleep (Tsuno et al. 2005). In this way, melatonin; is also a regulatory factor for
cardiovascular health, blood pressure, immune system functions and hormone levels (Pieri 2013).
Normally, various oxidizing and harmful substances are also produced as a result of chemical
reactions occurring in the physiological order of our body. These substances are called reactive
oxygen radicals. Radicals play a critical role in the development of various diseases such as ageing,
cardiovascular diseases, infections and cancer (Reiter et al. 2000). Melatonin; protects the health of
the body by cleaning and removing the radicals produced in the body during the night

(Maestroni et al.1999). Studies show that melatonin secretion alleviates the effects of
depression, is beneficial in relieving reflux and supports eye health (Konturek et al. 2007).
Melatonin has also been reported to trigger growth hormone production from the pituitary gland
during secretion. Growth hormone plays a critical role in the regulation of body metabolism. There
are studies that the secretion of melatonin prevents the development of diabetes. It has been
observed that the level of fat and cholesterol in the blood decreases in proportion to its production,
therefore it plays a supporting role in heart health (Arendt 2000).

DISCUSSION
1. Effect of melatonin on the reproductive system

Many studies have shown that melatonin secretion affects the reproductive system (Oztekin
et al., 2006; Ozturk et al., 2003). Although exogenous melatonin varies according to species, age,
dose and application time, it modifies reproduction (Turgut et al., 2002).

In seasonally breeding hamsters, long-term darkness inhibits reproduction due to more
melatonin secretion, causing testicular regression in males and anoestrus in females. Although
humans do not show seasonal reproduction, epidemiological studies reveal that the pregnancy and

1 Van Yuziuncit Yil University, Faculty of Science, Department of Chemistry, Van
Turkey
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birth rates show the seasonal distribution in different geographical areas. In regions with long
winters, activation of the hypothalamic-gonadal system and pregnancy are lower than in summer
(Olmez et al., 2000). The pineal gland is an upper centre that regulates the endocrinological activity
in the organism through the pituitary, thyroid, adrenal gland and gonads. Therefore, it is closely
related to events related to dysfunctions in endocrine organs (Turgut et al., 2002).

When the melatonin level drops, the hypothalamogonadol system is activated. During
childhood and adolescence, melatonin synthesis gradually declines. Serum melatonin concentration
was found to be high in hypothalamic ammonites. With rapid and continuous (if prolonged)
exercise, the serum melatonin concentration rises, which can cause ammonia. Melatonin inhibits
gonadotropin-releasing hormone (GnRH) in experimental animals. Similar data in humans have
not yet been fully elucidated (Brzezinski, 1997). It has been shown that when 300 mg of oral
melatonin is given to young women for 4 months, it inhibits LH release and ovulation, and
progestin administration increases this effect (Olcese, 2020). It can also directly affect the functions
of the ovaries. The presence of melatonin receptors in the granulosa cell membrane has been
demonstrated (Voordouw et al., 1992).

In a study of mice, mice administered melatonin was able to maintain sexual interest and
performance similar to much younger mice; It has been reported that both male and female mice
show regeneration of the sex organs (Gunn et al.. 2016)

2. Effect of melatonin on the immune system

The first finding of the immunological role of melatonin belongs to Mills et al. (2005).
Carrillo et al. reported that suppression of immune functions as a result of soft tissue trauma and
hemorrhagic shock in mice was reversed with melatonin and that chronic melatonin treatment
increased leukocyte natural killer (NK) activity in humans (Carrillo-Vico et al. 2013).

Melatonin increases the immune response. When applied in immunodeficiency states, it
leads to significant immune activation. Acute stress, which is known to have negative effects on
immune parameters, and immunodeficiency conditions caused by the application of
immunosuppressive pharmacological agents can be controlled with melatonin (Olmez et al., 2000).

Innate immunity can be modulated by the exogenous administration of melatonin. NK cell
activity is reduced following pinealectomy in mice. The presence of melatonin in the bone marrow
indicates its modulating effect on the growth of NK cells and monocytes. An increase in both NK
cells and monocyte counts was observed 7-14 days after the administration of exogenous melatonin
to young male mice. In addition, melatonin mediates macrophage production and function. The
production of cytokines such as TNF-a and IL-18, known as macrophages, can be altered by the
external administration of melatonin (Hotchkiss et al., 2002).

The immunomodulatory effect of melatonin is mediated by opioid peptides, lymphokines
and pituitary hormones originating from T-helper lymphocytes. It also causes a significant increase
in interleukin-2 (especially the production of T-lymphocytes, which play an important role in the
body's fight against cancer) and y-interferon levels.

Melatonin also increases the in vivo antibody response (IgM and IgG) (Lissoni et al., 1994).
Since the inhibitory effect of melatonin on the immune response is related to the antioxidant
property of the molecule, it has been suggested that it may be useful in organ transplantation. The
lack of toxicity also supports that this agent can be used safely in transplantation (Reiter et al.,

1999).

Another effect of melatonin on the immune system is its anti-inflammatory effect. Some
studies suggest that melatonin may affect diseases that may contain viruses and be contagious, such
as HIV, bacterial infections, and cancer (Maestroni, 1999).
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3. Effect of melatonin on ageing

The pineal gland synthesizes melatonin, a powerful free radical scavenger and antioxidant
agent, and its functions decrease with ageing; This gland has increased the interest of researchers
dealing with ageing (Reiter et al., 1998).

Decreased antioxidant capacity and damage caused by free radicals are also mentioned
among the causes of anatomical and functional degeneration occurring in organs during the ageing
process, and it is reported that the reason is melatonin, which decreases with age (Mollaoglu et al.,
2005; Kili¢ et al. 2020). Because melatonin is thought to have a stimulating effect on antioxidant
enzymes, reducing lipid peroxidation and protecting brain tissue from oxidative damage. Increased
free radicals due to decreased melatonin have been blamed for many of the neurodegenerative
damages that occur in the brain (Kerman et al., 2005).

Many scientific articles report that plasma melatonin concentration in humans decreases
with age (Touitou, 2001; Turgut et al., 2002). With ageing, there is a decrease in the synthesis and
release of melatonin. Parallel to this, the circadian rhythm of melatonin is disrupted. According to
Touitou (2001), the plasma melatonin concentration measured in elderly people is approximately
40-50% lower than the normal value. In experimental animals, it was determined that the circadian
rhythm deteriorates as the animal ages, and the serum melatonin levels of day and night become
almost equal (Turgut et al., 2002).

4. Effect of melatonin on sleep

Sleep is indispensable for humans. The key mechanism in sleep regulation is the light-dark
cycle, and exposure to light leads to stimulation of a neural pathway that extends from the retina
to the hypothalamic area in the brain. The suprachiasmatic nucleus, located in the hypothalamic
area, works like the "biological clock" responsible for regulating activities that affect the whole
body, by initiating signals that control hormones, body temperature, and the feeling of sleep or
wakefulness to other areas of the brain (Macchi and Bruce, 2004). Until the dark hours come, the
release of sleep-related melatonin-like hormones is suppressed due to the inactivity of the pineal
gland. When the sun's rays disappear, the pineal gland is stimulated and melatonin production
begins, as the suppressive signals that prevent the release of melatonin created by the
suprachiasmatic nucleus disappear. As melatonin levels increase, fewer stimuli are perceived and
the feeling of sleep increases (Arendt, 2000; Arendt et al.,2005).

In a study by Garfunkel et al; It has been reported that melatonin deficiency has an
important role in the frequency of sleep disorders in elderly people, that there is no change in total
sleep time with controlled-release melatonin at a dose of 2 mg/night, and sleep quality effectively
improves in these patients with sleep disorders (Garfunkel et al., 1990). In another study, it was
reported that melatonin supplementation given to patients with melatonin deficiency and sleep
disorder may be beneficial in falling asleep (starting sleep) and in maintaining sleep (Haimov et al.,

1995).

Riemann et al. (2002); showed that the nocturnal melatonin concentration decreased in
patients with insomnia. Mac Farage et al., (1991); investigated the effect of using high-dose
melatonin (75 mg) in the treatment of chronic insomnia and found that total sleep times increased
in the group given melatonin. Low doses of melatonin have also been shown to be effective in
treating insomnia. Volunteer patients were given 0.3 mg and 1 mg doses of melatonin, and it was
shown that melatonin at both dose levels reduced the time needed to fall asleep (Birdsall, 1996).

Jet lag is a disorder that manifests itself with insomnia and flu-like symptoms that develop
due to the deterioration of body rhythm after overseas flight travel. Concomitant concentration
and disorientation, a decrease in blood pressure, and blood sugar levels, and changes in energy,
alertness and hormone levels can be observed (Rohr and Herold, 2002; Olmez et al., 2000). It has
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been reported that the administration of melatonin minimizes the effects of jet lag in overseas
travellers (Birdsall, 1996).

5. Effect of melatonin on cancet

It has been found that melatonin stops cell proliferation in cancerous tissues, inhibits
mitotic activity, and has an antiestrogen effect in breast tissue (Macchi and Bruce, 2004). These
effects are likened to chemotherapeutic agents. Therefore, melatonin reduces the proliferation of
cancer cells, tumour growth and the number of metastases. In addition, melatonin levels were
found to be low in patients with prostate and breast cancer (Macchi and Bruce, 2004; Ozgiiner et
al.,, 1995).

In some studies, it has been reported that pinealectomy increases tumour formation, while
melatonin decreases it (Ozgtiner et al., 1995). Similarly, melatonin has been found to reduce the
frequency of chemical-induced tumours in animals. Pinealectomy; It has been determined that
while it increases experimental cancer growth and metastasis of melanoma, leukaemia, lung, liver,
ovary, pituitary gland, and prostate, high melatonin amount suppresses cancer growth in these
tissues (Regelson and Pierpaoli, 1987; Karasket and Fraschini, 1991).

In a study conducted with the addition of melatonin to the treatment in patients receiving
immunotherapy and chemotherapy; In addition to the regression in the tumour, a decrease in the
severity of side effects and a prolongation of the life span has been reported (Lissoni et al., 1996).

It is reported that the probability of cancer is low in visually impaired people (Coleman and
Reiter,1992; Bartsch et al., 1993). In this statement; It has been shown as a possible mechanism
that melatonin is secreted more in visually impaired individuals. In this context, in the studies of
Feychting et al. in Sweden and Verkasalo et al. in Finland, it was determined that completely blind
women have a lower risk of breast cancer compared to the general female population (Feychting
et al., 1998; Verkasalo et al., 1999 ).

6. Effect of melatonin on the cardiovascular system

Recent findings have shown that the effects of melatonin on the cardiovascular system are
receptor and non-receptor mediated. Melatonin causes vasoconstriction in cerebral arteries and
vasodilation in peripheral vascular beds. Melatonin levels were found to be low in coronary heart
patients with myocardial infarction risk and sudden death risk (Sewerynek, 2002; Dubocovich and
Markowska, 2005). Similarly, melatonin levels are low in patients with high LDL cholesterol levels
and also in hypertensive patients, and it has been shown that melatonin administration reduces
blood pressure (Paulis and Simko, 2007).

7. Effects of melatonin on feeding behaviour

There are different types of studies with conflicting results regarding the effect of melatonin
on food intake. While some researchers have shown that melatonin reduces food intake in rats,
chickens, hamsters and fish, others have suggested that melatonin has no effect on food intake in
rats. However, studies in rodents have reported that food intake increases in response to the
exogenous administration of melatonin or its agonists (Angers et al., 2003). It was observed that
the blood glucose level, which increased after intravenous glucose administration, decreased again
during the sleep period. Melatonin is thought to play an important role in this decrease in blood
glucose levels (Rohr and Herold, 2002).
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CONCLUSION

The basic duties of the hormone melatonin in the body can be summarized as follows:
Melatonin is primarily responsible for the regulation of the body's sleep pattern. Accordingly,
thanks to melatonin, whose secretion rate changes in the day-night cycle, the need for sleep occurs
at night when daylight is lost. Again, thanks to melatonin, awakening from sleep is provided at
certain times of the day through regulated sleep time. It is also known that melatonin secretion
suppresses the programmed cell death (apoptosis) mechanism in cells (Yu Q et al. 2000). In this
way, it is ensured that the life span of sensitive cells, which are of great importance for the body,
especially neurons, which are the basic cellular elements of the nervous system, is prolonged and
their loss is prevented. melatonin; helps to slow down the ageing process of the skin by increasing
the sleep pattern and quality. Ageing is associated with oxygen radicals and wear of body tissues
Melatonin creates an opportunity for tissues to repair themselves during sleep.
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Importance of Milk in Nutrition

Nurhayat Atasoy’

Introduction

The history of milk begins in the Neolithic Age when people transitioned from nomadic
hunting to a settled society. With the establishment of a fixed dwelling, it was possible to collect
and domesticate animals for work and food, thereby improving agricultural practices. The first
animals to be domesticated were goats and sheep from the Middle East, which made it easier for
humans to manage due to their size, robustness, adaptability, behaviour and social nature. For a
long time, goats and sheep were a source of food (meat and milk) and clothing (wool). For
centuries, milk has become a desirable and valuable source of food; thus, herds were formed and
dairy breeds were selected (Yildiz,2010; Bartowska et al., 2011). It is seen that the themes of milk
and milk curd are worked in the Babylonian reliefs of the 26th century BC. Again, in the 8th century
BC, there are expressions about milk, curd and cheese in Homer's writings (Jain, 1998).

Humans have developed close contact with nature, and milk has become the 1st food
source after birth. Breast milk has always been the sole source of food for children. Milk was
introduced only after the domestication of animals, starting from goats and sheep about 13000
years ago (Haenlein, 2007; Yildiz, 2010), after nursing, followed by the domestication of cows about
4000 years later (Yildiz, 2010). Therefore, milk has become an indispensable food in human life.

Milk contains more vital nutrients than other foods. The nutritional value of a food is
measured by the content of nutrients that the body needs to perform its normal functions. Almost
all of the nutrients required by the body in milk have been collected in a sufficient and balanced
way. Therefore, it is a foodstuff with superior properties (Gerhardt and Thomas, 20006).

Importance and Properties of Milk

Milk is a secretion of the mammary gland, the physical properties and composition of which
vary between species. If a section of the breast is taken and examined; It is seen that a large number
of channels, the diameter and number of which vary according to species and race, come to each
udder chamber, which is separate and independent in terms of function (Demirci, 2001). Milk is a
mixed oil/water emulsion containing fat, protein, lactose, minerals, enzymes, cells, hormones,
immunoglobulins and vitamins. (Selvaggi et al., 2014b).

The blood vessels in the breast must supply sufficient blood to the cells and tissues that
make up the milk. Because an average of 350-500 litres of blood is required for the formation of 1
litre of milk. It is synthesized in milk alveolar cells. While some components of milk pass directly
through the blood, most of them are re-synthesized with the cornerstones in the blood (Metin,
2005). Worldwide, cow's milk is the most consumed, dominating world milk production with 782
million tons in 2013. Therefore, 85% of world milk production comes from cattle, followed by
milk from other species such as Buffalo (11%), Goat (2.3%), Sheep (1.4%) and Camel (0.2%)
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(FAO, 2015). However, farms producing sheep milk constitute an important part of agricultural
economies in many countries, especially in neighbouring countries to the Mediterranean and the
Middle East. The world's largest producer of sheep's milk is China (12.2%) and the leading
producers in Europe are Greece (8.7%), followed by Romania (7.2%) and Italy (6.1%) (Bartowska
et al,, 2011). Sheep milk is slightly less important in Near East and North Africa with 7.5%
production and in Sub-Saharan Africa (5.6%) and East and Southeast Asia (3.9%). Milk production
from small ruminants such as sheep and goats has increased over the years and new consumer
markets are now sought (Selvaggi et al., 2014a). Milk is a good source of minerals such as calcium,
phosphorus, magnesium, potassium, and zinc. However, milk with low iron content and iron
bioavailability cannot make a significant contribution to the iron requirement in childhood. The
mineral content of milk is affected by many conditions such as the physiological condition of the
animal, lactation status, environmental and genetic factors, and some processes applied to milk
(Baysal, 2004).

Under normal conditions, milk has a light consistency and a homogeneous fluidity.
However, in some cases, this appearance may change; creeping, smearing, and the sticky structure
may occur. If it shows a very thick consistency, it indicates that the milk has been mixed with
colostrum or maybe late lactation milk. Milk has a slightly sweet, pleasant flavour provided by
lactose, fat and minerals. The taste and smell of milk with high dry matter are perceived more
strongly. The taste and odour in milk are revealed by the effect of some aroma substances. It is
known that there are traces of flavour substances such as acetone, acetaldehyde, butyric acid and
other free acids in fresh milk. As a result of increased chlorine ions and decreased lactose in breast
diseases, milk also has a slightly salty taste. Excess globulin and mineral substance in colostrum
give the milk a bitter and salty taste, as seen at the end of lactation (Metin, 2001).

Milk normally has a white or creamy colour. The natural colour of milk is affected by the
breed and diet of the dairy animal. Milk is perceived as porcelain white with the effect of colloidal
substances such as opaque calcium caseinate and milk fat reflecting light. After the casein is
separated, the remaining whey appears in greenish-yellow colour, and in skimmed milk, it appears
white with a slight blueish colour (Kirdar, 2001).

Almost all of the essential vitamins for humans are found in milk. Vitamins A, D, E and K
are associated with milk fat. It is the carotenoids that give milk fat its yellowish colour and the
riboflavin that gives it its fluorescent colour. As milk fat decreases, the content of fat-soluble
vitamins also decreases. Unenriched milk has very little vitamin D and K. Milk also contains water-
soluble vitamins. It is considered a good source of folate because it contains folate-binding proteins
and whey protein that increase absorption (Miller et al., 2000).

Milk fat affects the appearance, taste, flavour and durability of milk. It is also a source of
essential fatty acids, fat-soluble vitamins and energy. The oil exists as microscopic globules in the
water emulsion. Milk, triglycerides (97-98%), phospholipids (0.2-1.0%), free sterols (0.22-0.41%),
free fatty acids, fat-soluble vitamins (A, D, E, K) ), contains more than 400 different fatty acids and
fatty acid derivatives (Miller et al., 2000).

The specific gravity of Cow's Milk is 1.028-1,037 g/cm3, slightly higher than that of water.
The reason for this difference; is lactose, protein and minerals found in milk with specific weights
varying between 1.6-3.0 g/cm3 (Kirdar, 2001).

Due to the lactose and minerals found in real solution in its composition, milk freezes at a
lower temperature, at about -0,55°C, compared to distilled water (Oysun, 1991).

Lactose and soluble minerals, which are in the structure of milk and form a real solution,
increase the boiling point. Due to these substances, the boiling point is 100.16 °C (Besler and Unal,
2000).
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DISCUSSION
Minor Components of Milk

Milk is often described as a colloidal suspension containing emulsified fat globules, a
heterogeneous family of major and minor proteins, carbohydrates lactose, minerals, vitamins,
enzymes (Huppertz and Kelly, 2009) and many minor components with important physiological
and metabolic properties. It includes technological roles such as cytokines, nucleotides, peptides,
polyamines, enzymes and other bioactive peptides (Haug et al., 2007).

The high content of saturated fatty acids in milk has been reported to be responsible for
adverse effects that contribute to heart disease, weight gain and obesity (Insel et al., 2004).
However, this is controversial as many milk components support health benefits, including oleic
acid, conjugated linoleic acid, omega-3 fatty acids, proteins, vitamins, minerals and bioactive
compounds, and various milk proteins and their peptides. -It has been suggested that it has cancer
activity (Duarte et al., 2011; Rodrigues et al., 2009).

Salts and Minerals

Milk salts are mainly phosphates, citrates, chlorides, sulfates, carbonates and bicarbonates
of sodium, potassium, calcium and magnesium. Since milk contains organic and inorganic salts, the
salt level is by no means equivalent to the ash content (Huppertz and Kelly, 2009).

Some elements enter the milk from food, but milking equipment and equipment are
important sources of elements such as copper, iron, nickel and zinc. The mineral and vitamin
contents of goat and sheep milk are mostly higher than cow's milk (Patk et al., 2007). Vitaminler

While milk's fat-soluble vitamins A, D, E, and K are related to the fat ratio of milk, water-
soluble vitamin B complex and vitamin C are related to the water phase. Vitamins are variable and
therefore their processing can reduce the effective vitamin content in milk. During processing, fat-
soluble vitamins are retained by the cream, while water-soluble vitamins remain in skim milk or
whey (Michaelidou and Steijns, 20006).

Immune Components

Milk plays an important role in the defence of the mammalian host (Stelwagen et al., 2009).
Immunoglobulins (Ig) found in the colostrum and milk of all lactating species provide
immunological protection for the offspring against microbial pathogens and toxins. Depending on
the species, it can find different immunoglobulins and concentrations. In colostrum, the
concentration of immunoglobulins is particularly high, in contrast to IgG, the important class of
immunoglobulins in ruminant milk, and the main immunoglobulin IgA found in human milk.
Immunoglobulins are transported to mammary secretions via special receptors. In addition to
immune globules, both colostrum and milk contain living cells, including neutrophils and
macrophages, which secrete some of the immune-related components. These include cytokines
and antimicrobial proteins and peptides such as lactoferrin, defensins and cathelicidins. Mammalian
epithelial cells themselves contribute to hosting defence by secreting several innate immune
effector molecules. A detailed understanding of these proteins and peptides offers great potential
to add value to the dairy industry. This is demonstrated by the widespread commercial applications
of lactoferrin isolated from bovine milk (Rodrigues et al., 2009).

Bioactive Peptides

Bioactive peptides can be obtained from precursor proteins by enzymatic hydrolysis with
digestive enzymes derived from microorganisms or plants, or by fermentation of milk with
proteolytic starter cultures (Korhonen and Pihlanto-Leppala, 20006).
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Among the bioactive peptides from milk, those with blood-pressure-lowering effects are
of particular interest (FitzGerald et al., 2004). Some antihypertensive products based on milk
peptides with clinically proven health benefits are commercially available (Lopez-Fandino et al.,
20006). Sheep and goat milk proteins are important sources of bioactive ACE-inhibiting peptides
and antihypertensive peptides (Park et al., 2007). Goat milk is seen as an attractive area of research
as it is less well studied than bovine milk, and also because new peptide angiotensin-converting
enzyme (ACE) inhibitors are found in goat milk hydrolysates (Geerlings et al., 2000).

Polyamines

Polyamines consist of flexible polycations that are fully charged under physiological pH
conditions. It fulfils several roles in cell metabolism and is necessary for cell growth and
proliferation (Léser, 2000; Eliassen et al., 2002; Gugliucci, 2004; Larqué et al., 2007). In addition
to participating in DNA, RNA and protein synthesis, the most important function of polyamines
is to mediate the interaction of all known hormones and growth factors.

Polyamine requirements that cannot be met by biosynthesis must be met with exogenous
polyamines consumed from food (Jeevanandam et al., 1997). It has been suggested that maturation
of the gut is maintained by dietary polyamines; therefore, supplementation may be beneficial in
formula-fed infants.

Moreover, polyamines are important for the reliability of enhanced DNA transcription and
RNA translation that occur in response to infection and during tissue repair, during intestinal
growth after surgery, and in intestinal barrier functions (Grimble and Grimble, 1998).

Hormones

Milk contains varying levels of hormones that have limited nutritional or diagnostic value.
However, many studies have been conducted on the physiological roles of hormones in human
and bovine milk (Koldovsky and Thornburg, 1987; Grosvenor et al., 1993).

Estrogen concentrations, namely 173-estradiol, estrone and estriol concentrations in milk
and a few dairy products, have been reported (Wolford and Argoudelis, 1979). Cow's milk fat
contained 65% 17p-estradiol and 80% estrone. The occurrence of estrogen in both butter and skim
milk indicates the distribution of these steroids between the milk fat phase and the serum phase.
Estrone is found in milk as the predominant estrogen and estrogen concentrations are well known
to correlate with the pregnancy and reproductive cycle. Progesterone levels in milk, it is associated
with pregnancy and childbirth (Comin et al., 2005).

Cow Milk

When you think of milk, the first thing that comes to mind is cow's milk. Due to the high
yield and the length of the lactation period, only cows are used as dairy animals in many countries
today (Kirdar, 2010).

Most cows are born just before spring and lactation stop for 8-10 weeks during the winter.
This production system is characterized by irregularities in the milk supply to the processor, both
in quantity and composition, accompanied by seasonal variations in milk production potential
(Auldist et al., 1998). In particular, milk coming from the late hours of the production season
(autumn and winter) may have different production characteristics than early and mid-season milk,
and some products cannot be produced at all (Lucey, 1990).
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Sheep Milk

The nutritional value of sheep milk is higher than that of goat and cow milk, with proteins,
lipids, minerals and vitamins important for human health and a caloric value corresponding to 5932
kJ/kg (Haenlein, 2001; Kaminarides et al., 2007; Park et al., 2007; Bartowska et al., 2011).

Since approximately 80% of the proteinaceous substances in its composition are
made up of casein, it is included in the group of casein milk. Due to its high dry matter, its caloric
value is also high. Its colour is whiter than cow's milk. The average lactation period of sheep is 7
months and their milk yield is between 400-700 litres in a lactation period, depending on the breeds
(Akgapinar, 2000).

Sheep milk is a rich source of minerals. Calcium, phosphorus, magnesium, zinc, manganese
and copper levels are higher in sheep compared to cow's milk, while the reverse is seen for
potassium and sodium (Park et al., 2007; Wijesinha-Bettoni and Burlingame, 2013). Calcium and
phosphate, which are essential elements for growth and bone maintenance and necessary for
newborns, are abundant in sheep's milk (Al-Wabel, 2008). The bioavailability of these minerals
makes sheep milk a valuable source of these elements. Calcium, which is bound to casein in both
organic and mineral form, exhibits significant availability during the milk digestion process
(Gueguen and Pointillart, 2000); therefore, the calcium bioavailability of sheep milk is strongly
associated with high casein levels (Gaucheron, 2005).

Sheep milk's vitamin content is mostly higher than cow's and goat's milk, except for low
concentrations of carotene and folate, and pantothenic acid and vitamin D, which have equal
concentrations to cow's milk (Park et al., 2007; Wijesinha-Bettoni and Burlingame, 2013). Sheep
milk is high in riboflavin, while cow, goat and buffalo milk are adequate sources of riboflavin. As
a reference, nutrient intakes of riboflavin (0.5 mg/d) can be achieved with 2 cups of sheep's milk
(300 mL). Sheep's milk can also be considered a source of vitamin C, containing an average of 4.6
mg/100 g (Wijesinha-Bettoni and Barbara Burtlingame 2013). Since it is not common to drink
sheep's milk, likely, two glasses of sheep's milk yoghurt or the equivalent of milk in 90 g of sheep
cheese will meet the daily requirements (Recio et al., 2009). Sheep's milk is also a good dietary
source of vitamin A and vitamin E. Vitamin A is only found in sheep's milk as retinol because
dietary B-carotene is completely converted to this form (Raynal-Ljutovac et al., 2008); However,
vitamin E exists in 3 forms, with a-tocopherol being the most abundant form (-, 3-, and y-
tocopherols) (Revilla et al., 2017).

Goat Milk

In terms of composition, it has values close to cow's milk. Since approximately 75% of the
proteinaceous substances in its composition are made up of casein, it is included in the group of
casein milk. Since the amount of carotene is low, goat's milk is whiter than cow's milk and this is
how it is distinguished from cow's milk. The dry matter of goat milk varies between 13-14%. While
the amount of non-protein nitrogenous substances is 0.19% in cow's milk and 0.12% in women's
milk, it is as high as 0.44% in goat's milk (Uysal and Kili¢, 2005).

The ratio of capric, caprylic and capric fatty acids is high in goat milk fat. Goat milk is 2-3
times richer in vitamin A than other milk. The reason for this is that goats eat more green fodder
in winter and the thyroid glands, which play a role in the conversion of carotene to vitamin A, are
larger and more active in goats (Veral, 2005).

The lactation period of dairy goats varies between 6 and 10 months. The annual milk yield
of culture breeds is around 1,000 litres. This amount increases up to 1,500 — 2,000 litres in specially
fed goats. Goats are considered to be the animals that give the most milk in proportion to their
body weight, and culture-breed goats give milk approximately 10 times their body weight in a
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lactation period. As the yield increases, there is a decrease in the milk-fat and protein ratio (Dellal,
2005).

Goat milk contains a large amount of phosphate. Goat milk is a good source for eliminating
phosphate deficiency seen in people who do not have the habit of eating meat and fish. Because it
keeps stomach acidity under control, it is recommended that people with stomach problems drink
goat's milk. Goat milk is poor in terms of some vitamins, especially vitamin B12, manganese and
iron. For this reason, anaemia can be seen in those who are fed goat milk for a long time (Haenlein,
2004).

Breast Milk

The mineral content of breast milk is low and is compatible with the kidney functions of
immature newborns. In addition to amino acids, glucose, fatty acids and vitamins, minerals are also
needed for the reproduction, regeneration and growth of organisms. Milk protein is of good quality
and its utilization rate in the body is 90%. The known contribution of milk proteins to growth and
development in the body, as well as their effectiveness in tissue differentiation; It is known that it
has positive effects on calcium absorption and immune system functions, reduces blood pressure
and cancer risk, is effective in controlling body weight, and is protective against dental caries (Balci,
2011). Lactose, a milk carbohydrate, is the source of milk energy. Lactose is helpful in the formation
of brain and nerve cells and in regulating bowel movements. It develops beneficial gut bacteria by
providing a suitable environment (pH). Mild nausea, gas in the stomach, heartburn and mild
diarrhoea can be seen in those who do not have the habit of drinking milk. These findings go away
as you continue to drink milk (Balct, 2011).

Milk fat is another source of milk energy. It provides absorption of fat-soluble vitamins (A,
D, E, K). In special cases and adulthood, semi-skimmed or skimmed milk can also be consumed.
It has been reported that fatty acids in milk fat are a variable that enables the development of the
nervous system and intellectual capacities of children (Samur, 2012).

Milk is rich in minerals (calcium, phosphorus, iodine, sodium, and magnesium). Milk
contains more and more available calcium minerals than any other food. Calcium, phosphorus and
magnesium are essential components of bone tissue. From childhood to the age of 20-25, with a
balanced diet, bone mineral tissue increases. In old age, bone mineral tissue decreases due to
inactivity and changes in hormonal balance. Milk, which is rich in calcium, phosphorus and protein
content, provides the development of bone tissue in childhood and youth and reduces loss in old
age. Milk protein not only increases calcium absorption but also ensures the formation of bone
tissue cells. Lactose, a milk carbohydrate, is also an important factor that increases calcium
absorption from the small intestines (Coskun, 2003).

Milk contains a large number of vitamins that have a function in growth and development,
the proper use of nutrients in the body, the fulfilment of the functions of the nervous system, and
the development of body resistance and blood production. Riboflavin (vitamin B2), B12, vitamin
A, B6, B1, niacin and folic acid are vitamins found in sufficient amounts in milk. The vitamins in
the composition of milk are extremely sensitive to many physical and chemical effects such as heat
and light. Loss of nutrients due to exposure to ultraviolet rays during the processing of milk,
especially during heat treatment and transportation, is an undesirable situation in terms of health
(Baysal, 2007; Samur, 2012). It is a natural food that is easy to digest and contains fluid, nutrients
and energy elements that the newborn needs for ideal development and growth, with high
biological benefits. Breast milk in terms of baby and mother; It has many benefits in terms of
nutrition, health, immunity, development, psychological and socioeconomic aspects (Hancioglu
Aytac and Yazict, 2020).

The presence of cells, enzymes, hormones, lysozymes, different growth factors, lactoferrin,
peptides and special immunoglobulins in the content of breast milk and the high level of taurine
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make breast milk a unique compound. In addition to these substances in breast milk, the amounts
of iron, zinc, copper, calcium and phosphorus are also adjusted according to whether the baby is
premature or not. When the amount of these is adjusted at the beginning, end and different meals
and the secretion of special immunoglobulins according to the needs of the baby is taken into
account, there is no other explanatory source other than believing that this is made especially for
babies by nature (Bilir, 1984; Erbersdobler et al.1984).

CONCLUSION

The amount of milk recommended being consumed for adequate and balanced nutrition
of healthy individuals varies according to age, gender and physiological status (growth and
development period, pregnancy, lactation, old age). 2-4 (400-800 ml) servings in the Nutrition
Guide published by the National Milk and Dairy Products Council and 2 servings for adult
individuals in the Turkey-Specific Dietary Guidelines [one serving: one medium glass (200 ml)] It
is recommended that children, adolescents, pregnant and lactating women and postmenopausal
women consume 3-4 (600-800 ml) portions. Milk contains a large number of vitamins that have a
function in growth and development, the proper use of nutrients in the body, the fulfilment of the
functions of the nervous system, and the development of body resistance and blood production.
When milk and dairy products are considered a source of some important minerals, especially
calcium and phosphorus, and some B group vitamins such as protein and riboflavin, it is
understood that they are an important food group in terms of public health.
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Immunosensors: Immobilization Methods, Transduction Mechanisms And
Current Studies

Burak SEZER!
Ogiing MERAL?

