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field of health sciences to a wide platform. In doing so, the journal aims to bring together researchers, educational practitioners and policy makers
at a common intersection.

The target audience of the journal consists of researchers who are interested in or working in the field of health sciences.

Disclaimer
Statements or opinions expressed in the manuscripts published in the journal reflect the views of the author(s) and not the opinions of the editors,
editorial board, and/or publisher; the editors, editorial board, and publisher disclaim any responsibility or liability for such materials.

Open Access Statement

Current Research in Health Sciences is an open access publication, and the journal’s publication model is based on Budapest Access Initiative (BOAI)
declaration. All published content is available online, free of charge at https://dergipark.org.tr/en/pub/crihs. The journal’s content is licensed under
a Creative Commons Attribution-Noncommercial (CC BY-NC) 4.0 International License which permits third parties to share and adapt the content
for non-commercial purposes by giving the appropriate credit to the original work.

You can find the current version of the Instructions to Authors at https://dergipark.org.tr/en/pub/crihs/writing-rules.

AMAC VE KAPSAM

Current Research in Health Sciences, tim saglik bilimleri alaninda en yiksek bilimsel kalibrede ¢alismalari yayinlamayi amacglamaktadir.

Current Research in Health Sciences, saglik bilimleri literatlrine katki saglayacak klinik, deneysel arastirma, derleme makale, nadir olgu sunumlari
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Derginin hedef kitlesini saglik bilimleri alanina ilgi duyan veya bu alanda c¢alisan arastirmacilar olusturmaktadir.

Sorumluluk Reddi
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Agik Erisim Bildirimi
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EDITORDEN MEKTUP

Sevgili Meslektaslarim

“Current Research in Health Sciences” dergisinin ilk sayisini sizlerle bulusturmaktan mutluluk duyuyoruz. Dergimiz Atatiirk Universitesi Saglik
Bilimleri Enstitlisi’nlin bilimsel yayin organi olarak 2023 yilinda kurulmus ve makale kabuline baslamistir. Bu siregte dergimize sunulan gerek
arastirma gerekse derleme makalelerden secilmis yayinlari ilk sayimizda sizlere heyecanla sunuyoruz. Dergimiz tek saglik politikasinin bir Grind
olarak saglik alaninda giincel tim arastirmalarin ve derleme calismalarin kendisine yer bulabilecegi, bilim insanlarina hizmet eden kapsayici bir
bilimsel saglk dergisi olarak kurgulanmistir. Bu baglamda ilk sayimizda klinik arastirmalar, laboratuvar calismalari ve alaninda énemli derlemeler
yer almistir. Bundan sonraki sayilarimizda da tim saglik camiasindan gelecek olan galismalarla bilim camiasina katkida bulunmayi umut ediyoruz.
Bu baglamda bu saylya katki veren tim yazarlara, hakemlere ve okuyuculara tesekkir ediyor; dergimizin gelecek sayilarina degerli katkilarinizi
bekliyoruz.

Saygilarimizla

Prof. Dr. Elif CADIRCI/Edit6r kurulu adina

EDITORIAL LETTER

Dear Colleagues

We are pleased to introduce you to the first issue of the journal “Current Research in Health Sciences”. Our journal was established in 2023 as the
scientific publication of Atatlrk University Health Sciences Institute and started accepting articles. In this process, we are excited to present you
selected publications from both research and review articles submitted to our journal in our first issue. As a product of the single health policy, our
journal has been designed as an inclusive scientific health journal serving scientists, where all current research and review studies in the field of
health can be found. In this context, our first issue included clinical research, laboratory studies and important compilations in the field. We hope
to contribute to the scientific community with studies from the entire healthcare community in our next issues. In this context, we would like to
thank all the authors, referees and readers who contributed to this issue; we look forward to your valuable contributions to future issues of our
journal.

Regards

Prof. Dr. Elif CADIRCI/On behalf of the editorial board
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Arastirma Makalesi Research Article

Effect of Various Extracts Obtained From Bee
Pollen on L929 Fibroblast Cell Proliferation

Ari Poleninden Elde Edilen Cesitli Ekstrelerin L929 Fibroblast
Hiicre Proliferasyonu Uzerine Etkisi
ABSTRACT

Objective: Since ancient times bee pollen has been considered a good source of bioactive substances and
energy, so its effects on tissue regeneration has been seen and evaluated. Considering the increasing
demand for healthy and natural foods in recent years, it is unsurprising that bee pollen has been attracting
commercial interest, making it one of the most widely consumed food supplements. The substances
contributing to tissue regeneration are essential for skin health and cosmetology. Cell culture studies have
gained importance in tissue regeneration studies in recent years. Fibroblast cell line is frequently used in
control studies, especially on the efficacy and toxicity of cosmetic products and chemical substances. In
light of these data, we investigated the effects of bee pollen extracts on L929 fibroblast cells.

Methods: Different concentrations of Tirkiye Bee pollen extract obtained with different solvents (hexane,
dichloromethane, methanol, methanol + water, acetone, water) were applied to L929 fibroblast cells. The effects
of pollen on cell proliferation were examined time-dependent by real-time cell counting system Xcelligence.
Results: In our studies, all bee pollen extracts in the fibroblast cell line increased cell proliferation. The
methanol extract was especially observed to improve L929 cell proliferation by dose-dependent.
Conclusion: This study concluded that bee pollen extracts obtained at various concentrations and by different
extractions do not cause any toxic effects on fibroblasts but significantly affect proliferation. From these results,
bee pollen contributes to fibroblast proliferation and maybe a new target in cosmetics and developing drugs.
However, more detailed work is needed to determine which pollen component is practical.
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Amag: Antik c¢aglardan beri ari poleni iyi bir biyoaktif madde ve enerji kaynagl oldugu icin doku
rejenerasyonundaki etkileri gorilip degerlendirilmistir. Son yillarda saglikli ve dogal gidalara olan artan
talep dikkate alindiginda, ari poleninin ¢ok tiiketilen gida takviyelerinin icerigine girmesi ve ticari ilgiyi
cekmesi sasirtici degildir. Doku rejenerasyonuna katkisi olan maddeler cilt sagligi ve kozmetoloji agisindan
onem arz etmektedir. Son yillarda doku rejenerasyonu ¢alismalarinda hiicre kiltir ¢alismalari 6nem
kazanmaktadir. Ozellikle kozmetik Giriinlerde ve kimyasal maddelerin etkinlik ve toksisiteleri ile ilgili kontrol
galismalarinda Fibroblast hiicre hatti sikga kullaniimaktadir. Biz de bu bilgiler isiginda ari poleni ekstrelerinin
L929 fibroblast hiicreleri tizerine etkilerini arastirdik.

Yontemler: Calismada Tirkiye ari poleninin farkh c¢ozicilerden (hekzan, diklorometan, metanol,
metanol+su, aseton, su) elde edilen ekstreleri farkli konsantrasyonlarda L929 hiicrelerine uygulanmistir.
Polenin hiicre proliferasyonu lizerine etkileri Xcelligence gercek zamanli hiicre sayim sistemi ile zaman
bagimli olarak incelenmistir.

Bulgular: Yaptigimiz calismalarda Fibroblast hiicre hattinda butin Ari poleni ekstrelerinin hiicre
proliferasyonunu artirdigi goériilmistiir. Ozellikle metanol ekstresinin doza bagimli olarak L929 hiicre
proliferasyonunu iyilestirdigi gozlenmistir.

Sonug: Sonug olarak bu galismada gesitli konsantrasyonlarda ve gesitli ekstraksiyon yontemleriyle elde edilmis
ari poleni ekstraktlarinin fibroblastlara herhangi bir toksik etki olusturmadig aksine proliferasyonunda énemli
etkilerde bulundugu gosterilmistir. Bu sonuglardan yola ¢ikarak da ari poleninin fibroblast proliferasyonuna
katkida bulunarak gerek kozmetik alaninda gerekse ilag gelistirmede yeni bir hedef olabilecegi 6ne suriilebilir.
Ancak polenin hangi bileseninin etkili oldugunun belirlenmesi i¢in daha detayl ¢alismalara ihtiyag vardir.

Anahtar Kelimeler: 1929, Fibroblast, Ari poleni, Proliferasyon
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Introduction

Bee products were used in medicine in the ancient world
(Egypt, Greece, China). Today, bee products (propolis, honey,
royal jelly, beeswax, bee pollen) are recognized as alternative
medicines and their application refers to complementary and
alternative medicine (Zizic, Vukovic et al. 2013). Bee pollen,
commonly called "life-giving dust", results from the agglutination
of flower pollen with nectar and saliva of honey bees and is used
as food for all developmental stages in the hive. The composition
of bee pollen varies depending on biogeographic (regional) origin,
ecological habitat and even seasonality. Recently, bee pollen has
been promoted as a valuable apitherapeutic product due to its
potential therapeutic value. Bee pollen is used apitherapeutically
as it exhibits a range of actions such as antifungal, antimicrobial,
antiviral, anti-inflammatory, immunostimulatory and local
analgesic, and also facilitates the granulation process of burn
wound healing (Almaraz-Abarca, Campos et al. 2004).

Wound healing is a dynamic reaction whose intact course
allows restoring the continuity and functionality of damaged skin
as a result of dynamic cooperation between many molecular
factors (Velnar, Bailey et al. 2009, Pereira, Lima-Ribeiro et al.
2012, Sinno and Prakash 2013). The process consists of 4 specific
phases to progress smoothly and move from one to the next. The
durations of the specific healing stages depend on the type of
damage and the possible coexistence of additional intervening
factors, i.e., the size and location of the damage, the blood supply
of the wound edges, the cleanliness of the wound, the degree of
microbiological contamination of the wound, the presence of
necrotic tissue and appropriately treated healing management in
combination with other factors (Velnar, Bailey et al. 2009, Gethin
2012, Pereira, Lima-Ribeiro et al. 2012, Reinke and Sorg 2012).

The L1929 type of these cells, which play a role in the
proliferation phase of wound healing, especially by contributing
to collagen synthesis, are the most preferred cells for the
evaluation of wound healing, especially in experimental cell
culture studies. Again, cell culture studies have gained
importance in tissue regeneration studies in recent years. In the
light of this information, we investigated the effects of bee pollen

extracts on L929 fibroblast cells.

Methods

Mixed pollen samples collected by honey bees from

different plants were obtained from beekeepers in the Erzurum
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(Erzurum, Turkiye) region and dried in the laboratory at 40- 45°C
and pulverized in the mill. In contrast to routine methods,
ultrasonic extraction method was used in this study. Solutions
(hexane, dichloromethane, methanol, methanol+water, acetone,
water) were added. The extraction steps were carried out and the
solvents were removed in a rotary evaporator at 40°C and the
extracts obtained were stored at +4°C until the study. L929 cells
were treated at concentrations of 200, 100, 50, 25, 10, 5 pug/ml.

Cell Culture

Thawing and Culturing L929 Cells

L929 cell line was used in our study. The L929 cell line was
removed from the cryotube in a liquid nitrogen tank and kept in
a water bath at 37°C for a short time to thaw. The thawed cells
were transferred to a T75 cm? flask. The 1929 cell line was
cultured in an incubator at 95% humidity, 5% CO2 and 37°C using
standard RPMI 1640 (20% FBS, 1% PSA, 2mmol Glutamine)
medium. After 24 hours, xCELLigence system plates were seeded
with 5000 cells in each well and extracts were applied 24 hours
later. Up to 72 hours, the effects of bee pollen on cell proliferation
were examined with xCELLigence system. At the end of 72 hours,
the results were taken and the effects at 24, 48 and 72 hours were

analyzed.

Proliferation studies

MTT (Cell Viability Test)

MTT assay method is a method in which the amount of cell
proliferation is determined based on colorimetric measurement
of enzymatic activity due to the reduction of formazone dyes or
MTT. Thus, the cytotoxic or proliferative effects of any
therapeutic agent on the cell can be determined. It is based on
the colorimetric determination of the color change that occurs in
cells incubated with MTT agent. The color change occurs due to
the reduction of tetrazolium salt in the mitochondria of active
cells by formazone salts colored with yellow. The absorbance
value of these compounds is proportional to their metabolic
activity. 10 ul of the prepared thiazolyl blue tetrazolium bromide
solution was added to 100 pl of medium and cell mixture in 96%
well plate wells and left to incubate in the incubator for 4 hours.
After 4 hours of incubation, the medium on the surface of the
cells in 96-well plate wells was removed with a pipette. 100 pl of
MTT solvent solution was added and kept in the incubator
overnight (18 hours). The incubated cells were measured with a

microplate reader spectrophotometer (Epoch Microplate
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Figure 1: Effects of pollen extracts in Acetone, D. Methane and Hexane solutions; 200, 100, 50, 25, 10 and 5 pg/ml

doses on cell proliferation in L929 cell line at 24, 48 and 72 hours.

Spectrophotometer, BioTek, USA) at 620 nm absorbance value in

3 replicates.

Real Time PCR analyzes

Determination of Gene Expression in cell lines

Cells were seeded at 200000/well in 6-well plates and
incubated at 37° C in a humidified environment containing 5%
CO2. Cells were removed from 6-well plates by trypsinization
method, homogenized in Tissue Lyser Il (Qiagen) (350 upl RLT
buffer per 1*105 cells) and RNA extraction was performed in
QlAcube RNA

manufacturer.

isolation device as recommended by the

Reverse Transcriptase Reaction and cDNA Synthesis

cDNA synthesis was performed from total RNA using the
High Capacity cDNA Reverse Transcription Kit enzyme. Each
reaction was performed with 10ul RNA and cDNA synthesis was
performed with Veriti 96 Well Thermal Cycler (Applied Biosystem)
according to the following temperature values and cDNA amount
was measured by nano drop spectrophotometry (EPOCH Take3

Plate, Biotek) and stored at -20°C until the day of analysis.

Real-time quantitative PCR
TGF-B1 (Rn00572010_m1) gene was quantified using Taq

Man Gene Expression Master Mix kit. Amplification and

guantification were performed on a StepOne Plus Real Time PCR
System (Applied Biosystems). For 100 ng cDNA, TGF-B1 gene and
ACTB (Rn00667869_m1) (Applied

Biosystems) were pipetted and run for 40 cycles. Ct values were

as housekeeping gene
automatically converted to delta delta Ct in the device and the

findings obtained as a result of our studies.

Statistical Analysis

For statistical analysis, all data were calculated using
Microsoft Excel program and the results obtained were shown as
meantstandard deviation. Data were analyzed by one-way
analysis of variance (ANOVA) followed by Dunnett's test. P<0.05

was considered significant.

Results

Pollen extracts dissolved in acetone, dichloromethane and
hexane solvents were applied to L929 cell line at 200, 100, 50, 25,
10, 5 pg/ml doses and cell viability was evaluated at 24, 48 and
72 hours. It was observed that cell viability increased at 24 and 72
hours at 200 pg/ml dose of pollen extract applied in acetone
solvent (p<0.05). In addition to this increase, a significant increase
was also found in the 100 pg/ml dose group at 72 hours (p<0.05).
It was observed that 200 and 100 pg/ml dose groups of pollen
extract applied in dichloromethane solvent significantly increased
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Figure 2: Effects of methanol, water and methanol+water solutions of pollen extracts on cell proliferation in L929 cell line at 24,
48 and 72 hours at doses of 200, 100, 50, 25, 10 and 5 pg/ml.

cell proliferation at 24, 48 and 72 hours. When these increases
are analyzed, the significance levels of 200 pg/ml and 100 pg/ml
dose groups at 24 hours are p<0.005 and p<0.05, respectively,
compared to the control.

At 48.hour, the significance level of both dose groups was
p<0.005 compared to the control, while it was p<0.05 at 72.hour.
It was observed that 200 and 100 pg/ml dose groups of pollen
extract applied in hexane solvent significantly increased cell
proliferation at 24, 48 and 72 hours. When these increases are
analyzed, the significance levels of 200 pg/ml and 100 pg/ml dose
groups are p<0.005 and p<0.05, respectively, at 48th hour
compared to the control.

At 24 and 72 hours, the significance level of both dose
groups is p<0.05 compared to the control. In addition to these
dose groups, it was observed that cell proliferation was
significantly increased in the 50ug/ml dose group at 72 hours
compared to the control (p<0.05) (Figure 1).

Pollen extracts dissolved in methanol, water and
methanol+water solutions were applied to L929 cell line at 200,
100, 50, 25, 10, 5 pg/ml doses and cell viability was evaluated at
24, 48 and 72 hours. It was observed that pollen extract applied
in methanol solvent increased cell proliferation in 200, 100, 50

pg/ml dose groups. At 24, 48 and 72 hours, it was found that 200
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pg/ml dose group increased cell proliferation at p<0.001, 100
pug/ml dose group increased cell proliferation at p<0.005, 50
pg/ml dose group increased cell proliferation at p<0.05 level of
significance. It was observed that 200, 100 and 50 pg/ml dose
groups of pollen extract applied in water solvent significantly
increased cell proliferation at 24 hours (p<0.005 and p<0.05). At
48.hour, 200, 100, 50, 25 and 10 pg/ml dose groups significantly
increased cell proliferation (p<0.001, p<0.005 and p<0.05). At 72
hours, 200 and 100ug/ml dose groups significantly increased cell
proliferation (p<0.005 and p<0.05).

combination was performed, it was found that cell proliferation

When methanol+water

increased in all dose groups at all 3 time points (p=0.00, p<0.001,
p<0.005 and p<0.05) (Figure 2).

When pollen extracts were dissolved in methanol + water
combination and applied to L929 cell line, it was analyzed that
TGF-B1 mRNA level increased significantly in 200, 100, 50 and 25
pg/ml dose groups compared to the control group. While the 200
and 100 pg/ml dose groups were found to be statistically
significant at p<0.001, the 50 pg/ml group was found to be
p<0.005 and the 25 ug/ml group was found to be p<0.05 (Figure
3).



Discussion

Solvents are required to dissolve both drugs and extracts
used for experiments. Almost all solvents have the potential to be
toxic to cells in vitro, the difference between them being their
concentration (Stammati, Zampaglioni et al. 1997, Forman, Kas et
al. 1999). Although it is quite easy to investigate the toxicity or
therapeutic effects of water-soluble substances, it is sometimes
necessary to use toxic solvents to dissolve substances that do not
dissolve in water well enough or do not dissolve in water at all
(Forman, Kas et al. 1999). Under these conditions, the efficacy of
the test compound may be misinterpreted. For this reason, the
effect of the solvent should be evaluated in the studies and
possible risks should be evaluated at this point and it is important
not to cover the effect of the material to be tested. In a study with
Hela S3 cell line, cells were exposed to DMSO, methanol, ethanol,
acetone, isooctane and hexane in the concentration range of 0.1-
7.5% and their changes were examined. It was found that 1% (v/v)
concentration of DMSO suppresses cell proliferation and 2% (v/v)
concentration has a toxic effect on cells (Shier 1988, Forman, Kas
et al. 1999). In another study with PC12 cell line, cells were
treated with different concentrations of methanol, ethanol,
acetone, and glycerol and their toxicity was investigated. It was
found that 20ml/L ethanol treatment decreased cell viability by
60% at 24 hours, acetone by 20% and ethanol by 15% (Fengyan
2014). In our study, when methanol+water combination was used
as solvent, it was found to increase cell proliferation in all dose
groups (200, 100, 50, 25 and 10 pg/ml) at all 3 time points
(p=0.00, p<0.001, p<0.005 and p<0.05). The other solvents we
used, acetone, dichloromethane, hexane and water, increased

cell proliferation at different time periods in 200 and 100 pg/ml
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Figure 3: TGF-B1 mRNA level in L929 cell line at 200, 100, 50, 25, 10 and
5 ug/ml doses from methanol+water solutions of pollen extracts.

dose groups. It was determined that the most effective group
among all solvents was the methanol+water combination.

Pollen is a highly diverse plant product rich in biologically
active substances. Pollen grains of different plant species contain
200 substances. The basic chemical substances include proteins,
amino acids, carbohydrates, lipids and fatty acids, phenolic
compounds, enzymes and coenzymes as well as vitamins and
bioelements (Komosinska-Vassev, Olczyk et al. 2015). Pollen is a
substance with a high anti-inflammatory effect and its efficacy
can be compared with drugs such as naproxen, phenylbutazone
or indomethacin (Pascoal, Rodrigues et al. 2014). Bee pollen
shows bioactivity with its phenolic acids and polyphenols in the
form of flavonoids (Nguyen, Nguyen et al. 2020). Analysis of bee
pollen using LC-MS/MS showed that it contains 23 phenolic
compounds (such as 2,5-dihydroxybenzoic acid, protocatechuic
acid and kaempferol) and 42 free amino acids (Bayram, Gercek et
al. 2021). Thermal skin damages are treated by applying
therapeutic preparations as well as surgical methods. Recently,
the therapeutic effect of standardized, pharmacologically active
fractions obtained from bee products has started to be used.
These agents are called apitherapeutic agents. They help to re-
establish the balance of the skin barrier (Campos, Bogdanov et al.
2008, Rzepecka-Stojko, Pilawa et al. 2012). Whether various bee
products are effective in wound healing and their interactions
with each other have been investigated. Propolis and honey have
been shown to be very effective in wound healing in rats (Persuri¢
and Paveli¢ 2021). In an in vitro study, it was found that this duo
increased the migration, proliferation and viability of dermal
fibroblasts in a dose-dependent manner (Ebadi and Fazeli 2021).

Transforming growth factor (TGF)-B belongs to a family of
multifunctional peptides known to have five isoforms. In addition
to its effects on cell proliferation, differentiation, adhesion,
migration, ECM production, TGF-B is also a potent inducer of
many components of the ECM, including collagen, fibronectin and
cell surface integrins. TGF-B increases the levels of protease
inhibitors while decreasing the synthesis of collagenase from
matrix components. In studies, it has been found to accelerate
wound healing as a result of local injection (Sankar, Mahooti-
Brooks et al. 1996). In the period of 6-24 months after the first
injury, the final stage of the wound is passed by remodeling the
tissue. During this remodeling period, newly synthesized type |
collagen begins to replace type Ill collagen. The production of
most of the collagen and fibronectins, which are the basic
components of the extracellular matrix, is also stimulated by
PDGF and TGF-B1. In our study, it was found that 200, 100, 50,
and 25 pg/ml dose groups increased TGF-B1 expression. This
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suggests that bee pollen may be effective in increasing collagen
production in L929 cells, especially in the 200 and 100 pg/ml dose
groups during the proliferation phase of wound healing. The
study provides a basis for expanding the study by performing it
on animals and supporting it with different pathway analyses, as

well as providing support for the use of bee pollen.

Conclusion and Recommendations

As a result, in this study, it was shown that bee pollen
extracts obtained at various concentrations and by various
extraction methods did not cause any toxic effect on fibroblast
cells, on the contrary, they had significant dose-dependent
effects on their proliferation. Although the effect occurred in all
solvents, the most effective proliferation was observed in
methanol + water solution. Based on these results, it can be said
that bee pollen may be a new target in both wound healing and
drug development in this field by contributing to fibroblast
proliferation. In addition to all these effects, it can be suggested
that bee pollen can be used as new therapeutic agents for wound
healing because of its easy accessibility, low risk of side effects

and low cost.
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Investigation of the Effects of Pregabalin On
Wound Healing In L929 Fibroblast Cells

Pregabalinin L929 Fibroblast Hlicrelerinde Yara
lyilesmesi Uzerine Etkilerinin Arastiriimasi

ABSTRACT

Objective: Wound healing is a multifaceted, complex process consisting of sequential and interrelated
phases including hemostasis/inflammation phase, proliferation phase and remodeling phase. Pregabalin
(PGB), a gabapentin derivative, is an anticonvulsant agent with anti-inflammatory and antioxidant
properties. Therefore, in this study, we aimed to show the effect of pregabalin on cell viability in L929
fibroblast cells and its effects on fibroblast migration and wound closure during the wound healing process.
Methods: In this study, the effect of different concentrations of pregabalin on cell viability and proliferation in
1929 skin fibroblast cells was investigated using MTT assay. In addition, a scratch wound healing model was
established in 1929 skin fibroblast cells and the effects of pregabalin concentrations that increase cell
proliferation on wound healing in MTT assay were shown. At the end of the experiment, TGF-B1 levels of all
groups were measured by ELISA method.

Results: In our studies, it was observed that 100, 50, 25, 10 uM concentrations of pregabalin increased cell
proliferation. In the scratch wound healing model, pregabalin at concentrations of 100 and 50 uM showed
a significant closure compared to control and other groups. TGF-B1 levels were decreased in groups with
good healing scores (50, 25 uM).

Conclusion: Pregabalin has been shown to enhance wound healing in in vitro experiments. This effect needs to
be evaluated holistically within the organ system in vivo. There is also a need for experimental and clinical studies
to evaluate the wound healing effects and mechanism of pregabalin.

Keywords: Wound Healing, Pregabalin, Scratch wound assay, L929 cell line

0oz

Amag: Yara iyilesmesi, canlilarda hemostaz/iltihaplanma fazi, proliferasyon fazi ve yeniden sekillenme
fazi olmak tizere sirali ve birbiriyle iliskili asamalardan olusan ¢ok yonlt, karmasik bir siirectir. Cok sayida
endojen ve eksojen olumsuz faktor, fizyolojik iyilesme sureglerini bozabilir. Son zamanlarda yara
iyilesmesi Uzerine yapilan calismalara bakildiginda, kullanilan tedavilerin yetersiz kaldigi gorilmektedir.
Bu durum vyara iyilesmesinde yeni farmakolojik ajanlara ihtiya¢ duyuldugunu géstermektedir. Bir
gabapentin tirevi olan pregabalin (PGB), epilepsi tedavisinde kullanilan antikonviilzan bir ajandir.
Ayrica pregabalinin antiinflamatuvar ve antioksidan o&zellikleri gesitli galismalarda gosterilmistir.
Pregabalin ile yapilan ¢alismalar incelendiginde, yara iyilesmesi lizerine olan etkisini hiicresel diizeyde
gosteren herhangi bir calisma bulunmamaktadir. Bu nedenle bu ¢alismada L929 fibroblast hiicrelerinde
pregabalinin, hiicre canlihigina etkisi arastirilip; yara iyilesmesi sirecinde, fibroblast géclu ve yara
kapanmasina etkilerinin gosterilmesi amaglanmistir.

Yontemler: Bu ¢alismada L929 deri fibroblast hiicrelerinde farkli konsantrasyonlardaki pregabalinin
hicre canliigi ve proliferasyonuna olan etkisi MTT testi kullanilarak incelenmistir. Ayrica L929 deri
fibroblast huicrelerinde ¢izik yara iyilesmesi modeli olusturulup, MTT testinde hiicre proliferasyonunu
artiran pregabalin konsantrasyonlarinin yara iyilesmesine olan etkileri gosterilmistir. Deneyin sonunda
tlm gruplarin TGF-B1 seviyeleri ELISA yontemiyle 6lgulmustur.

Bulgular: Yaptigimiz calismalarda pregabalinin 100, 50, 25, 10, uM konsantrasyonlarinin hiicre
proliferasyonunu artirdigi gozlemlenmistir.  Cizik yara iyilesmesi modelinde ise 100 ve 50 uM
konsantrasyonlardaki pregabalin, kontrol ve diger gruplarla karsilastirildiginda anlamli bir kapanma
gostermistir.

Sonug: Pregabalinin yara iyilesmesini artirdigi in vitro deneylerle gosterilmistir. Bu etkinin in vivo olarak
organ sistemi iginde bitlincll olarak degerlendiriimesi gerekmektedir. Ayrica pregabalinin yara
iyilestirici etkilerinin ve mekanizmasinin degerlendirilecegi deneysel ve klinik ¢galismalara ihtiyag vardir.
Anahtar Kelimeler: Yara iyilesmesi, Pregabalin, Cizik Yara Testi, L929 Hiicre Hatt
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Introduction

The skin is an organ consisting of layers of tissue that protect
the muscles and organs underneath. As a protective shield of the
body against the external environment, the skin is constantly
exposed to injuries. Therefore, wound healing is of great
importance for the survival of living organisms (Takeo et al.,
2015). Wound healing is a multifaceted, complex process
consisting of sequential and interrelated phases including
hemostasis/inflammation phase, proliferation phase and
remodeling phase. After a skin injury, exposed subendothelium,
collagen and tissue factor activate platelet aggregation.
Chemotactic factors and growth factors are released by
degranulation (Gauglitz et al., 2011). Neutrophils traveling to the
site of the injury remove debris and bacteria, providing a
favorable environment for the wound to heal. Subsequently,
macrophages accumulate and facilitate phagocytosis of bacteria
(Berman et al., 2017). The proliferative phase is characterized by
the accumulation of large numbers of cells and abundant
connective tissue. The extracellular matrix (ECM), which includes
proteoglycans, hyaluronic acid, collagen and elastin, forms a
granulation tissue to replace the original clot formation. This step
is mediated by the transforming growth factor-p family (including
TGF-B, TGF-B1, TGF-B2 and TGF-B3), the interleukin (IL) family and
angiogenesis factors (vascular epidermal growth factor) (Su et al.,
2010). The final step of wound healing is the remodeling phase,
which requires a delicate balance between apoptosis of existing
cells and the production of new cells. Any deviation at this stage
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can lead to excessive wound healing or chronic wounding (Plikus
et al., 2017; Tsai et al., 2018).

Numerous endogenous and exogenous negative factors can
disrupt physiological healing processes. Of the phases in the
wound healing process, the inflammatory phase is the most
sensitive to these negative factors (Kasuya & Tokura, 2014).
Moderate inflammation facilitates the removal of necrotic tissue,
kills local bacteria and promotes wound healing. However,
excessive inflammatory infiltration inhibits normal healing events
such as collagen deposition, angiogenesis and granulation tissue
formation. It is therefore imperative that inflammation in the
wound is sensitively modulated at a level appropriate to promote
wound healing, but prevented from reaching a level that would
inhibit it (Huang et al., 2022).

When we look at the recent studies on wound healing, it
is seen that the treatments used to accelerate wound healing,
prevent chronic wound formation, and treat stubborn wounds in
an acute injury are inadequate. This shows that new
pharmacological agents are needed in wound healing (El Ayadi et
al., 2020).

Pregabalin (PGB), a gabapentin derivative, is an
anticonvulsant agent used to treat epilepsy (Eutamene et al.,
2000). PGB has a similar mechanism of action to gabapentin,
acting through GABAergic neurotransmission, voltage-dependent
potassium channels and calcium channels (Moore et al., 2009). It
is also used in the treatment of central and peripheral
neuropathic pain (Ceyhan M., 2008). PGB has been suggested to
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Figure 1: Cell viability results obtained form MTT test. *, #, & means p<0.05, ** ##, && means p<0.01 and ***, ###,

&&& means p<0.001 according to Tukey's post-hoc test.
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exert antinociceptive effects in inflammatory pain by inhibiting
the release of neuropeptides on sensory neurons (Fehrenbacher
et al., 2003). PGB is reported to have antinociceptive effect in
neuropathic pain as well as inflammatory pain (Abou-Khalil,
2016). It was also reported that gabapentin, which is structurally
and functionally similar to pregabalin, showed anti-inflammatory
effects in rats (Sinha et al., 2013). In addition, anti-inflammatory
and antioxidant properties of pregabalin have been
demonstrated in various studies (Abu-Rish et al., 2020; Salat et
al., 2016). Therefore, in this study, we aimed to investigate the
effect of pregabalin on cell viability in L929 fibroblast cells and to
show its effects on fibroblast migration and wound closure during
the wound healing process.

Methods

Evaluation of Cell Viability by MTT Method

L929 cell line obtained from American Type Culture
Collection (ATCC, USA) and stored in Cryotube, were removed
from the liquid nitrogen tank, and seeded in a T75 cm2 flask
containing DMEM medium containing 10% FBS and incubated at
37°C, 90% humidity and 5% CO2. Cells were passaged successively
and cell count was performed after the fourth passage and 5000
cells were seeded in each well of the 96-well plate. The cells were
incubated for 24 hours to settle to the bottom of the well. At the
end of this period, pregabalin was dissolved with PBS (phosphate
buffered saline) and concentrations of pregabalin (500, 250, 100,
50, 50, 25, 10, 1 uM) were prepared and the drugs added to wells.
At 24,48, 72 hours, the absorbance at 570 nm was measured with

Control 10 pM

Oh

12h

24h

36h

a microplate reader spectrophotometer (Epoch Microplate
Spectrophotometer, Bio Tek, USA) using the MTT method.
Viability rates were analyzed in comparison with control wells.

Scratch Wound Healing Experiment

L929 cells in DMEM medium containing 10% FBS were
seeded in each well (2x105 cells/well) of a 6-well plate and
incubated at 37 0C, 5% CO2. After L929 cells completely covered
the well bottom, a scratch was made vertically in each well with
a sterile 200 uL pipette tip. Images before the addition of
pregabalin were acquired using a Leica Inverted Microscope
(Leica, DMIL LED). The wells were then exposed to pregabalin at
the concentrations (100, 50, 25, 10 uM) that gave the best results
in the cell viability assay. Images of all wells were taken at 0, 12,
24 and 36 hours. Wound closure rates were calculated using the
formula below.
% wound closure=[(At=0h-At=Ah)/At=0h]*100
At=0h : Wound length measured at Oth hour (um)
At=Ah : Wound length measured at Ath hour (um)

Quantification of TGF-B1 Production in vitro

Supernatants of all experimental groups were taken at the
36th hour of the experiment.

TGF-B1 levels were measured with eBioscience ELISA kit (Lot
No: 95303007) on Epoch Spectrophotometer System and Take3
Plate. Absorbances were read at 450 nm. The equation was
obtained by plotting a curve from the absorbance of TGF-B1
standards. The ELISA procedure was performed according to the
steps described in the kit protocol.

25 uM 50 uM 100 pM

Figure 2: Photographs of scratch test after 0, 12, 24 and 36 hours.
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Statistical Analysis

Statistical analysis of the data was performed by one-way
analysis of variance (ANOVA) followed by Tukey's test as a post
test. Windows SPSS-20 (IBM Corp., NY, Armonk, USA) was used

for statistical analyses. p<0.05 was considered significant.

Results

500, 250, 100, 50, 25, 10, 10, 1 uM concentrations of
pregabalin were applied to L929 skin fibroblast cells and the
effects on cell viability were measured by MTT assay at 24, 48, 72
hours and cell viability percentages were calculated. 24.hour MTT
assay results showed that 500 uM concentration of pregabalin
significantly decreased cell proliferation compared to the control
group (p<0.05) (Figure 1). It was observed that 100 uM
concentration of pregabalin significantly increased cell
proliferation compared to the control group (p<0.01), and this
increase was more significant at doses of 50, 25 and 10 pM
(p<0.001). When the 48th hour MTT test results were analyzed,
100 uM (p<0.001), 50 pM (p<0.001) and 25 uM (p<0.05)
concentrations of pregabalin significantly increased cell
proliferation compared to the control group. In the 72nd hour
MTT test results, 500 puM concentrations of pregabalin
significantly decreased cell proliferation compared to the control
group (p<0.001). At 100 uM (p<0.01) and 50 uM (p<0.001) doses,
a significant increase was observed compared to the control
group.

According to the MTT test results, the doses (100,50,25,10
UM) of pregabalin that increased the proliferation of L929 cells
the most were selected and the scratch wound healing
experiment was performed. Wound lengths in the images taken

at 0, 12, 24, 36 hours were compared with the control group and

TGF-R1

Figure 4: TGF-B1 ELISA results at 36th hour of scratch test. *
means p<0.05, ** means p<0.01 and *** means p<0.001
according to Tukey's post-hoc test.

percent closure rates were calculated (Figure 2). At 12 hours,
wound closure percentages were close in all control and drug
groups. At 24 hours, the wound closure percentages of the drug
groups increased compared to the control group. In particular,
100 and 50 uM concentrations of pregabalin increased facial
wound closure more than 25 and 10 puM concentrations. At 36
hours, similarly, the wound closure percentages of the drug
groups increased compared to the control group. Again, at 36
hours, the effect of 100 and 50 uM concentrations of pregabalin
on wound closure percentage showed a clearer increase
compared to 25 and 10 uM concentrations. In addition, 50 uM
concentration of pregabalin increased percent wound closure
more than 100 uM concentration at 24 and 36 hours (Figure 3).
At the 36th hour of the experiment, supernatants of all
experimental groups were taken and TGF-R1 levels were
measured. Compared to the control group, 100 uM (p<0.001), 50
UM  (p<0.001), 25 uM (p<0.01) and 10 uM (p<0.05)
concentrations of pregabalin significantly decreased TGF-§1

levels (Figure 4).

Discussion

In this study, the effect of pregabalin on cell viability in L929
skin fibroblast cells and cell migration in scratch wound healing
assay was evaluated in vitro. TGF B1 levels, a biomarker of wound
healing, were also examined to evaluate the wound healing effect
and mechanism of pregabalin.

Fibroblast cells are the most frequently investigated cells for
wound healing (Borges et al., 2017; Teplicki et al., 2018). In these
cells, viability assays with the MTT assay are often preferred for
both cell proliferation and other cytotoxic assays (Cangul et al.,
2020; Ozdemir et al., 2009) . Wagener N. et al. showed that
pregabalin increased both cell proliferation and cell viability in
hOB, hMSC and MG63 cells (Wagener et al., 2022). Similarly, in a
study by Sirin D.Y. and Karaarslan N., it was shown that pregabalin
had no negative or toxic effect on cell viability and proliferation
of chondrocytes in chondrocyte culture, and the number of viable
cells was higher in the PGB-treated groups than in the control
group (without PGB) (Sirin & Karaarslan, 2018). In our study,
similar to the results in the existing studies, it was observed that
pregabalin, especially at concentrations of 100, 50, 25, 10 uM,
significantly increased cell viability and proliferation in skin
fibroblast cells.

The scratch wound assay is a simple, reproducible assay
widely used to measure cell migration parameters such as

velocity, persistence and polarity. Cells are replicated until
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confluent to the plate bottom. When the cells are confluent on
the plate bottom, a thin "wound" is made by scratching with a
pipette tip (Cory, 2011). Using this method, many studies have
been conducted on wound healing, which is an important health
problem all over the world (Jagiello et al., 2023; Zhang et al.,
2018). Some studies on wound healing have shown that some
substances with known anti-inflammatory and antioxidant
properties such as resveratrol, curcumin, baicalin have positive
effects (Hecker et al., 2022; Huang et al., 2019; Kant et al., 2015;
Zhang et al., 2011). Salat K. et al. showed that pregabalin has anti-
inflammatory and antioxidant properties in streptozocin-induced
diabetic mice (Salat et al., 2016). Abu-Rish E.Y. et al. investigated
the effect of pregabalin on cytokine secretion in a model of
splenic inflammation in vivo and in vitro. The results of the study
showed that pregabalin decreased cytokine secretion and
showed anti-inflammatory properties both in vivo and in vitro
(Abu-Rish et al.,, 2020). In our study, 50 and 100 uM
concentrations of pregabalin significantly increased wound
closure in the scratch wound healing test compared to the control
group. We think that pregabalin at these doses prevents
excessive or insufficient inflammation and increases the rate of
wound closure by keeping inflammation in a certain balance
during the inflammation phase of wound healing.