Introduction

Biosensors are analytical devices that transfer and interpret signals generated by the
immobilization of biorecognition elements (enzyme, hormone, nucleic acid, cell, antibody) on a
transducer surface. Biosensors consist of an analyte that is wanted to identify, a biorecognition
element or a bioreceptor, and a transducer that convert the reaction which depends on the analyte’s
specific concentration to a signal (Sharma, 2016). The biocomponents that sense the analytes may
be enzymes, antibodies, DNA probes, microorganisms, cells, and tissues while electrochemical,
optical, piezoelectric, thermal or magnetic systems are used as transducers. Electrochemical,
optical, piezoelectric and thermometric transducers are the four main types of transducers that are
used in biosensors. Electrochemical devices usually measure a fixed voltage in a current
(amperometry), a voltage in zero current (potentiometry), conductivity or impedance. Impedance
can be defined as the resistance to current in an electrical circuit (Tothill, 2001). Optic transducers
use some effects like light absorption, fluorescence or retractive index (Tothill & Turner, 2001).
Thermometric biosensors work by using enthalpy changes during biochemical reactions. Sensors
working with the piezoelectric principle measure the resonant frequency of wave propagation along
the piezoelectric material. These principles are used to evaluate mass, viscosity and density changes
at the sensor surface (Tothill, 2001). Immunosensors can operate in two ways, according to direct
measurement methods, where the detection mechanism is directly dependent on the antigen-
antibody interaction, or indirect measurement methods, where a label such as an enzyme or
fluorescent molecule is used to detect the binding reactions (Karunakaran, Pandiaraj &
Santharaman, 2015). According to the operation of the detection mechanism within the
transduction process, immunosensors may be classified as electrochemical, optical, and
piezoelectric immunosensors, or based on the use of labels they can be classified as labeled
(indirect) and unlabeled (direct) (Holford, Davis & Higson, 2012).

Immunoassays are quantitative analysis methods that utilize antibodies as immunological
agents. The selectivity of antibodies is extremely high and antibodies can bind to their specific
targets even if there is a high diversity of different molecules in the sample. Immunoassays consist
of a group of immunochemical methods and are frequently used in the field of clinical diagnosis
(Karunakaran, Pandiaraj & Santharaman, 2015).

Antibodies are produced as the immune system response of hosts exposed to foreign
invaders such as bacteria, viruses and parasites called antigens. Antibodies, also called
immunoglobulins, are heavy globular plasma proteins. Antibodies can be classified into five classes:
IgG, IgM, IgA, IgE and IgD. IgG is the most abundant antibody in serum and also the most
commonly used antibody in immunosensor applications. Antibodies bind to the target antigen with
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high affinity, allowing rapid detection of a wide-range analyte spectrum from pathogens to toxins
(Karunakaran, Pandiaraj & Santharaman, 2015).

An antibody can be fixed directly to the surface of an electrode or an optical waveguide in
the transducer so that it can provide a detectable signal when binding with the analyte occurs. In
this case, the antibodies are referred to as primary or captured antibodies. However, antibodies can
be used for labeling when they carry labels such as radioisotopes, enzymes, cells, radiant probes,
chemiluminescent probes, metal labels or nanoparticles. Antibodies used in this way are also called
secondary antibodies or detection antibodies (Li, 20006). Both primary and secondary antibodies in
biosensors are generally used in conjunction with electrochemical, optical and piezoelectric
transducers. An immunosensor developed for online measurement of progesterone in bovine milk
(Delwiche et al., 2001), an unlabeled quartz crystal microbalance (QCM) immunosensor studied
for rapid detection of E.coli O157:H7 and Salmonella typhimurium in food samples (Su & Li,
2004), and an optical immunosensor for the detection of antibiotic and pesticide residues in water
(Tschmelak, Proll & Gauglitz, 2005) can be counted among the samples of immunosensors.

Immobilization Methods of Antibodies

The performance of an immunosensor depends on three critical factors. These factors are:
biosensing material immobilization without activity loss; analyte accessibility to biosensing
materials; and low nonspesific adsorption with the solid substance (Sharma, Byrne & O’Kennedy,
2016). In order to ensure conformational stability and bioactivity during the immobilization
procedure, the main goal is to make the active part accessible to the targets. Proper immobilization
should be quick and convenient and should prevent biomolecule leaks. In addition, there are several
parameters that affect immobilization such as biomolecule size, shape, working area, polarity,
functional group presence, and storage conditions. Chemical and physical properties of transducers
are also effective on immobilization (Asal et al., 2019).

The compatibility of antibodies to the sensor surfaces can be controlled by interactions
between the antibody and surface reagents. Various approaches aim to make the sensor surface
more suitable for immobilization with antibodies of specific orientation, such as functionalizing
the surface with specific groups (glutaraldehyde carbodiimide, succinimide esters, malenimide or
periodate), or designing it with nanostructures (Kierny, Cunningham & Kay, 2012).

Antibodies can be adsorbed on the sensor surface by noncovalent forces such as
electrostatic or ionic bonds, hydrophobic interactions, and van der Waals forces. Adsorption may
be classified as physisorption and chemisorption. While physisorption includes van der Waals
forces and hydrophobic interactions, chemisorption basically includes the electrostatic interactions
between the antibody and the surface (Sharma, Byrne & O’Kennedy, 2016). Antibody trapping on
conductive polymer films is another noncovalent approach. The capture of antibodies against
human serum albumin on galvanostatically polymerized pyrrole was reported (John et al., 1991).

Polyacetylene, polythiophene, polyaniline, polyindole and polypyrrole are common
conductive polymers used in immunosensor manufacturing due to their supetior biocompatibility
against neutral flowing solutions. Polyquinon is another smart material that is used for the
immobilization of biomolecules. In addition to their biocompatibility, they have conjugation and
transduction capabilities. Thus, it makes it unnecessary to add a redox label to the solution or to
the antibody (Sharma, Byrne & O’Kennedy, 2016).

Chemical immobilization is provided by primary bonds such as covalent bonds. Covalent
bonds provide stable and irreversible immobilization and are widely used in antibody
immobilization. Most covalent immobilizations use functional groups naturally found in
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antibodies. Sugar domains and disulfide bonds between two heavy chains are the most frequently
used functional groups to ensure correct orientation (Park, 2019). Covalent bonds are formed by
surface modifications that enable the interaction of subsequent antibodies with reagents such as
hydroxy, thiol, carboxy and amino groups on the surface. Various surface modification techniques
have been developed by chemical modification, photochemical grafting, plasma gas discharge and
ionized radiation graft polymerization methods. Binding of antibodies to the sensor surface using
amine groups is often performed in the form of covalent bonding with the amino acid lysine to the
side chains of antibodies, since these groups are relatively easy to access (Sharma, Byrne &
O’Kennedy, 2016).

The primary amine groups of antibodies are covalently bound to the reactive succinimide
esters. Feyysa et al. (Feyssa et al., 2013) reported that immobilization of anti CRP antibody via
amine covalent bond in a microfluidic platform, enhanced the sequence signal compared to passive
binding. The manufacturability of this biochip appears to be similar to that of the human CRP
ELISA detection kit. Rahman et al. (Rahman et al., 2007) immobilized a polyclonal antibody onto
a carboxylic acid group functionalized on the nanoparticle with the quartz crystal microbalance
principle for the detection of bisphenol A.

Antibodies are glycoproteins and contain polysaccharides in their heavy chains. These sugar
chains are positioned in the Fc region and immobilization over these regions may be the right
choice. Saccharide molecules contain many hydroxyl groups and these groups can be converted to
aldehyde groups by oxidation. Therefore, sugar chains that contain active aldehyde groups can be
used as an immobilization site. (Park, 2019).

Another common method of immobilization on sugar chains is boronic acid
immobilization. Boronic acid forms boronate esters with cis-diols of saccharide molecules at room
temperature (Park, 2019). Lin et al. provided antibody conjugation on magnetic nanoparticles with
the help of boronic acid by covalent binding of the carbohydrate part of the constant region (Lin
et al., 2009).

The method of using disulfide bonds between two heavy chains is also used to increase the
accessibility of the active sites of antibodies. The disruption of the disulfide bond occurs by agents
such as beta-mercaptoethanol or dithiothreitol. Thus immobilization can be provided by utilizing
the disulfide bond (Park, 2019).

Covalent immobilization of antibodies over chemical binders such as glutaraldehyde can
damage the antigen binding site and reduce antigen binding affinity (Park, 2019). To overcome this
problem, molecules with an affinity for antibodies have been studied. Among these molecules,
biotin-avidin/streptavidin, protein A and G are frequently used (Sharma, Byrne & O’Kennedy,
2016; Park, 2019). De Juan Franco et al. developed a new, simple and fast orientation method by
utilizing a fusion protein region called protein A gold binding site (PAG). Biotin-labeled antibodies
can easily be captured by functionalized surfaces with proteins produced by avidin, streptavidin or
a combination of these two proteins and form conjugates (De Juan-Franco et al., 2013). Ionescu
et al. developed a highly sensitive direct impedimetric immunosensor for the detection of the
herbicide atrazine. Affinity-based immobilization of anti-atrazine antibodies on polypyrrole film
was performed using a gold electrode with nitrilotriacetic acid. They were able to detect the charge
transfer resistance even with atrazine in the amount of 10 pg/ml, and they were able to gain
functionality in the range of 10 pg/ml-1 pg/ml (Ionescu et al., 2010).

One of the most promising methods is the molecularly imprinted polymer method.
Molecular imprint-based receptors are designed to selectively identify target molecules, including
proteins. Molecularly imprinted polymers are generally formed around the template molecule by a
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matrix polymerization method. After polymerization, the template is extracted and a porous
structure is produced with the dimensions and shape of the molecule to be immobilized, providing
an ordered orientation and recognition with high specificity (Kalecki et al., 2020).

Transduction Mechanisms of Immunosensors
Electrochemical

Antigen-antibody interactions occurring in electrochemical transducers cause changes in
ion concentration, potential, current, conductivity, capacitance and impedance measurements.
Electrochemical biosensors that take advantage of these changes have many advantages, such as
being economical, easy to apply, portable, reliable, fast, powerful, mass-produced and functional
with small amounts of analyte. Electrochemical immunosensors have become interesting and
sought-after biosensing devices with the use of modern and developing technology (Hayat,
Catanante & Marty, 2014).

Changes in the dielectric properties of the electrode surfaces can be monitored by
potentiostatic procedures. With this discovery, amperometric biosensors have become more
popular. Amperometry measures both the magnitude and intensity of the current at a fixed
potential value at a given time in an electrochemical cell. When a regulated potential is applied
between the electrodes, redox reactions occur that produce a measurable current proportional to
the concentration of the relevant analyte (Hayat, Catanante & Marty, 2014). The electrodes used in
amperometric sensors have the property of exhibiting high stability over long time periods and
showing a linear response in the physiological range. Resulting from molecules such as potassium
ferrocyanide being used to mediate the efficient transfer of electrons between the electrode surface
and the labels, the electrodes are not affected by the oxygen flow, dissolved gas effects are avoided,
and thus stable and accurate results are obtained (Grieshaber et al., 2008). Pinacho et al. developed
an enzyme-labeled amperometric immunosensor immobilized on a magnetic bead that detects 7
different fluoroquinolones in milk (Pinacho et al., 2014). When the reaction takes place with the
fluoroquinolone samples, the magnetic beads are easily captured by the magnetic graphite-epoxy
composition (m-GEC) electrodes. Magnetic beads work specifically for fluoroquinolones from the
multi-component structure of milk, hence there is no need for an extra extraction process.
Voltammetry is the process of measuring the corresponding change in current while the potential
is changed over a predetermined range. As a result, the measured current is translated into peaks
and plateaus that represent the target of interest and where the height of the peak gives the amount
of analyte. Detection of different multiple analytes in a single sample is possible because each
analyte has a characteristic peak position, making the voltammetry technique extremely valuable
for immunosensors (Su et al., 2011). This method is extremely sensitive due to low background
noise generation, especially when applied after sample preconcentration (Velusamy et al., 2010).
Cyclic voltammetry is an important technique that works with the mechanism of charge transfer
reactions of redox labels, enabling the determination of biomolecule concentrations depending on
oxidation/reduction pathways. In cyclic voltammetry, the potential of an electrode is drawn from
the initial potential to the final potential and back to the initial potential. The changing current is
measured during these potential transitions (Karunakaran, Pandiaraj & Santharaman, 2015). Singh
and Krishnan developed a voltammetric immunosensor that can measure serum insulin level with
5 pM limit of detection. By exposing the analyte to magnetite nanoparticles, they ensured high
sensitivity capture of serum insulin conjugates by the electrodes, thus developing the first
voltammetric diabetes sensor (Singh & Krishnan, 2015).

Potentiometric measurement records and displays ion activities in an electrochemical
reaction. It indicates the mass charge potential of an indicator electrode versus a reference electrode
where the current is zero. The Nernst equation can be used to determine the relationship between
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the potential and the amount of analyte. The most commonly used components in potentiometry
are pH electrodes. Other electrodes like ion (F, T, CN’, Na*, K*, Ca®", NH,") or gas (CO,, NH;)
selective electrodes may also be used for potential measurements (Bobacka, Ivaska & Lewenstam,
2008). The antibodies and antigens in solution each show a net polarity of electrical charge that
correlates with the ionic composition of the solution and the molecules it contains. If the antibody
complex combines with the antigen, a different electrical charge arises from the charge that the
antibody alone has. This change can be measure by potentiometric methods (Karunakaran,
Pandiaraj & Santharaman, 2015). Tarasov et al. developed a potentiometric immunosensor that
detects BHV-1 specific antibody in bovine serum with a microfluidic chip immobilized with Bovine
Herpes Virus-1 viral protein gE. This method, which takes less than 10 minutes to give results, has

similar detection limits with ELISA and it is advantageous because it gives fast results (Tarasov et
al., 2010).

Conductometric immunosensors measure the changes in conductivity of sample solutions
due to biorecognition reactions. Most reactions produce ionic species concentration changes that
cause electrical conductivity or current changes. A conductometric immunosensor consists of two
electrodes placed at a certain distance from each other and an alternating voltage is applied which
causes a current to be generated across the electrodes. If the immunosensor has been exposed to
the analyte, the change due to the receptor-analyte combination in the identification layer causes a
significant change in the total capacitance (Karunakaran, Pandiaraj & Santharaman, 2015). Mutlaq
et al. developed a conductometric-based immunosensor for the detection of E. coli O157:H7
bacteria, one of the most common foodborne pathogens. They coated the gold electrode with
polyaniline/zinc oxide (PANI/ZnO) nanocomponents, immobilized monoclonal anti-O157:H7
antibody as a biorecognition element, and measured in the detection range of 101-104 CFU/ml in
30 minutes (Mutlaq et al., 2021).

Impedance is basically the opposite of current in an electrical circuit. The difference
between resistance and impedance is that the resistance obeys Ohm's law and opposes the current
of electrons in alternating and direct current circuits. Impedance is a resistance that changes
according to inductive and capacitive effects seen only in alternating current circuits (Leva-Bueno,
Peyman & Millner, 2020). In electrochemical impedance spectroscopy (EIS), changes in current
are measured after the application of a voltage with a specific frequency to the interface. The
current/voltage ratio gives the impedance (Velusamy et al., 2010). C-reactive protein (CRP) is a
routinely used biomarker in the clinical diagnosis of liver or cardiovascular inflammation. The
amount of CRP in the blood plasma can also be used in the diagnosis of diseases such as diabetes
and cancer (Lim & Ahmed, 2019). Jampasa et al. produced an electrochemical biosensor for the
detection of CRP with a sandwich model, using a serigraphic graphene electrode modified with
cysteine and gold. Anthraquinone was chosen as a redox label because of its stability, simplicity
and compatibility with biomolecules. The produced immunosensor measured CRP in the range of
0.01-150 pg/ml with 1.5 ng/ml limit of detection (Jamasa et al., 2018).

The sensitivity of immunosensors can be increased by the modification of the surfaces of
electrodes by nanomaterials. Because electrode surface area of would increased (Ahmed et al.,
2014). Li et al. used gold nanoparticles (AuNP) to detect human epidermal growth factor 2 (HER2),
a breast cancer biomarker. In this design, AuNPs are used as support surfaces for immobilization
of HER2 specific peptide sequences and since they form a wide surface area they produce a
powerful electrochemical current. The group reported 0,5 pg/ml limit of detection and 1 pg/ml to
1 ng/ml detection range (Li et al., 2018).
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Optical

Optical immunosensors utilize methods such as chemiluminescence, light absorbance,
florescence, phosphorescence, light polarization, and rotation for the detection of analyte. Optical
sensors work on the principle of detecting changes in light reflections and emission caused by the
formation of the Ab/Ag complex, using light as a stimulus. A typical optical sensor receives the
light from the laser, diode or white bulb and allows the changes to be observed while reflecting it
from the sensor. Measurements can be made sequentially or simultaneously by sending light to the
sensor at various angles. Many publications also focus on the use of nanoparticles to improve the
performance of optical immunosensors. Nanoparticles generally lower the detection limit and
increase signal amplification depending on the increased surface area (Karunakaran, Pandiaraj &
Santharaman, 2015).

Optical change can be created with transducer types such as surface plasmon resonance
(SPR), interferometry, reflectometric interference spectroscopy, ellipsometry and total internal
reflection fluorescence (TIRF) (Abdolrahim et al., 2015).

Optical immunosensors are basically classified into two groups as direct and indirect. A
direct optical immunosensor consists of a physical component, a biological component and a
detector. While the prism and light source are physical components, the recognition element or
biochemical content is biological. These systems generally include an optical reader, a
biorecognition material, and sample processing systems, as well as four subsystems: light source,
detector module, data processing unit, and optical connections. In the biological component,
biomolecules are used as molecular probes for bioconjugation with the analyte. In the physical
component, excitation light creates a resonance in the surface plasmons in the film and the
reflection intensity of the light reflected at certain angles is observed. The electronic signal which
is converted from the reflected light by a linear array detector makes possible monitoring the the
biochemical interaction between the analyte and the transduction surface. Such tests are completed
in about ten minutes (Lee et al., 2018).

A surface plasmon is an excitable electron oscillation that occurs between two surfaces
whose insulating constants are of opposite signs. In a surface plasmon resonance (SPR)
immunosensor, antibodies are immobilized on a thin metal sheet, usually gold, and detection is
made by observing the reflection angle of polarized light with a prism depending on the formation
of the target ligand. The metal film acts as a mirror, reflecting this light, increasing the power of
reflection and making it calculable and measurable. When immobilized antibodies bind to targets,
a deviation in SPR angle is observed depending on the concentration of the target (Lim & Ahmed,
2019). Battaglia et al. developed two SPR-based immunosensors for the detection of procalcitonin
(PCT), which is used as a sepsis marker in both human and veterinary medicine, for use in canines
and equidae. They utilized the molecular imprinting method using dopamine and norepinephrine
to create PCT binding sites on the gold chip surface. In the detection of markers in plasma, these
two biosensors developed for canine and equidae reached the of 30 ng/ml and 15 ng/ml limit of
detection, respectively (Battaglia et al., 2021).

In indirect methods, fluorophores, luminophores, chromophores, quantum dots and
nanoparticles can be used as labels. Total internal reflection fluorescence (TIRF) microscopy can
be used to detect excited fluorophores within a 200 nm long field. A laser beam with an angle of
incidence greater than the critical angle travels through the silica layer and is reflected from the
glass coating towards the inside. Due to the splitting between the transmitted and reflected rays in
this way, a standing wave is produced from the silica layer, resulting in an area where waves with
decreasing amplitude are seen (Lee et al, 2018). Kippel et al. developed a TIRF-based
immunosensor that measures progesterone from milk samples taken from oestrus-cycled cows.
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They covalently immobilized the monoclonal antiprogesterone antibody to the sensor surface as a
biological identification element and aimed to detect progesterone. As a result, they were able to
measure at the picogram level in less than 5 minutes, thus making it possible to monitor critical
parameters such as estrus and pregnancy follow-up, which are important for milk production
(Kippel, Proll & Gauglitz, 2007).

Optical fiber immunosensors are another method that allows monitoring of antigen-
antibody complexes immobilized on an optical surface. Optical fiber immunosensors do not
require reference electrodes, are convenient, and are widely used in clinical diagnosis, in vivo
observations, and the detection of hazardous materials. The total internal reflection principle is the
basis of optical fiber biosensors. The rays are transferred along the center of the fiber with
negligible light loss (Lee et al., 2018). Immunochemical agents are immobilized at one end of the
optical fiber and measured by light absorbance or fluorescent emission. In other words, antigen-
antibody binding causes a colorimetric change. In this way, measurements can be made depending
on the amount of antigen present (Karunakaran, Pandiaraj & Santharaman, 2015). Yang et al.
developed a dual channel optical immunosensor that measures SARS-Cov-2 and Influenza A
viruses in 10 minutes on a single sensor with a dual channel system. This sensor can recognize
nucleoproteins of influenza A HIN1, H3N2 and H7N9 and SARS-CoV-2 Omicron and Delta
variants (Yang et al., 2022).

One of the most important nanostructural detection tools is quantum dots, which are
nanoparticles consisting of fluorescently labeled probe biomolecules. Quantum dots are
semiconductor nano-sized (2-10 nm) crystalline structures. They are brighter and more photostable
than conventional fluorophores due to their high quantum efficiencies. In addition, their color is
directly related to their size. The larger size emits a larger wavelength, giving a color close to red,
while those with a smaller diameter give a color close to blue. Therefore, broad absorption spectra
and narrow and symmetrical emission scales can be combined and excited by a single wavelength
and functional light source to exhibit a multicolored character in disease mapping and detection
(Singh et al., 2018). Kerman et al. developed a quantum dot-based sandwich biosensor for prostate-
specific antigen (PSA) detection. They immobilized the primary antibodies with protein A on the
carbon surface and ensured that the target antigen was captured by these antibodies. After adding
secondary biotinylated antibodies to the assembly, a sandwich type immunoassay was created.
Then, they added streptavidin-conjugated quantum dots to the system, enabling them to bind with
secondary antibodies and detect the presence of PSA due to the presence of emission of quantum
dots (Kerman et al., 2007).

In optical detection, functionalized metal nanoparticles with relatively higher stability and
lower background noise can be used as an alternative to fluorescent labeling of antibodies. Gold
nanoparticles are the most studied and frequently used particles among these metals. It has easy
fabrication, high biocompatibility, conductivity, compatibility with surface modification, and
optoelectronic properties based on size and shape, which are useful in biosensor development (Li
et al., 2010). Mradula et al. used gold nanoparticles in the biosensors they developed for the
detection of thyroxine hormone. They immobilized anti-thyroxine antibodies on AuNPs that they
functionalized with cysteamine and were able to measure thyroxine with this bioconjugate with a
9.11 pg/ml limit of detection (Mradula et al., 2020).

Piezoelectric

Piezoelectric immunosensors work with the principle of measuring the mass sensitivity of
piezoelectric quartz crystals, which varies depending on the antigen-antibody complexes formed.
These types of immunosensors are populatly preferred in many sectors due to their simplicity, high
sensitivity, specificity, stability, speed and safety (Lim & Ahmed, 2019). The mass change is
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detected by quartz crystals, the main component of these sensors. Piezoelectric crystal oscillates at
a specific frequency, if there is coupling, when an electrical signal is used at a certain frequency
(Terry, White & Tigwell, 2005). When voltage is applied to the quartz crystal by two electrodes, the
orientation of the crystal changes and mechanical oscillation is observed at a characteristic
vibrational frequency. With the formation of immunocomplexes, the crystal’s mass increases
because of the immunocomplexes extra mass load, the oscillation frequency of the crystal changes,
and in this way, mass change can be detected electrically. Measurement methods used in
immunosensors can be direct or indirect. In direct measurement of the analyte, the mechanical
oscillation frequency decreases with increasing analyte concentration. In indirect measurements,
the analyte first interacts with the free elements in the solution. This causes the frequency to change
inversely with the amount of analyte (Lim & Ahmed, 2019).

QCM immunosensors are formed from a thin quartz plate with an electrode attached to its
edges and an antigen or antibody immobilized on its surface. As piezoelectric QCM works by
creating an electric field between two electrodes and oscillating the quartz crystal (Kurosawa et al.,
20006). The applied electric field creates an acoustic wave that comes perpendicular to the crystal
surface and passes through it. These waves provide the necessary impedance at the point where
the width of the device reaches several half wavelengths. As a result, the quartz disc undergoes
mechanical resonance where the resonant frequency occurs in the space between the two
electrodes, depending on the thickness of the quartz disc and the natural velocity of the acoustic
wave (Aberl, Kosslinger & Wolf, 1998). Immunological detection of the target analyte causes an
increase in mass, which in turn causes a decrease in the resonance frequency in the oscillation. The
change in mass can be determined by calculating the difference between the frequency
measurement made before the analyte is applied and the measurement to be made after conjugation
(Terry, White & Tiqwell, 2005). Kim et al. developed an immunosensor for the detection of canine
parvovirus by immobilizing a monoclonal anti-CPV IgG antibody on a gold-plated quart crystal
surface over thiol groups. They successfully detected CPV after stool sample loading (Kim et al.,
2015).

SAW immunosensor setups generally consist of a piezoelectric material placed on a silicon
substrate and metal electrodes combined with this material to generate mechanical acoustic waves
and make them visible in case of a reaction response (Lim & Ahmed, 2019). This type of sensor is
based on the production of a specific acoustic vibration with concentrated acoustic energy around
the outer surface of a solid material that provides high sensitivity to surface adsorption. The
electrical signal is confined by an independent layer to ensure the concentration of acoustic energy
and transforms into polarized lateral waves parallel to the surface of the piezoelectric crystal. Since
any material in contact with the surface will significantly change the speed and amplitude of the
waves, the transducer can precisely detect all specific biological interactions on the surface of the
piezoelectric material. When there is an increase in mass as a result of the formation of
immunocomplexes, the excited waves traveling along the crystal surface are subject to frequency
changes in the motion path. Changes in the resonance frequency proportional to the mass change
on the transducer surface can be measured in this way (Fogel, Limson & Seshia, 2016). Toma et al.
developed a SAW immunosensor supplemented with gold nanoparticles and used it for the
detection of house dust mites. Gold nanoparticles conjugated with streptavidin affinity bind to the
biotinylated detection antibody forming a sandwich format with the capture antibody and antigen
immobilized on the surface. With the measurements made in this way, the detection limit of 2.5
ng/ml was reached (Toma et al., 2017).

Thermometric

Heat emission or absorption is often observed when biochemical reactions take place.
Based on this phenomenon, thermal immunosensors have been developed based on the concept
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of measuring thermal change with the formation of a specific antigen-antibody complex
(Ramanathan & Danielsson, 2001). All temperature changes caused by the heat released or
absorbed can be measured by measuring the molar enthalpy and by summing the energy of the
products formed as a result of biochemical reactions. Heat-based detection methods are generally
used in combination with enzymes with thermistor properties, since all reactions with the enzyme
are accompanied by enthalpy changes (Lim & Ahmed, 2019). It is common practice to combine
the flow injection assay (FIA) method, which pioneered the development of thermometric sensors,
and the detection of thermal change in enzymatic reactions. Xu et al. developed an FIA-based
thermometric ELISA (TELISA) for the detection and measurement of diazepam (DZP). DZP is
used by mixing with beverages in various criminal cases, such as theft and sexual abuse. In this
study, they produced a stable temperature change signal that was correlated with temperature
changes as a result of enzymatic catalysis. The TELISA design is based on the competitive format
determination of the thermal response generated by the catalytic degradation of analyte-enzyme
conjugates by the respective products. With this principle, the detection limit of 33.71 ng/ml was
reached (Xu et al., 2017).

Conclusions

Immunosensors have become popular tools since they meet the need for a sensitive, specific, fast,
miniaturized size and inexpensive diagnostic device that can detect a variety of analytes. Significant
progress has been made in this area by developing new protocols using up-to-date technology and
modern tools. It has been observed that proper orientation and antigen-binding activity increase
significantly with the development of recombinant antibodies and the application of appropriate
immobilization techniques The major challenge in the development of immunosensors goes
beyond the laboratory environment to end-user applications. The prevalence of these sensors will
increase with the advances in nanomaterials, protocols, versatile designs, powerful sensors and
signal generation.
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Introduction

The term glycosylation refers to the incorporation of various carbohydrates into the
structures of biologically important molecules such as lipids and nucleic acids, especially proteins.
Incorporation into this structure can occur in two different ways, enzymatic and non-enzymatic. If
the binding of carbohydrates to proteins occurs in the catalysis of an enzyme and by glycosidic
bond, it is known as enzymatic glycosylation (Glycolization). However, if this binding occurs
as a result of the reaction of reducing sugars or metabolic derivatives with proteins without enzyme
catalysis, it is called non-enzymatic glycosylation (Glycation) (Kiling, 2011; Kayili, 2016;
Aydinhan, 2018). This review will focus more on glycation events and products.

Enzymatic glycosylation reactions (glycosylation)

It is known that in order for proteins to become functional, they must undergo post-
translational modifications, including permanent or temporary enzymatic processes, during or after
the translation process. One of the most important post-translational modifications that occur
frequently during the synthesis of proteins is protein glycosylation. It is known that after translation
of many proteins, especially membrane proteins and a significant part of the proteins secreted out
of the cell, various carbohydrate units are attached to their structures and these modifications are
important for the structure and functions of these proteins. It has also been demonstrated by
studies that glycosylation directly or indirectly affects the function of proteins in various ways and
gives glycoproteins various functions in vital processes such as cell stimulation, cell-cell interaction
and signal transmission (Kiling, 2011; Kayili, 2016).

Structural modification events, which occur by the addition of carbohydrate units to proteins,
are usually catalyzed by glycosyl transferase enzymes located in the membranes of the endoplasmic
reticulum and Golgi organelles inside the cell. In these highly specific enzymatic glycosylation
events, glucose in particular, galactose, mannose, fructose, sialic acids, fucose, N-acetyl
mannosamine, N-acetyl glucosamine (GIcNAc), N-acetyl galactosamine (GalNAc) and N-acetyl
neuraminic acid (NeuAc) such as monosaccharide units participate in the structure of proteins.
During these reactions, carbohydrate units are attached to the side chains of asparagine, serine,
threonine or hydroxylysine amino acids in proteins with their anomeric carbons by glycosidic
bonds. These bonds can occur in 2 different ways as O-glycosidic (O-linked) to the hydroxyl
groups in the side chains or N-glycosidic (N-linked) glycosylation attached to the amide nitrogen
(Kiling, 2011; Yalcin, 2012; Kayili, 2016; Aydinhan, 2018).

Since glycosylation is part of the natural functioning of the cell, it takes place in a controlled
manner. For this reason, its importance can be better understood when the diseases that occur as
a result of abnormal glycosylation of proteins are examined. It has been reported Glycosylation
plays a role in various biological events, especially in antigen recognition, infection and immunity,
and therefore, the relationship of abnormal glycosylation in proteins with various pathological
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conditions, especially congenital glycosylation disorders (CDG), cancer and immune system
diseases (Ozaydin & et al., 2012; Yalgin, 2012; Kaytli, 2016).

Non-enzymatic glycosylation reactions (glycation)

Non-enzymatic glycosylation of compounds carrying free carbonyl groups; It refers to the
reaction of free amino groups of proteins, nucleic acids and lipids with reducing sugars or their
metabolic derivatives without enzyme catalysis. Although this spontaneous reaction is more
commonly referred to as protein glycation, it is in today known as the "Maillard reaction" (Kiling,
2011; Toprak, 2014; Demirel & Yildiran, 2018; Yalcin & Rakicioglu, 2022).

It was first reported by Louis Camille Maillard in 1912 that reducing sugars in a solution cause
the formation of dark colored products (melanoidins) as a result of the reaction of amino acids.
The Maillard reaction, which consists of a series of complex reactions that proceed sequentially
and simultaneously, consists of three main stages: early, intermediate and late. The Maillard reaction
leads to the formation of products with different chemical properties, such as heterocyclic amines,
acrylamide, and 5-hydroxymethylfurfural. In the early stage of the reaction; The carbonyl group of
reducing sugars such as glucose, galactose, fructose, mannose, ascorbate, pentoses undergoes
condensation with the e-amino group, which is the side chain of lysine amino acids in proteins,
with the release of water. In this reaction, which takes place non-enzymatically, the "Schiff base"
intermediate product, which is an unstable and ketimine intermediate, first appears. Although the
Schiff base formation that occurs at this stage of the reaction is reversible, it can also undergo an
irreversible Amadori regulation, usually after the reaction progresses to the intermediate stage. The
proteins formed at this stage are known as Amadori products. In other words, since the formed
Schiff base is an unstable product; By adding water back to the structure, the reaction may be
reversed or the reaction may spontaneously convert irreversibly to the stable product 1-amino-1-
deoxy-2-ketose (ketoamine or fructosamine). The formation reaction of this stable form of
ketoamine is called “Amadori regulation”. When glycation occurs between glucose and lysine
residues in proteins, the resulting Amadori product is called fructoselysine. It has been reported
that various Amadori products such as fructosamine and fructoselysine, which are formed as a
result of the reaction, have circular and flat forms and these forms are in equilibrium with each
other in solution. Under zz vivo conditions, Amadori products have been found to accumulate by
irreversibly binding to both short- and long-lived proteins, reaching equilibrium over a period of
15 to 20 days (Figures 1 and 2) (Singh & et al., 2001; Vlassara & Palace, 2002; Kiling, 2011; Toprak,
2014; Yilmaz & Karabudak, 2016; Aydinhan, 2018; Kerimoglu & Ttirk, 2018; Arslan & et al., 2021;
Erim, Ergene & Hecer, 2022; Yalcin & Rakicioglu, 2022).
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Figure 1. Non-enzgymatic reaction of glucose with proteins. The reaction mechanism of other aldehydes and ketones

with the amino group is the same. Adapted from Kiling, 2071.

In the intermediate stage, it is observed that Amadori products undergo oxidation and
dehydration reactions and are transformed into various carbonyl derivatives such as glyoxal,
methylglyoxal and deoxyglucosons, which are more reactive than the sugars from which they are
produced (Figure 2). Studies have shown that dicarbonyl derivatives can arise from the degradation
of highly glycated proteins, from glycolysis intermediates, and from peroxidation of lipids (Kiling,

2011; Yidmaz & Karabudak, 2016; Aydinhan, 2018; Yal¢in & Rakicioglu, 2022).
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Figure 2. Formation of reactive carbonyl derivatives from Amadori products. Adapted from Toprak, 2014.
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In the late stage of the reaction, Amadori products are seen to undergo rearrangements
following reactions such as cyclization, oxidation and dehydration to form more stable products.
After rearrangements, they form compounds called Advanced Glycation End Products
(AGE's), which are generally yellow-brown in color, which can also fluoresce and accumulate in
long-lived proteins and cause damage, in an insoluble form with an irreversible reaction (Kiling,
2011; Aydinhan, 2018; Yalcin & Rakicioglu, 2022).