Cytokines and growth factors, especially TGF-B, have
important roles in all phases of wound healing (Everts et al.,
2006). Proinflammatory molecules IL-1, IL-2, IL-6, IL-17 and TNF
have important roles in the inflammatory phase of wound healing
and are especially responsible for the stimulation of adhesion
molecules (Arango Duque & Descoteaux, 2014). In the early
phase of the treatment process, TGF-B, PDGF and VEGF promote
the division and differentiation of keratinocytes and fibroblasts
and are the main responsible elements for collagen production
(Barrientos et al., 2008; Seo et al., 2017). In the final phase of
wound healing, the remodelling phase, collagen type 3 is
converted to type 1 and TGF- B differentiates myofibroblasts and
closes the wound (Desmouliere et al.,, 1993; Hosokawa et al.,
2003; Ronnov-Jessen & Petersen, 1993). Of course, once these
dynamic phases are over and the wound healing process is
complete, these cytokines and growth factors decline. A decrease
in these growth factors and cytokines indicates that the wound is
healing (Nogueira et al., 2020). In our study, especially at doses of
50 and 100 uM at 36 hours, TGF decreased and the wound closed
almost completely compared to the control in parallel with the
microscopic findings, indicating that healing was supported by
pregabalin.

Current Research in Health Sciences

Conclusion and Recommendations

In conclusion, pregabalin has been shown to increase wound
healing. The fact that TGF-B is lower in the treatment groups than
in the control group indicates that the healing process is close end
to the end, accordingly, cytokine release has decreased.
However, this effect needs to be evaluated holistically within the
organ system in vivo. Additionally, experimental and clinical
studies are needed to evaluate the wound healing effects and

mechanism of pregabalin.
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Investigation of the Relationship Between
COVID-19 Severity and Serum Adropin Levels

COVID-19 Siddeti ile Serum Adropin Duizeyleri Arasindaki

iliskinin Arastirilmasi

ABSTRACT

Objective: COVID-19 is a multisystemic disease with high mortality and morbidity. It is very important to
understand the pathogenesis of the disease and to develop pharmacological treatment methods. The aim
of this study was to measure serum adropin levels in COVID-19 patients in the ward and intensive care unit
and to investigate whether this value can be a prognostic factor or a pharmacological treatment target.
Methods: 116 volunteer participants were included in the study. Participants were grouped as the control group
consisting of patients without any disease, patients diagnosed with COVID-19 and hospitalised in the ward,
patients diagnosed with COVID-19 and hospitalised in Level 2 intensive care and patients diagnosed with COVID-
19 and hospitalised in Level 3 intensive care. Venous blood was taken from the patients. Serum adropin levels
were measured according to the manufacturer's instructions. ROC analysis was also performed.

Results: According to serum adropin measurements, serum adropin levels of patients with COVID-19 who
were hospitalised in the ward decreased compared to the control group. In Level 2 intensive care and Level
3 intensive care patients, serum adropin levels decreased compared to patients in the ward. According to
Roc analysis, 333.1 ng/L adropin had a specificity of 0.8167 (95%, 0.6956-0.9048) and a sensitivity of 0.6522
(95%, 0.4273-0.8362).

Conclusion: COVID-19 is a disease with high mortality and morbidity affecting all systems. With this study, we
think that serum adropin levels may be a prognostic factor or a new pharmacological treatment target and may
shed light on new studies.

Keywords: COVID-19, SARS CoV-2, Endothel, Adropin

oz

Amag: COVID-19 hastaligi mortalitesi ve morbiditesi oldukca yliksek olan multisistemik bir hastaliktir.
Hastaligin patogenezini anlamak ve farmakolojik tedavi yontemleri gelistirmek olduk¢a dnemlidir. Bu
galismanin amaci COVID-19 hastalarinda serviste ve yogun bakimda yatan hastalarin serum adropin
seviyelerini 6lgmek ve bu degerin prognostik bir faktér ya da farmakolojik bir tedavi hedefi olup
olamayacagini arastirmaktir.

Yontemler: 116 gonulli katiimci arastirmaya dahil edilmistir. Katimcilar herhangi bir hastaligi
olmayanlardan olusan kontrol grubu, COVID-19 tanisi alip serviste yatan hastalar, COVID-19 tanih 2.
Diizey yogun bakimda yatan hastalar ve COVID-19 tanil 3. Diizey yogun bakimda yatan hastalar olmak
Uzere gruplandiriimislardir. Hastalardan vendz kan alinmigtir. Serum adropin diizeyleri tiretici firmanin
direktifleri dogrultusunda 6lg¢llmustir. Ayrica ROC analizi yapilmistir.

Bulgular: Yapilan serum adropin 6lgciimlerine gore serviste yatan COVID-19 tanili hastalarin serum
adropin dizeyleri kontrol grubuna kiyasla digmustir. 2. Diizey yogun bakim ve 3. Diizey yogun bakim
hastalarinda ise serviste yatan hastalara kiyasla serum adropin seviyeleri dismustir. Yapilan Roc
analizine gére de 333.1 ng/L adropinin 0.8167(95%, 0.6956-0.9048) ve 0.6522(95%, 0.4273-0.8362)
spesifitesi mevcuttur.

Sonug: COVID-19 tim sistemleri etkileyen mortalitesi ve morbiditesi yliksek olan bir hastaliktir. Bu
galismamizla serum adropin diizeylerinin prognostik bir faktor ya da yeni bir farmakolojik tedavi hedefi
olabilecegini ve yeni ¢alismalara 151k tutabilecegini diisliniiyoruz.

Anahtar Kelimeler: COVID-19, SARS CoV-2, Adropin, Endotel

Introduction

Coronavirus Disease 2019 (COVID-19) is a disease with multisystemic involvement caused by the

highly contagious severe respiratory coronavirus syndrome coronavirus 2 (SARS CoV-2) (Hu et al.,
2021). Most patients have a mild illness with symptoms such as sore throat, fever, mild cough and loss

of taste and smell. In hospitalised patients, conditions with higher morbidity and mortality such as
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COVID-19 pneumonia, acute respiratory distress syndrome
(ARDS), multiorgan failure may develop (Elrobaa & New, 2021).
The prognosis was worse in patients with advanced age (>75
years), arterial hypertension, diabetes mellitus (DM), pre-existing
cardiac or respiratory disease and obesity. Other poor prognostic
laboratory parameters are 02 saturation below 88, lymphopenia,
thrombocytopenia, increased LDH, CRP >200 mg/dl, D-Dimer
>2500 ng/ml, increased troponin and ferritin >2500 ng/ml at the
time of admission (Long et al., 2022). However, none of these are
significant on their own and more specific parameters are
needed.

Adropin is a peptide that regulates glycolipid metabolism,
found mainly in the brain and liver, but also in the heart,
gastrointestinal tract and circulatory system (Aydin et al., 2022).
Encoded by the energy homeostasis associated gene (Enho)
(Jasaszwili et al., 2020). Adropin levels have been studied in
patients with DM, a pathology accompanied by endothelial
dysfunction due to its effects regulating lipid and carbohydrate
metabolism. Serum adropin levels were significantly lower in
patients with DM (Ali et al., 2022). The relationship between
adropin levels and diseases is not limited to these. Serum adropin
levels were lower in patients with atrial fibrillation compared to
healthy controls (Wang et al., 2019). In another study by Aydin et
al. serum adropin levels were found to be significantly lower in
COVID-19 disease (Aydin et al., 2022). In the evaluation of
previous studies, it was thought that adropin is a parameter that
can be used in differential diagnosis and shaping treatment
protocols in diseases accompanied by endothelial dysfunction
such as COVID-19.

In this study, we examined whether adropin, which was found
to be lower in COVID-19 disease, could be a prognostic factor in
COVID-19 disease. Thus, we also investigated the feasibility of
adropin and related mechanisms as new therapeutic targets in
conditions accompanied by viral and endothelial damage such as
CoVID-19.

Methods
Study Design

A total of 116 participants, including 89 patients diagnosed
with COVID-19 and hospitalised in Erzurum Regional Training and
Research Hospital and 27 healthy volunteers, were included in
the study. Participants and/or 1st degree relatives of the
participants were informed about the study. It was explained that
blood samples would be taken. Voluntary consent forms were

obtained. Participants were grouped as follows:
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Control Group: 27

Inpatients in the ward: 29

Level 2 Intensive Care Unit Inpatients: 37

Level 3 Intensive Care Unit Inpatients: 23

COVID-19 RT PCR test was performed in all participants.
Patients with goitre, coronary artery disease, atrial fibrillation,
congestive heart failure, hypertension, chronic renal failure and

cancer were not included in the study.

Sample Collection

Blood samples obtained from the volunteers participating in
the study were collected in tubes containing non-
ethylenediamine tetra acetic acid. The collected blood samples
were centrifuged at 4000 rpm for 10 minutes at +4 °C. Serum
samples were separated from the tubes and stored at -80 °C until
the time of use.

Measurement of Serum Adropin Levels

Serum Adropin Levels were measured according to the
manufacturer's instructions (Bioassay Technology Labarotory,
Wuhan, China). The reference range is 5- 10 000 ng/L.

Statistical Analysis

GraphPad Prism5 version was used to evaluate statistical
differences among groups. One Way ANOVA followed by Tukey
HSD was used to compare parametric values. ROC curve analysis
was used to test whether adropin value is a significant marker in

COVID infection. p<0.05 was considered statistically significant.

Results

Characteristics of Hospitalized Patients

Of the patients included in the study, 29 were hospitalised
in the ward, 27 in Level 2 intensive care unit and 23 in Level 3
intensive care unit. Of these patients, 64% were female and 36%
were male. Tomography uptake compatible with severe COVID-
19 was present in 44% and moderate in 56% of the patients.
Other characteristics of the groups are summarised in Table 1.

Adropin Levels in Patients and Healthy Individuals

We measured adropin levels in patients and healthy
individuals as shown in Figure 1. The results showed that healthy
individuals had higher levels of adropin than patients (p<0.05). In
addition, adropin levels were significantly different in patients
treated in the ward, second-level intensive care unit, and third-
level intensive care unit (p<0.05). It was observed that the serum
adropin level decreased inversely with the care level needs of the

patients.
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ROC Curve Analysis of Adropin

The discriminative power of adropin was evaluated via ROC
curve analysis that is presented in Figure2. The area under the
curve (AUC) of adropin was 0.853 (p<0.0001). At the cut of value
of 333.31 ng/L adropin had 0.8167 (95%, 0.6956-0.9048)
sensitivity and 0.6522 (95%, 0.4273-0.8362) specificity to
discriminate patients with COVID-19 infection from healthy
individuals.
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Figure 1: Serum adropin levels in healthy individuals and patients
needing different levels of care.

ICV: Intensive Care Unit, * means p<0.05, *** means p<0.001 according
to control group. Results were analyzed with one-way ANOVA-Tukey
test.

Discussion

In this study, we compared the serum adropin levels of
patients in the control group, patients hospitalised in the ward
with a diagnosis of COVID-19 and patients hospitalised in
intensive care with a diagnosis of COVID-19 and showed that
there was a statistically significant difference. Serum adropin
levels were found to be lower in patients hospitalised in the ward
compared to the control group. In patients hospitalised in 2nd
and 3rd level intensive care unit, it was found to be lower than
both the patients hospitalised in the ward and the control group.
However, no significant difference was observed between the
serum Adropin levels of patients hospitalised in Level 2 intensive
care unit and patients hospitalised in Level 3 intensive care unit.
We also measured the sensitivity and specificity of serum Adropin
levels for COVID-19 patients in the Roc analysis. In the light of all
these evaluations, we thought that serum Adropin levels could be

used as a prognostic factor in COVID-19 disease. In addition to its

contribution to diagnosis, we have shown that adropin levels can
be a target parameter both in the selection of treatment and in
the development of new pharmacological treatments in the
future.

COVID-19 disease causes a lung-centred injury affecting
the vascular endothelium (Bonaventura et al., 2021). SARS-CoV-2
can directly infect endothelial cells and cause cellular damage
(Teuwen et al., 2020). SARS-CoV-2 virus enters the cell via ACE2
transmembrane protein. ACE2 receptors are expressed in the
lung, heart, kidneys, small intestine and endothelium (Ferrario et
al., 2005). SARS-CoV-2 viral particles were observed in lung and
kidney endothelial cells. Infection-mediated endothelial damage
and endothelitis have been observed in many vascular beds such
as lung, heart and kidney (Varga et al., 2020).

Endothelial cells are \vitally important for the
maintenance of vascular homeostasis. While healthy
endothelium expresses various factors to ensure vascular
relaxation and blood flow, it also inhibits platelet aggregation and
coagulation. However, when endothelial dysfunction develops,
this balance shifts in favour of coagulation (Yau et al., 2015). This
is also seen in COVID-19 infection as endothelial damage
develops. Endocan levels, a protein expressed in the
endothelium, were found to be higher in COVID-19 patients
compared to the healthy control group (Laloglu & Alay, 2022).
Autopsies performed in patients with COVID-19 showed
disruption of the endothelial cell membrane and thrombosis with
occlusion and microangiopathy in alvolar capillaries (Ackermann
etal., 2020). It is known that pulmonary microthrombi developing
due to endothelial dysfunction also contribute to the
development of ARDS, which is a vital complication due to COVID-

Tablel: Characteristics of Inpatients

Number of Inpatients by Service

Service 29

Level 2 Intensive Care Unit 37

Level 3 Intensive Care Unit 23

Age Median (Min, Max) Years

Service 70 (23-87)

Level 2 Intensive Care Unit 76 (46-95)

Level 3 Intensive Care Unit 69 (39-86)

Median SpO2 values (Min, Max)

Service 89 (75-94)

Level 2 Intensive Care Unit 85 (70-93)

Level 3 Intensive Care Unit 80 (65-85)

Median Number (Min, Max) of
Hospitalization Days

Service 14 (6-50)

Level 2 Intensive Care Unit 25 (4-70)

Level 3 Intensive Care Unit 28 (2-90)

Current Research in Health Sciences
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Figure 2: ROC Curve Analysis of Adropin to discriminate patients from healthy individuals

19. Again, Goshua et al. reported that endotheliopathy due to
COVID-19 may be associated with critical illness and death.

Adropin is a hormone involved in the maintenance of
energy homoeostasis and insulin response, identified in 2008 by
Kumar et al. (Kumar et al.,, 2008). Adropin stimulates insulin
release via AKT pathway (Gao et al.,, 2015). Adropin also has
effects on lipid metabolism. The effects of adropin on
adipogenesis were investigated in 3T3-L1 cell line and rat
preadipocytes. In the study, adropin stimulated these cells and
decreased lipid accumulation and proadipogenic gene expression
(Jasaszwili et al., 2019). In another study, it was observed that
serum triglyceride, total cholesterol and LDL-C levels decreased
after adropin treatment applied to hyperlipidaemic rats (Akcilar
et al., 2016). However, apart from these, adropin has important
effects on endothelial functions. eNOS-derived NO is a potent
vasodilator and inhibits platelet aggregation and adhesion
(Forstermann & Sessa, 2012). Adropin increases eNOS expression
via VEGF-PI3K-Akt and VEGFR2-ERK1/2 pathways and protects
the endothelium (Lovren et al., 2010). Coronary artery disease is
a clinical condition with high mortality and morbidity. Endothelial
lipid
inflammation play an important role in the pathogenesis of

dysfunction, metabolism disorders and vascular
coronary artery disease. In a meta-analysis of 525 patients with
coronary artery disease and 420 healthy controls, serum adropin
levels were found to be lower in patients with coronary artery
disease compared to healthy controls (Zheng et al., 2019). The
study by Sato et al. demonstrated the effect of adropin on
atherosclerosis molecularly. Adropin was shown to attenuate the
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inflammatory response of endothelial cells and monocyte derived
macrophages. It also reduced migration and proliferation of
vascular smooth muscle cells (Sato et al., 2018). In another study,
adropin decreased endothelial permeability in rat brain
ischaemia by inhibition of the ROCK-MLC2 pathway (Yang et al.,
2016). The relationship between DM and serum adropin was also
analysed. In the study by Wu et al. serum adropin levels were
found to be significantly lower than in non-diabetic patients (Wu
etal., 2014). In patients with diabetic retinopathy, a complication
of diabetes, adropin concentrations in serum and vitreous fluid
have been found to be negatively correlated with type 2 DM and
diabetic retinopathy (Li et al., 2019). In another study, serum
adropin levels were found to be higher in type 2 DM patients
(Hosseini et al., 2016). However, in a meta-analysis of 15 studies
with a total of 2813 participants, serum adropin levels in patients
with type 2 DM were found to be lower than in patients without
diabetes (Soltani et al., 2023). Diseases such as coronary artery
disease, type 2 DM and obesity are clinical conditions in which
both endothelial dysfunction and inflammation are observed.
COVID-19 disease caused by SARS-CoV-2 is a disease in which
both dysregulated inflammation and endothelial damage are
observed. Level 2 and Level 3 intensive care unit patients had a
statistically significant decrease in serum adropin levels
compared to ward patients. These results suggest that serum
adropin level may be both a prognostic marker and a target point
for future pharmacological treatment strategies in COVID- 19
patients. However, this study has some limitations. The fact that
it was not performed in a larger patient group by increasing the
number of patients is a limitation. It is not known whether serum
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adropin levels decreased gradually or whether there was a
sudden decrease. In addition, the correlation between serum
adropin levels and parameters indicating endothelial dysfunction
or inflammation could have not been analyzed.

Conclusion and Recommendations

COVID-19 disease is an important disease affecting billions of
people and affecting national health systems. A better
understanding of the pathogenesis of this disease will contribute
to the development of pharmacological treatment methods. The
fact that serum adropin levels vary according to the severity of
the disease suggests that adropin may be a prognostic factor.
Therefore, we think that our study may shed light on larger and

more comprehensive studies.
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Azerbaycan Tip Universitesi’nin Laparoskopik

Kolo-Rektal Cerrahi Deneyimleri

Laparoscopic Colo-Rectal Surgery Experiences of Azerbaijan

Medical University
0z

Amag: Kolon ve rektum cerrahisinde laparoskopik mudahalelerin kullanimina iliskin ilk deneyimi analiz
etmek.

Yontemler: Kolon ve rektumda 32 laparoskopik ameliyat gergeklestirildi. Ameliyat edilen 32 hastanin 19'u
erkek, 13'U kadindi. Hastalarin yasi 64+10,4 yildi. Midahalenin nedeni: 9 rektosigmoid timor vakasi, 6 -
rektumun orta 1/3'tinde bir timoér, 3 - inen kolon, 8 - tiim kolonun patolojisi, 6 - ¢ikan kolon. Hastalar gesitli
operasyonlara tabi tutuldu. Cerrahi miidahalelerin sonuglarinin degerlendirilmesinde su kriterler incelendi:
Ameliyat siresi, kan kaybi miktari, yogun bakimda kalis stiresi, ameliyat sonrasi komplikasyonlar, ameliyat
sonrasl hastanede kalis siiresi ve mortalite.