Although the vast majority of these compounds are known, efforts to understand their
chemical properties continue. Recent research shows that Amadori products undergo oxidative
and non-oxidative modifications or decompose to form glycation intermediates and AGEs, mainly
including furfurals, reductones, dicarbonyls and compounds from the hydroxycarbonyl class
(Kiling, 2011; Aydinhan, 2018; Kerimoglu & Tirk, 2018).

Glycosylated hemoglobin (HbAlc)

Although studies on non-enzymatic glycosylation reactions go back a long time, research on
proteins gained momentum with the discovery of hemoglobin forms and elucidation of their
structures towards the end of the 1970s. Hemoglobin was the first protein determined to undergo
changes as a result of non-enzymatic glycosylation. Studies have focused on HbA, which usually
constitutes a large portion (~97%) of total hemoglobin in adults, in which a wide variety of
monosaccharide units are bound, such as glucose and fructose. Among the identified forms,
HbA1lal, HbAla2 and HbA1b are respectively attached to the amino groups of the N-terminal
valine of the [3-chains; They are small amounts of products formed as a result of adding fructose
1,6-bisphosphate, glucose 6-phosphate and unknown carbohydrates to HbAO. One of the most
important and most studied forms of HbA1 is HbAlc (Kiling, 2011; Toprak, 2014; Aydinhan,
2018).
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Figure 3. Amadori regulation of hemoglobin and glucose. Adapted from Yilmaz, 2022.

Hemoglobin Alc is the main glycosylated hemoglobin in the blood, accounting for the
majority (~80%) of HbA forms. HbAlc is defined as a durable structure formed as a result of non-
enzymatic binding of the glucose molecule to the amino group of the N-terminal governor of the
B chains of hemoglobin. At the very beginning of HbAlc formation, the structure called pre-
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HbAlc occurs as a result of the formation of an aldimine bond (Schiff base) between unstable
amino and aldehyde groups. At this stage, the reaction takes place rapidly and bidirectionally; The
pre-HbATc structure is unstable at this time. At this point, the Schiff base can separate or undergo
Amadori rearrangement to slowly and irreversibly form the stable ketoamine structure. These stable
ketoamines formed by Amadori regulation are called advanced glycation end products (AGEs)
(Figure 3) (Kiling, 2011; Toprak, 2014; Aydinhan, 2018; Yilmaz, 2022).

Glycation of lipids

Since glycation is a reaction between carbonyl groups and amino groups, it was thought for
years that only phosphatidylethanolamine (PE) and phosphatidylserine (PS) lipids could participate
in glycation reactions. However, contrary to this idea, many 7z vivo and in vitro studies have shown
that only PE can undergo glycation reactions. As with protein glycation, the level of lipid glycation
can also vary depending on the glucose concentration in the medium. Studies have shown that the
plasma glycemic PE concentration of diabetics can increase up to 2-3 times compared to
individuals with a normal glycemic index. In addition, experimental animal studies have shown that
PE glycation occurs in foods that have been processed and stored for a long time. Amadori
products, which are formed as a result of glycation of phosphatidylethanolamine, can cause the
formation of reactive oxygen species (ROS) by undergoing oxidation and destruction since they
are not stable compounds. It has been reported that reactive oxygen species also cause peroxidation
in membrane lipids and contribute to the abnormal changes that occur in membrane lipids in
various pathologies, especially diabetes and aging (Kiling, 2011).

Glycation of nucleic acids

Over the years it has been discovered that nucleic acids, like proteins, are non-enzymatically
glycosylated. It has been understood that glycation in nucleic acids occurs with reducing sugars
over bases containing free amino groups in their structures such as adenine, guanine and cytosine.
Glycation reactions have been studied in detail 7 vivo and 7n vitro, focusing more on proteins. Studies
involving the glycation of nucleobases have been highly limited to zz vitro studies, and it has been
proven that glycation occurs again with the Amadori reaction. On the other hand, the difference
with proteins was observed not in the formation of glycation products, but in the degree of
accumulation of the formed products. Accordingly, glycation products formed as a result of
glycation of nucleobases show a lower level of accumulation in the cell than products formed by
glycation of proteins. The reason for this situation is that the free nucleotides that undergo glycation
can be rapidly excreted from the body. In addition, it is thought that the short-lived RNA reduces
the glycation rate, and in the longer-lived DNA, the interaction of the bases forming the helix
structure through hydrogen bonds is important in protecting nucleobases against glycation. This
restriction of glycation of nucleobases has led to the fact that the glycation of these molecules can
only be investigated 7z vitro. Studies have shown that guanine bases in DNA are prone to glycation,
but they can be separated by hydrolysis due to the instability of the N-glycosidic bond in the formed
glycation products. It is thought that the apurinic DNA regions formed as a result of hydrolysis are
repaired by the normal DNA repair mechanism and therefore, although the DNA is very long-
lived, the accumulation of glycation advanced products on DNA at significant levels cannot occur
(Kiling, 2011).

Factors affecting glycation reactions

Since glycation reactions occur independently of enzymes; The reaction rate is affected by 7
vivo variables such as cellular glucose permeability, the concentration, half-life and reactivity of the
reducing sugar and protein to be reacted in terms of free amino groups. Advanced glycation end
products can occur endogenously as a part of metabolism, or they can be taken exogenously
through food and smoking. It is known that advanced glycation end products occur naturally in
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unprocessed raw foods of animal origin, and the cooking process increases the reaction rate by
providing more AGEs in foods. It has been reported that cooking methods applied with high
temperature for a long time, especially grilling, frying and roasting, increase the formation of AGEs
in foods. The rate and amount of AGE formation in foods iz vitro conditions; It has been proven
that many factors such as the level and duration of heat applied to the food, pH in the environment,
humidity, composition of the food, food additives and whether the marination process is done or
not. In addition to the fact that protein glycation is a slowly progressing reaction, it has been
reported that the glycation rates of different amino groups on the same protein molecule may differ
from each other. For this reason, since glycation occurs at low levels in proteins with short half-
lives, it naturally becomes difficult to detect in these proteins. On the contrary, in proteins with a
long half-life, the amount of reducing sugar accumulated on the protein also increases over time,
making it detectable. For this reason, proteins with long half-lives such as alkaline phosphatase,
elastin, collagen, lysozyme and hemoglobin are generally preferred in 7z wvivo protein glycation
studies. It has been reported that iz vzvo, protein glycation rate and level vary depending on the half-
life of the protein and the concentration of the reducing sugar and free amino group to which the
protein is exposed, regardless of the age of the individual (Kiling, 2011; Y1lmaz & Karabudak, 2016;
Aydinhan, 2018; Demirel & Yildiran, 2018; Déner, 2021; Demirer & Yardimei, 2022; Erim, Ergene
& Hecer, 2022).

Advanced glycation end products (AGEs)

Advanced glycation end products are compounds formed as a result of non-enzymatic
reactions between reducing sugars and amino groups in the structure of proteins, lipids and nucleic
acids. Studies have also revealed different mechanisms of AGE formation. Formation of advanced
glycation end products; It has been reported that it occurs by three different mechanisms: Maillard
reaction, polyol pathway and increased oxidative stress, and a-dicarbonyl compounds such as
glyoxal, glycolaldehyde, glyceraldehyde, methylglyoxal, 3-deoxyglucazone occur in all of them. The
polyol pathway is known as a pathway that is activated in the presence of high concentrations of
glucose, resulting in fructose. In the polyol pathway, sorbitol, formed by the reduction of glucose
by aldose reductase, is converted to fructose by sorbitol dehydrogenase. As a result of
overstimulation of the polyol pathway, metabolites such as fructose and triose phosphates
accumulate and the intracellular Nicotinamide adenine dinucleotide (NAD+) concentration
decreases. It has been discovered that the resulting fructose is then converted into products such
as fructose-1-phosphate and fructose-6-phosphate, leading to the formation of a-dicarbonyl
compounds and contributing to the z vivo AGE pool. On the other hand, another mechanism
leading to AGE formation is auto-oxidation triggered by an increase in oxidative stress level in the
cell. In this mechanism, it has been reported that the formation of a-dicarbonyl compounds occurs
as a result of the oxidation of monosaccharides such as glucose, ribose, galactose and fructose by
catalytic metals and oxygen. (Déner, 2021; Yalgin & Rakicioglu, 2022; Yilmaz, 2022).

Since Amadori products resulting from glycation are unstable products, they are converted
into glycation end products with a large number of glycation intermediates by changing or breaking
down by various mechanisms. Glycation can occur by non-oxidative mechanisms, or it can occur
with oxidation, and in this case, glycoxidation products are formed. As a result of these
mechanisms, it is observed that various compounds, primarily furfurals, reductones, dicarbonyls
and hydroxycarbonyl derivative products, are formed. Studies show that these compounds can also
cause radical formation by entering redox reactions in the presence of transition elements such as
iron and copper. On the other hand, since the reactive products produced by oxidative destruction
can react with amino groups in proteins, they form brown macromolecule complexes known as
melanoidins by forming covalent cross-links between proteins. In addition, with the oxidative
degradation of Amadori products bound to proteins, products such as glyoxal, methylglyoxal,
glycolaldehyde, 3-deoxyglucosone, 1-deoxyglucosone, 4,5-dioxopentose and 5,6-dioxohexose can
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be formed either free or bound to proteins in the glycation medium (Kiling, 2011; Toprak, 2014;
Muthyalaiah & et al., 2021).

As 4,5-dioxopentose and 5,6-dioxohexane products formed by the oxidative degradation of
Amadori products are involved in covalent cross-linking between proteins, they are generally found
bound to proteins; They are the precursors of the two AGE molecules pentosidin and glucospan.
The resulting products, glyoxal and methylglyoxal, are imidazole derivatives that cause an increase
in cross-linking between proteins in cells and tissues. These compounds formed; It can also occur
during the breakdown of amino acids such as threonine and serine, and triosephosphates, especially
in the breakdown of Amadori products and lipid peroxidation intermediates. Carbonyls and
dicarbonyls, which are among the reactive intermediates formed, cause covalent cross-linking as a
result of reaction with lysine/arginine side groups and N-terminal amino groups in proteins.
Covalent cross-linking can occur on the same protein or between different proteins. Although it is
not fully understood yet, it is thought that the formation of cross-links takes place in a very complex
way and lysine residues are of great importance in this formation (Kiling, 2011; Toprak, 2014;
Muthyalaiah & et al., 2021).

Today, nearly 40 types of AGEs have been defined in free and bound form. Various advanced
glycation end products that have been shown to accumulate in tissues have been identified by
studies, and as the number of AGEs discovered over time has increased, it has been necessary to
classify them. When classifying advanced glycation end products, they are divided into four
different groups according to their ability to reflect fluorescent light and their biochemical
properties (Doner, 2021; Yalgin & Rakicioglu, 2022):

1. Fluorescent and cross-linking molecules

2. Non-fluorescent and non-crosslinking molecules
3. Non-fluorescent and cross-linking molecules

4. Molecules that fluoresce and do not crosslink

For example; Pentosidine is a fluorescent glycoxidation product formed by cross-linking of
arginine and lysine residues with ascorbic acid or monosaccharides. Apart from pentosidine,
pentodilysin, AGE-IX, vesperlysin A and C are other AGE molecules known to be cross-linking
and fluorescent. The methyl glyoxal-lysine dimer (MOLD) and glyoxal-lysine dimer (GOLD)
formations, which are formed as a result of the reaction of methyl glyoxal and glyoxal with lysine
amino groups, are cross-linking but non-fluorescent AGE molecules (Figure 4). Although it has
been reported that imidazolium cross-links are formed with lysine groups during the formation of
these two AGE types, it has been reported that they can also be cross-linked with arginine groups
(Two AGEs: GODIC and MODIC). Carboxy methyl lysine (CML), carboxy ethyl lysine (CEL),
imidazolone and pyralin are advanced glycation end products that are determined to have no cross-
linking and fluorescent properties. Carboxy methyl lysine is widely used in studies to evaluate the
level of non-fluorescent AGEs in plasma and bone tissue. Although it can occur as a result of
oxidation in various mechanisms, CML can also occur directly as a result of the reaction between
the amino groups of glyoxal and lysine. Pyraline, on the other hand, is an important AGE molecule,
which has a ring structure and is formed as a result of the reaction between lysine and glucose. The
most important AGE molecule, which is not cross-linked but has fluorescent properties, is
Argypyrimidine; It has been reported that it may occur as a result of the reaction between methyl
glyoxal and arginine, and its serum levels are detectable in individuals with diabetes (Kiling, 2011;
Toprak, 2014; Demirel & Yildiran, 2018; Doéner, 2021; Muthyalaiah & et al., 2021; Yalgin &
Rakicioglu, 2022).
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Figure 4. Formation of advanced glycation end products (AGEs). Adapted from Kerimogln & Tiirk, 2018.
RAGE (Receptor for AGEs)a

The undesirable iz vivo effects of advanced glycation end products are thought to occur in two
different ways. It is thought that the first of the exit mechanisms is the change of tissue or vascular
structure after the formation of cross-linked structures, and the other mechanism arises through
AGE-sensitive receptors. Different receptors with which advanced glycation end products interact
in many cell types such as leukocytes, macrophages, neuronal cells and muscle cells have been
identified. Among these receptors; receptors for advanced glycation end products (RAGE),
scavenger receptors (Class A, CD36, Class B tip 1, LOX-1, FEEL-1, FEEL-2), oligosaccharyl
transferase-48 (AGE-R1/0OST-48), AGE-R2/80K-H and Galectin-3 (AGE-R3) ate reported to be
involved. Among these receptors, the most studied is RAGE, a member of the immunoglobulin G
superfamily. Advanced glycation end-product receptors (RAGE) are defined as a transmembrane
pattern recognition receptor that can be stimulated by many ligands, belongs to the
immunoglobulin superfamily, is located on chromosome 6, has a molecular weight of 45 kDa, and
acts as a cell adhesion molecule. It was detected and purified for the first time in bovine lung
endothelial cells. It is thought that the accumulation of advanced glycation end products in tissues
and organs has important effects on the organism, causing glycative stress mediated by RAGE, and
binding of RAGE with its ligands generally increases oxidation and inflammation. Advanced
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glycation end products, via RAGE; It has been shown that it has a role in important biological
events such as autophagy, endoplasmic reticulum stress, mitochondrial dysfunction, hypoxia,
epigenetic modification and cancer, and contributes to the development of various pathologies by
inducing or inhibiting various intrinsic cell signaling pathways. It is known that important ligands
such as 3-amyloid, advanced oxidation protein products (AOPPs), calcium-binding S100 proteins
and high mobility group box protein 1 (HMGB-1) can also bind to advanced glycation end-product
receptors (Singh & et al., 2001; Demirel & Yildiran, 2018; Yilmaz & Karabudak 2018; Déner, 2021;
Muthyalaiah & et al., 2021; Oshima & et al., 2022; Yalc¢in & Rakicioglu, 2022).

Genome analyzes including other vertebrates such as birds, amphibians, fish and reptiles have
proven that RAGE homologs are only found in mammals. From an evolutionary perspective, this
information highlights the importance of understanding why mammals need RAGE and what its
physiological roles are. Studies show that RAGE has 2 isoforms known as soluble RAGE
(sRAGE). These two isoforms of SRAGE; endogenous secretory RAGE (esRAGE) and cleaved
RAGE (cRAGE). Endogenous secretory RAGE (esRAGE) form; It occurs as a result of
alternative splicing of RAGE mRNA. Fragmented RAGE (cRAGE); It is a non-membrane-bound
extracellular form of RAGE as a result of degradation of full-length RAGE by metalloproteases.
It is thought that soluble RAGEs (sSRAGEs) act as traps by preventing membrane-bound RAGEs
from binding with their ligands and removing AGEs from the circulation (Déner, 2021;
Muthyalaiah & et al., 2021; Oshima & et al., 2022).

Glycation inhibitors

With the understanding of the biological effects of advanced glycation end products, different
approaches have begun to be developed within the methods of eliminating the harmful effects they
create. One of the most studied approaches among these approaches is to reduce or prevent the
formation of AGEs. For the inhibition of the production of advanced glycation end products,
compounds that reduce the amount of AGE formation by affecting the formation steps were used;
For this, Aminoguanidine, which is a nucleophilic hydrazine compound, and pyridoxamine, which
can bind to carbonyl compounds during their formation, have been frequently used molecules over
the years (Vlassara & Palace, 2002; Toprak, 2014).

Another method that is the subject of the studies is the breaking of the formed AGE cross-
links. Agents known as AGE 'bond' breakers used in studies are defined as compounds that break
down AGESs and allow them to be removed from the kidney and liver. Phenyl-thiazolium-bromide
(PTB), which can break the carbon-carbon bond between dicarbonyls, is a compound in this group.
In addition, ALT-711, now known as alegebrium chloride, has enzymatic properties and is reported
to be able to break covalent bonds repeatedly, is another important compound in this group
(Vlassara & Palace, 2002; Toprak, 2014).

AGE inhibitors and cross-link breakers act on AGE-related pathologies in different ways.
Inhibitors are compounds known to reduce the rate of AGE formation but are unable to break
newly formed AGE cross-links on long-lived tissue proteins. It is known that crosslink breakers
can break AGE crosslinks but cannot prevent new AGE formations. For this reason, it is thought
that the most effective approach in pathological conditions due to advanced glycation and its
products may be a combined treatment in which inhibitor and bond-breaking agents are used
together (Toprak, 2014).

One of the methods that are the subject of research is the RAGE blockade. In this method,
sRAGE and RAGE antibodies are used in studies to prevent AGE-RAGE interaction. The main
purpose of this method is to bind AGEs in tissues and prevent them from binding to their
receptors, thus preventing RAGE-mediated cell activation (Toprak, 2014).

In addition to iz vivo AGE production, it is known that AGEs are an important exogenous
source and contribute to the 7z vivo AGE pool, especially in heat-treated foods. Therefore, another
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research topic has been the focus on reducing exogenous AGE exposure. It did not take long to
realize that the reducing sugars found in foods, apart from being able to react with proteins and
molecules containing amino groups, also form aldehydes and ketones by spontaneous oxidation
without reacting with proteins or by breaking down especially during cooking. It has been
understood that the aldehydes and ketones formed can form glycation intermediates and glycation
end products by reacting with proteins. Understanding that they are formed in high amounts
especially in foods cooked/fried at high temperatures in the studies catried out, has led to a rapid
increase in research on this subject. It has been reported that approximately 10-30% of dietary
AGE:s are absorbed through the gastrointestinal tract after oral intake and enter the circulation. It
is stated that approximately 1/3 of the AGEs that enter the circulation are excreted in the urine
within 48 hours, and the remainder accumulates in the body.

In studies, the effects of making changes in eating habits or using some agents that inhibit the
absorption of AGEs taken with the diet were investigated. Among these agents, the most studied
is AST-120, an oral adsorbent. Studies have shown that regular use of AST-120 has positive effects
in individuals with chronic renal failure and slows the progression of the disease. It was also stated
that after the use of AST-120 in non-diabetic individuals with chronic renal failure, this compound
binds to CML and causes a decrease in AGE serum levels (Toprak, 2014; Demirer & Yardimci,
2022; Oshima & et al., 2022; Yal¢in & Rakicioglu, 2022).

Over the years, compounds with antioxidant activity and/or metal chelation have also been
tried in studies and their effects have been investigated. Many 2 vitro studies have shown that AGE
formation is inhibited by the use of aspirin, ibuprofen, indomethacin, D-penicillamine,
desferoxamine and flavonoids. The reduction of oxidative stress of these molecules has been
shown as a possible mechanism. In addition, 7z vitro studies have shown that Diclofenac can also
inhibit early glycation products, while piaglitazone, a thiazolidinedione derivative, acts on metal
chelation by keeping dicarbonyl compounds and has effects on reducing AGE formation (Toprak,
2014; Yal¢in & Rakicioglu, 2022).

In addition, it has been reported that positive results have been obtained with the use of agents
such as Aldose reductase inhibitors, angiotensin receptor blockers, metformin, thiamine and
benfotiamine in studies over the years (Toprak, 2014).

Although it has been accepted for many years that repair activities occur only on DNA, recent
studies have revealed that proteins that have undergone different chemical changes, especially
glycation, can be repaired by various mechanisms (Kiling, 2011).

After the discovery that isoaspartate is formed by the reduction of methionine sulfoxide, which
is first produced as a result of the oxidation of methionine in biological systems, by the related
enzyme; It did not take long to realize that ketoamines, which are formed by the glycation of
proteins, can also be repaired by isomerases, oxidases and kinases. Studies show that these enzymes
phosphorylate the carbon-nitrogen bond, thereby destabilizing monosaccharides and separating
them from proteins. This mechanism, which has been shown to be able to reverse glycation, has
been called "deglycation". The first enzyme found to be involved in deglycation was fructosamine-
3-kinase (FN3K). In this process, fructosamine becomes unstable by being phosphorylated from
carbon 3 by FN3K and is separated from the protein. Studies show that FN3K can mediate not
only protein deglycation but also the deglycation of free fructoselysine. After the discovery of
fructosamine-3-kinase, the existence of other enzymes that lead to the separation of
monosaccharides from proteins, resulting in decreased stability of various amadori products, has
also been reported (Kiling, 2011).

It has been reported that glycation causes various pathologies through direct or indirect
changes in biochemical, functional and structural properties of proteins, and inhibition of glycation
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has positive effects on these pathological conditions and related complications (Kiling, 2011;
Toprak, 2014).

Today, it has been revealed that the causes of complications in metabolic disorders in which
hyperglycemia is seen, especially Diabetes Mellitus, are related to glycation and/or advanced
glycation end products. Studies continue to reactivate inactive molecules (proteins, lipids, nucleic
acids, etc.) resulting from glycation and/or to eliminate glycation end products.
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Pathophysiological Effects of Advanced Glycation end Products

Pinar COSKUN!
Soner YILDIZ

Introduction

Advanced glycation end products (AGEs) can be formed as a result of endogenous or
exogenous non-enzymatic glycation, by reactions between the reactive carbonyl group of a
reducing sugar and nucleic acids, lipids or proteins. For years it was assumed that AGEs were only
more stable structures formed by the non-enzymatically binding of a reducing sugar to lysine
residues of proteins. However, in recent years, it has been shown that Methylglyoxal, one of the
AGEs, may occur as a result of the enzymatic reaction of glyceraldehyde 3-phosphate with cysteine,
lysine and arginine residues of proteins. AGEs that can be produced endogenously or exogenously;
It has been reported to have undesirable effects on cellular functions in various ways such as the
production of free radicals, oxidation of lipids and nucleic acids, changes in enzyme activities,
hydrolysis of lipids and proteins, carbonyl stress and interaction with AGE receptors. Two
mechanisms are at the root of the pathological conditions and associated complications caused by
advanced glycation end products at tissue and cell level in vivo: The first of these mechanisms is
that AGEs cause the deterioration of matrix structure and functions by forming cross-links to the
proteins in the structure of the extracellular matrix (ECM). The other mechanism emerges with
metabolic changes resulting from the synthesis and release of some proteins and cytokines by
activating or inhibiting various signaling pathways via AGE-sensitive receptors (RAGE). It has
been reported that these receptors can also induce inflammation by being stimulated by
inflammatory cytokines, amyloid-3 and other fibrillar proteins besides AGEs (Cetiner &
Rakicioglu, 2020; Vicil & Ulutas, 2020; Arslan & et al., 2021; Déner, 2021; Rungratanawanich & et
al., 2021; Demirer & Yardimci, 2022).

It is thought that the pathological effects of advanced glycation end products may be due to
their ability to directly trigger oxidative stress and inflammation, as well as providing the generation
of reactive oxygen (ROS) or nitrogen (RNS) species. It has been reported that these properties are
directly or indirectly related to changes in structural and functional properties in proteins, cellular
dysfunction, apoptosis, and ultimately disruption of integrity in tissues and organs. In addition, the
binding resulting from the interaction of advanced glycation end products with RAGE receptors;
It has been discovered that it is an important factor in the development and progression of diabetes,
cancer, neurodegenerative diseases, cardiovascular complications, osteoporosis, kidney and liver
dysfunctions, and various diseases related to aging (Rungratanawanich & et al., 2021; Oshima & et
al.,, 2022).

The effect of crosslinking

Considering the normal tissue architecture, it is seen that the cross-linking of the proteins in
the extracellular matrix (ECM) with each other is of great importance in ensuring and maintaining
tissue integrity. However, the formation of this structure consisting of cross-linked proteins is not
sufficient alone, and it is an important condition for this structure to have a certain level of
flexibility for its functionality and sustainability. It is known that AGE accumulation in cells and
tissues can cause various toxic effects. With the accumulation of AGEs directly in ECM proteins,
the formation of new cross-links in addition to the existing cross-links occurs, thus reducing the
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flexibility of the proteins. It has been shown that the decrease in flexibility, which occurs due to
the accumulation of advanced glycation end products, especially in ECM proteins such as collagen,
elastin and laminin, has a role in various pathologies (Demirel & Yildiran, 2018; Bijnen & et al.,
2019; Arslan & et al., 2021; Doner, 2021).

The heart is one of the organs most affected by the decrease in flexibility caused by these
reasons. Decreased flexibility has been shown to mediate various heart conditions by causing
diastolic dysfunction in the heart. It is known that the sarcoplasmic reticulum Ca*"-ATPase
(SERCA) and the ryanodine receptor (RyR) are of critical importance for the cardiac muscle to be
adequately contracted and relaxed. It has been clarified by various studies that the glycation of these
molecules in the aforementioned system and their cross-linking with AGEs inhibit their functions
and may lead to deterioration in diastolic functions by reducing cardiac contractility. (Doner, 2021).

Since the formation of advanced glycation end products is usually due to the high amount of
glucose in the blood, intermolecular cross-linking that leads to a decrease in the elasticity of ECM
proteins such as collagen also occurs at a high rate in hyperglycemic diseases. It has been reported
by various studies that the accumulation of AGEs on proteins prevents the proteolytic degradation
of proteins and especially the cross-linked collagen becomes resistant to matrix metalloproteinases
and causes disruption of the collagen cycle. It has also been shown that inhibiting proteolytic
degradation may cause thickening of the capillary basement membrane, resulting in narrowing of
the vessel diameter. It has also been reported that the cross-links between type IV collagen and
laminin under the influence of AGEs disrupt the spread and adhesion of endothelial cells to the
basement membrane. As a result of glycation of the NC1 chain (non-collagenous), which is
expected to be attached to the helix-rich chain in the type IV collagen structure under normal
conditions, it is not possible to bind to Type IV collagen. It has also been reported that AGE
accumulation can inhibit the binding of collagen and heparan sulfate to vitronectin, an adhesive
matrix molecule, and inhibit intramolecular interactions and polymerization by disrupting the
cross-shaped structure of laminin. These events may lead to the formation of atherosclerosis by
disrupting the ECM structure (Doner, 2021; Selvakumar & et al., 2022).

It is reported that one of the proteins most affected by glycation with the formation of cross-
links is LDL. It has been reported that as a result of the formation of intramolecular cross-links on
LDL by the effect of AGEs, modified clearance of LDL and its uptake into the cell by receptor-
mediated endocytosis have been reported. At this point, it has been determined that AGE-modified
LDL becomes more prone to foam cell formation and increases the likelithood of atherosclerosis.
It was also understood that the rate of degradation and internalization of glycated LDL decreased
and became more open to oxidation. It has also been reported that AGE accumulation on LDL
can also reduce nitric oxide (NO) formation by inhibiting the reuptake of L-arginine, which is
activated due to blood flow tension in endothelial cells (Doéner, 2021).

Glycation reactions are reactions that can cause changes at the molecular level by progressing
at different rates in different periods of life. Accordingly, glycation products can be defined as
products that are formed under physiological conditions, but whose formation is observed to
increase with age. For years, aging has been recognized as a major risk factor for the occurrence of
osteoarthritis. However, this idea has begun to be better understood with the examination of the
role of AGEs, which are caused by the glycosylation of macromolecules, in aging. It is now
accepted that osteoarthritis occurs as a clinical and pathological result of a series of disorders that
cause limitation of movement and structural and functional disorders of the synovial joints, which
are primarily seen in elderly individuals. At this point, it was also effective to elucidate the product
accumulation caused by the low level of AGE inhibition in the aging process and the deterioration
in ECM metabolism (Demirel & Yildiran, 2018; Karatas, Sentiirk, Efe Arslan & Korkmaz, 2021;
Yilmaz & Polat, 2022; Zhou & et al., 2022).
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Receptor-mediated effects of advanced glycation products

The most important known mediators of the effects of advanced glycation end products on
tissue and cells are AGE-sensitive receptors (RAGE). Some metabolic changes occur as a result of
the release of certain proteins and cytokines by activating or inhibiting various signaling pathways
through these receptors. In addition, it has been reported that RAGE receptors can also be
stimulated by inflammatory cytokines, amyloid-8 and other fibrillar proteins other than AGEs. It
has also been demonstrated that various cell signaling pathways such as p38, MAPKs, ERK,
p21RAS, Pi3K and janus kinase (JAK) can be activated as a result of the interaction of advanced
glycation end products with RAGE. Finally, various studies show that AGEs have a role in
important biological events such as RAGE-mediated angiogenesis, proliferation, inflammation,
fibrosis, and thrombosis (Arslan & et al, 2021; Cetiner & Rakictoglu, 2020; Déner, 2021;
Rungratanawanich & et al., 2021).

One of the signaling pathways induced by the binding of RAGE with advanced glycation end
products is the NF-«B (nuclear factor »B) signaling pathway. The NF-xB family of transcription
factors is known as a signaling pathway that plays a role in cells' response to various stimuli. It is
also a signal regulator that is associated with many signaling pathways. It has been understood that
advanced glycation end products may play a role in collagen degradation by inducing
phosphorylation of the NF-xB and MAPK families. Therefore, it is thought that controlled
inhibition of NF-xB/MAPK phosphorylation may be an important therapeutic approach in the
prevention of age-related chondrocyte inflammation and extracellular matrix degradation. In
addition, it has been shown that AGE-RAGE interaction can stimulate the synthesis of cell
adhesion molecules such as intercellular adhesion molecule-1 ICAM-1), E-selectin and vascular
cell adhesion molecule (VCAM) by inducing NF-xB, thus impairing endothelial cell function and
increasing vascular permeability. . These molecular adhesives, known as "Cell Adhesion Molecules
(CAM)" and providing the coexistence of cell clusters in biological structures; They are protein
molecules found on the cell surface and involved in cell-cell and cell-matrix interactions. However,
the most important feature of the NF-«B signaling pathway is its ability to induce inflammatory
gene expression. It has been understood that NF-kB stimulation, which occurs as a result of the
interaction of advanced glycation end products and RAGE, stimulates the synthesis of many
proinflaimmatory cytokines and the formation of free oxygen radicals as a result. It was understood
that these ROSs increased the expression of monocyte chemoattractant protein 1 (MCP-1) and
accelerated the migration of monocytes to the subendothelial region by inducing chemotaxis. Apart
from the mentioned mechanism, free oxygen radicals can also occur with the activation of NADPH
oxidase directly as a result of the AGE-RAGE interaction. Advanced glycation end products-
RAGE interaction can stimulate granulocyte-monocyte colony stimulating factor (GM-CSF)
synthesis from macrophages. It is also reported that this interaction can induce the synthesis of
tumor necrosis factor o (INF-a), platelet-derived growth factor (PDGF), IL-18 and insulin growth
factor-1 (IGF-1). One of the signaling pathways indicated to be induced by the interaction of
advanced glycation end products and RAGE is the Janus kinase/signal converters and activators
of transcription (JAK/STAT) signaling pathway. This pathway is one of the leading pathways used
to convert a large number of signals for development and homeostasis in animals from humans to
flies. In mammals, the JAK/STAT pathway also serves as the main signaling mechanism for a wide
variety of cytokines and growth factors. It has been reported that the JAK-STAT signaling pathway
activated as a result of the said AGE-RAGE interaction mediates the proliferation of smooth
muscle cells in the damaged vessel wall (Rawlings, 2004; Terekeci, Sahan & Top, 2008; Sensoy &
Oznurly, 2009; Ledoux & Perkins, 2014; Déner, 2021; Zhou & et al., 2022).

Anti-aging treatment studies; Focusing on anti-glycation to reduce morbidity, stimulate
healthier aging, longevity and faster recovery, it has received and continues to receive a rapidly
increasing interest in recent years. At this point, studies; Targeting of RAGE continues with a focus
on developing a preventive and therapeutic strategy against numerous RAGE-related diseases,
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including diabetes mellitus and its complications, inflammatory disorders, aging-related diseases,
neurodegenerative disorders, cancer (Oshima & et al., 2022).

Effects of advanced glycation end products on tissues and cells

In addition to being exogenously taken from the diet, carbonyl compounds can be formed
endogenously in the body as a result of protein glycation and lipid peroxidation; Since they have
reactive properties, they can react with proteins and cause unexpected changes in the existing
functional, biochemical and structural properties of proteins. These changes that occur with the
reaction of carbonyl compounds with proteins; As they may arise independently of AGE receptors,
these proteins, whose structure changes with these reactions, also have various effects, especially
triggering oxidative stress in cells and tissues by binding to AGE receptors (Kiling, 2011).