Bulgular: ilk deneyim, kolon ve rektumun cerrahi patolojisinin laparoskopik ydntemle tedavisinin hakli ve
oldukga etkili oldugunu gostermektedir. Kolon ve rektum kanseri nedeniyle cerrahi miidahaleler yapilirken
rezeksiyon hacmi ve lenfodiseksiyon agisindan onkolojik protokollerin tam olarak uygulandigi
gorulmektedir.

Sonug: Kolon ve rektum cerrahisinde laparoskopinin kullaniimasi intraoperatif kan kaybinin hacmini azaltabilir,
hastalarin hastanede kalis siiresini ve rehabilitasyonunu azaltabilir, postoperatif komplikasyonlarin gelisimini en
aza indirebilir.

Anahtar Kelimeler: Kolon, Laparoskopik cerrahi, Rektum

ABSTRACT

Objective: To analyze the first experience of using laparoscopic interventions in surgery of the colon and
rectum.

Methods: 32 laparoscopic surgeries were performed on the colon and rectum. Of the 32 patients operated,
19 men and 13 women. The age of the patients was 64+10,4 years. The reason for the intervention: 9 cases
of a rectosigmoid tumor, 6 - a tumor in the middle 1/3 of the rectum, 3 - descending colon, 8 - pathology
of the entire colon, 6 - ascending colon. The patients underwent various operations. The following criteria
were studied to evaluate the results of surgical interventions: the duration of operations, the amount of
blood loss, the length of stay in the intensive care unit, postoperative complications, the duration of
postoperative hospitalization, and mortality.

Results: The first experience shows that the treatment of surgical pathology of the colon and rectum with
a laparoscopic method is justified and highly effective. When performing surgical interventions due to
colon and rectal cancer, the full implementation of oncological protocols is observed in terms of the
volume of resection and lymphodissection.

Conclusion: The introduction of laparoscopy in surgery of the colon and rectum can reduce the volume of
intraoperative blood loss, reduce the time of hospitalization of patients and their rehabilitation, minimizes

the development of postoperative complications.

Keywords: Colon, Laparoscopic, Rectum, Surgery

Giris
Kolorektal kanser tiim diinyada en fazla morbidite ve mortaliteye sebep olan kanser tiirlerinden
biridir (Baidoun ve ark., 2021). insidans ve mortalite oranlari diinyanin farkl yerlerinde degiskenlik
gosterir ve gelisiminde etkili oldugu duslintilen bir¢ok faktor tanimlanir. Kolorektal kanser diinya
capinda en yaygin Uglinci ve en mortal ikinci kanser taradar (Xi ve ark., 2021). GLOBOCAN 2020
verilerine gore akcigerden kaynaklanan kanserler, kanserden (18%) 6liimlerin % 18 inden
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sorumluyken, kolorektal kanserler % 9,4’inden sorumludur (Sung
ve ark., 2021). 2020 yilinda tiim dinyada 1,9 milyondan fazla yeni
kolorektal kanser (anis dahil) vakasi ve bunlara bagli 935.000
6lim kaydedildi (de Abreu ve ark., 2023).

Kanser tanisi alan hastalar tanilamanin yapildigi ilk andan
baslayarak palyatif bakimi da kapsayan tedavi siresi ve
sonrasinda degerlendirme, semptom yonetimi, duygusal, aragsal
bilgi, guven ve ayrica surdirulebilir bakima ihtiya¢ duyarlar.
Tedavisinde tek etkili yol, timorin radikal cerrahi
rezeksiyonudur. Cerrahi tedavide ise uzun yillar geleneksel agik
cerrahi yontem altin standart olarak kabul edilmistir. Cerrahi
tedavide amag; total tUmor rezeksiyonu, yaygin tiimorde
kapsamli abdomen arastirmasi, lenf nodlarinin ¢ikariimasi,
bagirsak fonksiyonlarinin strdiirilmesi veya yeniden saglanmasi
icin onarilmasi ve komsu organlarda hastaligin olusumunun
onlenmesidir (Akyolcu ve ark., 2020). Gelisen teknolojik
imkanlarla birlikte artik karin ici ameliyatlarinin bir ¢ogu karni
acmadan yapilabilmektedir. Gelisen teknolojiyle birlikte artik
cerrahi operasyonlarin 6nemli bir bélimi laparoskopi yani kapali
teknikle yapilabiliyor. Bu ameliyatlar biyik kesi olmadan, uygun
vakalarda kalin bagirsak hatta pankreas kanseri cerrahisi gibi ¢cok
zor ameliyatlarda bile basarili sonuglar veriyor. Laparoskopik
cerrahi ile temel cerrahi prensipleri ayni olmakla beraber acik
cerrahiden (klasik cerrahi) en 6nemli farki karin cildine yapilan
biliylk kesilerin dnlenebilmesidir. Laparoskopik ameliyatlar, karin
duvarina agilan, hemen hemen kalem capi buayuklGglindeki
deliklerden vyerlestirilen tiplerin icinden gegirilen video
kameralar ve 6zel aletlerle yapilmaktadir. Genel cerrahi alaninda
ozellikle safra kesesi ameliyatlarinda yaygin olarak tercih
edilmistir (Szymoniuk ve ark., 2023). Ardindan diger karin igi
ameliyatlarinda basari ile kullanilmistir. Son 10 yil iginde kalin
bagirsak  cerrahisinde  (kolon ve rektum  cerrahisi)
kullanilmaktadir. Geleneksel agik cerrahi ile karsilastirildiginda,
gastrointestinal kanserler icin laparoskopik yontem daha az
cerrahi travma ve agri, daha az intraoperatif kan kaybi, daha az
postoperatif komplikasyon ve daha hizli iyilesme gibi avantajlarla
cerrahide 6nemli bir déniim noktasi olmustur (Akyolcu ve ark.,
2020; Kim ve ark., 2016).

Bu calismadaki amacimiz; Azerbaycan Tip Universitesi, Il
Cerrahi Anabilim Dalinda yapilan kolon ve rektum laparoskopik

cerrahisinin ilk deneyimlerini analiz etmektir.
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Yontem

Mayis 2018-Mayis 2022 yil tarihleri arasinda Azerbaycan Tip
Universitesinin egitim-cerrahi kliniginde kolon ve rektumda
laparoskopik ameliyat yapilmis 32 (19 erkek ve 13 kadin) hasta
¢alismaya alindi. Hastalarin ortalama yasi 64 + 10,4 yil idi. Tablo
1’de hastalarin  kolon ve rektumdaki patolojik sirecin
lokalizasyonuna gore dagihimi gosterilmektedir. Dort hastaya

spesifik olmayan (lseratif kolit tanisi konuldu, bunlarin 3’inde

Tablo 1: Patolojik siirecin kolon ve rektumdaki
lokalizasyonu

Lokalizasyon | Erkek | Kadin | Toplam
Rektosigmoid
. 5 4 9
bolge
Rektumun
. 4 2 6
orta 1/3’0
Kalin bagirsak
4 4 8
(total)
Gikan kolon
inen kolon 1 2 3
Toplam 19 13 32

ailesel adenomatoz polipozis tanisi vardi.

TUm hastalarin klinik tavsiyelere gére ameliyat 6ncesi tetkik
ve radyolojik gorintilemeleri yapildi. Bunlar; laboratuvar
muayenesi ve onkomarkerlerin belirlenmesi, karin boslugu ve
pelvisin  Ultrasonografisi, bilgisayarli tomografi (BT) veya
manyetik rezonans gorintileme (MRI), go6glis organlarinin
rontgen muayenesi, fibrokolonoskopi vb.

Operasyonun secimi patolojik slirecin yayllmasina ve
lokalizasyonuna baghydi. Operatif miidahalelerin
degerlendirilmesinde su kriterler dikkate alindi; ameliyat siresi,
sedasyon hacmi, ameliyat sonrasi komplikasyonlar, ameliyat

sonrasli yatakta gegirilen giin sayisi, 6lim.

Bulgular

TUm hastalara radikal cerrahi tedavi uygulandi. Kolorektal
kanserde (D2-D3) vyapilan lenfdiseksiyonun hacmi, timor
surecinin lokalizasyonuna ve yayilimina baglydi.

Yapilan ameliyatlar arasinda en sik rektal anterior rezeksiyon
ve descendo-anal anastomoz uygulandi. Bu tip operasyon, timor
rektosigmoid ve rektumun Ust 1/3’tUnde yerlestiginde yapilir.

Gegici  kolostomi veya ileostomi acilmasi operasyon

sirasinda her hasta igin ayri ayri uygulanir (14 hastadan 3’Gine
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uygulandi). Total proktokolektomi J-pouch ile ileal anastomoz
(sekil 1) ve koruyucu ileostomi 8 hastada uygulandi. iki hastada
ise Hartman ameliyati uygulandi.

Total kolproktoektomi yapilan 8 hastaya koruyucu ileostomi
uygulandi. 8 hastada ileostomi operasyondan 6 ay sonra kapatildi.
Ameliyattan 3 ay sonra bir hasta laparoskopik total
kolproktektomi sonrasi J-pouch’un total nekrozu ve yaygin
peritonit tanisiyla tekrar ameliyata alinarak ileoanal anastomoz
ile J-pouch iptal edildi ve tekrar kalici ileostomi agildi.

Bir hastada ameliyattan 20 giin sonra rektovajinal fistdl
ortaya ciktl, bir siire sonra fistiil konservatif 6nlemler sonucunda
kapatildi.

J-Pouch
Sekil 1: J-pouch ile ileal anastomoz

Ameliyat sonrasi hastalarda mobilizasyon, operasyondan
sonra 12 saat icinde basladi. Yogun bakim Unitesinde hastalarin
kalma siiresi 24+11,5 saat idi. Operasyonlarin siresi ortalama
264+88,8 dakika olarak kaydedildi. Operasyondan sonraki
donemde hastanede kalma siiresi ortalama 85,1 saat idi. TUm
hastalar tatmin edici sonuglarla taburcu edilmistir.

Ameliyat esnasinda rektovezikal ya da rektouterin bosluga
yerlestirilen dren 4-6 giin sonra gekildi. Dren yerlestiriimesindeki
amag¢ serdz-kanli sivinin  karin  boslugundan aktif olarak
bosaltiimasini saglamak ve apse olusumunu dnlemektir.

Hastalarin yogun bakimda ortalama kalis stiresi 36 saat oldu.
Hastanede kalis siiresi ise ortalama 4+2,1 glindd.

Ameliyat sonrasi donemde hastalarin aktivasyonu 12 saat
sonra baslad. ilk 2 giin hastaya sadece su verildi. 2. giinden sonra

enteral beslenmeye gegildi.

Tartisma
Pek ¢ok galisma, laparoskopik miidahalelerin, anlk sonuglar
(agrnida azalma, kan kaybinda ve hastanede kalis siresinde

azalma, kozmetik etkide iyilesme) acgisindan geleneksel

mudahalelere gore Ustlinliglini goéstermektedir (Awad ve ark.,
2021). Ek olarak, ¢ok sayida iyi bilinen ¢ok merkezli randomize
calismalar, kolorektal kanser icin laparoskopik girisimlerin
onkolojik glivenligini kanitlamistir (Jayne ve ark., 2010).

Bu yontemde ¢ok daha kiiglk bir kesi oldugundan hastada
ameliyat sonrasi agri ¢ok daha az olmakta, ameliyat sonrasi
bagirsak tikanikligi gelisme riski azalmakta, hastanede yatis siresi
ve hastanin yataga bagiml kaldigi stire kisalmakta, ise dénuis daha
erken olmakta ayrica ¢ok daha az cerrahi yara izi kalmaktadir.

Yapilan deneyimler gosteriyor ki; laparoskopik cerrahinin
aclk cerrahiye gore cok sayida avantaji vardir. Kolorektal kanser
nedeniyle vyapilan eksizyon, rezeksiyon ve lenfadenektomi
hacmine iliskin cerrahi midahaleler onkolojik protokollere tam
uyum icinde gerceklestirildi. Kolon ve rektum kanserinin tedavisi
icin laparoskopik cerrahi ydntemlerinin kullanilmasi ameliyat
sirasinda kan kaybinin miktarini azaltir ve yogun bakimda kalma
suresini kisaltir ve ameliyat sonrasi komplikasyonlarin gelisimi en
aza indirir.

Minimal invaziv cerrahinin avantajlari g6z o6ninde
bulunduruldugunda artik kolorektal cerrahide laparoskopik

cerrahi standart tedaviler icinde yerini almistir.
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Oxidative stress in chronic diseases: An
Overview of Orange Peel Extracts

Kronik Hastaliklarda Oksidatif Stres: Portakal
Kabugu Ekstrelerine Bakis

ABSTRACT

Aim: Oxidative stress is an important factor involved in the pathogenesis of various chronic diseases, from
cardiovascular disorders and neurodegenerative diseases to metabolic syndrome and cancer. Antioxidants
derived from natural sources have gained considerable attention due to their potential to combat oxidative
stress and prevent disease progression. Orange peel, in particular, have emerged as promising candidates
for their rich content of bioactive compounds with potent antioxidant properties. In this study, we aimed
to determine the antioxidant capacity of ethanol and methanol extracts of orange peel.

Methods: Ethanol and methanol extracts from orange peel were obtained. The Folin-Ciocalteu Reagent
(FCR) was used to determine the total phenolic component levels in the extracts of orange peel. By using
the DPPH (1,1-diphenyl-2-picrylhydrazil), FRAP (Iron ion reducing antioxidant power), and CUPRAC (Cu2+
ions reducing) techniques, antioxidant activities were assessed. To calculate the extract's equivalent
antioxidant capacity, different reference sample concentrations ranging from 250 to 1000 g/mL were
made.

Results: The greatest concentration of the phenolic component in the methanol and ethanol-extracted
orange peel extracts was 1000 puL/mL. The maximum values for the extracts’ FRAP, CUPRAC (Trolox Eq
g/mL), and DPPH radical scavenging capacity (inhibition%) were determined at a concentration of 1000
pL/mL. Ethanol extract showed higher antioxidant capacity compared to methanol extract.

Conclusion: Orange peel extracts demonstrate considerable promise as natural therapeutic agents for
alleviating oxidative stress and its associated burden on chronic diseases. Our findings could improve the
way orange peels are used in the food, cosmetics, and pharmaceutical industries. However, further
research is warranted to elucidate the precise mechanisms of action, optimal extraction method, optimal

dosages, and potential side effects of the extracts.
Key words: Antioxidant, chronic diseases, ethanol, extract, methanol, orange peel.
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Amag: Oksidatif stres, kardiyovaskiiler bozukluklar ve nérodejeneratif hastaliklardan metabolik sendrom
ve kansere kadar cesitli kronik hastaliklarin patogenezinde yer alan 6nemli bir faktordir. Dogal
kaynaklardan elde edilen antioksidanlar, oksidatif stresle miicadele etme ve hastaligin ilerlemesini dnleme
potansiyelleri nedeniyle biiyiik ilgi gdrmektedir. Ozellikle portakal kabugu giiclii antioksidan &zelliklere
sahip zengin biyoaktif bilesik icerikleri sayesinde umut verici adaylar olarak ortaya ¢ikmaktadir. Bu
¢alismada portakal kabugunun etanol ve metanol ekstraktlarinin antioksidan kapasitelerini belirlemeyi
amacladik.

Yontem: Portakal kabugunun etanol ve metanol ekstreleri elde edildi. Ekstrelerin toplam fenolik bilesen
seviyelerini belirlemek icin Folin-Ciocalteu Reaktifi (FCR) kullanildi. DPPH (1,1-difenil-2-pikrilhidrazil), FRAP
(Demir iyonu indirgeyici antioksidan guicti) ve CUPRAC (Cu?* iyonlari indirgeyen) teknikleri kullanilarak
antioksidan aktiviteleri degerlendirildi. Ekstraktin esdeger antioksidan kapasitesini hesaplamak igin 250 ile
1000 g/mL arasinda degisen farkli referans numune konsantrasyonlari hazirlandi.

Bulgular: Portakal kabugunun etanol ve metanol ekstrelerindeki fenolik bilesenin en yiksek
konsantrasyonu 1000 pL/mL olarak bulundu. Ekstrelerin FRAP, CUPRAC (Trolox Eq g/mL) ve DPPH radikal
stipirme kapasitesi (% inhibisyon) icin maksimum degerler 1000 pL/mL'lik konsantrasyonda goruldii.
Etanol ekstrakti, metanol ekstraktina kiyasla daha yiiksek antioksidan kapasite gosterdi.

Sonug: Portakal kabugu ekstreleri, oksidatif stresi ve bununla iligkili kronik hastaliklarin etkisini hafifletmek
icin dogal terapotik maddeler olarak umut vaat etmektedir. Bununla birlikte, ekstrelerin kesin etki
mekanizmalarini, optimal ekstraksiyon yéntemini, optimal dozajlari ve potansiyel yan etkileri aydinlatmak
icin daha fazla arastirmaya ihtiyag vardir.

Anahtar Kelimeler: Antioksidan, kronik hastaliklar, ekstrakt, etanol, portakal kabugu, metanol.
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Introduction

Oxidative stress is a physiological condition that arises when
there is an imbalance between the production of reactive oxygen
species (ROS) and the body's ability to neutralize and eliminate
them. ROS are highly reactive molecules that can cause damage
to cells and tissues if their levels become excessive. This oxidative
damage has been implicated in the development and progression
of various chronic diseases, including cardiovascular diseases,
neurodegenerative disorders, cancer, diabetes, and
inflammatory conditions (Liguori et al., 2018).

Citrus fruits are among the fruits that attract great attention
in Turkiye both in terms of production and consumption. Citrus
fruits are a group of fruits belonging to the Rutaceae family that
originated in tropical and subtropical areas in southeast Asia
(Sawalha, Arraez-Roman, Segura-Carretero, & Fernandez-
Gutiérrez, 2009). There are numerous natural and hybrid
products available, such as oranges, grapefruits, lemons and
some tangerines (Glzel & Akpinar, 2017). Except for the edible
part of citrus fruits, their waste constitutes one-fourth of the
whole fruit weight. Orange peel waste contains a large amount of
moisture (80-90% w/w water content) and has a large organic
load (Rezzadori, Benedetti, & Amante, 2012). Essential oil
obtained from citrus fruits has excellent antimicrobial properties
and is used in the cosmetic industry (Caccioni, Guizzardi, Biondi,
Renda, & Ruberto, 1998; De la Torre et al., 2019). In addition, the
waste part of citrus fruits, mostly consisting of peels and seeds, is
used in the treatment of various diseases (such as diabetes, high
blood pressure) among the people (Ahmad, Ansari, Alam, & Khan,
2013; G. Oboh & A. Ademosun, 2012).

Orange (Citrus sinensis L.) peels, like other citrus fruit peels,
contain a rich array of bioactive compounds, including flavonoids,
phenolic acids, carotenoids, and vitamin C, among others. These
compounds possess potent antioxidant properties and have been
studied for their potential health benefits (X.-M. Chen, Tait, &
Kitts, 2017).