The main pathologies determined to be caused by the effects of glycation on proteins at the
cell and tissue level directly or through AGE receptors can be generally classified as follows (Kiling,
2011):

Increased lipid peroxidation: In case of an increase or a decrease in the inactivation of
reactive oxygen derivatives (ROS) in cells and tissues, the balance in the body is disrupted and this
is known as oxidative stress. Oxygen free radicals are highly reactive because they are molecules
containing one or more unpaired electrons in their outer orbitals. The increase in oxygen radicals
resulting from oxidative stress is a mechanism that can be triggered in various ways within the cell.
Advanced glycation products can cause oxidative stress by forming pro-oxidant molecules in the
body. In particular, diabetes is also defined as a state of increased oxidative stress. AGEs, which
may occur as a result of hyperglycemia-induced glycotoxicity, may mediate the formation of
superoxide by causing activation of NADPH oxidase in the cell. In this case, increasing reactive
oxygen derivatives; It can interact with biomolecules such as proteins, lipids and nucleic acids,
causing structural or functional changes in proteins, loss of membrane integrity of cells and genetic-
based disorders. It is known that cells have some enzymatic and non-enzymatic antioxidant defense
systems that can eliminate these radicals in order to cope with the harmful effects of ROS. One of
the most important antioxidant enzymes used by cells to resist oxidative stress is the enzyme
superoxide dismutase (SOD). However, it has also been discovered that this enzyme can be
inhibited as a result of glycation. It has been understood that the induction of oxidative stress by
oxidative destruction of glycation products or various activation of AGE receptors reduces nitric
oxide (NO) levels, while inducing endothelin-1 synthesis, leading to lipid peroxidation and
increased vasoconstriction at the cell and tissue level. It has also been reported in various studies
that some AGE inhibitors have positive effects on reducing oxidative stress (Kiling, 2011; Demirel
& Yildiran, 2018; Cetiner & Rakicioglu, 2020; Arslan & et al., 2021).

Induction of various cellular activities: Various studies have shown that synthesis and
release of many proteins and cytokines occur by activating or inhibiting various signaling pathways
via AGE-sensitive receptors (RAGE). It has been reported that many metabolic changes occur as
a result of this synthesis and release. It has been revealed by various studies that these receptors
can also induce inflaimmation by stimulating with inflammatory cytokines, amyloid-3 and other
fibrillar proteins besides AGEs. Stimulation of glycated and glycated proteins and AGE receptors
can trigger the synthesis and secretion of cytokines, primarily TNF-a, IGF-1A, VCAM-1 and IL-
1. In parallel with the induction of the synthesis of inflammatory cytokines, chemotaxis of
mononuclear cells, gamma-interferon synthesis, T-cell activation and mitogenesis can be observed.
In this way, it can be seen that as a result of uncontrolled cellular activities, in addition to thickening
of the basement membrane, reorganization may occur in the tissues (Kiling, 2011; Vicil & Ulutas,
2020; Doner, 2021).

Structural and functional changes of proteins: It is known that AGE accumulation in cells
and tissues can cause various toxic effects. The formation of cross-links occurs with the
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accumulation of AGEs directly in the proteins, and thus, changes in the structure and functions of
the proteins are observed. It is known that glycation can change the net charges and three-
dimensional conformations of proteins and lead to the formation of protein aggregates resistant to
proteases by cross-linking. The best example that can be given to this subject is the advanced
glycation of the crystalline protein in the lens tissue. While the formed glycated crystal causes
opacification in the eye and vision problems; It is observed that collagens undergoing rapid
glycation in individuals with diabetes age prematurely and lose their elastic properties faster. It has
been understood that the cell-matrix interactions are changed as a result of glycation of the proteins
in the cell membrane and the extracellular matrix, and the adhesion and spreading properties of
the cells are also directly and indirectly affected by this process (Kiling, 2011; Demirel & Yildiran,
2018; Bijnen & et al., 2019; Arslan & et al., 2021; Déner, 2021).

Effects on thrombosis and fibrinolysis: Thrombosis can also be defined as an abnormal
plug formed by blood elements in the vessel. It appears to occur as a result of the disruption of the
delicate balance between coagulation and the fibrinolytic system. It has been reported that
glycation, in addition to increasing tissue-related thrombosis factors, also reduces thrombomodulin
(TM) synthesis. Thrombomodulin is a glycosylated thrombin receptor with a proteoglycan
structure, mostly found in endothelial cells. It is so named because it has a regulatory role on
thrombin functions. In addition to being an important factor on the delicate balance between
coagulation and fibrinolytic processes, it is also known to play an active role in inflammation,
embryogenesis, cancer, diabetes and collagen vascular diseases. It has also been shown that
glycation plays a role in stabilizing fibrin by increasing platelet aggregation and the synthesis of
plasminogen activator inhibitor-1 (PAI-1), a serine protease inhibitor. As a result, the life span of
platelets is shortened and their tendency to form aggregates increases. In parallel, it is seen that the
sensitivity of fibrin and fibrinogen to plasmin decreases and the functions of antithrombin III are
suppressed. As a result, all these chain events result in the disruption of the delicate balance
between coagulation and the fibrinolytic system. Disruption of this delicate balance in the direction
of fibrinolysis can lead to bleeding; Increased coagulation can cause thrombus formation (Ermis,
Turgan & Ersoz, 2006; Kiling, 2011; Celkan & Dikme, 2018).

Advanced glycation end products and glucotoxicity

It is seen that the formation of advanced glycation end products generally occurs due to the
high amount of glucose in the blood. If this rise in glucose levels above normal physiological
concentrations is prolonged, the amount and function of insulin produced by the beta-cells of the
pancreas is affected, and thus beta-cell function is gradually deteriorated. This pathophysiological
condition, which is frequently seen in diabetic individuals, is generally known as "beta-cell glucose
toxicity". AGEs, which occur as a result of hyperglycemia-induced glycotoxicity and are also
defined as glycotoxins; It has a series of chemical effects on cells and tissues, and it has been
demonstrated by various studies that it has a role in many pathologies, including diabetes-related
complications, atherosclerosis, kidney and neurodegenerative diseases (Vlassara & Palace, 2002;
Yilmaz & Karabudak, 2016; Cetiner & Rakicioglu, 2020; Demirer & Yardimei, 2022; Kugtikkatirct,
Caferoglu, & Hatipoglu, 2022).

Since the formation of advanced glycation end products is generally due to the high amount
of glucose in the medium, studies in this field have largely focused on diabetes and its
complications. Although the general idea on this subject is that AGEs occur as a result of diabetes,
studies show that AGEs also have diabetic effects and there are basically two mechanisms involved
in the emergence of this effect. Firstly; It has been shown that AGEs can directly cause pancreatic
beta-cell damage, leading to disruptions in insulin secretion. The second mechanism occurs when
the accumulation of AGE on the respiratory proteins in the mitochondria induces the formation
of reactive oxygen species (ROS), thus triggering a vicious inflammatory cycle (Yilmaz &
Karabudak, 2016; Demirer & Yardimci, 2022).
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The role of AGEs in metabolic memory

The concept of metabolic memory; It is defined as metabolic disorders seen in various
diseases, especially diabetes, and hyperglycemia that occurs even for a temporary period, mediating
cardiovascular complications in the future with the permanent effect of epigenetic modifications,
even if blood sugar control is achieved later on. This concept fully emphasizes the effects and
complication risks of metabolic changes that occur in the early stages of pathological disorders,
especially diabetes. Many researchers, who have focused on the pathogenesis of metabolic memory
for years, are trying to find an answer to the question of why diabetes-related complications
continue to occur in the later periods, although eatly glycemic control can be achieved in diabetic
individuals (Kugtikkatirel, Caferoglu, & Hatipoglu, 2022).

One of the key factors in the emergence of diabetic complications is the production of high
reactive oxygen species (ROS), which occurs in mitochondria and endothelial cells, which leads to
increased oxidative stress. High amounts of glucose metabolized in mitochondria and endothelial
cells appear to lead to even more free radical production. It is known that the high production of
ROS in mitochondria is the first step of the chain reactions that play a role in the emergence of
chronic complications of diabetes. In particular, this situation has also been described as the vicious
circle of metabolic memory. In this case, free radicals released at high levels in the respiratory chain
in the mitochondria; It has also been reported to trigger various intracellular pathways such as
polyol and hexoamine pathway activation, protein kinase C induction and AGE formation. In
addition to this situation, free radicals can also affect the expression levels of many genes that play
a role in the pathogenesis of chronic diabetic complications. Protein kinase C induction; It can
increase the expression levels of pro-inflammatory cytokines, various adhesion molecules and
growth factors. In addition to this situation; It has been discovered that by stimulating NF-kB, it
can induce approximately 150 pro-inflammatory genes, including cyclooxygenase-2, interleukin
(IL)-1, IL-6, IL-8, TNF-8 and NO synthetase in vascular cells (Kigtkkatirci, Caferoglu, &
Hatipoglu, 2022).

It is known that hyperglycemia in endothelial cells inhibits the production of NO, leading to
abnormal vascular reactivation, which impairs the perfusion of tissues and organs. On the other
hand, there are studies that determined that oxidative stress and high glucose levels increase
inducible nitric oxide synthase (iINOS) activity and NO synthesis. This causes damage to proteins
involved in mitochondrial electron transfer, decreased peroxide detoxification, and ultimately a
shift of glucose metabolism to polyol and hexokinase pathways. It is observed that protein and
lipid glycation, which occurs in parallel with this trend in glucose metabolism, leads to deterioration
in vascular reactivation. The toxic effects on tissues and organs that develop due to glucose levels
are also directly related to the increase in AGE production. Intracellular protein glycation and the
resulting AGE formation affect the regulation of many genes that increase ROS production in
mitochondria, as in hyperglycemia. Binding of advanced glycation end products to their receptors
in various cells also leads to the induction of NF-kB, which affects the regulation of genes
associated with diabetes and its complications. It appears that increased glucose concentration in
mitochondria and consequent increased AGE formation in mitochondria lead to increased ROS
production and induction. In short, it is seen that the glycation of the proteins involved in
respiration in mitochondria has a great importance in the concept of metabolic memory
(Kigtikkatirer, Caferoglu, & Hatipoglu, 2022).

Retinopathy and eye complications

It has been observed that advanced glycation end products can accumulate in different parts
of the eye such as the lens, cornea, Bruch's membrane, retina and optic nerve. It has been shown
that this situation has a role in various complications, especially diabetic retinopathy, cataract and
diabetic keratopathy in individuals with diabetes. In a study conducted on diabetic rats, compared
to the control group, in addition to higher AGE accumulation in the experimental groups, there
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was a higher expression of 8-hydroxyguanosine and NF-kB in the corneal tissues, and this revealed
that AGE accumulation may have a role in the pathogenesis of diabetic keratopathy. The
accumulation of advanced glycation end products may also contribute to the formation of cataracts
by causing accumulation in structural proteins such as tubulin, myelin and lens crystals in the eye
and lens epithelial cells. In a study of individuals with type 2 diabetes, it was found that the degree
of retinopathy was correlated with the levels of AGEs in samples taken from retinal blood vessels.
This suggested that AGEs may have a role in the pathophysiology of retinopathy. Various studies
of diabetic retinopathy; showed that it is characterized by proliferation or occlusion of intraocular
blood vessels, increased permeability of capillaries, proliferative loss of endothelial cells and
surrounding retinal pericytes. It has been reported that extracellular proteins modified as a result
of glycation can cause retinal damage by binding to RAGE. It has been demonstrated that binding
to the aforementioned RAGE receptor can induce various signaling pathways as well as increase
oxidative stress. It has been observed that the interaction of advanced glycation end products with
RAGE leads to an increase in ROS and induction of apoptosis in pericytes through the activation
of NF-xB and NADPH oxidase in endothelial cells. It has been determined that these events cause
disruptions in the blood retinal barrier and cause mitochondrial damage to retinal neurons through
ROS. In addition, various studies have shown that the interaction of AGEs with RAGE, which is
formed not only in the cell but also in other parts of the eye, can potentially stimulate angiogenesis
(Vlassara & Palace, 2002; Kerimoglu & Tirk, 2018; Cetiner & Rakicioglu, 2020; Demirer &
Yardimei, 2022).

Effect of AGEs on renal functions

One of the most important causes of chronic kidney diseases in the world is known as diabetes;
The incidence of diabetic nephropathy is approximately 30-40%. It is known that the kidneys,
which are known to have a direct or indirect role in all metabolic events in the body, also have
importance on AGE metabolism. It has also been shown that advanced glycation end products are
absorbed through the glomerular filtrate through the proximal tubule cells and catabolized by these
cells. Since the kidneys are important in AGE metabolism; In case of any damage to the kidneys,
serum AGE levels are also directly increased. Elevated serum AGE levels also cause damage to the
kidneys and this becomes a vicious cycle. Studies have revealed that the renal and vascular
accumulation of AGEs triggers the accumulation of AGEs in most of the systems in the human
body and mediates the complications that occur due to this accumulation. Nephropathy due to
hyperglycemia; It is reported to be characterized by excessive ECM deposition, glomerular
hypertrophy, glomerulosclerosis and thickening of the basement membrane (Vlassara & Palace,
2002; Ergeng & et al., 2017; Demirel & Yildiran, 2018; Cetiner & Rakicioglu, 2020).

It has been suggested that advanced glycation end products interact with RAGE to induce
some signaling pathways and thus play a role in the development of nephropathy in diabetes. It has
also been demonstrated that AGEs have a role in podocyte DNA damage and segregation, in part
by stimulating the angiotensin II type 1 receptor (AT1R). Since nephropathy is characterized by
the accumulation of ECM proteins in the glomerular mesengium and tubulointerstitium; It has
been understood that AGEs lead to the deterioration of the balance between the synthesis and
degradation of components in the ECM structure, leading to the accumulation of collagen,
fibronectin and laminins, and thus to various pathologies. It has been shown that advanced
glycation end products increase the formation of ECM proteins such as fibronectin and type I-IV
collagen depending on dose and time. This increase was thought to be mediated directly by RAGE
receptors, which involve induction of the Janus kinase (JAK)/signal converter and activator of
transcription (STAT) pathways. It has been understood that these signaling pathways mediate the
emergence of these effects by causing an increase in the expression of growth factors and
profibrotic cytokines, including platelet-derived growth factor (TGF) and connective tissue growth
factor (CTGF) (Demirer & Yardimci, 2022).
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Relationship between neuropathy and AGEs

One of the most common complications in hyperglycemia is neuropathy, and it is generally
one of the most common causes of non-traumatic lower extremity amputations in individuals with
diabetes. Although the pathogenesis of diabetic neuropathy is not fully understood, AGEs caused
by high glucose levels are thought to have a key role in this regard. It is known that the effects of
advanced glycation end products such as the polyol pathway, increase in oxidative stress and
induction of the protein kinase C pathway, and that these pathways cause an increase in oxidative
stress levels in general. It has been reported that oxidative stress resulting from these reasons also
contributes to the accumulation of glycoxidation products such as carboxymethyllysine (CML) and
pentosidine. Modification of proteins in peripheral nerves with AGEs leads to structural and
functional changes. In vitro studies have shown that incubation of Schwann cells and neurons with
AGZEs decreases the survival rate of the cells. It has been reported that one of the main factors in
peripheral nerve fiber loss seen in diabetics is AGE accumulation. The basis of this loss is thought
to be the inhibition of axonal transport as a result of AGE accumulation in tubulin and
neurofilaments. This inhibition of axonal transport leads to degeneration and atrophy of nerve
fibers, and ultimately contributes to neuropathy. Since advanced glycation end products receptors
are also found in the peripheral nervous system, previous studies have revealed that the interaction
between AGEs and RAGE has various effects on the nervous system. In a study, it was shown
that the AGE-RAGE interaction can induce caspase-3 activation, production of ROS, and nuclear
DNA damage in dorsal root ganglion neurons. In other studies, it has been revealed that the loss
of sensation in diabetic individuals and the increase in NF-kB and NF-kB-dependent pro-
inflammatory gene expression levels in peripheral nerves are due to the interaction of AGE-RAGE.
It is reported that all these pathological processes can affect every component in the peripheral
nervous system cells (Demirer & Yardimci, 2022).

Therapeutic approaches and prospects

The data obtained as a result of the current and ongoing observations obtained over the years
have shown that the accumulation of AGEs in cells and tissues can cause various pathologies. In
particular, studies confirm that AGEs are an important factor in the long-term complications of
hyperglycemia. Therefore, it has been understood that the success of treatment options in diabetics
can be achieved with early and intensive hyperglycemic control. One of the possible strategies is to
try methods to reduce AGE formation, AGE receptor expression and oxidative stress, together
with early and intense hyperglycemic control. One of the methods studied in this regard is the use
of bioactive components such as polyphenols. These compounds; They are secondary metabolites
found in the structure of plants, containing at least one carboxyl group and reported to have
antiglycation activity. In various studies, it has been shown that thymoquinone, one of this group
of compounds, has stronger antiglycation activity than aminoguanidine, which is an artificial
antiglycation agent. It is also known that drugs that are widely used in the treatment of type 2
diabetes have an inhibitory effect on the formation of AGEs. In vitro studies with pioglitazone
and metformin, which are among these drugs, have been shown to prevent AGE formation.
Angiotensin converting enzyme (ACE) inhibitors and angiotensin II subtype 1 receptor (AT-1)
blockers have been found to be able to reduce AGE formation while providing blood pressure
control. Telmisartan, on the other hand, is a compound that has been shown to be able to gradually
inhibit the formation of superoxide over the years, as well as reduce the levels of AGE receptor
messenger RNA (mRNA). In addition, these drugs also have antioxidant effects. There is evidence
that especially AT-1 blockers are directly effective against oxidative stress resulting from
hyperglycemia and have a role in metabolic memory. Considering all these data together, it is clear
that mixed therapies should be preferred, which includes methods that prevent AGE formation
while treating hyperglycemia in treatment approaches. Preferring such combined methods in
treatment; It is quite clear that it will make significant contributions to the prevention of many
diabetes-related microvascular and peripheral - cerebrovascular diseases such as nephropathy,
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retinopathy and neuropathy, and macrovascular complications related to diabetes such as ischemic
heart disease and hypertension (Kigtikkatirct, Caferoglu, & Hatipoglu, 2022; Yal¢in & Rakicioglu,
2022).
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Introduction

The COVID-19 virus, which emerged in China in 2019, is affecting the entire world, and
mankind has mobilized all its means for such a mortal virus. Vaccination, which is the most
effective way, is among them. One of the most widely used vaccine types in the world is the
BioNTech mRNA COVID-19 vaccine. However, the vaccine, which is widely used all over the
world, is likely to have side effects.

Non-arteritic anterior ischemic optic neuropathy (NAAION) occurs with a sudden and
dramatic decrease in vision. Its clinical manifestation takes the form of a swollen and edematous
optic disc. There are various diseases, such as diabetes mellitus (IDM), hypertension, anemia and
hyperlipidemia, which are among the most common causes of NAAION. "?

Radiological, biochemical and microbiological examinations were carried out for the patient
in this case. No significant evidence was detected for the development of NAAION for the
aforementioned reasons. The patient specifically stated that the clinical manifestation of the patient
developed in a very short time after receiving vaccine (BioNTech, Pfizer). Despite the frequent
administration of the COVID-19 mRNA vaccine (BioNTech, Pfizer), no cases with optic
neuropathy involvement were reported in the literature after receiving the COVID-19 mRNA
vaccine (BioNTech, Pfizer). This case is the first to develop NAAION following the COVID-19
mRNA vaccine (BioNTech, Pfizer).

The Case

A 53-year-old female patient was admitted to our clinic with sudden vision loss in the left
eye. The patient suddenly noticed a narrowing in the lower-left visual field three days after the
second dose of the BioNTech mRNA COVID-19 vaccine. She also experienced fatigue and muscle
and joint pain, which are common side effects after the vaccination. It was recorded that the patient
had diabetes as a comorbidity and was taking metformin. The patient stated that her diabetes was
under control. No smoking or alcohol intake was present.

The patient’s vision was 1.0 with correction on the right and at hand movement level on
the left. The anterior segment was normal bilaterally. Intraocular pressure was 14 mmHg on the
right and 16 mmHg on the left. There was a relative afferent pupillary defect on the left. There was
no pain with eye movements. After the patient’s pupil was dilated, the right fundus was normal,
and the optic disc was swollen and edematous in the left fundus. Optical coherence tomography
(OCT), fundus fluorescein angiography (FFA), and cranial and orbital magnetic resonance (MR)
were performed for the patient, who was hospitalized and received pulse steroid therapy at 1 g a
day for three days. The steroid treatment was continued orally for 14 days and was terminated by

! Department of Ophthalmology, Izmir Tepecik Training and Research Hospital, Izmir, Turkey
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lowering the dose. The sedimentation, CRP and whole blood levels were checked before the
steroids, and they were found to be within normal values. Biochemical and microbiological
parameters, such as fibrinogen, homocysteine, the Epstein Barr Virus, c-ANCA, p-ANCA,
TORCH panel and adenosine deaminase levels were checked to rule out the causes of NAAION.
Neurology and internal medicine department consultations were requested from the patient. No
systemic condition was detected in the patient’s blood parameters, and MRIs were taken to explain
this during all this time. The OCT, fundus images, FFA, visual field, MRI examination results and
blood parameters of the patient are shown below (Figure 1a, 1b, 1c, 1d, 1e, 1f).

Figure 1a. Fundus images of the patient

Figure 1b. FFA images of the patient
Timer:41.6 RYTimer:35.7
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Figure 1c. Optical disc OCT of the patient
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Figure 1d. Visual field of the patient

311



Birgiil, Ramazan; Non-Arteritic Anterior Ischemic Optic Neuropathy Developing after COVID-19 mRNA
Vaccine

Figure le. Orbital MRI of the patient

Figure 1f. Blood parameters of the patient

Tetkik Adi | Sonuc [ ouru | Birim | Referans Aralig |
WEC 7.79 10*3/pL 4-105
NEU 4,63 10*3/pL 2.7
MNEL®% 59.4 % 40 - 70
LY% 34,1 % 20 - 50
LY'M 265 10*3/pL 08-4
EOS 0,14 10*3/pL 0.02-0.5
EO% 1.8 %% 0.5-5
BASO 0.03 10*3/pL 0-1
BASO% 0.3 % 0-1
MONO 0.34 10°3/pL 0.12-12
MOM%¥% 4.4 % 3-12
RBC 4,72 10%6/pL 35-5
HGB 12,6 gidL 12 - 18
HCT 38,0 % 37 - 4T
MCW 80,5 fL 80 - 100
MCH 26,7 (D) pa 27 -34
MCHC 33,2 gidL 32 -38
RDW-CW 13,1 % 11-18
PLT 156 10*3ful 150 - 450
MPW 10,9 L 6.5-12
PCT 0169 £ 0108 - 0282
PODW 16.5 %% 10 - 65
Sedimantasyon 13 mim 0-20
GGT 133 (Y) L 9-36
Total Protein 71.3 gl B3 -88
Albumin 46 afL 35- 55
Bilirubin (direkt) 025 mgidL 0-05
Bilirubin (indirakt) 0,06 (D) mg/dl 01-1
Bilirubin (total) 0.31 mg/dL 0-1
Kalsiyum (Ca) 92 mgfdL 8.4 -102
Potasyum 38 rmmaoliL 35-51
Sodyum 146 mimoliL 136 - 146
Klor(ClI) 106 mmoliL 96 - 110
CRP 17 mg/lL 0.1-5
Urik asit 50 mgfdL 23-82
Glukoz (aghk) 148 (Y) mgidL 70 - 105
BUMN 12,0 mg/dl 10 - 20
Kreatinin 0.71 mig/dl 0&-1.1
t GFH (CKD-EPI =00 - R
formiald ile)
CK 51 UL 20 - 200
CK-MB 9.3 (D) uwiL 10-25
AST 43 (¥) uwiL 5-34
ALT 56 (Y) wiL 0-55
ALP 93 UL 40 - 150
HDL kolestenol 48.8 migidlL a5 - 60
Trigliserid 153 mgldl 50 - 200
LOL kolestercl 112.6 mgidL 60 - 130
(Hesaplamali)
Kolesterol 192 mgidL o - 200
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Serbest T3 3.08 nglL 23-42
Serbest T4 1.31 ngidL 085-186
TSH 0.269 (D) miUiL 0.55-4.78
Witamin B12 3586 ngvlL 214 - 914
Anti HEs 037 iU il 0-920
Anti HCW 0.40 U Pl 0 - 0.99
Anti HIWV 0.05 Uil 0-0.99
Anti CMV 1gM 014 miU/mL 0 - 0.5

Anti CMV IgG 141.6 () AWmL 0-589

VDRL-RPR Negatif {-) 5 -

EBVW EBMA IgG 15.78 - -
EBV VCA lgG 41.02 - -
EBW VCA Igh o0 - -

Anti Rubella Ight 027 o-12

Anti Rubella lgG 3T.4 () IUfmL 0-48

Anti Texoplasma lgh o221 0 - 049

Anti Toxoplasma 6.3 (¥} IU/mL 0-16

IgG
HLA B27 MNEGATIF - -

P-ANCA 1.15 NEGATIF Uil -
(antimiyeloperoksidaz)

(ELISA)

Adenozin deaminaz 16.86 L S50 - 200
aktivitesi (ADA}

C-AMNGA 0.33 NEGATIF wirml -
(antimiyeloperoksidaz)

(ELISA)
Homagistein 9.31 pmalL 4.65-12.22
Anti nikleer antikor MNEGATIF - MEGATIF -

[AMA)

Discussion

There is no doubt that the vaccine plays one of the biggest roles in the effort to stop the
COVID-19 pandemic, which has affected the entire world. Most vaccines are safe, but they usually
have a wide spectrum of side effects, and it is equally difficult to prove that the side effects are
related to the vaccine.” It is reported in the literature that vaccines generally cause side effects
through the adjuvants they include, which can happen in two ways. They cause these side effects
either by initiating an inflammatory event or by triggering an autoimmune mechanism. * We believe
that an autoimmune mechanism played a role in this case.

It was reported that central serous chorioretinopathy developed in only one patient as an
intraocular complication after receiving the COVID-19 mRNA vaccine (BioNTech, Pfizer).> Optic
neuropathy development has not been reported in the literature. It was detected that optic
neuropathy develops after vaccinations such as influenza, anthrax and rubella. This situation, which
may be unilateral as reported in some publications, can sometimes be bilateral. Treatments were
generally initiated with pulse steroids and continued with oral treatment for 14 days. Although
visual acuity increased in some cases, it generally remained the same or deteriorated. " We applied
the same treatment modality in this case, and the patient’s vision remained at the same level and
did not improve.

This case is very important in terms of the immediate development after the vaccination.
Furthermore, the fact that NAAION is more common in men, and the fact that the age of consent
was 60, further distinguishes this case from classical causes of NAAION.® DM, which could cause
possible NAAION in the patient, was ruled out as a result of the long-term regulation of her blood
sugar and internal medicine consultations. Neurological causes were also ruled out as a result of
the absence of significant pathologies in cranial and orbital MRIs and neurology consultations. All
of the radiological, biochemical and microbiological results indicated that the most likely cause of
NAAION was vaccination.
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In conclusion, COVID-19 vaccinations, which are administered all over the world, naturally
increase the incidence of side effects. This case will contribute to the literature because it is the first
case that developed NAAION following the COVID-19 mRNA vaccine (BioNTech, Pfizer).
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Enterobacteriaceac is a family of gram-negative rods commonly found in nature and intestinal
flora of most animals, including humans. Enterobacteriaceae is responsible for clinically significant
health-care and community acquired infections in human. B-lactam group drugs are used
extensively in the treatment of Enterobacteriaceae-related infections. It is known that the overuse
of these antibiotics promotes the problem of antibiotic resistance. Today, bacteria that are
members of the Enterobacteriaceae can develop resistance to broad-spectrum beta-lactam
antibiotics and carbapenems with inactivating enzymes called beta-lactamases. This does not only
cause problems in the treatment of Enterobacteriacea-related infections, but also it increases
mortality rates, duration of hospital stay, and health care costs all over the world (Murray, Rosenthal
& Pfaller, 2021, De Angelis et al., 2020).

Resistance genes encoded in mobile genetic elements such as transposon, integron, and
plasmid cause the spread of antibiotic resistance among different bacterial species. The World
Health Organization (WHO) states that multi-drug-resistant Gram-negative bacteria (MDR-GNB),
including carbapenem-resistant Enterobacteriaceae (CRE), have priority in new antibiotic research
and development. The reason for this high priority is the necessity of infection control measures
to reduce the spread of infection in the community and health care services, and the high mortality
observed especially in serious infections in immunocompromised individuals (WHO, 2017).
Centers for Disease Control and Prevention (CDC) emphasizes that carbapenem-resistant
Enterobacteriaceae is a global threat due to the use of toxic and less effective methods in treatment
due to their resistance to almost all antibiotics. (CDC, 2019).

Enterobacteriaceae

Members of the Enterobacteriaceae family are gram-negative rods of 0.3-1.0 x 1.0-6.0 um in
size, which do not form spores. Enterobacteriaceae, which have simple nutritional requirements,
ferment glucose, reduce nitrate, are catalase positive and oxidase negative. It is commonly found
in the intestinal flora of many animals, including humans, and in nature such as soil, water and
vegetation, especially in humid environments.

Some Enterobacteriacea members (Salmonella typhi, Shigella dysenteriae, Y ersinia pestis) are obligate
pathogens and their detection in clinical samples is always associated with infection, while some
(Escherichia coli, Klebsiella pneumoniae etc.) are opportunistic pathogens which cause serious infections,
especially in immunocompromised individuals (Murray, Rosenthal & Pfaller, 2021).

Enterobacteriacea may cause community-acquired, hospital-acquired, and health care—
associated infections. Enterobacteriaceae strains which ate isolated from rectal swab, urine and
respiratory tract samples may be associated with colonization rather than infection. The inability to
distinguish between colonization and infection easily causes trouble in treating patients, especially
in areas where multidrug resistance is common (Paterson & Mathers, 2020).
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Mechanisms of Antibiotic Resistance

Antibiotic resistance in microorganisms can be classified into two as natural and acquired
resistance.

1) Natural (Intrinsic) Resistance: It depends on the natural characteristics of microorganisms
encoded on the chromosome. This type of resistance is independent of the selective pressure of
antibiotics and horizontal gene transfer.

Natural resistance can develop with different characteristics encoded on the chromosome such as
lack of a target of the drug, not taking the drug into the cell by the bacteria, removal of the drug
from the cell by the efflux pump systems, and the presence of enzymes that inactivate the drug.
Knowing the natural resistance profiles of microorganisms will prevent unnecessary antibiotic use
and thus the development of acquired resistance. For example, Klebsiella pnenmoniae is naturally
resistant to ampicillin. This resistance is thought to be caused by the B-lactamase enzyme, which is
a product of the SHV-1 gene encoded on the chromosome. As a result of the intensive use of
ampicillin and antibiotics in the same spectrum as ampicillin in hospital settings, K. pneumoniae
colonization is found in the intestinal flora of the patients. Prolongation of hospital stay and
antibiotic use increase the importance of K. penumonia in nosocomial infections (Patterson et al.,
2000, Paterson & Mathers, 2020, Chaves et al., 2001 ).

2) Acquired resistance: Acquired resistance can occur as a result of mutation in an existing gene or
by the acquisition of new resistance genes through horizontal gene transfer mechanisms such as
conjugation, transformation and transduction. Contrary to natural antimicrobial resistance, it first
appears in some strains and subpopulations of the bacterial species. The intracellular concentration
of the antibiotic can not reach the desired therapeutic concentration due to decreased uptake
(down-regulation of porin protein expression, etc.) or increased multi-drug resistance pumps,
changes in the target of the drug through mechanisms such as mutation or post translational
modification, and enzymatic inactivation of the antibiotic (Paterson & Mathers, 2020, Opal & Pop-
Vicas, 2020).

Molecular Mechanisms of Resistance in Enterobacteriaceae
Enzymatic Inhibition of Antimicrobial Activity

Bacteria may gain antimicrobial resistance by breaking down the antibiotic with various
enzymes or by impairing their antibacterial activity. There are different types of enzymes with
hydrolyzing (B-lactamase), inactivating (aminoglycoside-inactivating enzymes, chloramphenicol
acetlytransferase, erythromycin esterase etc.) and modifying (amonoglycoside modifying enzyme)
types of activities (Zhu et al., 2022, Opal & Pop-Vicas, 2020).

Enzymatic inactivation of B-lactam antibiotics

Since the discovery of benzylpenicillin in the 1920s, many penicillin derivatives and B-lactam
group antibiotics such as cephalosporins, monobactams and carbapenems have been discovered.
These bactericidal drugs inhibit bacterial cell wall biosynthesis by covalently binding to
transpeptidases (Penicillin Binding Proteins-PBPs) (Bush & Bradford, 2016).

Resistance to B-lactam antibiotics is mainly caused by [B-lactamase enzyme that cleaves the
amide bond in the B-lactam ring of the antibiotic. This resistance mechanism probably developed
by bacteria against natural antimicrobials and has become common due to increased use of
antimicrobial drugs in modern medicine.

The genes encoding the B-lactamase enzyme can be encoded on the chromosome or on mobile
genetic elements such as plasmid and transposon. It has also been shown that 3-lactamase genes
can be encoded on the integron. According to the Ambler classification (Ambler, 1980), B-
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lactamases are classified based on their amino acid sequence into 4 molecular groups (A, B, C and
D). Class B beta-lactamases called metallo-8-lactamases break the amide bond in the beta-lactam
ring using zinc (Zn)*", whereas class A, C and D beta-lactamases hydrolyze the beta-lactam ring by
using the serine residues in their active sites (De Angelis et al., 2020, Opal & Pop-Vicas, 2020).