Several studies have investigated the potential of orange
peel extracts in combating oxidative stress and its associated
chronic diseases (Anagnostopoulou, Kefalas, Papageorgiou,
Assimopoulou, & Boskou, 2006; X.-M. Chen et al., 2017; Hegazy
& lbrahium, 2012; Shehata et al., 2021). These extracts have
shown promising antioxidant activity, helping to scavenge ROS
and protect cells from oxidative damage. By reducing oxidative

stress, orange peel extracts may contribute to the prevention and
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management of various chronic conditions (Z. T. Chen, Chu,
Chyau, Chu, & Duh, 2012).

Cardiovascular diseases: Oxidative stress plays a critical role
in the development of cardiovascular diseases, such as
atherosclerosis and hypertension. Orange peel extracts have
demonstrated antioxidant effects that may help protect against
oxidative damage in blood vessels, reduce inflammation, and
improve cardiovascular health (Khosravi,
Ghasempour, Farhad, & Najafi, 2019).

Neurodegenerative disorders: Oxidative stress is closely

Poursaleh,

linked to the pathogenesis of neurodegenerative disorders,
including Alzheimer's and Parkinson's diseases (Teleanu et al.,
2022). Orange peel extracts have been shown to possess
neuroprotective properties, which may help in reducing oxidative
damage and preserving brain health (Abd El-Aziz et al., 2022).

Cancer: Chronic oxidative stress can promote DNA damage,
leading to the development of cancer (Jelic, Mandic, Maricic, &
Srdjenovic, 2021). Orange peel extracts contain bioactive
compounds that exhibit anti-cancer properties, including
antioxidant and anti-inflammatory effects. They may help in
reducing oxidative stress and inhibiting the growth of cancer cells
(lannazzo et al., 2022; Tajaldini, Samadi, Khosravi, Ghasemnejad,
& Asadi, 2020).

Diabetes: Oxidative stress plays a significant role in the
complications  associated  with  diabetes (Darenskaya,
Kolesnikova, & Kolesnikov, 2021). Orange peel extracts have been
studied for their potential to alleviate oxidative stress in diabetes
and its related complications by reducing lipid peroxidation,
enhancing antioxidant defenses, and improving insulin sensitivity
(Gosslau, Zachariah, Li, & Ho, 2018; Zhang et al., 2022).

Inflammatory conditions: Oxidative stress and inflammation
are closely interconnected (Hussain et al., 2016). Orange peel
extracts have shown anti-inflammatory effects by modulating
various inflammatory pathways and reducing oxidative stress
markers, thus potentially benefiting individuals with chronic
inflammatory conditions (Gosslau, Chen, Ho, & Li, 2014).

Our aim in this study is to determine the total phenolic
content and in vitro antioxidant properties of the waste-
generating peel part of the orange, which is cultivated in Tirkiye
and used as an important raw material in the food and beverage
industry, in different extracts, and to determine their therapeutic

potential.
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Methods

Materials

Orange fruits were collected from Finike district of Antalya
province in September 2022. Trolox was purchased from Fluka
Chemica (Switzerland) and NH4Ac from Riedel De Haen
(Germany). Neocuproine (Nc), TPTZ (2,4,6-Tri(2-pyridyl)-s-
triazine) and DPPH (1,1-diphenyl-2-picrylhydrazil) from Sigma
Chemicals Co. (St. Louis, USA) provided. FeCl3.6H20 was
purchased from Merck (Germany). Millipore (Direct-Q® 3UV,
USA) was used to obtain ultrapure water.

Preparation of Plant Extracts

The orange peels were dried at room temperature and then
powdered with liquid nitrogen with the help of a pestle. To
prepare ethanol and methanol extract, 50 g of dried orange peel
powder was extracted in 250 mL solvent (methanol or ethanol)
by filtration every 24 hours for a total of 72 hours using a
horizontal shaking water bath at 50 oC. The filtrates were
collected and the solvents were removed with the aid of an
evaporator. The extract was protected from light and stored in an
airtight bottle in the refrigerator (2-8 °C) for further studies.

Determination of Total Phenolic Compounds

The amounts of total phenolic compounds of orange peel
ethanol and methanol extracts were determined by using the
modified version of the method developed by Slinkard and
Singleton (Slinkard & Singleton, 1977).

First, 50 mL of 7.5% Na:COs was prepared. Then, after
weighing 25 mg of gallic acid for the standard, it was completed
with methanol to 25 mL in a test tube. Finally, Folin & Ciocalteu
reagent was taken into beaker for phenolic compound
determination. Stock solutions were prepared and necessary
dilutions were made. First, 40 pL of sample and 200 L of Folin &
Ciocalteu reagent were added to the plates and incubated for 5
minutes. Finally, 160 pL of Na2COs3 was added and incubated again
for 30 minutes. After incubation, absorbance was measured at
765 nm. Using the standard graph prepared using gallic acid, the
results were given as mg gallic acid equivalent (GAE)/g.

Determination of Antioxidant Capacity

DPPH Radical Scavenging Capacity Assay

The DPPH radical scavenging capacities of ethanol and
methanol extracts obtained from orange peel were determined
according to the Brand Williams method (Brand-Williams,
Cuvelier, & Berset, 1995). Inhibitory response of samples to DPPH
radical is measured spectrophotometrically to determine
antioxidant capacity. The DPPH solution loses its color during the

reduction reaction in the presence of an antioxidant, and the

decrease in color intensity makes it easier to measure in the
spectrophotometer. After preparing DPPH solution, 210 pL of
extract sample was pipetted into the plate wells, and then 70 uL
of DPPH solution was added to each well. The plate was mixed
with a stirrer for 1 minute and incubated for 30 minutes in the
dark. Trolox was used as the standard antioxidant for the control
sample. Then absorbance was measured at 517 nm and the
results were calculated as percent inhibition.

The Ferric Reducing Antioxidant Power (FRAP) Assay

The method of determination of antioxidant capacity of
extracts obtained from orange peel based on electron transfer
was applied by Huang et al (Huang, Ou, & Prior, 2005). First, 300
mmol/L acetate buffer (pH=3.6) was prepared. 10 mM TPTZ was
taken into a 100 mL flask, 40 mM HCI was added and the final
volume was made up to 100 mL. Finally, 20 mmol/L FeCl3 solution
was prepared. A total of 30 mL of FRAP solution was obtained by
taking 2.5 mL of TPTZ, 2.5 mL of FeClsand 25 mL of acetate buffer
from these prepared solutions. 10 uL of the extract sample and
200 pL of FRAP solution were pipetted into the plate wells and
allowed to incubate for 30 minutes, and then the absorbance was
measured at 593 nm.

Cupric ions (Cu?*) Reducing-CUPRAC Assay

This method used by Apak et al. is based on the conversion
of Cu(ll) Neocuproin complex to Cu(l) Neocuproin by means of
antioxidant compounds in the environment and the absorbance
of this complex at 450 nm wavelength (Apak, Guclu, Ozyurek, &
Karademir, 2004). To prepare the CUPRAC reagent, 0.4262 g
CuCl2#2H.0 was weighed and dissolved in 250 mL of distilled
water (10 mM). To prepare the acetate buffer, 19.27 g of NH4Ac
was dissolved in 250 mL of water. 7.5 mM neocuproin solution
was obtained by preparing 0.039 g Neocuproin compound with
96% pure ethanol in a 25 mL flask. Afterwards, solutions
consisting of 60 pL CuClz, 60 pL acetate buffer, 60 pL neocuproin
solution and 66 uL extracts were mixed and after 30 minutes of
incubation, absorbances were measured at 450 nm wavelength.
The standard antioxidant Trolox was used as a control sample.
Calibration curves of the working range of 1-100 ug/mL, where
the plot of absorbance versus concentration is linear, were

derived.

Results

Findings of Total Phenolic Compound Quantification
Total phenolic compound amounts of ethanol and methanol
extracts prepared from orange peel were determined by Folin-

Ciocalteu Reagent (FCR). Gallic acid was used as the standard
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Figure 1. Calibration curves of gallic acid in different solvents (a. Ethanol b. Methanol)

phenolic compound and was calculated as gallic acid equivalent
from the equations obtained from the calibration curves of gallic
acid (Figure 1). Triplicate analyzes were performed and then
mean and standard deviation values were given.

The total amount of phenolic compounds in the samples
calculated according to the regression equations of the curves
was determined as GAE/g for ethanol and methanol extracts
(Table 1). According to the results of the research, it was
determined that the highest total amount of phenolic substance
was found in the ethanol extract at a concentration of 1000
(ug/mL) and the results changed slightly depending on the

solvent difference.

Table 1. Total phenolic compound amounts of orange peel

extracts

Total Phenolic Compound (ng GAE/mg extract)

Concentration

Ethanol extract Methanol extract

(ng/mL)
250 3,45+ 0,01 3,33+ 0,009
500 6,91+0,03 6,55 +0,011
1000 10,64+ 0,23 8,89+ 0,26

Antioxidant Capacity Findings
Findings from DPPH Radical Scavenging Studies
DPPH radical scavenging activities of standard antioxidant

compounds of ethanol and methanol extracts prepared from
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orange peel were determined according to the Brand Williams
method (Brand-Williams et al., 1995). The analyzed concentration
range (1-100 pg/mL) was determined as a result of studies on
standard antioxidant compounds. Triplicate analyzes were
performed and then mean and standard deviation values were
given. The DPPH radical scavenging activity of trolox as a standard
antioxidant reached its highest value at a concentration of 30

ug/mL for ethanol and 90 ug/mL for methanol (Figure 2).

Table 2. Comparison of DPPH free radical scavenging capacities

of extracts at different concentrations

% Inhibition (Trolox (Eq ug/mL))

Concentration

Ethanol extract = Methanol extract

(ug/mL)
250 5,00 + 0,01 12,07 + 1,95
500 7,39 +0,71 21,02 +1,35
1000 17,25+ 0,011 48,96+ 1,74

The DPPH radical scavenging capacities of ethanol and
methanol extracts prepared from orange peel and standard
antioxidant compounds at 250, 500 and 1000 pg/mL
concentrations are shown as % inhibition (Table 2). It was
determined that the extract with the highest DPPH free radical
scavenging capacity among the ethanol and methanol extracts
prepared from orange peel was the methanol extract and it was

at a concentration of 1000 pg/mL.
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Figure 2. Concentration-% Inhibition graph of Trolox (a.Ethanol b. Methanol)

Findings of iron ion Reducing Antioxidant Power (FRAP)

The absorbance values corresponding to the iron (lll)
reducing/antioxidant power at 593 nm of ethanol and methanol
extracts prepared from orange peel and standard antioxidant
compounds were measured spectrophotometrically. The
analyzed concentration range (1-100 pug/mL) was determined as
a result of studies on standard antioxidant compounds. Triplicate
analyzes were performed and then mean and standard deviation
values were given. As a standard antioxidant, trolox, iron (lll)
reducing/antioxidant potency activity reached the highest value
at 100 pg/mL concentration. In line with these data, the
concentration range of the extracts to be studied was determined

as 1-100 pg/mL (Figure 3).

Table 3. Comparison of iron (lll) reducing/antioxidant power of

extracts at different concentrations in ug TEAC

Trolox (Eq pg/mL)

Concentration

Ethanol extract Methanol extract

(ng/mL)
250 7,42 0,14 8,04 + 0,04
500 23,81+0,32 14,41+0,1
1000 28,65+0,18 31,764 40,1

The iron (lll) reducing/antioxidant powers of ethanol and
methanol extracts prepared from orange peel, standard
antioxidant compounds and standard antioxidant compounds at
250, 500 and 1000 pg/mL concentrations were compared in
terms of pg Trolox equivalent Antioxidant Capacity (TEAC) (Table

3). It was determined that the ethanol and methanol extracts

prepared from the orange peel had the highest iron ion reducing
antioxidant power capacity, and it was determined that the
methanol extract had a concentration of 1000 ug/mL.

Findings of The Copper ion Reducing Antioxidant Capacity
Determination Method (CUPRAC)

The conversion of ethanol and methanol extracts prepared
from orange peel and standard antioxidant compounds of Cu(ll)
neocuproin complex at 450 nm to Cu(l) neocuproin by means of
compounds with antioxidant effect in the medium was done by
measuring the absorbance at 450 nm. Triplicate analyzes were
performed and then mean and standard deviation values were
given. The concentration range to be analyzed (1-100 pg/mL) was
determined as a result of studies on standard antioxidant

compounds (Figure 4).

Table 4. Comparison of the conversion of the extracts from Cu (l1)
neocuproin complex to Cu (l) neocuproin at different

concentrations in terms of pg TEAC

Trolox (Eq pg/mL)

Concentration

Ethanol extract Methanol extract

(ng/mL)
250 30,14 + 0,11 12,17 +0,1
500 47,77 £0,97 22,02+0,14
1000 86,85 + 0,05 40,3 +0,07

The ethanol and methanol extracts prepared from orange
peel and standard antioxidant compounds at 250, 500 and 1000

ug/mL concentrations are converted to Cu(l) neocuproin by
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Figure 3. Trolox standard graph (a. Ethanol b. Methanol)

spectrophotometric direction at 450 nm and Cu(ll) neocuproin
complex by means of compounds with antioxidant effect in the
environment and this complex is pg Trolox equivalent.
Comparison in terms of Antioxidant Capacity (TEAC) is shown in
Table 4. It was determined that the extract with the highest
copper ion reducing antioxidant capacity in ethanol and methanol
extracts prepared from orange peel was the ethanol extract and

it had a concentration of 1000 pg/mL.

Discussion

In this study, when all data of ethanol and methanol extracts
prepared from orange peel were evaluated in terms of
antioxidant activity, it was determined that ethanol extract was
rich in copper ion reducing antioxidant capacity (CUPRAC) and
total phenolic compounds. Methanol extract had high antioxidant
activity in terms of DPPH radical scavenging activity and iron ion
reducing antioxidant power (FRAP). We think that this feature is
due to the compounds contained in the orange peel. It is thought
that the various antioxidant activity differences observed in the
extracts are due to the level of polyphenolic compounds
transferred to the solvent used and the difference in their
chemical structures. For this reason, the data to be obtained from
in vitro studies on natural antioxidants of plant origin, which are
preferred instead of synthetic antioxidants, will form the basis of
in vivo studies.

Orange peels are often discarded as waste, but recent
research has highlighted their potential as a valuable source of
bioactive compounds with antioxidant properties. Studies have
shown that the total phenolic substance, mineral substance and
vitamin content of the peels is higher than the fruit and fruit juice

in some citrus species (Belitz, Grosch, Belitz, & Grosch, 1999) and
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in orange (Gorinstein et al., 2001). Such wastes are a good source
for extracting bioactive molecules such as carotenoid pigments,
pectins and terpenes (essential oils). Compared to other fruits,
most of the complex carotenoids are found in citrus fruits
(Chedea, Kefalas, & Socaciu, 2010). Many of these bioactive
substances are found in the peel rather than the inside of the
orange. However, these beneficial compounds are usually
destroyed by the production of citrus juices (Sawalha et al., 2009).

Orange peels are rich in various bioactive compounds such
as flavonoids (e.g., hesperidin, naringin), carotenoids (e.g., beta-
carotene, lutein), phenolic acids (e.g., ferulic acid, gallic acid), and
ascorbic acid (vitamin C) (Mahato, Sinha, Sharma, Koteswararao,
& Cho, 2019; Panwar, Saini, Panesar, & Chopra, 2021). These
compounds possess strong antioxidant properties and contribute
to the overall antioxidant capacity of orange peel extracts.

The extraction of the plant ingredient depends critically on
the solvent. The antioxidant effects of the extracts of orange peel
obtained with different organic solvents are variable. It has been
shown that ethanol and methanol, which are very polar among
these solvents, are effective for antioxidant activity compared to
hexane, petroleum ether, and acetone. Further ethanol extract
showed more antioxidant capacity compared to methanol extract
(Hegazy & lbrahium, 2012). Again, polar solvents are convenient
for extracting phenolic compounds from citrus peels compared to
organic solvents (Shehata et al., 2021). Therefore, we chosed
ethanol and methanol as solvents in this study and compared the
efficacy of the two solvents in antioxidant activity.

Another factor for the yield of extraction and antioxidant
capacity is the extraction method. A study investigating the
impact of four extraction techniques used at 35°C (conventional
solvent extraction, supercritical CO2 extraction, microwave
assisted extraction, and ultrasound assisted extraction) on the

total phenol, total flavonoid, individual flavonoid, vitamin C, and
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Figure 4. Trolox standard graph (a.Ethanol b.Methanol)

antioxidant activity of orange peel has demonstrated the most
effective method as conventional solvent extraction (Irina,
Cédric, Ghoul, & Boudhrioua, 2017). In this study we used the
conventional solvent extraction method which is expected to
bring high antioxidant activity.

The drying method of the plant is another determinant of
phenolic content and thus antioxidant activity. Literature findings
have shown that hot-air oven drying at 50 °C and 70 °C results in
higher antioxidant activity compared to shade drying and
microwave drying (Lai et al., 2022). In this study we used shade
drying. We suppose that further studies with different drying
methods, including hot-ait oven drying, shall be conducted to
determine the optimum method for gaining maximum
antioxidant activity from orange peel extracts.

Total phenolic content of plants is related with reducing
activity, thus antioxidant activity (Hegazy & lbrahium, 2012).
UPLC-ESI-MS/MS analysis of ethanolic extract of orange peels has
revealed more than 40 polyphenolic compounds, including
2021). C-

glycosylated flavones, O-glycosylated flavones, O-glycosylated

phenolic acids and flavonoids (Shehata et al.,

flavanones, flavonols, and phenolic acids and their derivatives are
the identified by HPLC
(Anagnostopoulou et al.,, 2006). We determined the phenolic

main families of flavonoids
content of ethanolic extract 10,6 pug GAE/mg extract and
methanolic extract 8,8 ug GAE/mg extract, at 1000 pg/mL
concentratin. In a study conducted in Malaysia with various Citrus
sinensis extracts, total phenolic contents of different C. sinensis
peel extracts ranged from 12.08 to 38.24 mg GAE/g, with 70%
acetone/water extract (AEC) displaying the greatest total
phenolic content (Liew, Ho, Yeap, & Sharifudin, 2018). Our results

of phenolic content is lower than the aforementioned study. We

think this difference may arise from mainly extraction solvent and
geographical diversity.

We determined that the ethanolic extract had higher
phenolic content and therefore higher antioxidant activity
demostrated by the results of CUPRAC, FRAP and DPPH.

Numerous studies have shown that orange peel extracts
exhibit significant radical scavenging activity against various free
radicals, including superoxide anion, hydroxyl radical, and lipid
peroxides (Gorinstein et al., 2001; G. Oboh & A. O. Ademosun,
2012). The radical scavenging capacity of orange peel extracts can
be attributed to the presence of flavonoids and other phenolic
compounds, which effectively neutralize free radicals and
prevent cellular damage.

Oxidative stress occurs when there is an imbalance between
free radicals and the body's antioxidant defense mechanisms.
Chronic oxidative stress has been linked to several diseases,
including cardiovascular disorders, neurodegenerative
conditions, and cancer (Liguori et al., 2018). Orange peel extracts'
antioxidant activity has been shown to mitigate oxidative stress,
thereby potentially reducing the risk of such diseases. An in-vitro
study has demonstrated water extract of orange and its bioactive
components prevented the cytotoxic effect in t-BHP-induced
HepG2 cells (Z. T. Chen et al., 2012). Researchers have concluded
that a positive regulation of GSH levels and antioxidant enzymes
may contribute to the protective effect of orange water extract
and its bioactive compounds on t-BHP-induced HepG2 cells (Z. T.
Chen et al., 2012). Aforementioned study revealed that orange
peel extract and its bioactive components may play a role in the
improvement of chronic diseases by antioxidant mechanism.