Most of the extended-spectrum beta-lactamases are in Ambler group A and are inhibited by
clavulonic acid and tazobactam (Zhu et al., 2022). Ampicillin resistance in Gram-negative bacteria
increased in 1960s with TEM-1 (Temoneria 3-lactamase) beta-lactamase encoded on the plasmid.
SHYV type B-lactamase associated with TEM-1 in terms of molecular structure has become common
especially in E. co/i and K. pneumoniae isolates. TEM-1 is the most common B-lactamase in Gram-
negative bacteria, hydrolyzes penicillin and narrow-spectrum cephalosporins in the
Enterobacteriacea. The configuration change of a few amino acids in the active site of the TEM-
related ESBL enzyme increases the effect of the enzyme against 3rd generation cephalosporins
(cefotaxime, cefpodoxime, ceftazidime, ceftriaxone) and monobactam (aztreonam). The first
TEM-related ESBL (TEM-3) was reported in 1988. Upto date there are more than 200 TEM-
related ESBL resistances identified. These enzymes are mostly observed in members of
Enterobacteriaceae such as E. co/i and K. pnenmoniae. SHV-1 type B-lactamase is mainly found in K
penumonia strains. Point mutations in the active site of SHV-1 3-lactamase, which has 68% similarity
to TEM-1 at amino acid level, has been caused the development of SHV type ESBL (Opal & Pop-
Vicas, 2020). Some specific OXA B-lactamases (OXA-10, OXA-13, OXA-19) are included in the
ESBL group because they hydrolyze extended spectrum cephalosporins (Zhu et al., 2022).

Cefotaxime-M (CTX-M) enzyme has spread rapidly around the world and has become among
the most common ESBL in the world. In general, CTX-M hydrolyzes cefotaxime and ceftriaxone
better than ceftazidime and is inhibited more by tazobactam than clavulanic acid (Opal & Pop-
Vicas, 2020). The ST131 clone carrying the CTX-M-15 gene encoded on the plasmid plays an
important role in multidrug resistant E. co/-associated infections in Europe and America (Johnson
et al., 2010). CTX-M-14 is commonly detected in South East Asia whereas CTX-M-27 in Japan
and Europe (Zhu et al., 2022).

AmpC B-lactamases confer resistance to penicillin, narrow-spectrum cephalosporins,
oxymino-beta-lactams and cephamycins, but they are not sensitive to beta lactamase inhibitors such
as clavulanic acid and tazobactam. While they do not show any effect against cefepime and
aztreonam, changes in the active sites with point mutations may increase their effects on cefepime.
Although AmpC B-lactamases are listed in the Ambler C group, there are also several members in
the A group. They can be encoded on the chromosome or plasmid. Low level AmpC production
is observed in E. co/i strains while there is no AmpC coding gene on the chromosome of Klebsiella
and Salmonella strains. But these bacteria may acquire AmpC genes which are encoded on the
plasmids (Opal & Pop-Vicas, 2020, Zhu et al., 2022). Although their production is normally
suppressed in Gram-negative rods, inducible Amp-C production may be observed after exposure
to B-lactam antibiotics. Amp-C beta lactamase production decreases in a short time after the
antibiotic exposure is terminated. However, irreversible overproduction of Amp-C may be seen
due to point mutations (Opal & Pop-Vicas, 2020). AmpC enzymes encoded on the plasmid are
named according to the drug that provide resistance (CMY, FOX, MOX, LAT), enzyme type
(AAC, ACT) or the region they were discovered (MIR-1 or DHA) (Zhu et al., 2022).

Enzymatic inactivation of carbapenem antibiotics

Carbapenemases are 3-lactamase enzymes that hydrolyze not only carbapenems but also
broad-spectrum penicillins, oxymino-cephalosporins, and cephamycins. Enterobacteriaceae
develop resistance by five types of carbapenemases such as Klebsiella pneumoniae carbapenemase
(KPC), New-Delhi metallo-beta-lactamase (NDM), imipenem’s metallo-beta-lactamase (IMP),
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Verona integron encoded metallo-3-lactamase (VIM) and oxacillin carbpenemase (OXA) that are
encoded on mobile genetic elements (Opal & Pop-Vicas, 2020).

Although KPC, an Ambler class A serine carbapenemase, was first identified in K. preumoniae
strains, it is now commonly detected in E. coli, Citrobacter, Enterobacter, Salmonella and Serratia strains
wortldwide (Logan & Weinstein, 2017).

Ambler Class B metallo-B-lactamases (MBLs), which are encoded on the chromosome and
break the beta-lactam ring using Zn**, were mostly detected in environmental bactetia with low
pathogenic potential. Most clinically important transmissible carbapenamases are in NDM, IMP
and VIM. NDM-1 was first detected in K. penumoniae strains in India in 2008, it is now widely
observed in many countries because of rapid gene transfer between species (Opal & Pop-Vicas,
2020, Logan & Weinstein, 2017).

OXA-48-like carbapenemases belong to Ambler Class D. Among these variants OXA-48,
which is increasingly identified in Enterobacteriaceae, provides weak but significant cabapenemase
activity (Poirel, Potron & Nordman, 2012).

Enzymatic inactivation of aminoglycoside antibiotics

Resistance to aminoglycoside antibiotics usually develop through aminoglycoside-modifying
enzymes encoded on chromosomes or mobile genetic elements. These enzymes modify
aminoglycoside antibiotics by phosphorylation of the OH group, adenylation of the OH group
(addition of adenosine monophosphate-AMP), or acetylation of the NH2 group (Clark et al., 2019).
According to their modifying properties and activities, they are divided into three groups:
acetyltransferases (AAC), nucleotidyl transferases (ANT), and phosphotransferases (APH)
(Ramirez & Tolmasky, 2010). There are many enzymes that target specific amino and hydroxyl
groups for a activity. Of these, aminoglycoside acetyltransferase (AAC) acting in the 3' region is
named AAC(3'), while there is more than one enzyme catalyzing the same reaction, it is named
with Roman numerals (For example, AAC(3")-1V). The distribution of aminoglycoside resistance
genes in the wotld is related to the selective pressure of the commonly used antibiotic. APH(3"),
which causes decreased susceptibility to kanamycin and streptomycin, spreads in Gram-positive
and negative bacteria worldwide.

Aminoglycoside nucleotidyltransferase (ANT)( 27”) has been associated with multiple
nosocomial outbreaks in the United States in 1990. It was determined that K. pueumonia strains
carrying ANT(2") gene encoded on plasmid are responsible for a significant portion of the
outbreaks associated with aminoglycoside resistant Enterobacteriaceae. During epidemics, the
plasmid ANT(2") gene was observed to be spread in other strains of the species and
Enterobacteriaceae member bacteria

AAC(6") is common in enteric bacteria in East Asia. AAC(3") group enzymes were seen in
many epidemics in South America, Western Europe and the United States. (Opal & Pop-Vicas,
2020).

The first bifunctional enzyme (AAC(G")-Ib-cr) that inactivates aminoglycosides and
fluoroquinolone (ciprofloxacin) was discovered in 2006 (Robicsek et al., 2000).

Enzymatic inactivation of tetracycline antibiotics

Although tetracycline resistance occurs through mechanisms such as changes in the ribosomal
target or efflux pump systems, it is expected that the tetracycline-degrading enzymes called TetX
which are seen in environmental bacteria may also be transmissible to strains with clinical
importance (Forsberg, 2015). In 2013, the plasmid-encoded tetX gene was shown in
Enterobacteriaceae strain, which was the causative agent of urinary tract infection for the first time
(Leski & et al., 2013).
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Enzymatic inactivation of Macrolide-Lincosamide-Streptogramin antibiotics

Resistance to erythromycin and other antibiotics develops as a change in the target of the drug,
removal of the drug from the cell by efflux pump systems, and inactivation of the drug by enzymes.
Erythromycin esterase, one of the inactivating enzymes, hydrolyzes the lactone ring of
erythromycin. Erythromycin esterase encoded on the plasmid causes high levels of erythromycin
resistance. (Ounishi & Courvalin, 1985, Arthur, Autissier & Courvalin, 1986, Opal & Pop-Vicas,
2020). In addition, erythromycin esterase gene that causes high-level macrolide resistance and
NDM-1 type carbapenemase were detected in a same K. prenmoniae strain (Yong et al., 2009).

Decreased permeability of bacterial membrane

Diffusion channels called porins in the cell membrane are used for hydrophilic antibiotic
molecules to pass through the outer cell membrane. Numerous porins (10° porin molecules per
one E. co/i) are found on bacterial membranes. Bacteria change the porin number according to the
osmolarity of the medium. In the hyperosmolar environment, E. co/i decreases the expression of
larger porins (OmpF) while maintaining the production of small porins (OmpC). The passage of
antibiotics across the cell membrane is not only related to the number and structure of porin
proteins, but also to the physiochemical structure of the antibiotic. It is difficult for negatively
charged, hydrophobic and large antibiotic molecules to pass through porins. While the cell
membrane is permeable to small, hydrophilic and zwiitterionic charged antibiotic molecules such
as imipenem, it is not permeable to large and higly charged molecules such as carbenicillin (Opal
& Pop-Vicas, 2020). The number of OmpF porin proteins is decreased in E. co/i strains via
chromosomal Mar mutation. It is known that decreased OmpF porin expression, as in the marA
mutation, causes resistance to beta-lactams, tetracycline, chloramphenicol and hydrophilic
fluoroquinolones (Cohen, McMurry & Levy, 1988). Mutations in genes encoding porin protein are
known to cause increased resistance to 3-lactam antibiotics. Loss of porin proteins (OmpK35,
OmpK306) in K. penumoniae strains has been shown to increase carbapenem resistance in strains
carrying ESBLs (CTX-M or SHV) or carrying AmpC (ACT-1, CMY-2, CMY-4 or DHA-1)
enzymes which are encoded on plasmids (Crowley, Benedi’, & Dome” nech-Sa’nchez, 2002, Lee
et al. 2007).

In addition, it was determined that resistance developed against aminoglycoside and
carbapenem group antibiotics due to the decrease in outer membrane proteins during treatment.
Plasmid-encoded chloramphenicol resistance has been demonstrated in E. co/i strains due to
decreased membrane permeability (Gaffney, Cundliffe & Foster, 1981).

Aminoglycoside antibiotics are taken into the cell by anionic transporters. Positively charged
antibiotics can pass through the cytoplasmic membrane due to negatively charged intracellular
environment. Before this transition is achieved, a threshold value of negative charge must be
present in the cell. In some cases where the proton motive force or energy production is mutated,
resistance to aminoglycosides may develop. Aminoglycoside resistant mutants due to electron
transport system defects have been observed in E. coli, Salmonella spp. (Opal & Pop-Vicas, 2020).

Antibiotic efflux pumps

The extrusion of the toxic material such as antibiotics out of the cell by the energy dependent
pump systems causes antibiotic resistance by reducing the intracellular concentration of the drug,.
There are five major subfamilies of efflux pumps; 1) Resistance Nodulation Division (RND) family,
2) Major Facilitator Superfamily (MFS), 3) ATP binding cassette (ABC) superfamily, 4) Small
Multidrug Resistance (SMR) family, 5) Multidrug and Toxic Compound Extrusion (MATE)
(Thakur V, Uniyal A & Tiwari V, 2021).

The extrusion of the antibiotics out of the cell by the energy dependent pump systems causes
resistance by reducing the intracellular concentration of the drug. It is known that AcrAB-TolC
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and OgqxAB-TolC efflux pumps, which are members of the RND family, cause resistance to
fluoroquinolones, [-lactams, novobiocin, tetracycline, erythromycin, linezolid, quinolone,
chloramphenicol, nitrofurantoin in members of Enterobactericeae (Thakur V, Uniyal A & Tiwari
V, 2021).

It is known that EmrAB-TolC, a member of the MES type efflux family, provides resistance
to novobiocin and fluoroquinolones, while MacAB-TolC, a member of the ABC efflux family,
causes macrolide resistance in Enterobacteriaceae (Nishino, Latifi & Groisman, 2006, Kobayashi,
Nishino & Yamaguchi, 2001).

While QepA causes low-level fluoroquinolone resistance, it is thought that it may be
responsible for the development of high resistance when combined with resistance mechanisms
such as DNA gyrase mutations. (Yamane et al., 2007).

There are over 40 identified tetracycline resistance determinants that have been associated with
drug efflux. Tet(A) and Tet(B) are the common tetracycline efflux pumps in Gram negative bacteria
(Chopra & Roberts, 2001, Grossman, 2010).

Changes in antibiotic targets

The effect of the drug can be prevented by changes made in the target site to which the
antibiotic binds. In Enterobacteriacea, resistance to aminoglycoside antibiotics can develop by
modifying the spesific sites in 16S tfRNA by methyl-transferases. It is known that some genes
(armA, rmtA, rmtB, rmtC, rmtD, rmtE and npmA) encoding these methylase enzymes are carried
on the plasmids. (Wachino & Arakawa, 2012).

Chloramphenicol inhibits the peptidyl transferase by binding to 23S rRNA which is in the
large subunit of the ribosome. Resistance to chloramphenicol in Gram-negative bacteria is generally
provided by the enzyme chloramphenicol acetyltransferases (CAT). This enzyme is encoded on the

plasmid or chromosome and inactivates the antibiotic by O-acetylation of the 3-hydroxyl group
(Clark, Pazdernik & McGehee, 2019).

DNA gyrase (Topoisomerase II) is involved in the super-folding process of chromosomal
DNA during cell division. Another enzyme, topoisomerase IV, is involved in the segregation of
the bacterial genome in two new cells after cell division. These enzymes consist of 2 subunits, A
and B. The A unit is encoded by the gryA gene, while the B region is encoded by gyrB. In enteric
bacteria, the gyrA mutation is the most common cause of fluoroquinolone resistance. Plasmid-
encoded quinolone resistance has been demonstrated in various members of Enterobacteriacea.
This type of resistance develops by the binding of qnr gene (QnrA, QnrB, QntS) products to DNA
gyrase. Plasmid-encoded Qnr genes associated with fluoroquinolone resistance low level
fluoroquinolone resistance. However, because the same plasmids may encode the different genes
required for the development of resistance to other antibiotics, the problem of multi-drug
resistance arises in the clinic (Opal & Pop-Vicas, 2020, Nordman & Poirel, 2005).

Polymyxins, which are cationic peptide antibiotics, change the outer membrane permeability
electrostatically by binding to the anionic lipopolysaccharide in the outer membrane in Gram-
negative bacteria. Polymyxin B (colistin) is one of the limited number of alternatives in the
treatment of multidrug resistant bacteria. Membrane modification by adding cationic groups (4-
amino-4-deoxy-L-arabinose (L-Ara4N) and phosphoethanolamine (pEtN) to the cell membrane
reduces the affinity of the drug to its target. Many operons and gene regions responsible for cationic
modification of the cell membrane are identified. The most important ones are the dual PhoPQ
and PmrAB system. Chromosomal eptA or mcr genes are carried on plasmids cause polymyxin
resistance by adding pEtN to lipid A with phosphoethonalamine transferase enzyme. It is known
that mcr1-3 genes carried in plasmid spread rapidly in enteric bacteria (Opal & Pop-Vicas, 2020,
Hugry et al., 2020).
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New Treatments For Primary Teeth With Excessive Substance Loss

Solmaz MOBARAKI!

Introduction:

In poor nations, dental caries is a health issue that affects 60-90% of those with low income
levels (Petersen, P. E., & Lennon, M. A. 2004). The breakdown of the enamel-dentin tissues of
teeth by the acids created by the fermentation of the carbohydrates ingested by bacteria is known
as tooth decay (Margolis and Moreno 1994). Because the structure of the enamel in deciduous teeth
differs from that of permanent teeth, caries in deciduous teeth advances more quickly than in
permanent teeth (Goldberg, M 2017).

Treatment of caries provides very important benefits such as cleaning the decayed tissues
on the tooth surfaces, eliminating the areas where new caries may occur, stopping demineralization,
restoring the tooth structures in terms of function, stopping the spread of infection, and preventing
tooth loss (Downer et al. 1999; Lenters, van Amerongen, and Mandari 2006). In the article
published by Hickel et al. in 20006, it was stated that the probability of failure of restorative
treatments in primary teeth is higher than that in permanent teeth. In addition, the falling times of
the teeth for which restorations will be made should be considered. In the guide published by the
American Academy of Pediatric Dentistry (AAPD) in 2019, two general recommendations were
made regarding when dental caries should be restored.

First, the risk of progression and prognosis of the caries should be evaluated specifically
for that patient, and the preventive treatments should be supported by restorative treatments. The
second recommendation is that the caries lesions should be restored in cases where the enamel
cavitation is clinically detected, the caries image reflects from under the enamel, and caries are
diagnosed in the radiographic examination ("AAPD | Pediatric Restorative Dentistry" n.d. 2022).

Primary tooth decay that is left untreated spreads quickly and results in material loss.
Complex procedures can be used to treat teeth that have caries on many surfaces. Primary teeth
may have more failures in caries treatment than permanent teeth. These issues can be attributed to
a variety of factors, including improper material use, difficulties with dental hygiene in youngsters,
tooth morphological variations, and variations in the chemical composition of teeth.

There are studies and guides showing that covering the entire deciduous molar is more
successful in teeth with excessive material loss, such as those with multiple caries, pulp amputation,
or root canal treatment ("AAPD | Pediatric Restorative Dentistry," n.d., 2022; Sonmez and
Duruturk 2010) .In order for the entire tooth to be covered with prefabricated crowns to give a
successful result, it must have a good edge fit and be done in an appropriate way that will not allow
plaque accumulation (Sharaf and Farsi 2004) . It was reported in a study conducted by Belduz Kara
and YIlmaz in 2014 that SCC types that can be made can cause gingivitis, even though they provide
suitable conditions for gingival health (" Beldtuz Kara, N., & Yilmaz, Y. 2014).

The American Academy of Pediatric Dentists (AAPD) suggests stainless steel crowns
(PSCC) for the repair of teeth with numerous surface cavities .("AAPD | Pediatric Restorative
Dentistry," n.d.2022) Additionally, in teeth with significant substance loss, glass ionomer cements
(CIS), amalgam, compomer, strip crowns, polycarbonate crowns, and zirconium
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advantages and weaknesses. The material a dentist chooses should be unique to each instance and
should take into account cost, durability, conservatism, allergic reactions, and aesthetics.Currently,
teeth with appealing appearances and socio-economic.It is regarded as a sign of development
(Srinath 2017).

Until permanent teeth erupt, milk teeth perform the functions of phonation, aesthetics, and
space holding. Therefore, it is crucial that the deciduous tooth remain in the mouth until it is time
to fall out in order for the jaw and permanent dentition to develop properly .(Pinkham JR et al.
2005) Although the same methods are used to restore primary teeth as permanent teeth,
morphological and histological distinctions can occasionally lead to divergent preferences.The need
for applied aesthetic restorations may vary depending on the tooth's structural qualities (such as its
pulp, enamel, and size), the child's cognitive and emotional state, and the material's cost (Srinath
2017; Pinkham JR et al. 2005). Crown restorations were first introduced in 1947 by the Rocky
Mountain Company. In 1950, Engel introduced stainless steel crowns (SSC), but it was mostly
through William Humphrey.

In 1971, a prominent opinion was ostensibly taken regarding the uses of stainless steel coin
bail areas for deep bruises. If the vehicle of the 1970s is correct, it was put forward in the
appearance of the ground protection of the SCCs. Webber introduced strip crowns in 1979. In
1983, Hartman developed the polished stainless steel crown for aesthetic anterior crowns. Buy
Cheng crowns and Kinder crowns at the correct prices of the 1980s ("Available from:
URL:Http://Www.Kinderkrowns.com/about-Us/History/ (Erisilme Tarihi: 30 Mart 2020),"
n.d.). In the early 1990s, Randy replaced the band loop on the stainless steel crown by adding loops
to the stainless steel crown. Again, the 1990s progressed. Norna Salon was made using a technical
technique of dental restoration with a stainless steel crown without caries removal. Today, finding
better systems and materials has brought zirconium to the forefront (Fellagh HF. 2016). Because
of the high failure rate in restorations of teeth with excessive material loss, crown restoration is
more preferred.

We can list the indications for crown restoration as follows;

- In teeth that have undergone endodontic treatment,

- In the treatment of advanced interface caries,

- In the treatment of broken teeth,

- In the presence of multifaceted caries,

- In children treated under general anesthesia,

- In patients with bruxism,

- In the treatment of defects in the cervical regions,

- In children with high caries risk and a lack of cooperation against rotary instruments,

- It is used in teeth undergoing pulpotomy-pulpectomy treatment. Desired properties in
ideal primary tooth crown restorations;

- It must be aesthetic,

- chewing function should be preserved,

- The setrvice life should be close to the life of the milk tooth,
- Protected teeth against breakage,

- The antagonist should not cause any wear on the tooth,

- It should be easy to apply,
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- It should restore the lost function (Veerakumar R, Pavithra |, and Sekar K, 2017; Fellagh
HF, 2010).

Today, the most commonly used crown restorations in the treatment of primary teeth are;
- Stainless steel crowns
- Polycarbonate crowns
- Strip crowns
- Pediatric jaket crowns
- Crowns created with the CAD/CAM system
- Zirconium crowns
Stainless steel crowns:

Restorative treatment may not always give the right response in primary teeth that have
been severely damaged by caries. For this reason, in the early 1950s, Dr. Humphrey started to use
stainless steel crowns for the first time as placeholders and crown restorations (Humphrey WP
1950). Thus, the frequency of indications for tooth extraction in children decreased, and the teeth
began to stay in the mouth for a longer time. The stainless steel crown (SCC) contains 12—-30%
chromium, 8% nickel, and 1-20% carbon. It is reported that the lifespan of SCCs is longer than
amalgams (Einwag and Diinninger 1996). Prefabricated SCCs have been used in the treatment of
primary molars since 1950 (Engel R. J. 1950).

Opver time, it has become more suitable for the anatomy of primary teeth and has been
brought closer to the material structure that will facilitate applications (Ash, M. 1993). SCCs with
traditional or veneered aesthetic surfaces are produced in many different sizes, can be corrected,
stretched, and shaped with a bur, so they adapt well to crown margins, adhere well to tooth
structures, and can be easily adapted to undercut areas. Due to these features, it stands out as a
successful restoration type (Full, Walker, and Pinkham 1974; Duggal MS, Curzon ME], Fayle SA,
Polard MA, and Robertson AJ 1995). It has been stated that SCCs are also produced in sizes
suitable for first permanent molars so that they can be applied to permanent teeth. It is possible to
shape and adapt these crowns to the teeth, and this is necessary for the success of the treatment.
Restorations made with SCC have been considered a good alternative to traditional restorative
treatments for many years, considering their durability and prognosis (N. P. T. Innes, Ricketts, and
Evans 2007). It was stated by the British Association of Pediatric Dentistry in 2008 that restorations
with SCC could be preferred (Kindelan et al. 2008). In a systematic analysis published by Innes et
al. in 2015, evidence was revealed that SCCK is the most appropriate restoration method, the effect
of which is compared with traditional methods (Nicola P. T. Innes et al. 2015).

The indications for the stainless steel crown are as follows;

- Teeth with a small amount of enamel where adhesive bonding is not possible,
- Caries formation is seen on more than one surface of the tooth,

- Patients with poor oral hygiene,

- Root canal treatment and amputation were applied to milk teeth,

- In the presence of dental anomalies,

- In fractures with excessive substance loss that can be seen in primary and permanent
teeth,

- They can be applied in subgingival caries (Einwag and Dunninger 1996; Seale 2002;
Tayfun Alagam, Uzel I, and Alagam A 2000).
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In a study, Atich compared the clinical success and retention time of PSC applied to primary
molars after pulp treatment and the modified open sandwich technique using resin modified glass
ionomer cement and composite resin. In the study, which included 87 children aged between 4 and
7 years, 0, 12, 18, and 24 month controls were performed on 160 restorations. After two years of
follow-up, the restoration rates were 95% for PSC and 92.5% for modified open sandwich
restoration.

There was no significant difference between the two restorations in terms of marginal fit,
proximal contact, occlusion, and recurrent caries criteria. When examined in terms of gingival
health, better results were obtained in restorations made with the modified open sandwich
technique compared to SCC (Atieh 2008). Webber observed some gingival enlargement in the
follow-up of stainless steel crown restorations in a group of patients aged 8—12 years. However, it
has been reported that gingival differences may be physiological in the mixed dentition and that
the duration of use of the crown does not have a significant effect on gingival tissues (Webber
1974). Sharaf and Farsi, on the other hand, stated that the lack of interface contact by the SCC has
no effect on gingival health. They reported that the most obvious factor for gingival health around
stainless steel crowns is the level of oral hygiene (Sharaf and Farsi 2004).

Papathanasiou et al. evaluated the clinical success of different restorative materials. In this
study, in which 604 restorations were examined in total, it was stated that the residence times of
the applied restorations were SCC, amalgam, composite resin, and glass ionomer cement,
respectively, from high to low. It has been reported that the mean residence time of SCC and
amalgam restorations is 5 years. In this period, the percentage of PSCs remaining in the mouth is
68%, and amalgam restoration is 60%. After four years, the success rate of composite resin
restorations is 40% and the average residence time in the mouth is 32 months; it has been reported
that the success rate of glass ionomer cement restorations is 5% and the average residence time in
the mouth is 12 months (Papathanasiou, Curzon, and Fairpo 1994).

There are studies that indicate that stainless steel crowns (which will be erased as their
disadvantages) have a gingival compliance problem or (by looking at their condition inside the
mouth) may cause periodontal problems. Tooth loss can also be seen in cases where the physician's
clinical experience is insufficient or excessive cuts are made in the tooth. The aesthetic feature of
stainless steel crowns is an important disadvantage not only for the anterior deciduous teeth, but
also for the posterior deciduous teeth. In order to eliminate this negative feature, open-faced
stainless steel crowns and veneered stainless steel crowns have been developed (Kindelan et al.
2008).

Although its durability, long life, and prevention of caries reoccurrence are the biggest
advantages of SCC, studies have shown that the aesthetic expectations of patients and their parents
cannot be met (Diana Ram, Fuks, and Eidelman, 2003; Townsend et al., 2014; Pani et al., 2010).
Since these restorations did not meet the expectations in terms of aesthetics, various materials such
as resin composite were tried to cover the buccal and occlusal surfaces, but these studies were not
successful in clinical terms (Diana Ram, Fuks, and Eidelman 2003). In a study, it was stated that
the aesthetics of dental treatments applied are one of the most important factors for parents
(Zimmerman et al. 2009). For this purpose, single-faced crowns, strip crowns, and SCC veneer
crowns have been developed (William F. Waggoner, 2002; 2015). Although these new materials
contributed aesthetically, they caused some gingival problems (MacLean et al. 2007).

Open-face stainless steel crowns:

Although the aesthetic properties are insufficient and not accepted by parents and children,
SCCs have continued to be used to protect the existing teeth in the mouth. With the advancement
of technology, the aesthetics of stainless steel crowns have been improved. Open-faced stainless
steel crowns are obtained by removing the front face of the stainless steel crowns we apply in the

328



Mobaraki, Solmaz; New Treatments For Primary Teeth With Excessive Substance Loss

clinic and placing resin on the removed part. It was first used in the early 1980s (Wiedenfeld,
Draughn, and Welford, 1994). In the survey study conducted by Nagarathna et al., 70% of the
participating physicians stated that they could make an open-faced stainless steel crown for the
anterior region when faced with polyhedral caries. In addition, physicians stated that the ease of
application is an advantage, and the child-parents are satisfied with this situation. 81.8% of the
children showed a positive interaction during the treatment (Thimmegowda 2018). Disadvantages
of open-faced stainless steel crowns; It is stated that the treatment period is long, fractures appear
due to occlusal forces, and they are not aesthetically sufficient ( Wiedenfeld, K. R., Draughn, R. A.,
& Goltra, S. E. 1995).

Veneered stainless steel crowns:

Due to the problems encountered with open-faced stainless steel crowns, veneered stainless
steel crowns have been developed as an alternative. Veneered stainless steel crowns are a type of
crown with an aesthetic appearance that can be cemented in the patient's mouth without any
preparation. Initially, it was started to be used in the anterior region of deciduous teeth, and later it
was applied to the posterior region of deciduous teeth as well. These crowns are applied in a single
appointment and are reported to be less affected by the salivary environment. Since the aesthetic
sections are made by the manufacturer, the time spent by the physician on the patient has also
decreased (W. F. Waggoner and Cohen 1995).

Disadvantages of veneered stainless steel crowns;

- Contouring is performed only on the palatal or lingual surface, as there may be fractures
on the facial surfaces during contouring,

- Color options are limited, so it is difficult to capture natural images,
- It is difficult to apply to children with limited space due to the volume's width.

- More teeth are cut due to passive seating in the tooth structure (W. F. Waggoner and
Cohen, 1995; Roberts, Lee, and Wright, 2001) .

Fuks et al. examined the clinical success of veneered stainless steel crowns versus
conventional stainless steel crowns over a 6-month period. At the end of the study, it was reported
that the crown edge was compatible, the crowns were in the proper position/occlusion, proximal
contact was provided, no bone resorption was observed, and no breakage or deformation was
observed in the aesthetic part of the veneered stainless steel crowns. They stated that there was a
significantly different gingival incompatibility in veneered stainless steel crowns compared to
stainless steel crowns (Fuks, Ram, and Eidelman 1999).

Shah et al. examined 46 veneered SCCs they applied in the anterior region of 12 pediatric
patients. They stated that the average duration of the crowned teeth in the mouth is 17.5 months
(between 5 and 38 months). They reported that 24% of the crowns did not have resin fractures,
and 61% of them did not have any fractures. When the gingiva of the crowned teeth were
examined, they reported that 61% of the teeth had good gingival health, 24% had redness in the
gingival area, and 15% had spontaneous bleeding ( Shah, P. V., Lee, J. Y., & Wright, J. T. 2004).

Polycarbonate crowns:

Polycarbonate crowns, which have been widely used since the 1970s, are produced
prefabricated as a result of the acrylic resin hardening with heat. As a result of the fabrication
process, it is produced thinner than self-curing acrylic resin. Although aesthetically better than
stainless steel crowns, they have lost popularity due to their fragility and ease of wear (Stewart,
Luke, and Pike 1974). While applying the polycarbonate crown, a prefabricated polycarbonate
crown suitable for the prepared tooth is selected and adhered to the tooth with acrylic resin after
alignment. Restoration is completed by correcting the margins and polishing. It should be noted
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that polycarbonate crowns may break and completely separate from the tooth. Due to this
insufficiency, their use is very low (Stewart, Luke, and Pike 1974) . Although the indications for
polycarbonate crowns are similar to those for stainless steel crowns, there are situations where they
are contraindicated.

We can list them as follows:

- In cases with a deep bite,

- In the presence of progressive resorption in the root,
- In cases of excessive tooth wear or bruxism,

- In teeth with excessive substance loss,

- In cases of periodontal disease,

- In cases where a cross bite is seen,

- It is contraindicated in cases of deep bite (Venkataraghavan, Chan, and Karthik 2014;
Nitkin, Rosenberg, and Yaari 1977).

Strip crowns :

Strip crowns have been frequently used in the restoration of primary teeth since the late
1970s. With the development of bonding agents and the increase in the bonding capacity of
composites to enamel-dentin, strip crowns have been developed for the treatment of deciduous
teeth in the anterior-posterior region in order to achieve tooth form, function, and aesthetics
(William F. Waggoner 2002). Especially in anterior group milk teeth with excessive substance loss,
strip crowns, which are much better aesthetically and have a wide usage area, are preferred instead
of the stainless steel crowns that have been used for years. As an alternative to stainless steel
crowns, strip crowns have been produced for posterior teeth, but they have not been used as widely
as stainless steel crowns. Strip crowns are based on the selection of the appropriate mold in the
form of plastic teeth for the tooth to be applied, the adaptation of the crown after the caries is
removed, and the restoration of the entire tooth with a tooth-colored restoration material. After
proper shaping, the resin material is cured with a light device. After that, the plastic tooth form is
removed, and the remaining part of the tooth is corrected and polished (Citron 1995). The
advantages of a strip crown are that it has good aesthetic properties, a shiny and smooth surface
can be obtained, it is economical, a result that is very similar to the natural image can be obtained,
and it can be applied easily and quickly (Kupietzky 2002). Tate et al., in a retrospective study
investigating the restoration success of primary teeth treated with general anesthesia, examined the
records of 504 patients and found PSCs to be significantly more successful than restorative
methods such as amalgam, composite, and strip crowns. While the failure seen in SCCs was 8%, it
was reported as 51% in strip crowns (Tate et al. 2002).

The main disadvantages are that the application technique is sensitive, blood and saliva
contamination reduces the success of the restoration, sufficient dental tissue is needed for proper
adhesion, and there are difficulties in its application because it requires cooperation in young
children (Diana Ram, Fuks, and Eidelman 2003).

A sensitive technique is required during the application of strip crowns. In order to give
the material a good shape and a suitable color, it is important to prevent its contamination with
blood and saliva. In order for the bonding material and the composite to bond propetly, the tooth
tissue remaining after the preparation must be in sufficient quantity. At the same time, it can be
difficult to apply strip crowns to very young children due to cooperation problems (Kupietzky
2002; D. Ram and Peretz 2000).

330



Mobaraki, Solmaz; New Treatments For Primary Teeth With Excessive Substance Loss

Pediatric jaket crowns:

It is an alternative type of crown used after severe caries or trauma. They are copolyester-
containing, flexible, and naturally tooth-colored crowns. They can be shaped by cutting with
scissors. Thanks to the fact that some of the preparations can be made outside the mouth, the
reduction of intraoral working time provides a significant advantage during its use, especially in
children with a lack of cooperation. They are placed on the prepared tooth by applying acid and a
bonding agent. If isolation can be achieved, either with composite resin cement or, if not, with
resin modified glass ionomer cement, the jaket crown is adapted to the tooth and cementation is
performed. The disadvantages of the pediatric jaket crown include wear by occlusal forces and
discoloration over time. The cause of failure is usually the separation of the crown from the cement.
When the copolyester crown is separated, the composite or resin-modified glass ionomer cement
applied as an adhesive remains on the tooth and appears as a crown without the need for restoration
(Daniels, Sim, and Simon 1966).

Crowns created with CAD/CAM:

In the last 25 years, CAD-CAM has become increasingly popular in dentistry. This
technology enables the production of restorations with sufficient durability and a natural
appearance with an application process that is easier, faster, and reduces the risk of human error

(Zaruba and Mehl 2017).

Many restorative materials have been used to occlude primary teeth with excessive material
losses, but a material that meets all expectations in terms of both durability and aesthetics has not
been found. Due to the disadvantages of existing crowns, the need to produce crowns that can be
prepared and applied more practically in parallel with technological developments and that have a
much better aesthetic appearance has emerged. Today, the use of crowns prepared based on
computer-aided design and production has come to the fore. The basis of this system; collection
of data in a computer environment, the creation of a three-dimensional model, the realization of
designs in the light of these data, and production using the realized designs. Computer-assisted
shaping/computer-assisted restorations ate called Computer-Assisted Design and Computet-
Assisted Manufacture (CAD/CAM). CAD/CAM technologies were introduced to the wotld of
dentistry in the 1980s. Since then, these technologies have continued to progress. Today,
CAD/CAM systems cover indication areas such as inlays, onlays, laminate veneers, partial crowns,
full crowns, and bridge systems. Although CAD/CAM restorations have begun to be used in
pediatric dentistry clinical practice, their use in the restoration of primary teeth is not common,
except for research (Ayse METE 2014).

Inlay, onlay, laminate veneer crowns, bridges, skeletal structures of removable partial
dentures, abutment in implant-supported prostheses, and infrastructure design and production in
crown-bridge and hybrid prostheses constitute the indication areas of CAD-CAM systems.
Materials currently used in CAD-CAM systems; ceramic (alumina, zirconia, and porcelain based)
blocks, metal, and composite resin. Titanium and noble metals are used as restoration infrastructure
(Willer, Rossbach, and Weber 1998; Piwowarczyk et al. 2005). Advantages of CAD-CAM systems;
shortening the treatment time by reducing the number of sessions, eliminating the need for
temporary crown preparation, reducing the rate of error, allowing the use of high quality materials,
editing different parameters (such as restoration thickness, cement spacing) by the user, and
archiving patient and restoration data (Miyazaki et al., 2009; Christensen, 2001). The disadvantages
of CAD-CAM systems are the high production costs, the need for equipment and experienced
personnel, the sometimes poor aesthetics of monochromatic blocks, and the difficulty of
transferring to the computer environment in teeth with deep subgingival margin extension
(Christensen 2001; Duret and Preston 1991) . The fact that intraoral scanners in CAD-CAM
systems have increasingly smaller designs allows their use in pediatric patients (Zaruba and Mehl
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2017). CAD/CAM restorations are known to have become a common treatment for permanent
teeth in children, but there are limited case reports of their use in primary teeth (Stines 2008).

CAD/CAM technology, restoration, and protective tooth preparation concepts should be
considered together. Thus, unnecessary removal of the hard tissue of the tooth is avoided, and
restorations that are much more compatible and better processed can be obtained in a single session
and are specific to the tooth to be restored. (Tsitrou and van Noort 2008) In a study in which the
crown prepared by the CAD/CAM method in primary molars was compared in vitro, if there is
extensive coronal destruction in primary molars, full coronal restorations prepared with the
Chairside Economical Restorations of Esthetic Ceramic 3 (CEREC) system using polymeric
CAD/CAM resin blocks are preferred because they are both aesthetically pleasing, have low
preparation costs, and can be prepared at the bedside and in a single session. It has been reported
that it can be done (Ayse METE 2014).

Pediatric Zirconium Crowns

Zirconium, symbol Zr and atomic weight 40, is a chemical element first discovered in Sri
Lanka in the 18th century. The minerals of zirconium are zirconium silicate and zirconium oxide.
Zirconium silicate is also called zircon, and zirconium oxide is also called zirconia. It has been
reported that zirconium is not seen in nature in its pure form, but can be found in many different
compounds. Zirconium is a highly resistant metal against temperature, wear, and corrosion. The
purity of zirconium metal increases its mechanical properties. Since zirconium is a reactive metal,
an oxide layer forms on its surface when it comes into contact with air or a solution. The oxide
layer formed provides the zirconium with resistance to corrosion. It has been observed that the
physical properties of zirconium are much superior to those of other ceramics. It is known that
zirconium started to be used as a biomaterial in 1969 with the construction of hip prostheses by
Hellmer and Driskell (Piconi and Maccauro 1999). Today, it is reported that stainless steel crowns
are the most durable restorations that can be used in the treatment of deciduous molars and can
protect the tooth structure the most. Despite the many positive features of SCC, researchers
continue to develop new materials due to its poor aesthetics. Recently, zirconium crowns have
been produced in order to eliminate the deficiencies in the restoration of milk teeth and to meet
the aesthetic needs of children and parents. These materials can be used in the treatment of both
milk incisors and milk molars. Prefabricated zirconium crowns were first introduced in 2008 under
the brand name EZ-Pedo™ (Loomis, California, USA). The metal reflection from the gingiva,
color mismatch, the presence of an artificial appearance in the stainless steel crown, and the absence
of a personalized crown that can meet the aesthetic expectations of adults have led to the desire to
produce a new material. With a patented system called Zir-Lock retention, grooves that provide
mechanical retention were opened in the crown were opened and they aimed to increase clinical
success. They produced narrowed crowns for first and second primary molars whose mesio-distal
size was reduced due to caries. Later, pediatric zirconium crowns with various features were
produced by companies such as BruxZir (Glidewell), Lava™ Premium (3M ESPE; Katana ML;
Kuraray), and NuSmile (Huston, TX, USA) (Prashant Babaji 2015). Tetragonal zirconium oxide
polycrystals (yttria-stabilized tetragonal zirconia polycrystal: Y-TZP), stabilized by yttrium oxide,
pass from one crystal phase to another, forming a resistant structure that stops crack formation
and prevents crack propagation. Due to the high fracture resistance of the zirconium material,
zirconium crowns are quite strong (Denry and Holloway 2010). The ready-made form of zirconium
crowns released for children has been developed to be much stronger and more durable than the
enamel structure. The transparency of zirconium crowns, thanks to their "translucent” feature,
allows for the solution of the color problem that appears in the teeth after very good aesthetics and
pulpal treatment (Tote et al. 2015). Holsinger et al., in a study in which they examined the clinical
success and parental satisfaction of pediatric zirconium crowns used in anterior teeth, evaluated
them according to their retention, gingival effect, color, contour, edge harmony, and abrasion on
the opposite tooth. In the controls made as a result of an average of 21 months of follow-up, it
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was observed that no loss of retention was observed in any of the crowns, and 96% of them were
present in the mouth. It was stated that no inflammation was observed in the gingival index (96%),
no marginal alignment problem was observed in 86%, the color difference with the adjacent tooth
(64%), was unnoticeable, secondary caries did not occur in the tooth with the zirconium crown,
and the opposing tooth They reported no wear and tear. Parents also reported that the tooth with
pediatric zirconium crowns had a natural tooth appearance (89%); it has been determined that
children and parents are visually satisfied (Holsinger et al. 2016). In their case report, Cazaux et al.
applied EZ-Pedo™/EZCrown™ pediatric zirconium crowns to the first primary molar after
pulpotomy and followed up until the tooth exfoliated (29 months). They reported that 3 days after
cementation, the gingival tissues regained their former health and appearance, there was no wear
on the opposing tooth during the follow-up, and the tooth with a pediatric zirconium crown
exfoliated at the same time (2 weeks apart) as the symmetrical tooth.

However, the researchers emphasized that it is often not easy to apply new materials in
clinical practice, the application time of pediatric zirconium crowns is longer than that of stainless
steel crowns in the first use, and the procedure becomes much faster and easier as clinical practice
is gained over time. They reported that the application of the pediatric zirconium crown to the
lower primary molars is easier than to the anterior teeth or upper primary molars. It is also
emphasized that patient cooperation should be appropriate and that sedation may help crown
application in uncooperative patients (Lopez Cazaux et al. 2017).

CONCLUSION:

Various treatment methods have been developed in cases of excessive substance loss in the
teeth of pediatric patients. Factors such as the age of the child, aesthetic and functional needs, cost,
ease of application, duration of treatment, and the number of teeth that require restoration
constitute important criteria in determining the treatment methods to be applied. While aesthetics
is in the foreground of a treatment method to be applied in the anterior region, function comes to
the fore in the posterior region. There are not many randomized clinical studies on pediatric
crowns.

According to the results of the existing studies, when stainless steel crowns and zirconium
crowns are compared, it is known that patient satisfaction is higher with zirconium crowns, but
due to the fact that the cost comes to the fore, stainless steel crowns and their more aesthetic
modifications continue to be used today.
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A stomachache experience

Suat Evirgen'
Sezai Kantar?
Yavuz pirhan’

1-Introduction

Mesenteric ischemia is a condition that causes necrosis in the intestines due to insufficient
oxygenation of the small and large intestines as a result of deterioration in mesenteric vascular
blood flow. The most common condition of cronic mesenteric ischemia (CMI) is atherosclerosis
in the splannic arteries, especially in advanced age (Jaster, 2016). In addition to atherosclerosis,
vasculitides, fibromuscular dysplasia, radiation, aneurysms, arteriovenous fistulas, aortic dissection
or coarctation, and congenital anomalies of the splannic vessels may also cause CMI. In diagnosis,
doppler ultrasonography is being used with increasing frequency in the curvature of ripples in the
deep and superior mesenteric artery (SMA). Angiography still continues to be the most sensitive
method (Mastoraki, 2016). Although severe stenosis or complete obstruction of at least two of the
three main splanic arteries is usually present due to the development of collateral segments, it may
not have arisen in the classroom. Acute mesenteric vein thrombosis and consequently bowel
infarction is one of the most feared cardiac controls. This kind of ability may not be easy to develop.
Because, like many patients, there may be limitations due to common collaterals.Surgical
revascularization and percutaneous transluminal angioplasty can be performed in two of the 3
splanchnic vessels in the mesenteric angiography in a patient who does not have any other
gastrointestinal system disease and usually has symptoms of abdominal angina(Foley,2016; Barret
,2015). A stent can be inserted during angioplasty. Bypass graft application to patients with S
controls CMI is expressed as a safe treatment option(Flis,2016). The average eatly operative
mortality rate in elective revascularization is around 5% (0-12%). 80% of patients survive at 3-year
follow-up. In the 3 years after revascularization, 15% of patients have s-graft features. Endo vessels
have shelters in preferred places (Moghadamyeghaneh,2015).

2-Case Report
1.st application

51 year old male patient; presents to the emergency department with the complaint of
abdominal pain. Abdominal examination of the patient was unremarkable, mild leukocytosis (wbc:
12300) in the complete blood count and hematuria in the complete urinalysis, the urinary system
was evaluated as normal in the abdominal usg. In the right lower quadrant of the abdomen, at the
level of the terminal ileum and cecum, increased thickness of the intestinal wall, increased
peristalsis, and fluid distension were observed, and abdominal CT is performed upon the
recommendation of the radiologist. In the General Surgery consultation, it was learned that the
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abdominal pain and severity of the patient that started after the meal increased. The patient did not
have a cardiac disease, has a one pack/day smoking history and a history of substance abuse. Due
to widespread tenderness and rebound in the abdomen, the patient was admitted to the general
surgery clinic with the diagnosis of acute abdomen, and preoperative preparations and resuscitation
were started. Oral intake of the patient, whose ASA 2 anesthesia risk was determined, was stopped
and fluid resuscitation, nasogastric decompression and antibiotherapy was started. The patient was
discharged voluntarily without waiting for the results of the examinations. In the patient's entire
abdominal contrast-enhanced CT examination; Fluid distention, dilatation and air fluid levels were
observed in the ileal loops and were evaluated as compatible with ileus, while the increase in
fringing-like density in the mesentery fat areas was recommended to be evaluated primarily in terms
of inflammatory ileitis and terminal ileitis.

2.st application

Four days later, she came to the emergency room with the complaint of abdominal pain
again. In general surgery consultation; There was pain and rebound in all quadrants of the
abdomen. Contrast-enhanced tomography of the entire abdomen was requested, considering
mesenteric vascular disease. Here, an exophytic localized irregular noncalcified plaque that causes
more than 80% stenosis in the lumen of the superior mesenteric artery (approximately 2 cm
segment at the exit of the SMA) was observed (Picture 1: stenosis in SMA). Thromboembolism
causing total occlusion of the end branches of the SMA was observed in the pelvic region. All this
Considering the imaging results and the patient's history, he was referred to another center for the
treatment of stenosis in the SMA with interventional radiological methods for the treatment of
abdominal pain due to intestinal hypoperfusion due to microemboli and narrowing of the SMA.

3.st application

A stent was placed in the SMA by endovascular method in an external center.

4.st application

The patient, who has applied to our clinic with the complaint of abdominal pain again 2
months later, states that this abdominal pain, which increases with meals, prevented him from
eating anymore , he was getting weaker and he cannot stand these pains. Imaging examinations of
the patient, who was hospitalized because of diffuse tenderness in the abdomen, showed a stent in
the SMA and left common iliac artery (Picture 2: CT view of the stents). In the left lower quadrant,
thickening of the intestinal wall, distension and edema, and minimal free fluid between the intestinal
loops were observed. Oral intake of the patient was stopped, the patient is relieved by the
continuation of anticoagulant treatment, fluid resuscitation and the use of analgesics.

5.st application

One month after discharge, the patient, who was admitted to another center with
complaints of abdominal pain and inability to pass gas and stool, has followed up with the diagnosis
of ileus. The abdomen distended and tenderness in the left lower quadrant and a palpable mass in
the rectum were felt. LLaboratory examinations were normal, imaging examination (whole abdomen
with contrast CT) has cholelitiasis, cortical cyst in bilateral kidneys, collection area associated with
the anterior wall of the middle part of the rectum, a stent was present in the proximal 4 cm segment
of the SMA and its lumen was open, the lumen of the stent in the left common iliac artery.
Occluded throughout, extending between the small intestines in the retrovesical space in the pelvis,
continuing towards the pelvic wall on the left, the large 50*30 cm dimensions, which cannot be
clearly distinguished from the neighboring intestines, were observed to be related to each other.
The patient, who was followed up with antibiotherapy with the diagnosis of pararectal abscess, was
discharged with anticoagulant treatment after his general condition improved and the size of the
abscess decreased in the control.
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6.st application

The diagnosis of acute abdomen was operated in an external center and small bowel
perforation has been observed. Small bowel resection, ileostomy and mucous fistula have been
performed.

7.st application

The patient was a cachectic appearance, insufficient oral intake, and fluid and electrolyte
imbalance. He stated that he has lost 30 kg of weight in the last 6 months. Hyponatremia was
treated.

3. Discussion

There are 3 arteries in the mesenteric system. The celiac artery is the superior mesenteric
artery (SMA) and the inferior mesenteric artery (IMA). Celiac artery; proximal of stomach and
duodenum, SMA; distal duodenum, jejunum, ileum, up to 2/3 of transverse colon, IMA; Starting
from the 1/3 distal transverse colon, it supplies the rectum and proximal anal canal. There is rich
collateral circulation between the branches of the mesenteric vessels. Therefore, clinical findings
occur when 2 or 3 main arteries are occluded or have critical stenosis. Most commonly, the
obstruction of the SMA, which is described as acute mesenteric ischemia, is encountered as a result
of embolism or thrombosis developing on the basis of chronic atherosclerosis. In addition, when
bowel ischemia is encountered without an occlusive lesion, non occlusive mesenteric ischemia is
defined. Although it is thought that almost all ischemia originates from the arterial system, intestinal
ischemia of venous origin can be seen. Acute mesenteric ischemia accounts for 1 out of 1000
hospitalized patients. It is a fatal disease if left untreated. Although early intervention provides a
complete recovery, it is a difficult disease to diagnose (Tilsed,2016). It is a disease that should be
kept in mind when the patient has recurrent episodes of abdominal pain that starts after meals and
lasts for 1-3 hours, as in our case example of CMI, which has been admitted to the hospital 7 times
and was followed up every time. Although the pain may be mild at first, it can become more severe
in weeks and months. Postprandial vasodilation reduces peripheral resistance, but flow cannot
increase in the presence of proximal fixed occlusive lesions, resulting in transient ischemic pain.
This pain has been described as bowel angina. Weight loss may occur because patients are hesitant
to eat. Nonspecific findings such as hypoalbuminemia, hypoproteinemia, and hypocholesterolemia
caused by malnutrition may be encountered. Our case was cachectic at the 4th admission and did
not want to take oral. In our patient, a stent was inserted during angioplasty with an endovascular
treatment approach. There are publications stating that surgical or endovascular interventions have
similar success rates (4, 7), but in some publications, bypass grafting is indicated as a safe treatment
option in patients with symptomatic CMI(0).

4. Conclusion

Chronic mesenteric ischemia, which we do not encounter very often in our general surgery
practice; Due to the difficulty of treatment, the patient progresses to death with intestinal ischemia
at the end of the treatments and follow-ups for abdominal pain attacks and weight loss symptoms.
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Introduction

Anxiety is a feeling of unease, which can be experienced by the individual in the face of events
that are assumed to be dangerous or threatening without any apparent reason. Anxiety is an
unpredictable, unpleasant, and overwhelming feeling, which is associated with sad feelings about
the future or anticipation of something bad about to happen. It is a feeling of nervousness and
stress because of generalized thoughts around bad things that could happen with no identifiable
cause (Sahin, 2019). Anxiety disorders are described in DSM-V and categorized as different types
such as generalized anxiety, panic, and social anxiety disorder, agoraphobia, specific phobia, and
separation anxiety disorder (DSM-V, 2013). Everybody can feel anxious time to time. Anxiety is
examined in two categories, which are the “state anxiety” and the “trait anxiety”. Trait anxiety is a
generalized and persistent state of anxiety that is not tied to a specific event or situation. In contrast,
state anxiety occurs before or during the so-called jeopardous situations. This is the anxiety
experienced by almost every individual, which others can understand, and which can be attributed
to logical reasons (Yildiz, 2010).

Infectious disease outbreaks induce anxiety and worry, causing individuals to feel ashamed,
unsuccessful, and weak (Sim, 2010). Furthermore, psychological reactions occurring during
outbreaks vary in a spectrum extending from extreme forms of anxiety and fear to feelings of
indifference. The long-term psychological effects of outbreaks include the weakening of social and
interpersonal ties. The psychological consequences of such periods are not always short-lived.
Experiences in such periods can cause severe and persistent mental disorders as well (Huang & et
al., 2020, Zhu & et al.,, 2020). Anxiety, mood and post-traumatic stress disorders are the most
common mental distresses in epidemics (Ttkel, 2020). Indeed, health anxiety experienced during
outbreaks is an anticipated situation. People may develop a state of mental exhaustion due to
uncontrollable health anxiety, which consequently can induce a vicious cycle. Another form of
health anxiety during outbreaks is the anxiety of transmitting the disease to someone (Pierce, 2020).
COVID-19 outbreak is the most recent one that emerged in China in 2019 and then spread around
the world turning into a pandemic. When pneumonia cases of unknown origin increased in Wuhan
(China), China reported this situation to the World Health Organization (WHO) on 31 December
2019. Chinese scientists named this coronavirus “2019-nCoV” on January 7, 2020. Spread around
the world in a short time, the coronavirus started to have been identified in many people in Turkey
as of March 10, 2020. From January 3, 2020 to January 10, 2022, there were 9,977,561 confirmed
cases of COVID-19 in Turkey, with 83,702 deaths reported to WHO (WHO, COVID-19
Dashboard, 2022). The COVID-19 pandemic caught people unprepared and defenseless, affecting
them globally and reaching alarming levels all over the world. The lives of many people were lost
or disabilities occurred, leading to the development of psychological problems (Pektekin, 2020).
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In the study of Nelson et al. (2020) in March 2020, it was revealed that 67.3% of 9009
participants were very much or extremely worried about COVID-19 (Nelson & et al., 2020). In the
study of Lai et al. (2020) in China, 44.6% of healthcare professionals were found to experience
anxiety (Lai & et al., 2020). Anxiety also arises from loneliness and limited social contacts during
quarantine and isolation periods of outbreaks. People start experiencing anxiety because they
cannot run their business and fail to meet the needs of their dependents (Brooks & et al., 2020,
Huremovi¢, 2019). Emotional responses to COVID-19 are experienced by all working individuals
from all social levels, primarily healthcare professionals and people that are directly affected by the
untoward consequences of the pandemic (Sim, 2010, Huang & et al., 2020, Zhu & et al., 2020,
Stuijfzand & et al., 2020, Pappas & et al., 2009)

During the COVID-19 pandemic, schools have spent their best efforts to carry out educational
activities online. All educational activities were interrupted, affecting students, teachers, and parents
remarkably. Literature review revealed that many studies reported that the COVID-19 pandemic
induced many feelings affecting the mental status of students unfavorably, such as learning and
exam anxiety, worry, fear, extreme levels of stress, irritability, aggression, insomnia (Kara, 2020,
Sintema, 2020, Cao & et al., 2020, Daniel, 2020). However, the number of studies investigating the
problems experienced by teachers during the COVID-19 pandemic is not adequate despite their
key roles in education. Studies available in the literature are mostly about the views of teachers on
education (Ozamiz-Etxebarria & et al., 2021, Wakui & et al., 2021, Wong & et al., 2021, Cakin &
Akyavuz, 2020, Cicek, Tanhan & Tanriverdi, 2020, Li, 2020, Stachteas & Stachteas, 2020). It has
been determined that more international studies are needed to determine the effect of the epidemic
on teachers' mental states (Ozamiz-Etxebarria & et al., 2021). The teacher with a high level of
anxiety cannot fully devote herself to her task. Excessive anxiety causes the individual to become
incompetent and result in disagreeable and irritable behavior in the workplace. On the contrary,
lack of anxiety causes the individual to behave inconsiderately. Therefore, the anxiety level of the
teacher in the workplace should not be at extremes (Basar, 1999).

Cooperation across professional associations, including those of psychiatrists, nurses,
psychologists, and social workers, plays a crucial role in the resolution of psychosocial problems
occurring during the pandemic. In this context, the Online Mental Health Program for Coronavirus
Infection (KORDEP) was implemented to provide psychosocial support to people affected by the
COVID-19 pandemic in Turkey. This program is considered an important step in coping with
difficulties occurring while we live the pandemic (Pektekin, 2020). With awareness about the
anxiety levels of teachers, such psychological support programs may provide more effective
guidance.

Based on these considerations, we designed this study to examine the anxiety levels of teachers
during the COVID-19 pandemic.

Patients and Methods

The research was conducted on 1704 volunteering teachers working in primary, secondary,
and high schools, and in institutions providing pre-school education in Kirsehir (located in central
Anatolia) province in the 2020-2021 academic year. Teachers were reached by the snowball
sampling method. With this method, teachers participating in the research were asked to distribute
data collection tools to their colleagues.

Research data were collected using an online demographics form, the State Anxiety Inventory
(SAIL) (STAI FORM TX-I), and the Trait Anxiety Inventory (TAI) (STAI FORM TX-II). The
design and adaptation of the inventories into Turkish was performed by Oner and Le Compte
(Oner & Compte, 1983). Both inventories comprise 20 items to be scored using a 4-point Likert

344



Taktak, Safak & Unsal, Ayla & Ladikli, Giirhan Mehmet & Tufan, Damla; State-Trait Anxiety Levels Of
Teachers During The Covid-19 Pandemic In Kirgehir, Turkey

scale. Each item can be rated from 1 to 4. Response options in SAI were as follows: (1) not at all,
(2) somewhat, (3) moderately so, (4) very much so. Response options in T'Al were as follows: (1)
almost never, (2) sometimes, (3) often, (4) almost always. The inventories included direct and
reversed items or items phrased in the semantically opposite direction. The reversed ones were the
items 1, 2, 5, 8, 10, 11, 15, 16, 19, and 20 in SAL In TAI, the reversed ones were the items 21, 26,
27, 30, 33, 36, and 39. The minimum and maximum scotes on both inventories could be 20 and
80, respectively. A high score indicates high anxiety, a small score indicates low anxiety. In this
study, Cronbach's alpha values of the inventories were calculated as 0.951 for SAI and 0.891 for
TAL It has been reported that a scale with an alpha coefficient of 0.80-1.0 is highly reliable (Alpar,
2011). According to the calculated alpha coefficients for this study, our results are reliable.

Data collection forms were delivered to teachers online. Before teachers started filling out the
online data collection forms, the aim of the research was explained to them in accordance with the
Declaration of Helsinki and consent was obtained from participants. It took about 10-15 minutes
for teachers to fill out the forms.

The data of the study were evaluated in computer environment. Kolmogorov-Smirnov,
Shapiro-Wilk, Levene test, percentage, mean, standard deviation, independent t test, ANOVA,
Duncan multiple comparison test and Cronbach's alpha coefficient were used in the analyzes.

Results

Of the teachers, 47.1% were women and 52.9% were men. Descriptive statistics of
demographics and comparative answers to inventory items are presented in Table 1. As seen in
Table 1, the effects of the gender variable on both SAI and T'AI scores were statistically significant
(p<.001). Women's state and trait anxiety scores were higher than those of men. The number of
children of a participant affected the state anxiety level (p<.05). The state anxiety levels of those
with only one child were higher than those of the rest of the participants. The effect of the number
of children had a statistically insignificant effect on the trait anxiety level (p>.05). The participants'
marital status, education level, length of service, and the type and location of the school of
employment did not affect their state and trait anxiety levels (p>.05). The effect of job tasks
performed by the participants at the time of the study on the state and trait anxiety levels was
statistically significant (p<.05 and p<.001, respectively). The state and trait anxiety levels of
participants working as administrators were lower compared to those performing other jobs.

Table 1. Descriptive characteristics and comparison of scale scores (N=1704)

Demographics characteristics n (%) Mean®SD p
Gender
‘ Men 802 (47.1) 30.17+11.46
State Anxiety Women 902 (52.9) 41.93+11.04 0.000
o Men 802 (47.1) 40.28+7.70
Trait Anxiety Women 902 (52.9) 43.38+7.71 0.000
Marital Status
. Single 163 (9.6) 41.49+11.60
State Anxiety Married 1541 (90.4)  40.54+11.29 0307
o Single 163 (9.6) 43.01+8.95
Trait Anxiety Married 1541 (90.4)  41.80+7.72 0.063
Number of children
0 179 (10.53)  40.71+10.42%
1 377 (2218) 413141152+ 0017
State Anxiety 2 898 (52.85)  40.94+11.58% '
3 191 (11.24)  38.67+10.48"
4+ 54 (3.17) 37.44%10.81%
L 0 179 (1053)  42.24+8.68
Trait Anxiety 1 377 (22.18)  42.3948.08 0-185
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2 808 (52.85)  41.94+7.64
3 191 (11.24)  40.94+7.32
4+ 54 (3.17) 40.57+8.45
Educational status
‘ Bachelor 1532 (89.9 40.54+11.37
State Anxiety Postgraduate 168 (9(.9) ) 41.41+10.86 0.347
o Bachelor 1532 (89.9 41.92+11.37
Trait Anxiety Postgraduate 168 (9(.9) : 41.97+7.13 0-936
Length of service
1-5 years 114 (6.7) 30.15+11.71
‘ 6-15 years 711 (41.7 41.17+10.71
State Anxiety 1625 years 614 §36.0§ 40.68+11.56 0151
26+ years 265 (15.6) 39.71+12.10
15 114 (6.7) 42.44+8 87
o 6-15 711 (41.7 42.50+7.74
Trait Anxiety 16-25 614 E36.0§ 41.44+7.75 0.054
26+ 265 (15.6) 41.23+7.86
Type of school
of employment
Pre-school 89 (5.2) 41.32+11.17
Primary school 453 (26.6) 40.92+11.29
State Anxiety Secondary school 576 (33.8) 40.10+11.12 0.722
High school 509 (29.9) 40.79+11.60
Other 77 (4.5) 41.0+11.41
Pre-school 89 (5.2) 42.13+8.16
Primary school 453 (26.6) 42.07+7.74
Trait Anxiety Secondary school 576 (33.8) 41.86£7.92 0.796
High school 509 (29.9) 41.69+7.78
Other 77 (4.5) 42.80+8.24
Location of school Village 85 (5.0 41.02x11.21
Town 46 (2.7) 43.19+10.68
State Anxiety District 440 (25.8) 40.80+11.17 0.406
City center 1133 (66.5)  40.43+11.41
Village 85 (5.0) 43.05+8.69
o Town 46 2.7 42.95+8.28
Trait Anxiety District 440( (25>.8) 41.84+8.16 0428
City center 1133 (66.5)  41.83%7.65
Job title Teacher 1486 (87.2)  40.86+11.31
. Administrator teacher 169 (9.9 38.28+10.82
State Anxiety Other 49 (2<.9) ) 41.73+12.31 0.015
Teacher 1486 87.2)  4217+7.75
Trait Anxiety Administrator teacher 169 (9.9) 39.57£8.18 0.000
Other 49 (2.9) 42.38+8.58

*Groups with significant differences in between, as identified by Duncan’s multiple comparisons, are marked with
different letters in the same column.

Descriptive statistics of 40 items in both inventories used in the study are presented in
Table 2. The mean scores of participants on SAI and TAI were 40.6(11.3) and 41.9(7.8),
respectively. The state-trait anxiety levels of teachers were moderate.

Table 2. Mean scores from the State-Trait Anxiety Inventory

Scale Mean

State Anxiety Inventory
Trait Anxiety Inventory

40.63+11.32 (min= 20, max= 80)
41.92+7.85 (min=20, max=71)
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Discussion

In this study, teachers’ anxiety levels were found to be of moderate severity. Studies in the
literature support this finding. According to the results of a study conducted during the SARS
epidemic in Hong Kong, people were found to experience moderate levels of anxiety (Leung & et
al.,, 2003). It was previously reported that teachers' anxiety about the COVID-19 pandemic was of
moderate severity (Cicek & et al., 2020). In the study performed by Wong et al. (2021), it was found
that teachers experienced depression and stress, and their anxiety was mostly about themselves and
their family members. In that study, it was found out that teachers also had anxiety about distance
education (Wong & et al., 2021).

According to Fuller (1969), teachers’ feelings of anxiety occur at certain time points normally
(Fuller, 1969). Teachers experience anxiety when faced with certain concerns such as using time
effectively in the classroom, completing activities effectively, and maintaining discipline in the
classroom (Gangal, 2020). Teachers may also develop anxiety in response to some situations, such
as incompetency in the field of the job task, lack of knowledge and experience, or the inability to
use relevant knowledge and equipment (U¢ak & Bindak, 2017). Nevertheless, teachers need to
control the level of anxiety they experience in the workplace. It is a favorable finding that teachers’
anxiety levels did not increase during the pandemic and remained at moderate levels. Teachers,
who perform education and training activities online and remotely during the pandemic, may
experience some difficulties in communication. The methods used by teachers for student
motivation regarding education and the maintenance of good health are very important for the
assessment and improvement of educational activities. It has been observed that teachers have
readily adapted themselves to the use of distance education during the pandemic. The fact they
could manage the process well might help prevent them from developing increased anxiety levels.

In this study, we found that the marital status, education levels, and lengths of service of
teachers did not affect their state and trait anxiety levels. These findings are consistent with those
reported in the literatiire (Cicek & et al., 2020, Sakaoglu & et al., 2020, Cif¢i & Demir, 2020, Bulut
& Duman, 2021). In a study performed by Sakaoglu et al. (2020), the examination of anxiety levels
by education status showed that there were no differences between the state and trait anxiety scores.
Similar to the findings of the present study, it was also reported in the literature that the level of
anxiety increases as the education level of teachers increases (Sakaoglu & et al., 2020). In the study
performed by Bulut and Duman (2021), no relationships were found between the length of service
and the level of anxiety of participants (Bulut & Duman, 2021). Some studies reported higher
anxiety levels in female, young, and single teachers compared to their male, older, and married
counterparts during the COVID-19 pandemic (Cigek & et al., 2020, Cifci & Demir, 2020). The
present study found that women’s anxiety levels were higher than that of men. In studies conducted
on different sample groups in the literature, it was found out that women were more worried than
men during the COVID-19 pandemic (Bulut & Duman, 2021, Colgecen & Colgegen,2020,
Kayaoglu & et al., 2021).

In the present study, the state anxiety levels of teachers with only one child are higher than
those of their counterparts. Being a child without siblings in a family means receiving all focused
attention and care. The low anxiety levels of parents with no children or more than one child
suggest that attention directed to the only child in the family can be potentially excessive.
Furthermore, such increased anxiety levels may result from the fear of the likelithood of leaving the
only child all alone in case of conditions that could put the parents in peril.

Among the participants, the state and trait anxiety levels of teachers in administrative positions
were lower compared to the rest. This may be due to the better command of the pandemic-related
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subjects by the administrators, who acquire information through frequent meetings and by closely
following up the state and government policies about the pandemic.

Following the start of the COVID-19 pandemic in the world and our country, telepsychiatry
applications allowing telephone calls or online video calls were readily implemented, providing
access to all healthcare professionals and anyone affected by the pandemic. This has led to the
development of a mental support mechanism for individuals. Solidarity and charity work in society
are critical in alleviating the pandemic-related problems(Tikel, 2020).

Conclusion

It is pleasing that teachers have not developed severe levels of anxiety and worry during the
pandemic. This has helped prevent the serious interruptions in the education system. During
periods of outbreaks, people should be in social, psychological and, when necessary, material
solidarity. In such a process, people should do their parts.

Disclaimer: None
Conflict of Interest: None

Source of Funding: None
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Introduction

The lower extremity is one of the most common anatomical sites for bone and soft tissue tumors
and tumor-like lesions. Primary bone tumors are rare, and most are benign lesions. Of these,
osteochondroma, enchondroma, osteoid osteoma, chondroblastoma, giant cell tumor,
chondromyxoid fibroma, liposclerosing myxofibroid tumor, and intraosseous lipoma are the most
common lesions.