In addition to their antioxidant properties, orange peel
extracts have anti-inflammatory effects. Further, it has been
demonstrated that in flavonoid

comparison to equal
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combinations, orange peel extract has stronger anti-
inflammatory properties (X.-M. Chen et al.,, 2017). Chronic
inflammation is closely associated with oxidative stress, and by
reducing inflammation, orange peel extracts further contribute to
their overall health benefits.

Studies have suggested that orange peel extracts may act
synergistically with other antioxidants, enhancing their overall
efficacy (Babbar, Oberoi, Uppal, & Patil, 2011). This property
makes orange peel extracts valuable in formulating antioxidant-
rich supplements and functional foods. As it is known, oxidative
stress increases after meals. The risk of cardiovascular disease
increases, especially due to increased lipemia after meals. In a
study, it was shown that mixtures containing orange peel extracts
reduced the risk of developing post-meal cardiovascular
complications, and this effect was primarily attributed to the
antioxidant properties of orange peel extracts (Papagianni et al.,
2021). In addition, considering that oxygen radicals are involved
in the pathophysiology of many chronic diseases such as chronic
obstructive pulmonary disease (COPD), hypertension, diabetes
and malignancies, it can be thought that antioxidant compounds
obtained from orange peel extracts may play a role in the
prevention and treatment of these diseases. Considering the
literature and our findings, it can be thought that the use of
antioxidant compounds containing orange peel extracts may be
more beneficial, especially before tissue damage caused by

oxygen radicals.

Conclusion

Ethanol extract of orange peels may be preferred instead of
methanol extract to gain higher antioxidant activity. While the
research on orange peel extracts and their effects on oxidative
stress in chronic diseases is promising, it's important to note that
most studies have been conducted in laboratory settings or
animal models. Further research, including well-designed clinical
trials, is needed to better understand the potential benefits and

determine optimal dosages for human consumption.
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Sigara Kullaniminin Endokrin Sistem Uzerine
Etkilerinin Degerlendirilmesi

Evaluation of the Effects of Smoking on the Endocrine
System

oz

Tim diinyada yaygin olarak kullanilan sigara, diinya capinda 6nlenebilir hastalik ve élimlerin 6nde gelen
nedenlerinden biridir. Sigaranin kiresel olarak kullaniminin en 6nemli sebebi; igerisindeki nikotin ve diger
toksik bilesiklerin bagimlilik potansiyelinin yiiksek olmasindandir. Sigara dumanina aktif ve pasif maruziyet
sonucu pek ¢ok kimyasal bilesik ve kiigtik partikil akcigerlerden inhale edilerek hizla kan dolasimina girer.
Bu maddeler ise kardiyovaskdler sistem basta olmak (izere viicutta hemen hemen tim organ ve sistemleri
etkileyebilir. Sigara kullaniminin endokrin sistem Uzerine etkileri de son yillarda 6nemli bir arastirma
konusu haline gelmis olup, azalmis fertilite, gebelikle ilgili istenmeyen sonuglar ve yavrularda uzun vadeli
olumsuz etkiler gibi reproduktif sistem ile iliskili pek cok arastirma yapilmistir. Bununla birlikte erigkin
fizyolojisi ve saglikli gelisim icin esansiyel olan tiroid hormonlari ile adrenal hormonlar lizerine etkileri de
calismalarda tartisma konusudur. Son olarak yine endokrin bozucu etkilerinden kaynakl diyabet riskindeki
artis ile iligkisi de galismalarda 6n plana gikmaktadir. Bu galisma kapsaminda, sigara kullaniminin endokrin
sistem Uzerine etkilerinin degerlendirildigi ¢aligmalar derlenmistir. S6z konusu galismalarin sonuglari
dogrultusunda, giderek yayginlasan sigara kullaniminin 6niine gegilerek sigaranin tetikledigi diyabet, kadin
ve erkek Ureme sistemi bozukluklari, tiroid ile ilgili problemler gibi kronik hastaliklarin &nlenebilecegi
vurgulanmistir.

Anahtar Kelimeler: Sigara, Endokrin bozucu kimyasal maddeler, Tiroid, Diyabet, Ureme sistemi

ABSTRACT

Smoking which is widely used all over the world, is one of the leading cause of preventable disease and
death worldwide. The most important reason for the global use of smoking is the high addiction potential
of nicotine and other toxic compounds in it. As a result of active and passive exposure to cigarette smoke,
many chemical compounds and small particles are inhaled from the lungs and rapidly enter the
bloodstream. These substances can affect almost all organs and systems in the body, especially the
cardiovascular system. The effects of smoking on the endocrine system have also become an important
research topic in recent years, and many studies have been conducted on the reproductive system, such
as reduced fertility, undesirable outcomes related to pregnancy and long-term negative effects on
offspring. In addition, its effects on thyroid hormones and adrenal hormones, which are essential for adult
physiology and healthy development, are also a matter of debate in studies. Finally, its relationship with
the increase in the risk of diabetes due to its endocrine disrupting effects also come into prominence in
studies. Within the scope of this review, studies evaluating the effects of smoking on the endocrine system
have been reviewed. In line with the results of these studies, it has been emphasized that chronic diseases
such as diabetes, male and female reproductive system disorders, and thyroid-related problems triggered
by smoking can be prevented by preventing the increasingly widespread use of cigarettes.

Keywords: Smoking, Endocrine disruptors, Thyroid, Diabetes, Reproductive system

Giris

Sigara kullanimi hastaliklarin ve 6liimlerin énde gelen sebebi olmaya devam etmekte (Fowler ve
ark., 2019) ve her yil 440.000'den fazla erken 6liimle iliskilendirilmektedir (Mendelson ve ark., 2005).
Dinya capinda yapilan arastirmalara gore, sigara dumaninin yilda 8 milyondan fazla insanin
élimiinden sorumlu oldugu ve Diinya Saghk Orgiiti'ne gére bu &limlerin 7 milyondan fazlasi
dogrudan sigara kullanimindan kaynaklandigi; yaklasik 1,2 milyon 6liumin ise pasif iciciligin sonucu
oldugu diisiiniilmektedir (Miranda ve ark., 2020). Ulkemizde sigara kullanim sikligina bakacak olursak
2022 yihindaki Turkiye Saghk Arastirmasi verilerine gére her giin titiin mamuli kullanan 15 yag ve Ustu
bireylerin orani 6nceki yillara gore artis gostererek %28,3 olmustur.
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Bu oranin 2022 yilinda erkeklerde %41,3 kadinlarda ise %15,5
oldugu tespit edilmistir. Tutiin mamuli kullanmayan bireylerin
(birakanlar ve hig¢ kullanmayanlar) orani ise dnceki yillara gére
azalarak %68 olmustur (Tiirkiye istatistik Kurumu, 2023).

Benzersiz tasarimi ve erisim kolayhg ile sigara, diinya
¢apinda bircok geng ve yetiskinin titiin kullanim tercihi haline
gelmistir (Onor ve ark., 2017). Sigara kullaniminin neden oldugu
saglik sorunlari, sigarada bulunan ve yandiktan sonra neredeyse
iki katina ¢ikan kimyasal maddelerden kaynaklanmaktadir.
Yaklasik 600 kadar bilesen iceren sigara yakildiginda, en az 70’inin
kansere neden oldugu bilinen (6rnegin dibenzantrasen, benzo-
[a]piren, dimetilnitrozamin, dietilnitrozamin, vinilklorir, hidrazin
ve arsenik gibi) ve ana psikoaktif bilesen nikotin basta olmak
Uzere 7000’den fazla kimyasal madde Uretir (Novaes Soares ve
ark., 2018; Gutvirtz & Sheiner, 2022). Bu maddeler dogrudan
sigaranin 0-20 saniyelik inhalasyonu ile akcigerlere gekilir ve kan
dolagimina girer (Gutvirtz & Sheiner, 2022). Bu bilesenlerden
nikotin ise beyinde ylksek konsantrasyonlara hizla ulasir. Nikotin
dizeylerindeki bu hizli artig, sigarayr tatin kullaniminin en
guclendirici ve bagimlihk yapici bigimi haline getirmistir (Onor ve
ark., 2017). Diger bilesenler arasinda mutajenler, alerjenler,
toksik bilesikler, yiiksek oranda karbon monoksit ve yaklasik 700
katki maddesi bulunmaktadir. Bunlar, hormonlarin salgilanmasi
da dahil olmak lizere viicuttaki ¢ok ¢esitli siiregleri etkilemektedir
(Novaes Soares ve ark., 2018).

Sigara, hipertansiyondan sonra en yiksek kiiresel hastalk
yukinden sorumludur (Donna ve ark., 2018). Sigara i¢menin,
erken 6limin baglca nedenlerinden biri olmasinin yani sira,
solunum yolu hastaliklari, bazi kanser tirleri, kardiyovaskiler
hastaliklar ve glukoz intoleransi gibi bazi patolojilerin geligimi igin
bir risk faktori oldugu iyi bilinmektedir (Novaes Soares ve ark.,
2018). Son zamanlarda, birgok ¢alisma, sigara igmenin romatoid
artrit (RA), sedef hastaligi, kronik obstriktif akciger hastalig
(KOAH) ve sistemik lupus eritematozus (SLE) dahil olmak lzere
sistemik diizeyde kronik inflamasyon ve otoimmunite lzerinde
genis kapsamli etkileri oldugunu gostermektedir (Qiu ve ark.,
2017). Sigara kullanimi mide-bagirsak sistemini de etkileyerek
peptik Ulser riskini de artirmaktadir (Kato ve ark., 1992; Svanes ve
ark., 1997). Sigara icen postmenopozal kadinlarda ise kalga kirig
ve kemik mineral yogunlugunda azalma gézlenmektedir (Onor ve
ark., 2017). Sigara kullaniminin obezite, tip 2 diyabet ve pankreas
kanseri icin risk faktorl olabilecegi belirlenmistir (Li, 2012). Ayni
kullanimi

diyabet
hastalarindan sigara igenlerin nefropati, korlik, periferik néropati

zamanda bazi  patolojik durumlarda sigara

komplikasyon  riskini  arttirmaktadir.  Ornegin

ve ampltasyon gibi komplikasyon gelistirme riski daha yiksek

olmaktadir. Pasif olarak sigara dumanina maruz kalan annelerin
cocuklarinda; diisiik dogum oranlari, ani bebek élumleri ve tip 2
diyabet gibi olumsuz saglk sonuglari gézlenmektedir (Onor ve
ark., 2017).

Bu derleme kapsaminda toplum sagligini her yoénden
olumsuz etkileyen ve énemli bir risk tegkil eden sigara kullanimi
ve buna bagl nikotin maruziyetinin ginimizde de oldukga
popller arastirma konusu olan endokrin sistem (izerine
etkilerinin klinik sonuglariyla birlikte agiklanmasi ve sigaranin
endokrin sistemle ilgili hastaliklarla iliskisinin tartisiimasi
planlanmigtir.

Endokrin bozucu kimyasal maddeler

Sentetik kimyasallar insanlarin ginliik yasamlarinin bir
parcasi haline gelmistir ve bu kimyasallardan bazilari endokrin
bozucu olarak tanimlanmistir (Rattan & Flaws, 2019). Endokrin
bozucu bir bilesik, ABD Cevre Koruma Ajansi (Environmental
Protection Agency, EPA) tarafindan “viicutta ve kanda bulunan
hormonlarin sentezini, salgilanmasini, tasinmasini,
metabolizmasini, baglanmasini veya ortadan kaldiriimasini
engelleyen eksojen bir ajan” olarak tanimlanmaktadir (Diamanti-
Kandarakis ve ark., 2009a). Diinya Saghk Orgiiti’ne gére ise “Bir
endokrin bozucu, endokrin sistemin fonksiyonlarini degistiren ve
sonu¢ olarak bozulmamis bir organizmada veya onun alt
popilasyonlarinda olumsuz saglik etkilerine neden olan eksojen
bir madde veya karisimdir” olarak tanimlanmaktadir (Bergman ve
ark., 2012). Endokrin bozucu kimyasallar olduk¢a heterojen bir
gruptur ve iki farkh sekilde siniflanabilirler. Fitodstrojenler gibi
dogal olarak olusanlar veya sentezlenenler (6r; endustriyel
¢Ozucller veya lubrikanlar ve vyan (rinleri, plastikler,
plastiklestiriciler, pestisidler, fungusidler, dietilstilbesterol gibi
baziilaglar) ya da kaynaklarina gére dogal veya yapay hormonlar,
hormonal yan etkileri olan ilaglar, endistriyel ve ev kimyasallari
ile bunlarin yan tranleri gibi siniflamalara tabi olurlar (Kabir ve
ark., 2015).

Endokrin bozucu kimyasallara maruziyetin kaynaklar
genellikle cesitlidir ve glinlik hayatimizda genig bir dagilima
sahiptir (Tang ve ark., 2020). Endokrin bozucular gidada, tiketim
Urinlerinde, suda, toprakta ve vahsi yasamda bulunmakta ve
insanlar agiz yoluyla, inhalasyonla, dermal temasla veya
enjeksiyon yoluyla maruz kalmaktadir. Tiiketim driinlerinde
bulunan endokrin bozucular arasinda, bunlarla sinirli olmamakla
birlikte, ftalatlar, parabenler, poliklorlu bifeniller, polibromlu
difenil eterler (PBDEs), organoklorlu pestisitler, bisfenol A (BPA),
dietilstilbestrol (DES) bulunmaktadir (Gore ve ark., 2015;
Monneret, 2017; Rattan & Flaws, 2019). Duslk

Current Research in Health Sciences



36

konsantrasyonlarda etki gdsteren endojen hormonlari taklit eden
endokrin bozucu maddelerin diigiik konsantrasyonlarda etki
gosterdigi ve normal insan maruziyeti araliginda etkili oldugu da
gosterilmistir (Rattan & Flaws, 2019). Fizyolojik agidan
organizmanin cevreyle iletisim kurmasini ve cevap vermesini
saglayan hormonal ve homeostatik sistemleri degistiren bu
bilesiklerle yapilan deneysel g¢alismalar, klinik gézlemler ve
epidemiyolojik ¢alismalar endokrin bozucularin prostat, meme,
akciger, karaciger, tiroid gibi organlar ve tUreme sistemlerini
etkileyebildiklerini, bu organlarda kanser goérilme sikhgini
arttirdigini; ayni zamanda diyabet, obezite ve uzun siredir
goriilen infertilite problemleri, menstirasyon doénglsiiniin
bozulmasi, sperm kalitesinin digmesi ile iliskili olabilecegini
gostermistir (Diamanti-Kandarakis ve ark., 2009b; Gore ve ark.,
2015; Kabir ve ark., 2015; Rattan ve ark., 2017).

Yukarida bahsi gegcen kimyasallar disinda ginliik hayatta
maruz kalinan pek ¢ok kimyasalin endokrin sistem Uzerine
olumsuz etkileri bulunabilmektedir. Son yillarda yapilan
calismalara goére sigara ve aktif bileseni nikotinin de endokrin
bozucu etkilere sahip oldugu gozlenmistir.

Sigara kullanimi ve sigara kullaniminin endokrin sistem ile
iliskisi

Sigara icmenin ve diger tatin Urinlerini kullanmanin saghk
Uzerindeki etkileri genel hatlariyla iyi bilinmektedir (Kapoor &
Jones, 2005). Kardiyovaskuler ve akciger hastaliklari ile ilgili olarak
sigara farkindaliginin arttirilmasinda kayda deger bir ilerleme olsa
da; nikotin ve sigaranin endokrin sisteme etkileri hakkinda ¢ok
daha az sey bilinmektedir (Tweed ve ark., 2012). Sigara igmek,
hormonlarin salgilanmasi da dahil endokrin sistem Uzerinde
onemli bir etkiye sahiptir. Hipofiz, tiroid (Belin ve ark., 2004),
adrenal bezler (Hiremagalur & Sabban, 1995), insiilin aktivitesi
(Tziomalos & Charsoulis, 2004), ureme fonksiyonlarinin
(Shrivastava ve ark., 2010) isleyisi Uzerine etki etmektedir.

Sigara Kullaniminin Tiroid Fonksiyonlarina Etkisi

Sigara kullaniminin tiroid bezi Uzerindeki etkisinin yas,
cinsiyet, etnik kdken ve iyot durumu gibi cesitli faktorlerden de
etkilenen farkli mekanizmalar yoluyla olabilecegi (Sawicka-Gutaj
ve ark., 2014) ve bu mekanizmalardan birinin de sigara
kullaniminin hipotalamus-hipofiz-tiroid eksenini bozmasindan
kaynakli olabilecegi 6ne surtlmustir (Lio ve ark., 1989). Sigara
kullanimi tiroid hormonunun salinimina ve taginmasina etki
etmektedir (Galanti ve ark., 2005; Kim ve ark., 2019). Ayni
zamanda sigaranin iyodir taginmasina mudahale ettigi ve bu
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durumun tiroid bezlerini etkiledigi gézlenmektedir. iyot eksikligi
ise toksik guatr riskini arttirmaktadir (Vestergaard ve ark., 2002;
Soldin ve ark., 2009). Uzun yillardir yapilan anketler ve kontrolli
¢ahsmalar sigara kullanimi  ve tiroid arasindaki iliskinin
netlestirilmesini, ayni zamanda sigara kullanimi ile Hashimato
tiroidi arasindaki ters iligki gibi yeni bulgularin da ortaya ¢ikmasini
saglamistir (Wiersinga, 2013). Ayni sekilde sigara kullanimi ile
tiroid kanseri riski arasinda da celiskili bulgular vardir. Ornegin
2011 yilinda yapilan bir galismaya gore sigaranin tiroid kanseri
riskini azalttig1 gozlenmistir. Ancak bu iligkilerden sorumlu olan
patofizyolojik mekanizmalar tartisma konusudur (Bandurska-
Stankiewicz ve ark., 2011; Sawicka-Gutaj ve ark., 2014).

Son dénemde yapilan genis katilimh arastirmalar, sigara igen
bireylerin, icmeyenlere kiyasla énemli 6lglide daha disik serum
tiroit uyarici hormon (TSH) diizeylerine sahip olduguna dair gliglu
kanitlar sunmustur. Belin ve ark.nin 15592 denekte yaptig
Ugiincii Ulusal Saglik ve Beslenme inceleme Arastirmasina gore
(Amerika Birlesik Devletleri 1988-1994), sigaranin tiroid
fonksiyonu ile iligkisini analiz etmek igin serum kotinin seviyesini
surekli bir degisken olarak kullanmiglardir. Yas, cinsiyet, irk ve
Uriner iyot durumuna goére ayarlama yapildiktan sonra serum
kotinin seviyesindeki her 10 ng/mL artisin TSH diizeyinde
azalmaya sebep oldugunu bulmuslardir. Sigara igme durumu ile
TSH arasinda doza bagli bir iliski oldugu serum kotinin seviyesiyle
dogrulanmistir (Belin ve ark., 2004). Norve¢ HUNT ¢alismasinda
da benzer sekilde ortalama TSH duzeylerinin, halen sigara
icenlerde; daha dnce sigara igenlere ve hig sigara icmemis kisilere
gore daha disuk oldugu rapor edilmistir. Daha ©6nce sigara
icenlerde TSH diizeyi, sigarayi biraktiktan sonra zamanla kademeli
olarak artarak; kadinlarda 5-10 yil sonra ve erkeklerde 18 yildan
daha uzun bir siirede, hig sigara icmeyen kisilerin duzeylerine
ulastigi gézlenmistir (Asvold ve ark., 2007). Ayrica Flouris ve ark.
(2008) yaptig1 calismalarda kisa slreli pasif icici bireylerde dahi
toplam T3 ve serbest T4 seviyelerinin énemli élgliide arttigini
gostermiglerdir (Flouris ve ark., 2008). Soldin ve ark. 18-44 yaslar
arasinda gebe olmayan 237 kadindan olusan bir popllasyonun
serum kotinin diizeylerini dlgmuglerdir. Denekler, aktif sigara
icenler/pasif igiciler/sigara icmeyenler olarak siniflandirilmistir.
Aktif sigara icenler ve pasif icici bireylerde, sigara icmeyenlere
gore TSH duzeylerinde azalma oldugu bu calisma ile de
gosterilmistir (Soldin ve ark., 2009).

Sigara kullanimi ve hipotiroidizm
Yapilan ¢alismalara goére sigara kullanimi ve hipotiroidizm ile
iligkili celiskili sonuglar gézlenmistir. Danimarka’da yapilan bir
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calismaya gore sigara ve guatr arasinda anlamh pozitif bir iligki
gbzlenmistir (Knudsen ve ark., 2002). 2002 yilinda yayinlanan bir
meta-analizde sigara ile hipotiroidizm arasinda bir iligki
bulunamamistir (Vestergaard, 2002). Sigara kullaniminin daha
dusik serolojik otoimmiin tiroidit prevalansi ve insidansi ile iligkili
olduguna dair epidemiyolojik gézlemlere dayanarak, bu etkiden
sigaranin  bir  bileseninin  sorumlu  olmasi  gerekti§i
disunulmektedir (Caturegli ve ark., 2012). On yillik bir sire
sonunda yapilan birkag blylk poplilasyon tabanli ¢alismada ise,
mevcut sigara igmenin hipotiroidiye karsi koruyucu etkisi oldugu
ve Hasimato tiroiditi riskini azalttigi tespit edilmistir (Wiersinga,
2013). Sigaranin hipotiroidizme karsi koruyucu etkinliginde
anatabinin rolii oldugu dusinilmektedir. Anatabin, titin ve
domates, patates, yesilbiber, patlican gibi bitkilerde bulunan
nikotine benzer yapiya sahip bir alkaloiddir. Ancak nikotinin
aksine bagimhlik yapmaz ve terapétik dozlarda toksik degildir.
Ancak anatabinin etki mekanizmalarini tamamen aydinlatmak igin
yeni c¢alismalarin yapilmasi gerektigi sonucuna ulasilmistir

(Caturegli ve ark., 2012).

Sigara kullanimi ve hipertiroidizm

Sigara, Graves hipertiroidinin ve Graves oftalmopatisinin
(GO) gelismesinde bir risk faktéradar (Kimball ve ark., 2002;
Thornton ve ark., 2007). Yapilan bir ¢alismaya gbre Graves
hipertiroidi olan erkeklerde sigara kullanimi, hastali§in niiks etme
ihtimalini arttirmaktadir; ancak kadinlarda bdyle bir durum
gozlenmemistir (Kimball ve ark., 2002). 2002 yilinda 25 ¢alismayi
iceren meta analize gore sigara igenlerin Graves oftalmopatisine
yakalanma riski sigara igmeyenlere goére daha yiiksek
bulunmustur (Vestergaard, 2002). Graves hipertiroidi tanisinda
sigara icen ve igmeyen bireyler arasinda serum TSH baglayici
inhibitor (TSH-binding
immunoglobulins-TBII) konsantrasyonlarinda

immunoglobulinlerin inhibitory
farkhliklar
gozlenmemistir. Bununla birlikte, sigara icen bireylerde antitiroid
ilaclarla tedavi sirasinda TBIl'de daha yavas bir azalma egilimi
gorilmustir (Wiersinga, 2013). Sigarayi biraktiktan sonra Graves
hipertiroidizm riskinin hig sigara icmeyenlerle ayni diizeye geldigi
gozlenmistir (Vestergaard, 2002).

Sigara kullanimi ve reprodiiktif sistem iligkisi

Sigara kullanimi ve erkek reprodiiktif sistem iliskisi

Sigara kullaniminin komplikasyonlari butin dlkeler igin
buyuk bir saghk sorunudur. Sigara dumaninin Grogenital sistem
Uzerindeki etkileri, o6zellikle gen¢ nifusta blyuk ©6nem
tagimaktadir (Ghanbari ve ark., 2007). Kronik sigara kullaniminin
her iki cinste de dogurganhk sorunlarini tetikleyebildigi

bilinmektedir. Erkeklerde sigara kullanimi ile iligkili en yaygin
etkinin erektil disfonksiyon ile ilgili oldugu gozlenmistir (Natali ve
ark., 2005). Sigara kullaniminin erkek steroid hormonlarina
etkileri konusunda literatiirde tutarsiz sonuglar bulunmaktadir.
Testosteron seviyeleriile ilgili cahismalarda hem artiglar (Trummer
ve ark., 2002; Wang ve ark., 2013) hem de azalmalar bildirilmistir
(Park ve ark., 2012). Ayrica toplam testosteron seviyelerinde
sigara icmenin herhangi bir etkisi oldugunu géstermeyen veriler
de bulunmaktadir (Mendelson ve ark., 2003; Halmenschlager ve
ark., 2009; Jandikova ve ark., 2017). 3427 erkek tizerinde yapilan
kesitsel poplilasyona dayali bir calismada ise, Svartberg ve Jorde
sigara icen erkeklerin hig sigara igmeyen erkeklere kiyasla 6nemli
olclide daha yiksek toplam ve serbest testosteron dizeylerine
sahip oldugunu ve testosteron dizeylerinin giinlik sigara sayisiile
iliskili oldugunu tespit etmislerdir (Svartberg & Jorde, 2007). Buna
karsihk, 255 erkek ile yapilan kesitsel bir baska calismada;
testosteron, cinsiyet hormonu baglayici globulin (SHBG), LH ve
FSH dahil olmak lzere birgok erkek Gireme hormonu belirtecinin
sigara kullanimi ile arasinda 6nemli bir iliski gézlenmemistir
(Halmenschlager ve ark., 2009). Sigaranin testosteron tizerindeki
etkilerine dair geliskili veriler, sigara icen bireylerde testosteron
diizeylerinin degerlendirilmesini zorlagtirmaktadir.

Deneysel ¢alismalarda ise Ahmadnia ve ark. sigara
dumaninin  sicanlarda spermatogenez (zerindeki etkisini
degerlendirerek; seminifer tiibillerin ortalama g¢apinin ve sertoli
hicrelerinin sayisinin azaldigini, bu durumun dolayh yoldan da
olsa spermatogenezi bozdugunu goéstermislerdir (Ghanbari ve
ark., 2007). Shrivastava ve ark.’nin (2010) yaptiklari bir calismaya
gore; sigara dumanina maruz kalan farelerin testislerinde,
oksidatif stres ve protein oksidasyonunda 6nemli bir artis
oldugunu gézlemlemislerdir (Shrivastava ve ark., 2010). Sigara
dumanina maruz kalan kemirgenlerin daha az sayida Leydig
hiicresine sahip oldugu, ayrica germ hiicre sayisinda ve testisteki
seminifer tiblal c¢apinda o6nemli olglide azalma oldugu
bildirilmistir (Mohamed ve ark., 2011).

Sigara kullanimi ve kadin reprodiktif sistem iliskisi

Sigara kullanimi, kesfedildigi tarihten itibaren kisa sirede
kiiresel bir sorun haline gelmistir. ilk baglarda genellikle erkekler
tarafindan tercih edilen sigara, zamanla kadinlar arasinda da
popllerlik kazanmistir. Bu aliskanlik, diinya genelinde yaygin hale
gelmistir (Sieminska & Jassem, 2014).

Kadinlar, erkeklere kiyasla sigara kullaniminin zararl
etkilerine karsi daha savunmasizdir ve bu da kadinlarin sigara
kullamimina bagh hastaliklara yakalanma riskini arttirmaktadir.

Ayrica cinsiyet hormonlarinin salgilanmasini da etkilemektedir
Current Research in Health Sciences
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(Jandikova ve ark., 2017). Sowers ve ark. (2001), menopoz 6ncesi
ve perimenopozal kadinlarda steroid diizeylerini ve onlarin yasam
tarzlarini, yaslarini karsilastirdiklarinda en yiksek testosteron
seviyelerinin sigara i¢enlerde, ardindan sigarayi birakanlarda ve
daha sonra sigara igmeyenlerde oldugunu gbézlemlemislerdir
(Sowers ve ark., 2001). Baska bir ¢alismada sigara i¢en kadinlarin
icmeyenlere gore daha yliksek testosteron diizeylerine sahip
olduklarini ve bu artis riskinin glinde icilen sigara sayisi ile dogru
orantili oldugunu gostermiglerdir (Manjer ve ark., 2005).
Windham ve ark. (1999) giinde 20’den fazla sigara tiketen
kadinlarda, folikiiler fazin daha kisa oldugunu ve icilen sigara
sayisinin  diizensiz adet dongilerine sebep olabilecegini
vurgulamiglardir (Windham ve ark., 1999).

Sigara, fetiis gelisimi icin kritik dénemler olan gebelik ve
emzirme déneminde kadinlar tarafindan siklikla kullaniimaktadir
(Soares ve ark., 2019). Son veriler, hamile kadinlarin en az
%22'sinin ilk trimesterde sigara igtigini ve %14'Uniin Uglincu
trimester boyunca sigara igmeye devam ettigini géstermektedir
(King ve ark., 2018). Dogum &ncesi sigara kullanimi erken dogum,
disik dogum agirhg ve bebek olumleri ile iligkilendirilmistir
(Dietz ve ark., 2010; Brown ve ark., 2016). Sigara bilesenleri
plasenta ve anne siti yoluyla bebege aktarilmaktadir. Bu durum
anne ve bebek icin olumsuz sonuglara yol agmaktadir ve
muhtemelen bebegin metabolizmasinin  programlanmasina
neden olmaktadir. Bu durum obezite gibi hastaliklarin
yetiskinlikte ortaya ¢ikma riskini artirmaktadir (Soares ve ark.,
2019). Emzirme sirasinda sigara icmeye devam eden anneler,
cocuklarini ister pasif duman yoluyla ister anne siiti yoluyla
sigarada bulunan tim zararli maddelere maruz birakmaktadir
(Giglia ve ark., 2007; Novaes Soares ve ark., 2018). Bu konuda
daha fazla calisma yapilarak sigara kullaniminin fetal gelisim
Uzerindeki olumsuz etkilerinin daha iyi anlasiimasi, anne
adaylarinin sigaraylr birakmalari konusunda daha bilingli hale
gelmesine de yardimci olacaktir (Holbrook, 2016).

Sigara kullanimi ve adrenal bezler ile iliskisi

Nikotin, norepinefrin ve epinefrin seviyelerini arttirmakta,
ayrica dopaminin biyoyararlanimini degistirmektedir (Pomerleau,
1992). Sicanlarda tek doz nikotin enjeksiyonu, katekolamin gen
aktivasyonunu arttirarak tirozin hidroksilazin ekspresyonunu
arttirmaktadir (Hiremagalur & Sabban, 1995). Adrenal kortikal
hormon dizeylerinde meydana gelen degisikligin tekrarlanan
sigara igcimine neden oldugu ile ilgili calismalar vardir; ancak bu
durumun altta yatan mekanizmalari tam anlamiyla acikhga
kavusturulamamistir (Baron ve ark., 1995).
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Sigara icmenin dolasimdaki kortizol seviyelerini artirdigina
dair calismalar vardir (Wilkins ve ark., 1982; Yeh & Barbieri, 1989).
Boston yakinlarinda orta yasl 2300 erkek Gzerinde yapilan
calismada sigara kullanimi ile dehidroepiandrosteron (DHEA),
(DHEAS),
androstenedion arasinda bir iliski oldugu saptanmistir. Sigara

dehidroepiandrosteron sulfat kortizol ve
kullaniminin artmasiyla bu degerlerin yikseldigi gdzlenmistir
(Field ve ark., 1994). Sigaranin birakilmasi ile nikotinin adrenal
sistemde uyarisinin kesilmesi sonucu serum adrenalin ve kortizol
seviyelerinde 6nemli bir disis gozlenmistir (Puddey ve ark.,
1984). Polikistik over sendromu olan, sigara icen ve igmeyen
kadinlar arasinda yapilan ¢alismada; sigaranin adrenal aktiviteyi
arttirdigl ve prolaktin dizeylerini azalttigi gézlenmistir. Ayrica
kolesterol, trigliserit ve LDL ile pozitif iliski gozlenirken HDL ile ters
iliski goézlenmistir (Glintborg ve ark., 2012). Siganlar Uzerinde
yapilan bir ¢calismada nikotin uygulanan grubun kontrol grubuna
gore adrenal agirhginda ve serum MDA dizeylerinde artis oldugu
gozlenmistir (Khalaf ve ark., 2017). Sigaranin oksidatif streste ve
inflamatuvar streste artisa neden olmasindan dolayl adrenal
bezlerde degisikliklere sebep oldugu dusunilmektedir (Abdel
Fattah ve ark., 2019). Hamile kadinlar Uzerinde yapilan bir
calismada annenin sigara i¢cmesinin fetisin ACTH duzeyini
anlamli élgude arttirdigini gézlemlemislerdir (McDonald ve ark.,
2006). Johnston ve ark.nin yaptig cahsma da bir &6nceki
galismanin sonuglarini destekler nitelikte sigara igcmenin fetal
ACTH seviyelerinde

degisikliklere sebep oldugunu

gozlemlemislerdir (Johnston ve ark., 2018).

Sigara kullanimi ve pankreas fonksiyonlari ile iligkisi

Sigara kullanimi ve diyabet arasindaki iliski son zamanlarda
arastirmalarin buyik ilgi odagl olmustur. Sigara igmek insiiline
bagimh olmayan diyabete yakalanma riskini artirmaktadir
(Kawakami ve ark., 1997; Rimm ve ark., 1993). Sigara kullanimi ve
diyabet arasindaki epidemiyolojik baglantiya dair giiclii kanitlara
ragmen, iliskinin temel nedeni ile ilgili daha fazla arastirmaya
ihtiyac duyulmaktadir (Haire-Joshu ve ark., 1999). Yapilan
¢alismalar, sigara igmeyi insilin direnci ile iliskilendirmislerdir
(Haire-Joshu ve ark., 1999; Tziomalos & Charsoulis, 2004;
Sliwinska-Mosson & Milnerowicz, 2017). Bununla birlikte hamile
ve emziren hayvanlar Uzerinde yapilan klinik ¢alismalar sigara
icmenin yavrularda B hiicre fonksiyonunu bozdugunu
gostermektedir (Maddatu ve ark., 2017; Bruin ve ark., 2008).
Ostgren ve ark. (2000) 423’0 erkek 448’i kadin olmak (izere
hipertansiyon ve tip 2 diyabeti olmayan 871 kisi ile yaptiklari
¢alismada halihazirda sigara igenlerin HOMA-B dlzeyleri
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degerlendirildiginde erkeklerde hig¢ sigara icmeyenlere kiyasla
daha dusik B hiicre fonksiyonuna sahip oldugunu bulmuslardir.
Bu bulgular, yas, viicut kitle indeksi, alkol alimi ve fiziksel aktivite
faktorleri dizeltilmis olsa dahi, sigara icme ile B hiicre fonksiyonu
arasinda anlamh bir iliski oldugunu géstermektedir. ilging bir
sekilde, kadinlarda ise hic sigara igmeyenler ve halen sigara
icenler kiyaslandiginda sigara icme ve B hiicre islevi arasinda
anlamh bir iliski bulunmadigi gézlenmistir. Bu sonuglar cinsiyete
bagh farkliik gosterse de sigara igcmenin pankreas dokusu
Uzerindeki geri donddrilebilir olumsuz etkisini yansitmakta; bu da
hem B hiicre fonksiyonunun baskilanmasina hem de pankreas
kanseri riskinin artmasina neden olabilecegine isaret etmektedir
(Ostgren ve ark., 2000). Calismalarda, ayrica sigara ve glisemi
arasindaki iliskiler de incelenmistir. Avrupa Kanser Arastirmasi
(EPIC-Norfolk) galismasinda takip edilen 2704 erkek ve 3385
kadindan olusan genis bir kesitsel calismada, sigara i¢iminin
bagimsiz olarak daha vyiksek hemoglobin Alc (HbAlc)
konsantrasyonlari ile iliskili oldugu; hem erkek hem de kadin
sigara igcenlerde HbA1c degerlerinde benzer degisiklikler oldugu
gorulmistiir. Daha 6nce sigara igcmis erkekler arasinda sigarayi
biraktiktan sonraki yillarda HbAlc konsantrasyonlari ve sigara
kullanimi arasinda ters iligski oldugu gézlenmistir (Sargeant ve ark.,
2001). Yaslari 30-95 arasinda olan ve 14 yil boyunca izlenen
1.236.443 erkek ve kadindan olusan bir Kore kohort ¢alismasi
gergeklestirilmistir. Calismada sigara kullanimi, hem erkekler hem
de kadinlar arasinda diyabetin ortaya gikisini ve 6lim riskinde
artis ile iliskilendirilmistir. Bu ¢calismadan elde edilen verilere gére
yine cinsiyet fark etmeksizin sigara icen bireylerin diyabetten
dolayi ayaktan tedavi ya da hastaneye yatislarinda artis olmustur
(Maddatu ve ark., 2017; Jee ve ark., 2010). Diyabeti olmayan
17.287 yetiskini kapsayan Ulusal Saglik ve Beslenme inceleme
Arastirmasindan elde edilen verilere gére kotinin ile HbAlc
dizeyleri arasindaki iliski olgilmistir. HbAlc'nin, hi¢ sigara
icmemis olanlara kiyasla sigara icenlerde %7'lik bir artis
sergiledigini gostermislerdir (Clair ve ark., 2011). ABD'de 135.906
postmenopozal kadin 11 vyl boyunca izlenmistir. Yapilan
¢alismada sigara igenlerin hig sigara igmeyenlere gére diyabete
yakalanma riskinin yuksek oldugu belirlenmistir. Hatta ilk 3 yillik
takip doneminde sigarayr birakan kadinlarda tehlike oraninin
daha da yiksek oldugu bulunmustur. Bununla birlikte sigarayi
birakanlarin gegen siireyle orantili olarak diyabete yakalanma
riski de azalmig, ancak 10 yillik slire sonunda sigara igmeyenlerle
ayni risk dizeyine gelmistir. Bu kadinlarin diyabete yakalanma
riskinin 10 yil sonra sigarayi hi¢ kullanmayanlarla ayni seviyeye
geldikleri gézlenmistir (Luo ve ark., 2013). Yapilan calismalarin
¢ogu, sigara icmenin Tip 2 diyabet riskinin gelismesine neden

oldugu yonundedir. Ancak son zamanlarda pasif sigara
maruziyetinin de Tip 2 diyabet gelisimine neden olabilecegi
yoniinde calismalar vardir. Tip 2 diyabet ve pasif sigara igiciligi ile
ilgili yapilan ilk meta analiz ¢alismasina goére, pasif sigara
iciciliginin Tip 2 diyabet gérilme riskinde bir artisa neden oldugu
bildirilmistir (Wang, Ji ve ark., 2013). 2022 yilinda yapilan bagka
bir meta analiz ¢alismasina gére de sigara ile Tip 2 diyabet
arasinda zayif da olsa bir iliski oldugunu desteklemektedir
(Larsson & Burgess, 2022).