Intraosseous lipoma, among the primary benign bone tumors, is less commonly diagnosed than
other primary bone tumors and may occur incidentally in radiological examinations performed for
another reason if they are asymptomatic. Therefore, the true incidence cannot be determined clearly.

The primary and only reason for patients presenting with intracalcaneal lipoma to apply to the
clinic is chronic heel pain that persists despite analgesic therapy and worsens with walking. In this
benign bone tumor where spontaneous regression is possible, the most critical reason that leads the
orthopedist to surgery is the patient's complaint of pain and, more importantly, the radiological
resemblance of the lesion to other bone tumors. In particular, intracalcaneal lipomas can be
radiologically mistaken for aneurysmal bone cysts, giant cell tumors, unicameral bone cysts,
pseudocysts, and bone infarcts (Arkun, 2016; Gero & Kahn, 1988). In intraosseous lipomas, for which
curettage and grafting are sufficient, no recurrence is observed after surgery (Levin et al., 1996).

Bone-related lipomas are localized in intraosseous, cortical, or parosteal zones and originate from
lipocytes. The most common one is intraosseous localization. This rare lesion accounts for 0.1% of
tumoral lesions of the bone (Hassani et al., 2014; Unni & Inwards, 2010). The sex predilection in
intraosseous or intramedullary lipoma is controversial (Goto et al., 2002). Intraosseous lipoma was
defined in three stages by Milgram et al. (Milgram, 1988a) according to the pathological changes in the
internal structure of the lesion (Table 1). An intraosseous lipoma detected in Stage 3 can be mistaken
for a bone infarction.
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Table 1. Milgram Staging

Stage 1 There are sharply demarcated lipocytes of mature homogeneous
adipose tissue replacing trabecular bone. A radiolucent lesion with fine
marginal sclerosis and slightly expanded well-defined margins can be
observed on plain radiographs.

Stage 2 Foci of necrosis and calcified areas may be determined in the
lesion center of mature adipose tissue cells. At this stage, the
cystic area accompanies the lesion.

Stage 3 There is increased fat necrosis, coarse calcifications, myxomatous
degeneration of fat cells, and larger cystic areas. There is an
increased density of calcification in an expanded, well-defined,
radiolucent lesion on direct radiography. The sclerotic zone
around the lesion is thicker.

Case Presentation

A 52-year-old male patient, who was admitted to the outpatient clinic with right plantar heel pain,
described the symptom as right heel pain that increased significantly after getting up in the morning
and walking a few steps and got worse after a long-standing activity or lifting a heavy load. Although
he could not remember when this pain started, it was recorded that the patient's complaints had
increased in the last year, and there was no previous trauma to his right heel in the anamnesis.

On physical examination, there was pain on palpation, especially on the plantar face. No
tenderness was detected on the medial and lateral face of the heel. Ankle and subtalar joint ranges of
motion were complete both actively and passively. A preoperative visual pain scale was performed on
the patient. The patient rated his pain with a score of 7 to 8 out of 10. Two-way radiography of the
ankle was requested from the patient. On the radiograph, it was seen that there was a 25x30 mm
unicameral expansile lesion in the calcaneal medulla, hypodense compared to the intratrabecular bone
density of the calcaneus, and hyperdense ossification foci in the center of the lesion (Figure 1).
Contrast-enhanced ankle magnetic resonance imaging (MRI) was performed for further examination.
MRI images reported that a lesion compatible with lipoma was observed in the medulla, which was
36x20 mm in size in the calcaneus, isointense in well-defined T1W, suppressed in fat-suppressed
sequences (Figure 2a,2b). After intravenous contrast agent injection, two cystic foci, the largest of
which was 9x5 mm, were noted in the center of this lesion. Both MRI and plain X-ray findings favored
Milgram grade-3 intraosseous lipoma. (Figure 2¢,2d,2e,2f)

Figure 3 a: Cystic lesion is seen where the arrow points in lateral ankle X-Ray view, b: Anteroposterior (AP) ankle
X-Ray view
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As a result of the physical examination and tests, no infective or degenerative foot and ankle
pathologies were considered in the patient, and the diagnosis of intracalcaneal lipoma was made. The
patient was explained that the pain in this disease could be corrected surgically. The complications
that may occur were explained to the patient by giving preoperative counseling services. Surgical
preparation of the patient, whose informed consent was obtained, was planned.

Figure 4 Magnetic resonance (MR) imaging a: Sagittal T1 FSE Non- contrast (NC) MR view, b: Axial TT FSE
NC MR view, ¢: Sagittal T2 FSAT MR contrast view, d: Axial T2 FSAT MR contrast view, e: Sagittal T'1
FSE MR contrast view, f: Axial TT FSE MR contrast view

It was decided whether the patient would be treated with curettage grafting alone or plating in
addition to this treatment based on Mirels' prophylactic detection criteria (Mirels, 1989). A locked
calcaneal plate was applied as prophylactic fixation material to the patient who scored 9 according to
this criterion. The patient was placed in the lateral decubitus position. The mass in the calcaneus was
reached with an extended lateral approach. After the calcaneal cortex was removed, the fluid-filled
yellow cystic structure was aspirated, and an excisional biopsy was performed to send the mass like
fat globulins in the cyst to pathology. It was observed that the area around the evacuation area was
sclerotic. The surrounding of this sclerotic wall was decorticated with the help of a drill, and the
connection of this evacuated area with the bone medulla was ensured. A bone graft was then placed
in this area. To increase the efficiency of the graft, tricalcium phosphate, a synthetic ceramic graft with
osteoconductive properties, and an autogenous bone marrow graft with osteoinductive properties
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Figure 5 a: Intragperative view of the cystic structure before opening in the calcaneus’ cortex, b: Intraoperative view of

the cystic structure after opening in the calcaneus’ cortex, ¢: Greafted after curretage placement of the cystic structure in

the calcaneus, d: Applied view of locked calcaneal anatomical plate, e: Intraoperative fluoroscopic AP view after plate
use f: Wound closure of extended lateral approach view

were combined. Then, a locked calcaneal anatomical plate was applied, and the operation was
completed without complications. (Figure 3)The patient was followed up with a splint for three weeks
after the operation, and weight bearing was started approximately five weeks after the operation.
Complete healing was determined radiologically seven weeks after the operation. (Figure 4) Clinically,
the patient was followed up for 20 weeks after the operation. The patient's visual pain scale was
measured. The patient's pain was recorded by giving a value between 2 and 3 points out of 10. As a
result of the postoperative controls, it was decided that the bone graft area was healed, both by
showing that bone remodalization was achieved on the radiograph and by evaluating the patient's
clinic.
Discussion

As reported in the literature, intraosseous lipomas develop in less than 0.1% of all bone tumors
and have an incidence between 0.1% and 2.5% among primary bone tumors (Hassani et al., 2014;
Unni & Inwards, 2010). The first case was reported in the femoral shaft by Brault in 1868 (Milgram,
1988b). The second case was published in the femur diaphysis in 1901, and the third was published in
the fibula in 1910 (Unni & Dabhlin, 1996). Intraosseous lipomas are most commonly located in the
subtrochanteric area of the proximal femur, second most frequently in the calcaneus (Hong et al.,

1999).

Intraosseous lipomas are asymptomatic and are often detected incidentally. As in our case, 70%
of the cases in symptomatic patients present with pain, and it is thought that this pain is caused by
micro-fractures in the trabecular network of the calcaneus due to axial loading (Goto et al., 2002).

When the literature is reviewed, neoplastic and non-neoplastic pathologies such as simple bone
cysts, aneurysmal bone cysts, osteoblastoma, enchondroma, chondromyxoid fibroma, non-ossifying
fibroma, giant cell tumor, chondroblastoma, fibrous dysplasia, and chondrosarcoma are considered in
the differential diagnosis (Futani et al., 2007). Pain is the primary surgical indication in these masses,
and among the surgical options, curettage of the cystic area followed by grafting or cementing, if
necessary, is preferred to fill the defect area. After filling the defect area, it was decided to use fixation
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material according to Mirels' prophylactic fixation criterion (Azarsina et al.,, 2019) in some studies
against the risk of fracture of this bone area.

Figure 6 a: Early postoperative (EP) AP ankle X-Ray view, b: EP lateral ankle X-Ray view, ¢: 5 week after
operation AP ankle X-Ray view, d: 5 week after operation oblique ankle X-Ray view, e: 7 week after operation AP
ankle X-Ray view, f: 7 week after operation oblique ankle X-Ray view

In contrast, in some studies, it was decided to detect the mass after the curettage of the mass with the
concept of a critically sized cyst (Pogoda et al., 2004).

In this case, the patient was evaluated as Milgram stage 3. The use of fixation material was
evaluated according to Mirels criteria. According to this criterion, getting 9 points, grafting after
curettage, and locking calcaneal plate placement as fixation material were planned.

Whether surgical treatment is required in intracalcaneal lipoma is still a controversial issue.
However, these patients go for surgical treatment because they are radiologically like some other bone
tumors and because of pain complaints. In surgery, the choice of grafting or cementing after curettage
should be made in line with the surgeon's experience. The use of implants after grafting or cementation
should be decided by evaluating both Mirels criteria and the criteria in the concept of critical size cyst.
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Comparison of the Relationship of Health Expenditures and Educational
Women Labor in the Eu and Turkey

Belma UZUN!

Introduction

Health expenditures have two fundamental importances in terms of public health. The first of
these is to provide the best health service with the least cost and the second is to use all public
resources for public health expenditures. For this reason, health expenditures are a common and
important issue not only in public administration and health sciences, but also in economics and
other sciences (Akar, 2014; Baltagi and Moscone, 2010; Hansen and King, 1996). In addition, when
private health expenditures are evaluated together, the issue of the rights of individuals and the
duties of the state comes to the fore (Bedir, 2016; Tirasoglu and Yildirim, 2012; Barros, 1998).

When the concepts of family, health and expenditure are considered together, it is necessary
to mention women and women's employment. The woman, who is the most important support in
the family, keeps the home together and shows higher sensitivity about health than the father. For
this reason, although the issue of women's employment and health expenditures is constantly
questioned in the literature, there has not been enough work in this area. Existing studies are mostly
descriptive and inferential studies, and there is a need for important and comprehensive
quantitative studies in this field (Zafar, 2016; Wallerstein, 2001; Pyke, 1997; Jacobs, 1996).

Another important issue of health expenditures is the development and economic levels of
countries. In this regard, the differences in healthcare services, especially between countries with
different development and economic levels, have been a subject that has been constantly
questioned from past to present. While these differences in health expenditures and the provision
of health services affect social issues, especially welfare level and migration between countries,
marketing of health services and ethical issues come to the fore (Akar, 2014; Baltagi and Moscone,
2010; Hansen and King, 1990).

Although the impact of women on health expenditure is significant, there have not been
enough studies that address the country's level of development, women's education and
employment, and private and public health expenditures. Therefore, in this section, it is aimed to
examine and compare the relationship between the employment of women with qualified education
and health expenditures by examining the data of the last two decades for Turkey and the EU.

Methods

Data sets from the World Bank country reports prepared for Turkey and the EU were used in
the research. The dependent variable of the study was the employment rates of women with
advanced education, the independent variables were private and public health expenditures, and
the mediator variable was the region. The World Bank codes and research abbreviations of the data
sets used in the research are as follows:

DPHE: Domestic private health expenditure (% of current health expenditure)

1 Dr.0gretim Uyesi, Istanbul Gedik Universitesi
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DGHE: Domestic general government health expenditure per capita, PPP (current
international §)

FLFAE: Labor force with advanced education, female (% of female working-age population
with advanced education)

Mean and standard deviation values were used to define the research data, z-scores and Mann
Whitney U test were used for difference analysis. The distribution of highly educated women's
employment and public and private health expenditures in the EU and Turkey over time were
analyzed by parity analysis. Spearman's rho correlation analysis was performed in relational
screening analysis. All analyzes were performed in SPSS 25.0 for windows program with 95%
confidence interval and 0.05 significance level.

Results

DPHE, DGHE and FLFAE parameter values of the World Bank data according to years for
the EU was given in the Table 1.

Table 1. DPHE, DGHE and FL.EAE parameter values of the World Bank data according to years for the EU

Year DPHE DGHE FLFAE

2000 2523483 1351,965 79,1385

2001 25,02405 1449 235 78,72267
2002 25,06142 1552,601 79,01636
2003 25,28506 1619,654 79,29355
2004 25,80745 1683,923 79,38567
2005 25,64737 1769,808 79,05619
2006 25,08621 1902,315 77,28668
2007 26,12054 2001,471 77,2156

2008 26,08649 2164,82 77,35802
2009 25,68963 2296,991 77,24013
2010 25,7159 2358,137 76,94199
2011 26,12269 2432,181 76,93885
2012 26,45646 2468,166 77,03842
2013 26,19247 2579,157 76,84752
2014 26,10058 2652,882 76,55166
2015 25,88034 2725272 76,5149

2016 25,25888 2914,406 76,53435
2017 25,20599 3055,053 76,33586
2018 25,03294 3260,8 76,25819
2019 25,08523 3414,582 76,32368
2020 75,19678
2021 75,0898

DPHE: Domestic private health expenditure (% of current health expenditure); DGHE: Domestic general
government health expenditure per capita, PPP (current international §); FLFAE: Labor force with
advanced education, female (% of female working-age population with advanced education)

The World Bank data includes data for DPHE and DGHE until 2019, whereas FLLFA data is
given for 2021. DPHE, private health expenditure is given as percentage of total health
expenditure, whereas DGHE, government health expenditure is given as current USD. FLFAE
was also given as percentage.

DPHE, DGHE and FLFAE parameter values of the World Bank data according to years for
Turkey was given in the Table 2.
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Table 2. DPHE, DGHE and FL.EAE parameter values of the World Bank data according to years for Turkey

Year DPHE DGHE FLFAE

2000 38,32404 2732744

2001 32,74863 305,187

2002 30,02564 333,0195

2003 28,79287 345981

2004 28,29536 386,2162 70,28
2005 32,25196 397,9779 69,09
2006 31,1485 486,4609 67,03
2007 31,21626 539,2389 67,8
2008 27,30696 613,7765 68,61
2009 19,50121 690,3937 69,31
2010 22,0016 687,4658 69,49
2011 20,87164 728,9692 69,57
2012 20,82859 730,9283 69,48
2013 21,65038 768,4596 70,77
2014 22,39487 808,6069 71,14
2015 21,86664 828,4014 71,22
2016 21,55788 891,0722 71,1
2017 22,28973 906,6701 72,34
2018 22,61773 891,7586 71,37
2019 22,08143 924,6903 71,35
2020 65,39
2021 38,32404 273,2744

DPHE: Domestic private health expenditure (% of current health expenditure); DGHE: Domestic general
government health expenditure per capita, PPP (current international $); FLFAE: Labor force with
advanced education, female (% of female working-age population with advanced education)

For Turkey, FLFAE data was given between 2004 to 2020. Since DPHE was given as
percentage of total health expenditures, it may be argued that data of the research does not include
deflator effect, due to percentage and ratios are used for private health expenditure and advanced
educated female population.

DPHE, DGHE and FLFAE levels of the EU and TR with difference analysis results were
given in the Table 3.

Table 1. DPHE, DGHE and FI.LEAE levels of the EU and TR with difference analysis results

EU TR i
. Mean Std. Deviation Mean Std. Deviation Z score pyatue
Region
DPHE 25,65 0,46 25,89 5,34 -0.541 0.602
DGHE 228267 611,72 626,93 22492 -5.410 0.000
FLFAE 77,33 1,22 69,73 1,79 -5.296 0.000

DPHE: Domestic private health expenditure (% of current health expenditure); DGHE: Domestic general
government health expenditure per capita, PPP (current international §); FLFAE: Labor force with
advanced education, female (% of female working-age population with advanced education)

Mann Whitney U test results showed that DPHE mean differences were insignificant between
the EU and Turkey (p<0.05). On the other hand, DGHE and FLFAE levels were significantly
lower in Turkey (p>0.05).
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DPHE means and differences between the EU and Turkey according to year were shown in
the Scheme 1.
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Scheme 1. DPHE means and differences between the EU and Turkey according to year
Scheme 1 shows that private health expenditures in the EU is stable between 2000 and 2020
years, whereas private health expenditures of Turkey has sharply decreased from 2000 to 2009.
DGHE means and differences between the EU and Turkey according to year were

shown in the Scheme 2.
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Scheme 2. DGHE means and differences between the EU and Turkey according to year
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Both the EU and Turkey have the same linear increasing trend in government health
expenditures. Here, the EU has the higher means than Turkey, and its slope is also higher,
showing higher increase rates in government health expenditures.

FLFAE means and differences between the EU and Turkey according to year were
shown in the Scheme 3.
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Scheme 3. FLLEAE means and differences between the EU and Turkey according to year

Although advanced educated female rate in Turkey was increasing from 2005 to 2018, there
was a sharp decrease in 2018 followed by 2020 decreases. Global crisis and Covid-19 pandemy are
two important events of these milestones.

Spearman’s rtho correlation analysis results for relationship between region and research
parameters were shown in the Table 2.

Table 2. Spearman’s rho correlation analysis results for relationship between region and research parameters

Region
r P
DPHE -0.087 0.595
DGHE -0.866** 0.000
FLFAE -0.859** 0.000

*#p<0.01 DPHE: Domestic private health expenditure (% of current health expenditure); DGHE:
Domestic general government health expenditure per capita, PPP (current international $); FLFAE: Labor
force with advanced education, female (% of female working-age population with advanced education)

Spearman’s rho correlation analysis results showed that government health expenditures (r=-
0.866; p<0.01) and advanced educated female labor rates (r=-0.859; p<0.01) were significantly
correlated with the region.

Spearman’s rho correlation analysis results for relationship between advanced educated female
labor and health expenses were given in the Table 3.
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Table 3. Spearman’s rho correlation analysis results for relationship between advanced educated female labor and

health expenses
The EU TR
FLFAE r P r p
DPHE -0.009 0.970 -0.271 0.311
DGHE -0.949** 0.000 0.844** 0.000

*p<0.01 DPHE: Domestic private health expenditure (% of current health expenditure); DGHE:
Domestic general government health expenditure per capita, PPP (current international §); FLFAE: Labor
force with advanced education, female (% of female working-age population with advanced education)

In the EU, government health expenditure and advanced educated female rate were
significantly and negatively correlated (r=-0.949; p<0.01). However, health expenditure and
advanced educated female rate were significantly and positively correlated (r=0.844; p<<0.01) in
Turkey.

Correlation between FLFAE and DGHE for the EU was shown in the Scheme 4.
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Scheme 4. Correlation between FL.FAE and DGHE for the EU

According to Scheme 4, it was obvious that there a significant decrease in government
health expenditure according to advanced educated female population in the EU. There may be
some reasons for this negative correlation, but the result shows that increase in advanced educated
female population causes decrease in health expenditures.

Correlation between FLFAE and DGHE for Turkey was shown in the Scheme 5.
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Scheme 5. Correlation between FLEAE and DGHE for Turkey
In Tutkey, on the other hand, as the highly educated female workforce increases, the state's
health expenditures also increase. In general, it is seen that the participation of women with
advanced education in employment increases the share of the public in the health expenditures of
the country.

Discussion

In this study, it was aimed to examine the effect of women's employment and education
level on health expenditures and to compare Turkey and EU countries, in this context, the value
of the relationship between the employment of women with qualified education and private and
public health expenditures in the last two decades was analyzed.

Women's employment is an issue that has been emphasized all over the world especially in
recent years, and it is a subject that is regularly supported by national and international authorities.
Women's employment is important not only in terms of economic and development, but also in
terms of understanding the place of women in the social structure and fairness in the sharing of
public values between men and women. Past experiences have revealed that women's employment
and education is not only a social issue, but also important in terms of women's rights (Stromquist,
2015; Suen, 2013; Nikkhah, 2010).

The education level of women in the society also positively affects the level of education in
the family and the family education in which individuals receive their first education. Therefore, it
can be stated that both the education and employment of women play an important role in social
development. On the other hand, while providing this education, it is necessary to accept that
women have duties in the family and these duties should also be evaluated. The process of
motherhood is an important process for every woman, both emotionally and spiritually, whether
she has taken her economic freedom or has a low, middle or high socio-economic level. This
process negatively affects both education and employment and career in business life
(Bhagavatheeswaran et al, 2016; Sundaram et al, 2014). Even the studies of the World Health
Organization that only breast milk is necessary for six months causes women to choose between
career and motherhood, or to have difficulties in both.
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Health expenditures are also an indicator of the extent to which individuals in a society
have access to health services and the quality of the services provided (French, 2012; Di Matteo,
2004). In fact, since health is a global public good, although the relationship between expenditures
on health services and quality should not be dependent on economic values, in reality, health
services have always been closely related to the economy and countries all over the world have
access to health services according to their economic income (Devlin ve Hansen, 2001; Blomqvist
and Carter, 1997).

Due to this relationship of health services with the economy, some health expenditures,
including private and public health expenditures or basic and private health expenditures, have
been collected in a certain group. In fact, although this situation aims to present health expenditures
effectively and to use public resources more efficiently, on the contrary, it has caused a serious
economic concern in the health sector. There are publications and opinions that contain serious
criticisms on this subject.

The first thing that comes to mind about the economic impact of health services on
women's employment and education is the thought that women who work and earn their own
money will spend more. Indeed, studies have shown that since working women have more
economic power, health expenditures, especially cosmetics and beautification products, increase.
However, these studies have very limited scope and content and more general studies have not
been done. In this regard, in this study, data containing the sample in a wider framework were
obtained in the field.

The results obtained in the research reveal that the relationship between the employment
of educated and qualified women and public health expenditures between Turkey and the EU is in
the opposite direction. In other words, it is seen that the EU and Turkey's employment of qualified
women and related health expenditure policies are in the opposite direction of each other.

Conclusion

According to the general evaluation of the results obtained, it is seen that women's
education and employment affects the health expenditure on the public. While public health
expenditures decrease as women's education and employment increase in EU countries, in Turkey,
on the contrary, as women's employment and education increases, the burden of health on the
public increases. Therefore, it can be stated that qualified and educated women spend more on
health care than women who are not employed and have low education.

The fact that the effect of women's employment and education on private health
expenditures is not significant, but has an effect on public health expenditures, shows that health
policies as a country are shaped according to the education and employment of women, and that
working women cover health expenditures through health expenditures they provide from public
resources, not their income.

Many factors can cause this situation. At the beginning of these, although women are
enabled to participate in employment and the economic system, they may still use the income they
earn economically for family expenses. In addition, there may be faulty or mismanagement of
public health expenditure policies. Therefore, it would be beneficial to examine these issues in
further research and field studies.
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Current Approaches in the Treatment of Lumbar Disc Herniation

Aydin Sinan APAYDIN'

Introduction

The spine is a bone structure consisting of cervical, thoracic, lumbar and coccyx, which are
connected to each other in a regular way called vertebrae. The robust and flexible structure that
connects the vertebrae and serves as an intervertebral cushion is called a disc. Its outer layer is
called annulus fibrosus and the inner layer is composed of connective tissue called nucleus pulposus
in gel structure. As age progresses, the annulus fibrosus located in the inner part loses its water
content and cannot fully fulfill its task. Thus, the annulus fibrosus herniates outward, forming the
pathology we call disc herniation. It usually causes complaints of lower back and leg pain.

The most important complaint in lumbar disc herniation is pain, and patients usually complain
of a blunt pain in the lower back. The pain is sometimes severe enough to prevent movement and
causes paravertebral muscle spasm. This pain is due to the stretching of the posterior annulus
fibrosus and the posterior longitudinal ligament, which cover the pain fibers. The pain that occurs
in the form of sciatica is the result of the pressure of the disc material on the nerve roots. The pain
characteristically increases with sitting, walking around, coughing, sneezing and stretching. The
severity of the pain depends on the location, amount and pressure effect of the herniation
(Aydogan, 2005).

Low back pain is very widely observed in society. Due to the high incidence of low back pain,
it causes loss of labor force and serious economic losses. Intervertebral disc degeneration, which
causes lumbar disc herniation (LDH), is the main source of low back pain (Amin, Andrade &
Neuman, 2017). Early diagnosis and treatment plan are crucial as the frequency of occurrence of
LDH in society is high.

Lumbar disc herniation constitutes one of the important social and economic problems of
today, especially due to the fact that it gives symptoms with findings such as low back pain, leg
pain, strength defects and hypoesthesia (Guven, Cirak, Isik & Kiymaz, 1999). In addition, it is clear
that the cost of health expenditures is very high considering the loss of labor force (Cetinkaya,
2005). Low back pain (LBP) accounts for about 15% of the leave/reports (Ozbayir, 2010).

Examination

The examination begins with an inspection in patients presenting with low back pain. Patients
with lumbar disc herniation may have typical postural deformities. The patient takes positions
aimed at relaxing the nerve root under pressure (Toplamaoglu, 2005). The pain aggravates by being
pressing on spinous protrusions in the lower back, and spasm of the paravertebral muscles is felt
by palpation (Zileli & Gulmen, 2002).

Methods used in the neurological examination of a patient with lumbar disc herniation are
nerve stretching tests (straight leg lifting, Laseque, counter — Laseque, Bragard, knee extension

1 Phd. MD., Karabuk University, Neurosurgery Department
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while sitting, Naffziger, Kemp and femoral nerve stretching tests) muscle strength measurement,
atrophy measurement, examination of reflexes and sensory examination.

Magnetic resonance imaging (MRI) (Hardy, 1997), computed tomography (CT) (Hardy, 1997),
myelography, discography, bone scintigraphy, direct lumbar radiography (Zileli, 2001) and
electromyography (EMG) are used in the diagnosis of lumbar disc herniation

Treatment

Despite the different etiology and pathogenesis, the principles of treatment in lumbar pain
syndromes are quite similar. These general principles and measures are bed rest, physical agents,
massage, traction, manipulation, orthoses, exercise, waist school and sports activities (Kirazli,
2002).

Surgical treatment is recommended for patients who do not respond to medical and
conservative treatment, who have a serious deterioration in the quality of life, who have a deficit
and severe pain. Most patients with severe clinical symptoms due to lumbar disc herniation show
significant improvement within a month. The purpose of surgery is to accelerate the healing
process of patients. Surgical treatment of lumbar disc herniation in well-selected patients has high
success and low complication rates (Zileli, 2002). The purpose of surgical treatment is mainly to
relieve pain. With surgical treatment, it is aimed to improve motor and sensory losses in 10-20%
of patients. Low back pain is less affected by surgery, but sciatica goes away well in many patients.
Light motor losses do not constitute an indication for surgery in patients other than patients who
develop motor defects on the basis of a narrow canal (Zileli, 2002).

1-Precise surgical indications:

o  Canda equina syndrome: 0.2-2%
e Severe muscle weakness (low foot ): 5-20%
e Progressive motor deficit

2-Relative surgical indications:

e Severe sciatica unresponsive to conservative treatment

e Motor deficit that has settled along with positivity in leg stretching tests
e Disc herniation on the basis of a narrow canal

e Recurrent neurological deficit

e Social indication

Factors that negatively affect surgical success include psychosocial disorders, the goal of
making gains from the workplace, female patients and suspected instability of the 1.4-5 disc hernia
(Zileli, 2002).

There is still no consensus on the medical and surgical treatment of intervertebral disc
herniation, which is often encountered in the lumbar region. Many different methods have been
used in the surgical treatment of lumbar disc herniation, and today different surgical procedures
are being applied with new technologies. Also, among these surgical treatments, today the most
commonly performed one is discectomy by microsurgical method. With this common surgical
method, it is aimed to remove the nerve root compression created by the herniated disc by causing
minimal damage to normal tissues (Thongtrangan et al., 2004).

Today, microsurgical discectomy is widely accepted as the gold standard of lumbar disc
herniation surgery. However, in parallel with the increasingly widespread use of endoscopic
techniques in surgery over the past 30-40 years, especially the studies conducted by surgeons such
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as Yeung and Ritten with the devices and techniques they have developed, have ensured that
complete endoscopic approaches are a serious alternative to microsurgical operations.

Complete endoscopic lumbar disc surgery can be examined under two main headings:
Transforaminal (TF) ve Interlaminar (IL). Although there is no indication difference between
microsurgical and endoscopic interventions, the choice of these two endoscopic techniques is
based on some criteria. . Although the TF approach seems to be the ideal choice in terms of
providing direct access to the target tissue (disk material), in cases where the ruptured fragment
extends beyond the lower border of the upper pedicle or forward from the middle of the lower
pedicle, and in patients whose foramen is located above the level of the iliac bone on direct X-rays,
many endoscopic surgeons, especially Riitten, recommend that the IL approach be preferred.
Again, the IL technique stands out as an approach to which surgeons with neurosurgical origin and
microsurgical discectomy experience are more accustomed and predisposed to anatomy.

There is usually no need for bed rest after surgery. Patients can be discharged on the same day
ot the following day.

The complications of endoscopic disc herniation operations are not different from
microsurgical discectomies. Motor and sensory neurological problems are reported in less than 3%.
A dura injury can be seen, but usually does not require repair. As a result, there is no significant
difference in success and complications between complete endoscopic lumbar disc herniation and
microsurgical decectomy with an interlaminar approach. However, factors such as increased patient
comfort, shorter hospitalization time, excellent anatomical image brought by high technology are
increasingly enabling endoscopic surgery to stand out.

With the development of technology, different surgical approaches are coming to the fore in
the treatment of lumbar disc herniation. Although microsurgical discectomy is still the gold
standard among existing technologies, it is open to different new approaches in lumbar disc
herniation treatments with developing technologies.
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Occupational Safety and Health Awareness Among Healthcare

Professionals!

Giilseren GUNAYDIN?
Mustafa GUNAYDIN?®

Introduction

The significance of occupational safety and health in the workplace is growing in the rapidly
changing and evolving global environment. Studies on occupational health and safety are crucial in
the healthcare profession, as in all working domains. Occupational safety and health refer to
protecting employees from all hazardous risks, including keeping them safe and sustaining their
health, giving social and psychological support, and employing qualified persons in the right jobs.
Establishing a suitable working atmosphere and striving to work within this scope also fall under
the occupational health and safety standards (Eroglu et al., 2022:914; MEB, 2017:3). The primary
objectives of occupational safety and health studies are to protect employees from any potential
risks originated from the working environment, identify these risks in advance, and take the
necessary and precautionary measures. It is also viable to enumerate the aspect of sustaining
employees physically and psychologically from work-related accidents and diseases among the
objectives of occupational health and safety (Cavus and Keskin, 2020:629). Therefore, it is essential
to raise employee awareness of occupational safety and health, to expand their awareness statuses,
to translate this state into a positive and permanent behavior among employees, and to accept this
culture throughout the entire organization to restrain the event of accidents and occupational
diseases in the workplace and provide a safe workplace atmosphere (Yilmaz, 2019:2).

MATERIAL AND METHOD

The study objective was to assess occupational safety and health awareness among healthcare
professionals. The study was carried out between April 5 and September 15, 2015, among the staff
members of five public hospitals in the center of Trabzon province. By calculating the study target
population as 256 regarding all staff members who worked in these facilities between the study
dates, 168 nurses, 62 doctors, and 26 healthcare technicians comprised the total sample size.
Participants gave their written consent, allowing the study to be conducted in compliance with
ethical standards. The study obtained its study permit from the General Secretariat of the Public
Hospitals Association (Trabzon) on May 20, 2015, and received its Ethics Committee approval
from the Scientific Research and Publication Ethics Committee of GSU on April 30, 2015. The
study employed an occupational safety and health awareness form, whose data were compiled by

1 This study was reproduced from the master's thesis and presented previously as an oral (summary) presentation at the First
International 11th Congress of Health and Hospital Administration.’

2 Lecturer, Giilseren GUNAYDIN, Trabzon University — Tonya Vocational High School — First-aid and Emergency Program,
ORCID ID: 0000-0003-2471-5329, Phone: 0530 554 6861

3 Lecturer, Mustafa GUNAYDIN, Karadeniz Technical University — Arakli Ali Cevat Ozyurt Vocational High School —
Occupational Health and Safety Program, ORCID ID: 0000-0002-7753-8541.
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Bayilmis in 2013, and a survey form designed by researchers within the parameters of the literature
and retaining information about the field studied. The data collecting forms included a section with
multiple questions potentially to identify the demographic characteristics of the participants and
further comprised other parts retaining information on occupational safety and health awareness.
Face-to-face interviews were the primary tools to acquire the research data. The information
gathered through the data collecting form was coded, entered into the IBM SPSS Statistics 22
package program, and then analyzed. The data analysis included frequency, percentage, chi-square
tests, and arithmetic mean.

RESULTS

This section outlines the study findings. Information related to the participants' demographic
features was summarized below: Considering the participants' ages, 24.6% ranged from 18 to 25,
whereas 30.1% were between 26-30, 34% were between 31-40, and 11.3% were 41 and over. Of
all the participants, 26.2% were male, and 73.8% were female. Regarding their marital statuses,
60.2% of the participants were married, whereas 39.8% were single. Additionally, while 15.2% of
the participants were solely high school graduates, 11.7%, 16.8%, 35.5%, and 20.7% of them had
a doctoral degree, master's degree, bachelot's degree, and associate's degree, trespectively.
Furthermore, 61.3% of the participants worked in a mixed manner, whereas 16.4% were on call,
19.5% were during the day shift, and 2.7% were on the night shift. Finally, the work experiences
of the participants were as follows; 3.5% were less than a year, 42.2% were between 1-5 years,
21.5% were between 6-10 years, and 32.8% had 11 years or more experience.

Table 1. OSH awareness levels of the study group

Frequency Ratio Percentage in Cumulative
Valid Responses Percentage

Very Poor 11 4.3 4.3 4.3
Poor 42 16.4 16.4 20.7
Average 105 41 41 61.7
Good 77 30.1 30.1 91.8
Very Good 21 8.2 8.2 100
Total 256 100 100

* OSH: Occupational Safety and Health

According to the data in Table 1, the OSH awareness level of 79.3% of participants was at a
satisfactory level (average + good + very good).

Table 2. Overall assessment levels of the study group on workplace OS

Frequency Ratio Percentage in Valid Cumulative
Responses Percentage

Very poor 19 7.4 7.5 7.5
Poor 52 20.3 20.4 27.8
Average 119 42,2 46.7 74.5
Good 59 19,5 23.1 97.6
Very Good 7 4,3 2.7 100
Total 256 100 100

*0OS: Occupational safety
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While 2,7% of the participants stated that their OS levels in the working environment were
very good, 23,1% responded as good, and 46,5% as average.

Table 3. Awareness levels abont the existence of an OHS Board in the workplace

Frequency Ratio Percentage in Valid Cumulative
Responses Percentage
No 50 19,5 20 20
Yes 206 80,5 80 100
Total 256 100 100

Almost 77.7% of the participants were aware of the existence of an OHS board in the
workplace.

Table 4. Satisfaction levels of participants from workplace OHS activities

Frequency Ratio Percentage in Valid Cumulative
Responses Percentage

Very poor 27 10.5 10.5 10.5
Poor 60 23.4 23.4 34.0
Average 108 42,2 42.2 76.2
Good 50 19,5 19.5 95.7
Very Good 11 43 4.3 100.0
Total 256 100 100

About 66% of the participants (average + good + very good) responded that they were
satisfied; however, 33,9%(poor + very poor) of them stated that they were unsatisfied with the
OHS activities in their workplaces.

Table 5. Participants' occupational risks awareness levels at workplace

Frequency Ratio Percentage in Valid Cumulative
Responses Percentage
Very poor 7 2.7 2.7 2.7
Poor 15 5.9 5.9 8.6
Average 66 25.8 25.8 34.4
Good 129 50.4 50.4 84.8
Very Good 39 15.2 15.2 100.0
Total 256 100 100

Almost 91.4% of the participants (average + good + very good) stated that they were quite
aware of the occupational risks, whereas 8.6% (poor + very poor) responded that they had a limited
level of risk awareness.

Table 6. Participants' awareness level about their legal rights in the event of an occupational accident

Frequency Ratio Percentage in Valid Cumulative
Responses Percentage

Very poor 23 9.0 9.0 9.0
Poor 41 16.0 16.1 25.1
Average 114 44.5 44.5 69.6
Good 64 25.0 25.0 94.6
Very Good 14 5.4 5.4 100
Total 256 100 100

Considering the data in Table 6, 74.9% of the participants (average + good + very good)
indicated that they were aware of their legal rights, while 25% (poor + very poor) responded as
they were unaware.
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Table 7. Distribution of the participant's response to the query that 'my health would be a priority in the face of a
hazardous situation’

Frequency Ratio Percentage in Valid Cumulative
Responses Percentage

Strongly Disagree 0 0 0 0
Disagree 12 4.7 4.7 4.7
Undecided 29 11.3 11.4 16.1
Agree 137 53.5 53.1 69.3
Strongly Agree 78 30.5 30.7 100.0
Total 256 100 100.0

About 84% of the participants responded as either 'agree' or 'strongly agree' to the query
questioning whether personal health would be a priority in the face of a hazardous situation.

Table 8. Distribution of the participant's response to the guery that "necessary precantions have been taken in the workplace
in the face of a dangerons scenario’

Frequency Ratio Percentage in Valid Cumulative
Responses Percentage

Strongly Disagree 4 1,6 1.6 1.6
Disagree 48 18,8 18.9 20.5
Undecided 94 36.7 36.2 56.7
Agree 91 35.5 35.8 92.5
Strongly Agree 19 7.4 7.5 100.0
Total 256 100 100.0

According to data in Table 8, 36.7% of the participants responded as 'undecided' about this
query, whereas 18,8% and 4% selected 'disagree' and 'strongly disagree’ options, respectively.

DISCUSSION

The primary objective of this study was to examine occupational safety and health awareness
among health workers. According to the study findings, the employees' OHS awareness level was
highly satisfactory, with 41% of the participants responding as an average, and 38.3% stating as
either good or very good options. About 80% of employees became aware of a workplace
occupational safety and health committee. Similarly, a majority of the participants (72.3%) stated
that there was an occupational security mechanism in their workplace, with 46.5%, 23.1%, and
2.7% reporting to have an average, a good, and very good level, respectively. The Occupational
Health and Safety Law (OSHA) No. 6331 explicitly states the requirement of establishing an OSH
Board, one of the OSH practices in the workplace (Ozden, 2022: 141). In 2020, Giil, Ozalp, and
Andsoy reported that the occupational safety awareness of healthcare professionals in the private
sector was higher than that of public institutions (Giil, Ozalp, and Andsoy, 2020:39). This study,
on the other hand, revealed that a sizable portion of the participants posed higher satisfaction with
the workplace OSH activities (4.3%, 19.5%, and 42.2% selected very good, good, and average
options). Only 23.4% and 10.5% of the participants responded as poor and very poor, respectively,
indicating low satisfaction with workplace OSH practices. Correspondingly, a study by Ongel in
2022 reported that employees were satisfied with workplace occupational health and safety
measures (Ongel, 2022:1646). Furthermore, Yildiz, 2020 stated that the implementations for
occupational safety had a favorable influence on the occupational safety performance of the
employees (Yildiz, 2020: 574). The awareness level of the participants about workplace
occupational risks was also extremely high, as 15.2%, 50.4%, and 25.8% of the participants
responded as very good, good, and average, respectively. Only 8.6% of the participants responded
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to this query as poor or very poor options. Similarly, a substantial quantity of participants remarked
that they were aware of their legal rights in case of an occupational accident, with responses of
5.1%, 25%, and 44.9% of very good, good, and average options, respectively. Only 25% of the
participants answered this query as poorly (16%) and very poorly (9%). As reported, the awareness
of occupational health and safety favorably impacts the quality of the task achieved (Kahveci and
Giltekin, 2022:105). In response to the query 'my health would be a priority in the face of a
hazardous situation,' 84% of the employees responded with either 'agree’ or 'strongly agree' options.
Regarding the question of 'necessary precautions have been taken in the workplace in the face of a
dangerous scenario,' however, 36.7% of the participants chose the 'undecided' option. In their
study in 2018, Tan and Caliskan emphasized that employees who serve as managers in
organizations had positive thoughts about occupational safety and health practices (Tan and
Caliskan, 2018:38).

CONCLUSION AND RECOMMENDATIONS

The current study findings proved that the healthcare professionals under consideration posed
average and higher awareness of occupational health and safety in their workplace. However, given
the risks and hazards associated with the workplace, priority should always be given to sustaining
a high degree of occupational health and safety. In this context, it is crucial and advised that all
occupational safety and health procedures, including those for managers and all workers, be fully
implemented by rules specified in the laws, with a focus on establishing, adopting, sustaining, and
examining an occupational safety and health culture in the workplace.
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The Nutrients of Formula Milk in Terms of Meeting the Needs of an
Individual

Betiil DEMIR'
Go6khan DEGE?

Introduction

Every baby born at the time of mothet's milk has all of the nutritional elements needed for
normal development which is enough for the first 6 months and it Is the most suitable natural food
for newborns and infants. It can be supplemented with continuous formula and additional foods
after 6 months (Koksal & Gokmen, 2000).

The types of formulas in the market, their production processess and marketability have been
standardized according to Codex Alimentarius. These products may lead to unhealthy conditions
such as an increase of infection risk and a higher rate of obesity when compared to the breast milk.
Prticularly, all the materials added to the formula to make it closer to the breast milk should not be
harmful (G6keay, Eren & Devecioglu, 2012).

The recommended baby formulas during the first 12 months' or '6-12 months' are divided into
4 groups in the market. In the first group, there are number one formulas used to feed babies of
'0-6 months'. Marketable Products for the first 6 months are: baby milk, baby food, baby formula,
bottle products or known as formula milk. In the second group: Milk number 2 and 3 are used
after the 6th month Continuously and can also be named as Continuous formula or follow-on
formula as well. While the other group is named as formula spoons. Finally there are baby food
and jar foods (Gokeay, Eren & Devecioglu, 2012).

The formulas are recommended base on age groups: 0-6 month period, 9-12 and over 1 year
old formulas are on the market. The daily nutritional requirements of these formulas should be
appropriate, the composition must be stable, well tolerated, meet human needs and help the
digestive system. It should not cause metabolic disturbance and lack of nutrition when used for a
long time (Isler, 2010).

Breast milk and formula milk

Breast milk is very important in newborn nutrition and offers the best physiological nutrition
to the newborn. However, formula milk can be substituted for breast milk by mothers when breast
milk is not available (Guo, 2020; Henderson, Antony & McGuire, 2007; Scano & et al., 2010).

Looking at the historical development of infant formulas, it is seen that the first articles
coincide with the end of the 19th century. However, the evidence for the use of alternative
solutions in cases where the mother cannot breastfeed her own baby dates back to 2000 BC. These
solutions were breastfeeding the baby by another woman or giving the milk of a mammal (cow,
goat, pig, horse and camel) to the baby. It is seen that the first commercial baby food was developed

1 Diyetisyen, Genglik Spor Bakanligi,
2 Ogr. Gor. Dr., Agr1 Ibrahim Cegen Universitesi
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in 1865 (Castilho & Barros; 2010; Osborn 1979a, 1979b; Schuma, 2003; Stevens, Patric & Pickler,
2009; Wickes 1953a, 1953b, 1953c, 1953d,1953¢).

Although breast milk contains less nutrients than formula milk, it can provide significant non-
nutritive advantages over formula milk for preterm and low birth weight infants (Henderson,
Antony & McGuire, 2007).

Infant formulas are available in 3 forms: powder, liquid concentrate, ready-to-feed. While
liquid and powder forms are mixed with water before feeding; formulas that are ready to be fed do
not require any processing. Mixing with water is the first step when preparing powder and liquid
concentrated formulas. Vegetable oils, vitamins, minerals and iron-added cow's milk are added to
formula milks during preparation. In addition, soy-based and specialized formulas are also available
in the market. As a result, some ingredients can be added to formula milk to mimic the composition
of breast milk. However, the suitability of the newly added compounds for infant feeding needs to
be proven (Hernell, 2011).

In a study, powdered and ready-to-feed formulas were compared with breast-fed infants as
models, and it was concluded that infants fed with ready-to-feed formula showed better
physiological growth than standard formula prepared from powder form. However, since these
findings are important in terms of infant nutrition, these results should be repeated using other
formulas (Lucas, Locton & Davies, 1992).

Breastfeeding mothers and healthcare professionals will need evidence of the advantages of
formula milk before opting for formula over breast milk when feeding premature and low birth
weight infants (Henderson, Antony & McGuire, 2007).

In a study by Scano et al., when the metabolites of formula milk were compared with breast
milk, breast milk showed a higher amino acid content; higher amounts of malic acid, sugars
(glucose, fructose and galactose) and mannitol were observed in formula milk (Scano et al., 2016).

Dessi et al. investigated urine metabolites in newborns in terms of breastfeeding and formula
feeding. The results proved that there is a significant difference in infant metabolism as a result of
feeding with breast milk and formula milk in the first week of life (Dessi et al., 2010).

Further research is needed as the results observed in formula-fed infants do not match those
observed in breast-fed infants (Dessi et al., 20106).

Table 1: Comparison of Mother's Milk and Formula Contents (Isler, 2010)

Contents Mother'smilk Formula
100 ml 100 ml
Protein (g) 1.3 2.6
Fat (g) 4.2 3.6
Carbohydrate (g) 7 9.8
Energy (kcal) 71 85
Calcium (mg) 35 72
Phosphorus (mg) 15 48

Basic composition of ready-to-eat baby formulas

The values are valid for the products prepared according to the instructions given by the
manufacturer or offered for sale directly ready for use (Anonim, 2008).
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Energy

The formula should contain at least 60 kcal / 100 mL and up t070 kcal/100mL of enetgy.
Protein
Baby formulas made from cow's milk proteins

The formula should contain at least 1,8 g/100 kcal and up to3 g/100 kcal of protein.
Baby formulas made from protein hydrolysates

The formula should contain at least 1,8 g/100 kcal and up to3 g/100 kcal of protein.

The L-carnitine contents hould be at least1.2 mg / 100 kcal.

Infant formula sproduced solely from soy protein isolates or a mixture of soy protein isolates
and cow milk proteins:

The formula should contain at least 2,25 g/100 kcal and up to3 g/100 kcal of protein.

The L-carnitine content should be at least1.2 mg / 100 kcal.

Cholin

The formula should contain at least 7 mg/100 kcal and up t050 mg/100 keal of cholin.
Minerals

Table 2: Infant Formulas Produced From Cow's Milk Proteins Or Protein Hydrolysates: Annex 1

At 100 kcal
Minerals Least Most
Sodium(mg) 20 60
Potassium (mg) 60 160
Chlorine (mg) 50 160
Calcium (mg) 50 140
Phosphorus(mg) 25 90
Magnesium (mg) 5 15
Iron (mg) 0,3 1,3
Zinc (mg) 0,5 1,5
Copper (mcg) 35 100
Iodine (mcg) 10 50
Selenium (mcg) 1 9
Manganese (mcg) 1 100
Fluoride (mcg) - 100

Calcium / phosphorus ratio should not be less than 1 and not more than 2.

379



Uzun, Belma; Comparison of the Relationship of Health Expenditures and Educational Women Labor in

the Eu and Turkey

Table 3: Baby Formula Made From Soya Protein Lsolates Single Or Mixed With Cow's Milk Proteins

At 100 kcal
Vitamins Least Most
Vitamin A (mcg-RE) (1) 60 180
Vitamin D (mcg) (2) 1 2,5
Tiamin (mcg) 60 300
Riboflavin (mcg) 80 400
Niasin (mcg) (3) 300 1500
Pantothenicacid(mcg) 400 2000
Vitamin B6 (mcg) 35 175
Biotin (mcg) 1,5 7,5
Folicacid(mcg) 10 50
Vitamin B12 (mcg) 0,1 0,5
Vitamin C (mg) 10 30
Vitamin K (mcg) 4 25
Vitamin E (mg «-TE)(4) 0,5 5

(1) RE = all trans retinol equivalent

(2) In the form of cholecalciferol, 10 mcg = 400 1.U. Vitamin D

(3) Niasine trans formed forms

(4) o-TE = d-a-tocopherol equivalent

Table 4: Recommended Daily Energy and Nutrient Intake Levels for Turkey (2)

0-6 months 7-12 months
Energy (kcal) 545 710
Protein (g) 9.12 14.9-18.0
Vitamin A (mcg RE) 400 500
VitaminD (mcg) 10 10
VitaminE (mg) 4 5
VitaminK (mcg) 2 2.5
VitaminC (mg) 40 50
Tiamin (mcg) 200 300
Riboflavin (mcg) 300 300
Niasin (NE mcg) 2000 4000
VitaminB6 (mcg) 100 300
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Folate(mcg) 65 80
VitaminB12 (mcg) 0.4 0.5
PantothenicAcid(mcg) 1700 1800
Biotin(mcg) 5 6
Cholin (mg) 125 150
Calcium (mg) 210 600
Phosphorus (mg) 100 270
Todine(mcg) 110 130
Flor (mcg) 10 500
Magnesium (mg) 30 75

The energy requirement of the individual is 545 kcal in 0-6 month period and 710 kcal in 7-12
month period. In these periods, when the energy need sare met 100% with the formula milk, the

ratios of formula milk to nutritional requirements for individual needs shown in table.

Table 5: Ratios Met Of Nutritional Needs Of Individuals Fed With Formula Milk Which Is 545 Keal In 0-6

Month Period And 710 Keal In 7-12 Month Period: (%)

0-6 months 7-12 months
Nutrients Least | Most (%) | Least | Most
%) @) | )

Energy (kcal) 100 100 100 100
Protein (g)** 107.52 | 179.25 71- 118.28-

85.76 142.9
Protein (g)*** 107.52 | 179.25 71- 118.28-

85.76 142.9
Protein (g)**** 134,45 | 179.25 88.75- | 118.28-

82.29 142.9
Fiber(g) - - - -
VitaminA (mcg RE) 81.75 245.25 85.2 255.6
VitaminD (mcg) 54.5 136.25 71 177.5
VitaminE (mg) 068.12 681.25 71 710
VitaminK (mcg) 1090 6812.5 1136 7100
VitaminC (mg) 136.25 | 408.75 142 426
Tiamin (mcg) 163.5 817.5 142 710
Riboflavin (mcg) 145.29 | 726.48 189.28 | 946.43
Niasin (NE mcg) 81.75 408.75 53.25 266.25
VitaminB6 (mcg) 190.75 | 913.75 82.78 414.14
Folate(mcg) 83.82 419.21 88.75 443.75
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VitaminB12 (mcg) 136.25 | 681.25 142 710
PantothenicAcid(mg) 128.18 | 641.13 157.76 | 788.88
Biotin(mcg) 163.5 817.5 177.5 887.5
Cholin (mg) 30.52 | 218 33.08 236.64
Calcium (mg) 129.71 | 389.23 147.89 | 177.5
Phosphorus(mg) 136.25 | 490.5 05.67 236.64
Phosphorus (mg)* 163.5 545 78.88 26291
Iron (mg) 005.54 | 2624.06 19.31 83.85
Iron (mg)* 908.29 | 437.03 29.03 129.07
Zinc (mg) 136.25 | 408.75 118.28 | 355
Iodine(mcg) 49.54 | 747.7 54.59 273.06
Flor (mcg) - 5450 - 142
Magnesium (mg) 90.79 272.5 47.28 142
Manganese (mcg) 181.64 | 18166.48 | 1.36 118.28
Copper(mcg) 95.37 272.5 112.89 | 322.69
Selenium(mcg) 36.29 322 35.5 319.5

*Baby formula made from soya protein isolates sigle or mixed with cow's milk proteins
**Baby formulas made from cow's milk proteins
**Baby formulas made from protein hydrolysates

% Infant formulas produced solely from soy protein isolates or a mixture of soy protein
isolates and cow’s milk proteins (Anonim, 2008).

Result

Baby’s formula which is ready for consumption is prepared according to the produced formula
values as a reference while the daily energy and nutritional needs of the baby between 0-6 months
and 7-12 months were researched and compared.

The formula milk is produced according to the base reference value to the reference values
given in the Communiqué and does not adequately meet the requirements of vitamins A, D, E,
Niacin, Folate, Choline, Iodine, Magnesium, Copper and Selenium during the 0-6 month period
while It has been determined too that the needs of protein, vitamins A, D, E, Niacin, B6, Folate,
Choline, Phosphorus, Iron, Iodine, Magnesium, Manganese and Selenium are not enough in 7-12
month period.

The formula milk produced according to the ceiling reference values of the Communiqué is
found to meet all the requirements in 0-6 month period and not enough to meet Iron needed in 7-
12 month period adequately.

As a result, since formula milk can not meet the baby needs at the equivalent level of mother's
milk, breastfeeding should be supported during 0-12 month period.
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Urethral Strictures

Alpaslan Yuksel'

A.Yuksel

Urethral stricture is a disease that causes voiding dysfunction by narrowing the urethral
lumen due to fibrotic scar formation.

The age of the patient and the location of the stricture play an important role in the etiology
of urethral stricture. In general, urethral stricture develops due to inflaimmatory, traumatic,
iatrogenic, and idiopathic causes (Mathur et al. 2011). Urethral stricture causes serious
complications when left untreated. Urinary tract infection, prostatitis, bladder stone, epididymitis,
orchitis, hydronephrosis, periurethral abscess, sepsis, and kidney failure are the most important
complications due to chronic retention.

Histology of the urethra:

While the prostatic urethra and membranous urethra are lined with transitional epithelium,
the bulbar and penile urethra are lined by pseudostratified epithelium except for the distal part. In
the distal part, the epithelium is the squamous epithelium and continuous with the penile skin. The
inner epithelium of the female urethra is lined with squamous epithelium in the distal part, while it
is transitional in the rest.

Anatomy of the urethra:

The male urethra is approximately 18 cm long, starting from the internal orifice in the
bladder neck and extending to the external meatus in the penis. The male urethra is divided into
anterior and posterior urethra by the urogenital diaphragm. The anterior urethra is distal to the
urogenital diaphragm which consists of three parts fossa navicularis, penile and bulbar urethra.
Posterior urethra extending from urogenital diaphragm to bladder neck. It consists of two parts,
the membranous urethra, and the prostatic urethra. The narrowest part of the urethra is the external
meatus, and the second narrowest part is the membranous urethra. Since the membranous urethra
is not surrounded by a spongy tissue, it is the most affected part in external traumas. The wall of
the membranous urethra is formed by an inner thin layer of smooth muscle and an outer layer of
striated muscle. The outer skeletal muscle fibers form the external sphincter. The widest region of
the urethra is the prostatic urethra. The bulbous urethra is the segment of the anterior urethra
between the suspensory ligament and the membranous urethra. It is surrounded by a thick
cancellous tissue and the cancellous tissue is surrounded by a bulbospongiosus muscle. The penile
urethra is located between the fossa navicularis and the suspensory ligament. It is surrounded by
the corpus spongiosum. It is located in the free-moving penis and is the longest part of the urethra.
The fossa navicularis is surrounded by spongy tissue and is the second widest part of the penile
urethra. (Latini et.al 2014)

Pathogenesis of urethral stricture

Studies have shown that the incidence of UD is 0.2-1.2%, and it is more common especially
in men over 55 years of age. The pathogenesis of urethral stricture is due to damage to the urethra
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and followed by normal mucosal epithelium of the urethra is replaced by squamous metaplasia,
and urine leaks into the small slits in the epithelium, causing fibrotic reactions by including the
corpus spongiosum. These repetitive openings and reactions cause the development of stenosis by
increasing the underlying spongiofibrosis over time. However, some extracellular cellular changes
are also observed in the histopathology of urethral strictures, such as the displacement of the
connective tissue from fibroblasts with dense fiber tissue (Latini, 2014).

Etiology of urethral stricture

Urethral strictures are classified into 4 main groups etiologically. These are idiopathic,
iatrogenic, traumatic, and inflammatory groups. While the most common causes are iatrogenic and
inflammatory in penile urethral strictures, idiopathic and iatrogenic causes are common in bulbar
urethral strictures (Table 1).

Table 1: Etiology of urethral strictures

Penile Urethra Strictures Bulbar Urethra Strictures
Tatrogenic, 40% Idiopathic, 40%
Inflammation — Infection, 40% Iatrogenic, 35%

Idiopathic, 15% Traumatic, 15%
Traumatic, 5% Inflammation, 10%

While idiopathic causes are mostly attributed to unnoticed traumas in the bulbar urethra or
the problems of the junctional areas during embryological development, decreased blood flow and
ischemia are mostly blamed on the elderly. In iatrogenic urethral strictures, cystoscopic
interventions, transurethral prostate resections, and urethral catheterizations play a role in the
development of penile urethra and bulbous urethral stricture. Urethral strictures with a rate of 10-
40% develop mostly due to recurrent infections. Balanitis xerotica obliterans is the cause of
inflammatory stenosis in young men. It causes the narrowing of the urethral meatus. Usually,
urethral stricture in the bulbous urethra caused due to trauma by falling in a straddle style.

Diagnosis of urethral stricture

Male patients with urethral stricture usually apply to the outpatient clinic with complaints
of decreased maximum flow rate, intermittent urination, and a residual feeling. In addition, they
may apply with complications such as epididymo-orchitis, recurrent urinary tract infection,
prostatitis, hematuria, or bladder stones due to urethral strictures. (Mundy & Andrich 2014)

Urine flow measurements (uroflowmetry), urine culture, urinary ultrasonography (USG),
and residual urine determination are the first-line tests in the evaluation of patients who present
with these complaints and are suspected of having urethral stenosis (Verla et.al, 2019). The patient
urinates with a low flow in the urine flow measurement test. The presence of postvoid residual
urine on USG is also important for diagnosis. USG results such as bladder wall thickening and
increased trabeculation on the urinary system support the diagnosis of urethral stricture (Buckley
et al.. Hydronephrosis, one of the complications of urethral stricture, can also be detected by the
USG of the urinary system. Dynamic retrograde urethrography is another choice performed on
the patient for diagnosis (Figure 1). The sensitivity of this process is 75-100% and the specificity is
between 72-97%. While retrograde urethrography only detects the distal stenosis area, it is possible
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to determine the proximal stenosis and the length of the stricture combined with antegrade urinary
urethrography. (Mundy & Andrich 2014) Cystourethroscopy is a valuable procedure with high
sensitivity and specificity in diagnosing urethral stricture. However, there is still no consensus on
the best method for the diagnosis of urethral strictures.

Figure 1: Representation of stricture by retrograde urethrography.

If urethral stricture cannot be detected by these diagnostic tests, cystoscopy can be
performed as a next evaluation. The location, length, and severity of the stricture can be obtained
with the cystoscopy procedure. Also, It allows endoscopic treatment at the same time.

Treatment of urethral stricture:

In general, three basic information including the location, length of the stricture, and the
associated pathology are necessary for the treatment of urethral stricture. The treatment of urethral
stricture is performed with two main methods, endoscopic and open surgical methods (GD W,
2014). The treatment methods should be discussed with the patient in terms of the severity of the
disease, success rate, and recurrence rate.

Endoscopic treatment methods
Urethral dilation:

It is the simplest treatment method used only in patients with epithelial stenosis in which
spongiotic tissue is not involved. This treatment aims to stretch the scar tissue and open the
stenosis area before spongiofibrosis develops. In the beginning, the procedure is performed with
the thinnest bougie dilator and is continued with increasing diameters to prevent traumatic false
passage during dilatation. The urethral dilatation method provides an advantage in terms of local
anesthesia, especially in patients who cannot receive anesthesia. The stenosis has a high probability
of recurrence (Jordan, 2002).

Internal urethrotomy :

Internal urethrotomy was first described by Sachse in 1973, based on the principle of
opening the urethral stricture by transurethral entry and cutting with a cold urethrotome knife at
the position of 12 o'clock (Sachse 1973). After the procedure, the epithelium in the stenosis area is
left for secondary wound healing. The criteria for success are healing of the stenotic area without
narrowing the lumen and providing high-flow urine.

The ideal criteria for effective internal urethrotomy are localization to the bulbar urethra,
the single, primary stricture <1 cm and not accompanied by spongiofibrosis. On the other hand,
recurrent stricture, the size of stricture >2 cm and multiple, the presence of urinary tract infection,
localization in the penile or membranous urethra, and accompanying diffuse spongiofibrosis cause
the stricture to recur (Dubey, 2011).
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The most common complication of internal urethrotomy is the recurrence of stenosis with
a rate of 30-50%. Perineal hematoma, urethral bleeding, fistula development, and erectile
dysfunction are other rare complications. The most advantageous features of this process are that
it is easy to apply, cheap and effective (Heyns, 2008).

Laser urethrotomy :

It is a method that removes the scar tissue by cutting the stenotic area until it reaches the
normal tissue by using a laser probe instead of a cold knife. Lasers such as Nd: YAG, Ho: YAG,
argon, and excimer are used for this application. Each laser application has different levels of
burning and tissue penetration at different depths. It is more successful in short and shallow
stenosis. Hematuria, dysuria, urinary tract infection, urinary retention, urinary extravasation,
incontinence, and fistula formation are rare complications.

Urtrethral stent:

It is a method used to prevent re-narrowing of the stricture by placing a stent with a
urethroscope in patients with recurrent strictures. The most common complications are stent
displacement and petrification, the development of spongiofibrosis, recurrent urinary tract
infections, urinary incontinence, urinary retention, hematuria, and erectile dysfunction.

Open surgical reconstruction

Treatment of urethral stricture depends on the etiology of the stricture, the number of
stenotic areas, the location and length of the stricture, the proximity to the sphincter, and the
accompanying complications such as false passage or diverticulum. Therefore, there is no single
surgical option. Surgical methods can be performed alone or in combination with each other. While
the success rate is 30% in urethrotomy, it can be up to 90 % in urethroplasty. Although
urethroplasty is considered the most effective treatment method, endoscopic treatment methods
are still preferred as the first-line treatment method based on cost-effectiveness (Eltahawy et al
2007).

Anastomotic repairs

End-to-end anastomotic urethroplasty is a treatment method applied in bulbar urethral
strictures <2 cm. Both ends of the stricture are removed by excision, leaving a margin of 1 cm,
and the remaining urethral ends are spatulated and a tension-free end-to-end anastomosis is
applied. Success rates are over 90%. In this surgery, the success rate increases if the stenosis area
is completely removed and the anastomosis is made wide and without tension.

In case of urethral stenosis > 2 cm where flap or graft urethroplasty cannot be applied end-
to-end anastomosis can be performed with the mobilization of the urethra by separating the two
corpus cavernosum tissues to prevent tension. During this procedure, shortening of the penis,
penile curvature, and temporary erectile dysfunction may develop. Because of these complications,
flap or graft urethroplasty should be preferred, especially in patients with stenosis > 2 cm.

Graft urethroplasty

Graft urethroplasty is used in patients longer than 2 cm, in whom anastomotic
urethroplasty cannot be performed and tension may occur during anastomosis. Buccal oral mucosa,
penile skin, scrotal skin, or bladder mucosa can be used as graft material (Lumen et.al, 2012). Oral
mucosa grafts are the most commonly used grafts in terms of being easy to obtain, not containing
hair, being durable, and having high success rates. Complications such as intraoperative oral
bleeding, pain, temporary difficulty in opening the mouth, infection, and salivary gland duct injury
may occur in graft urethroplasty performed with the oral mucosa. Grafts can be placed on the
ventral or dorsal side (Horiguchi,2017).
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Ventral Onlay graft urethroplasty

It is especially applied in strictures with long midbulbar or proximal urethra. It was first
described by Morey and McAninch in 1996 (Morey&McAninch 1996). Since the buccal graft is
dependent on spongious tissue for blood supply, ventral Onlay urethroplasty is especially preferred
in patients with spongious tissue > 1 cm. This is because the proximal and midbulbar urethra has
thicker spongious tissue than the distal bulbar urethra. In this technique, the corpus spongiosum is
opened along its ventral surface over the stenosis area. The oral mucosa graft is sutured to the edge
of the urethral mucosa layer and the corpus spongiosum is closed on the graft to increase blood
supply (Kellner et.al, 2004).

Dorsal Onlay graft urethroplasty

The technique used in this surgical application can be performed by circumferential
mobilization of the urethra as stated by Barbagli or by unilateral dissection applied by Kulkarni
(Barbagli 2003). In the dorsal Onlay urethroplasty technique described by Barbagli, the urethra is
fully mobilized and rotated 180°, after urethrotomy is performed on the dorsal side of the stricture
segment. the oral mucosa graft is harvested and fixed to the corpus cavernosum to cover the
stricture area completely.

Unilateral dorso-lateral urethroplasty technique

The unilateral dorso-lateral urethroplasty technique was first described by Kulkarni. The
urethra is mobilized unilaterally and opened only along the dorsolateral line to eliminate the
complete peripheral mobilization, to keep circulation to the dorsal part, and to protect the nerve
structure of the urethra. After the oral mucosa graft is sutured to the albuginea, the right edge of
the oral graft is sutured to the left edge of the urethral opening. With this technique, the
bulbospongiosus muscle, the central tendon of the perineum, and the neurovascular structures of
the urethra can be preserved.

Although both ventral and dorsal Onlay graft techniques have advantages and
disadvantages compared to each other, it is stated that there is not much difference between them.
Studies have shown that ventral grafting is technically easier and more advantageous in terms of
ischemia due to the more limited application of dissection. It has been shown that dorsal grafting
reduces the risk of the diverticulum. In recent years, the dorsal Onlay technique is ideal for distal
bulbar urethral strictures and the ventral graft urethroplasty technique is preferred for mid and
proximal bulbar urethral strictures.

Bidirectional graft urethroplasty (Palminteri Technique)

It is among the alternative surgical treatment options in the treatment of strictures with
severe obstruction. In this technique, only the mucosal tissue of the urethra is opened throughout
the stenosis and the graft material is sutured to the damaged mucosal edges, and the spongious
tissue is tried to be preserved to a large extent.

Asopa dorsal inlay graft urethroplasty

It is a surgical method especially applied in urethral strictures with complicated,
immobilized due to previous operations, and severe stenosis. In this technique, the urethra is
incised proximally and distally up to the healthy urethra, ventrally, and the scarred tissue on the
dorsal face is excised, and the graft is sutured to the edges of the urethral layer. The urethral tissue
on the ventral face is also retubulized through the urethral catheter.

Flap Urethroplasty

After defining flap urethroplasty with the repair of stenosis by reversing penile skin tissue
for the first time by Orandi, Quartey developed this technique by using distal penile or preputial
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tissue. McAninch further developed the technique by using Buck's fascia as a flap. In flap
urethroplasty, penile skin with sufficient width and length is incised and mobilized to cover the
urethral stenosis.

After an injury to the urethra, the stratified columnar epithelium of the urethra replaces to
squamous metaplasia. Urine leakage into small slits in this epithelium causes fibrotic reaction and
stenosis. While the amount of type 3 collagen and smooth muscle decreases, type 1 collagen
increases in the stenotic area.

Urethral dilatation, internal urethrotomy, laser urethrotomy, urethral stenting and open
surgery are the main treatment modalities in the treatment of urethral stricture (Martins et. Al 2019).
In the long term, the success rate of methods such as endoscopic urethrotomy is between 20-30%,
while the success rates of open surgery operations are as high as 85-90%. Despite the high success
rates of open surgeries, endoscopic methods are still the first choice in the treatment of urethral
stenosis recently, due to the high cost and the difficulty of the operation (Smith, 2016).
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