Sigara kullanimi ve obezite, hem tip 2 diyabet hem de
pankreas kanseri igin belirlenmis risk faktorleridir (Li, 2012). Cogu
vaka-kontrol ve kohort c¢alismasinda hi¢ sigara icmeyenlere
kiyasla sigara igenlerde pankreas kanseri riskinin 2 ila 3 kat arttig
rapor edilmistir (Boyle ve ark., 1996). Pankreas kanseri riski ile
secilen tibbi durumlar arasindakiiliskiyi arastirmak igin bir calisma
gerceklestirilmistir. Bu c¢alismada, sigara icmenin pankreas
kanserinde istatistiksel olarak anlamli bir nedensel roli oldugu
tahmin edilmektedir. ileriki yillarda yapilan meta analiz ¢alismasi
da bu sonuglari destekler niteliktedir (Bonelli ve ark., 2003;
Larsson & Burgess, 2022). Gunlik icilen sigara sayisi ile pankreas
kanseri riski arasinda artan bir iliski bulunmaktadir. Sigara
icmeyenlere gore glinde 25 veya daha fazla sigara icenlerde risk 4
kata ulagsmistir (Zheng ve ark., 1993; Boyle ve ark., 1996; Muscat
ve ark., 1997). Boyle ve ark. gore ise istatistiksel olarak anlamh
olmayan bir pankreas kanseri gelistirme riskinin 14 yil boyunca
devam ettigidir. Bu durum, toplam sigara icme miktarindan
bagimsiz gibi gérinmektedir. Sigarayi birakmanin Gzerinden 15 yil
gectiginde, risk 6mir boyu sigara icmeyenlerin diizeyine inmistir.
Bu durum sigarayi birakmanin pankreas kanserinden &lenlerin
sayisindaki azalmayl da gostermektedir (Boyle ve ark., 1996;
Bonelli ve ark., 2003).

Tartigma

Sigara icmek, diinyada onlenebilir hastaliklarin basinda
gelmektedir. Sigaranin bagimhlik yapici etkisinin yani sira sistemik
olarak ciddi yan etkileri bulunmaktadir. Sigara kullanimi 6nemli
klinik sonuglara yol agabilen hormon salgilanmasi uzerinde
etkilere sahiptir. Bu etkiler, sigaranin aktif bileseni olan nikotin
araciligiyla ortaya ¢iktigi diistinilmektedir. Bu derleme makale ile
sigara kullaniminin hipofiz, tiroid, adrenal bezler, cinsiyet
hormonlari, pankreas U(izerindeki etkileri ele alinmis ve bu
etkilerin insan saghigi icin olumsuz bir risk faktori oldugu
gorulmusgtur. Toplum sagligina olumsuz etkilerinin
kanitlanmasinin ardindan Saghk Bakanligi ve sivil toplum
kuruluslari  tarafindan birakma

sigarayl kampanyalari

baglatilmistir. Sigara kullaniminin birakilmasi ise diger saghk
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risklerinde oldugu gibi, yasamin uzatilmasi ve hastaliklardan
korunma agisindan 6nem tasimaktadir.
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Derleme Review

Polikistik Over Sendromunda Arjinin

Metabolizmasinin Fonksiyonu
Function of Arginine Metabolism in Polycystic Ovary
Syndrome

0z

Polikistik over sendromu (PKOS), dogurganlik cagindaki kadinlari etkileyen yaygin bir hastaliktir. Ureme ve
metabolik bozukluklarla iliskilendirilen PKOS daha sonra inflamatuar durumlara neden olan anormal
oksidasyon durumundan kaynaklanabilmektedir. Antioksidanlarin over fizyolojisinde, folikiler biiyimede,
oosit olgunlasmasinda ve yumurtalik steroid biyosentezinde rol oynayan ana faktor oldugu
disunitlmektedir. Overlerdeki oksidatif stres veya disiik antioksidan durumu, PKOS gelisimine zemin
hazirlayan en 6nemli mekanizmalardan biri olarak kabul edilebilir. Esas olarak oksidatif strese karsi gérev
yapan nitrik oksit, substrat olarak L-arginin'i L-sitrulline donustiren nitrik oksit sentaz (NOS) tarafindan
olusturulur. GUndmdiz literatird 1s18inda  NOS ile etkilesen arjininin metabolizmasinin, PKOS
patofizyolojisindeki rolleri Gizerine yapilan arastirmalar derlenmistir.

Anahtar Kelimeler: Arjinin, Poliaminler, Polikistik over sendromu

ABSTRACT

Polycystic ovary syndrome (PCOS) is a common disorder affecting women of childbearing age. Associated
with reproductive and metabolic disorders, PCOS may be caused by an abnormal oxidation state that
subsequently leads to inflammatory conditions. Antioxidants are thought to be the main factor involved
in ovarian physiology, follicular growth, oocyte maturation and ovarian steroid biosynthesis. Oxidative
stress or low antioxidant status in the ovaries can be considered as one of the most important
mechanisms predisposing to the development of PCOS. Nitric oxide, which mainly acts against oxidative
stress, is generated by nitric oxide synthase (NOS) which converts L-arginine to L-citrulline as substrate.
In the light of the current literature, studies on the roles of arginine metabolism interacting with NOS in
the pathophysiology of PCOS are reviewed.

Keywords: Arginine, Polyamines, Polycystic ovary syndrome

Girig

Polikistik over sendromu (PKOS) reprodiktif cagdaki kadinlarda en sik karsilasilan jinekolojik-
endokrin bozukluktur. Toplumda gériilme sikhgi yaklasik % 6-20’dir (Hu, 2024). Gliiniimlzde PKOS’un
etiyolojisi halen tam olarak aydinlatilamamis olsa da genetik ve cevresel faktérlerin rol aldig
bilinmektedir. PKOS'ta gorilen semptomlar menstriel dizensizlik, hiperandrojenizm, infertilite,
obezite, disfonksiyonel uterus kanamasi ve tekrarlayan abortus olarak siralanmaktadir. Gorilen
menstriel bozukluk oligomenore, amenore, polimenore, hipermenore, menoraji, menometroraji
olarak siniflandirilmistir. Ayrica gorilen hiperandrojenizme bagli olarak hirsutizm, akne ve alopesi
gorilebilmektedir. Ayrica klinik olarak yapilan testlerde serum androjen, luteinizan hormon (LH),
folukal saliverici hormon (FSH), 6strojen ve prolaktin (PRL) diizeyleri yiksek gorilebilmektedir.

PKOS hakkinda arastirmalarin halen bu kadar popitler olmasinin nedeni birgok bozuklukla iliskili
olmasindan kaynaklanmaktadir. Bu bozukluklar; insilin direnci, Tip 2 Diabetes Mellitus, dislipidemi,
obezite, kardiyovaskiiler hastaliklar, psikiyatrik, noérolojik bozukluklar ve jinekolojik kanserler olarak
siralanabilir (Hortu, 2019; Alatas, 2019). PKOS tanisi iliskili oldugu metabolik bozukluklar dislandiktan
sonra oOnceleri NIH (national institute of health) kriterlerine gére koyulurken 2003 vyilinda
Rotterdam’da bu kriterler gbzden gecirilerek giincellenmis ve Rotterdam kriterleri adi verilen bu

kriterlere gore tani konulmaya baslanmistir. Rotterdam kriterlerinde 3 bulgudan 2 bulguyu gésteren
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Figure 1: PKOS patofizyolojisi

bireyler PKOS olarak kabul edilmektedir. Bu bulgular; oligo-
anoviilasyon, ultrasonik olarak polikistik over yapisinin
gosterilmesi,  klinik/biyokimyasal hiperandrojenizm’dir. Bu
bulgulardan ilki olan oligo-anoviilasyon, iki menstriiasyon
arasinda gegen giin sayisinin 35 ve Ustl olmasi veya yaklasik 6 ay
durumudur. PKOS

koyabilecegimiz  diger  bulgu

menstriasyon olmamasi tanisini

radyolojik incelemedir.
Ultrasonografide overlerin ¢evresinde yaklasik 2-9 mm ¢apinda
12 veya daha fazla sayida folikiil goértlmelidir veya over volimu
10 ml’den fazla olmalidir. PKOS tanisini koymaya yardimci olan
diger bir bulgu ise hiperandrojenizm’dir ve en sik gorilen klinik
yansimasi hirsutizmdir. 2006 yilinda Androgen Excess Society
(AES) tarafinda PKOS tani kriterleri hakkinda yapilan agiklama ile
hiperandrojenizm diger bulgulara gore daha 6n plana alinmistir.
PKOS tanisini  koyabilmek icin c¢esitli dislama kriterleri

tanimlanmistir. Bunlar; konjenital adrenal hiperplazi, androjen

salgilayan neoplazi, cushing sendromu, hiperprolaktinemi,
androjenik direnci ve tiroid
disfonksiyonu’dur (Rosenfield, 2016; Hortu, 2019). PKOS

etiyolojisinde rol alan bircok etkenin yani sira oksidatif stresinde

farmakoterapi,  insilin

potansiyel bir faktor oldugu ileri stirilmastir (Laleli, 2021).
Reaktif oksijen turlerinin PKOS da gorilen sistemik oksidatif
strese sebep olmasinin yani sira insilin direnci gelisimini ve ileri
glukasyon  Urlinlerinin  Uretimini  uyardigi  bilinmektedir
(Karacaoglu, 2015). Oksidatif stres kosullarinin verdigi zarara karsi
koruyucu role sahip ¢ok aktif bir molekil olan nitrik oksit (NO),
birgok fizyolojik ve kimyasal slireci diizenlemektedir (Kayin,
2020). NO, substrat olarak L-arginin'i L-sitrulline dénustiren nitrik
oksit sentaz (NOS) tarafindan olusturulmaktadir. Giliniimiz
arjininin,  PKOS

yapilan

literatari  1si8inda NO  ile  etkilesen

patofizyolojisindeki  roli  (zerine arastirmalar

derlenmistir.

| L-ARGININ |

Arjinin dekarboksilaz

|AcMmATIN |

[siTRULIN|

Ornitin dekarboksilaz

Agmatinaz

| PUTRESIN

Figure 2: L-arjinin sentez basamaklari
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PKOS Patofizyolojisi

PKOS gelisimini ¢cevresel faktorler daha fazla yonlendirse de
genetik faktorlerin etkisi de yadsinamayacak dizeydedir. Etnik
farklilik viicut kitle indeksi (VKi)'ne gére degiskenlik gosterebilse
de Rotterdam kriterlerine gére degerlendirildiginde etnik farklilik
onemsiz dizeydedir. PKOS patofizyolojisinde gonadotropin
(GnRH)

metabolizmasindaki bozukluklar 6nemli rol oynayan sireglerdir.

saliverici  hormon degisiklikleri ~ ve  insdlin

Bu siliregler etkilesim gostererek birbirlerinin  etkilerini
arttirmaktadirlar. Overlerde preantral foliikiillerden salgilanan
(AMH)

mikrogevreyi ve GNRH salinimini degistirerek over fonksiyon

yuksek diizeyli antimilerian hormon follikiiler
bozuklugunu artirir. GnRH degisikligi sonucu ylksek LH seviyeleri
LH/FSH oranini bozulmasiyla sonuglanir ve boylelikle folikal
blylmesindeki diizensizligi siddetlendirir ve ayrica androjenlerin
hipersekresyonuna neden olur. Androjen hipersekresyonuna
neden olan diger bir PKOS kompanenti ise insilin direncidir.
insiilin direnci karaciger ve kas gibi insiiline duyarli organlari
etkileyerek visseral adipozite indeksi ve adipozit disfonksiyonu
gelismesinde rol alir. insiilin direncinin gériilmesiyle overlerde de

androjene karsi hassasiyet artar. Diger yandan karacigerde

NOS ® ADMA

* NO asiri sentezlenirse

serbest radikaller tetiklenir NO
* NO sentezi bozulursa
inflamasyon tetiklenir OVERDE

Yumurtlama
Oosit geligimi

-DUZENLEYiCi-

Folikil baytimesi

Luteal fonskiyon

2007). Oksidatif streste rolii olan NO’in embriyonik dokularda
metabolizmasinin  bozulmasinin gelisimsel kusurlara neden
oldugu ve c¢evresel teratojenlere maruz kalmayla iliskili
malformasyonlarin kdkenine katkida bulunan bir mekanizma
olabilecegi ileri sirtlmustir (Tiboni, 2014).

PKOS sadece over hastaligi degil ayni zamanda insulin
direnci, asir androjen, iltihaplanma ve oksidatif etkilerin eslik
ettigi kronik sistemik bir hastalik olarak kabul edilebilirken s6z
konusu etkenlerin bireysel katkilari hastadan hastaya farkhlk
gostermesi PKOS un heterojen yapisini agiklamaktadir. Yapilan
¢alismalarda PKOS’da homosistein, malondialdehit ve asimetrik
dimetil arjinin (ADMA) gibi oksidatif stress belirteglerinin
yukseldigi gosterilmistir (Murri, 2013; Ozler, 2016; Yildirnm, 2017).
Oksidatif stres ve inflamasyon birbirine sikica baglh patofizyolojik
sureglerdir. Oksidatif stres durumunda artan serbest oksijen
radikalleri proinflamatuar sistemin uyarilmasina neden olur
(Roebuck, 1999). Tim patolojik durumlarda oldugu gibi oksidatif
hasarin boyutu sadece serbest radikal Uretimine degil, ayni
zamanda antioksidan savunma kapasitesine de bagldir. Serbest
radikaller diisiik yogunlukta oldugu zaman yararli etkilerinden s6z
edilebilmektedir.  Duslk radikaller

yogunluktaki serbest

* ADMA seviyeleri yuksek
* NOS ekspresyonu azalmig
¢ NO azalmig
* LHartmis
* SOR artmis
* Antioksidan kapasite dismiis

Figure 3: PKOS ve NO iliskisi

cinsiyet hormon baglayici globilin (SGHB) Uretimi azalir ve

boylelikle dolasimdaki serbest testosteron artarak
hiperandrojenizm tablosu siddetlenir (Xu, 2022; Azziz, 2018,
Harada, 2022). PKOS fizyopatolojisini iceren bu kisir dongiliniin
kokeni bilinmemektedir. Bu heterojen sendromun Ozeti
hiperandrojenizmin yatkinhig artirmasi, insilin direncinin ise
PKOS gelisimini tetiklemesidir (Sekil 1). Yapilan bir ¢alismada
perinatal hayatta maruz kalinan oksidatif stres, testosteron,
artmis glukoz diizeylerinin postnatal hayatta eriskin donemde

PKOS gelisiminde rollii olabilecegi ileri strilmiistir (Dumesic,

enfeksiyonlara karsi savunma, kanser hiicrelerinin éldirilmesi ve
ksenobiyotiklerin detoksifikasyonu gibi savunma fonksiyonlariyla
birlikte intraselliler depolardan kalsiyum salinimi, tirozin amino
asidini fosfatlama aktivasyonu ve blylime faktori sinyallerinin
aktivasyonu gibi hicresel sinyallerin aktivasyonunda rol
oynamaktadir. Serbest radikallerinden oksijen kaynakl olan
reaktif oksijen radikalleri (ROS), oosit olgunlasmasindan
fertilizasyona, embriyo gelisimine ve hamilelige kadar birgok
fizyolojik ve biyolojik silreci etkilemektedir. Kadin Greme
bozukluklarinin etiyolojisinde sitokinler ve oksidatif stres
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arasindaki karmasik etkilesim halen tartisiilmaktadir. Reaktif
nitrojen tiirlerinden NO ise endometrial ve over fonksiyonunun
diizenlenmesinde, endometriozisin etiyopatogenezinde ve
uterusun hareketsizliginin surdirilmesinde, dogumun
baslatiimasinda ve dogum sirasinda serviksin olgunlagsmasindaki
roli halen tartisiilmaktadir (Karabulut, 2016; Agarwall, 2005).
Farkli fenotipli PKOS hastalarinda toplam oksidan / antioksidan
kapasite ve oksidatif stresin iligkili olup olmadiginin arastirildig bir
calismada sadece antioksidan kapasite ile LH, serbest androjen
indeksi ve yumurtalik hacmi pozitif korelasyon gostermis ve
obezitesi olmayan PKOS hastalarinda da antioksidan kapasitenin
arttigl gosterilmistir (Verit, 2008). Bu bulgu fakli fenotiplerde
fizyolojik ve biyokimyasal farkliliklar olmasinin yani sira obezite
varliginda oksidatif stresin s6z konusu oldugu ve buna bagh
metabolik  hastaliklarin ~ goriilmesinde  roli  oldugunu
gostermektedir.

PKOS ve Arjinin Metabolizmasi

L-arjinin; NO, kreatin, Ure gibi 6nemli bilesiklerin ve
poliaminlerin biyosentezinde 6nci olan amino asittir (Boger,
2014) (Sekil 2). Nitrik oksit sentazin (NOS) dogal substrati olarak
tanimlanmis olmasi ve NO’in bircok biyolojik islevinin
diizenlenmesinde 6nemli rol oynamasi nedeniyle L-arjinin 6nemli
bir molekil olarak 6ne g¢ikmaktadir (Matsumoto ve Yobimoto,
1999). Memelilerin farkli hicreleri tarafindan dretilen NO,
norotransmitter ve sitotoksik faktor olarak vicutta iki farkl role
sahip olan bir molekuldr.

Asirt NO  lretimi serbest radikal reaksiyonlarini
tetikleyebilmektedir. NO, NOS enziminin katalizledigi reaksiyon
ile 02 ve L-arjinin’den sentezlenmektedir. Herhangi bir uyaridan
sonra indiiklenebilir NOS, diger NOS’lardan 1000 kat daha fazla
NO Uretimine sebep olur. Makrofajlardan saliverilen NO yabanci
mikroorganizmalara karsi nonspesifik bir savunma yapar.
Savunma sistemindeki bu faydali etkisinin yaninda artmis NO’nun
doku tahribati yaparak damar gecirgenligini arttirdigl ve septik
soktaki vazodilatasyona katkida bulundugu sanilmaktadir. Bunun
yaninda NO sentezinin tamamen bozulmasi da inflamasyonu
hizlandirmaktadir. (Nathan, 1997). Overler NO sentezler ve
NOS’un g¢oklu izoformlari sican overlerinde eksprese edilmektedir
(Victor ve ark., 2011). Bu NO, folikller bliyiime, yumurtlama,
oosit gelisimi ve luteal fonksiyonun dizenleyicisi olarak gorev
yapmaktadir (Tiwari ve ark., 2017). NOS’un edojen inhibitoru
oldugu ileri striilen ADMA’'nin gen¢ PKOS hastalarinda ve
obezitesi olan PKOS hastalarinda seviyelerinin yiiksek oldugu
bulunmustur. ADMA, dimetil arjinin tarafindan pargalanarak
dimetilaminohidrolaz (DDAH) 1 ve 2 ye doniismektedir. PKOS ta
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ADMA seviyelerinin ylksek bulunmasinin nedeni, karaciger ve
kalp dokularinda bozulmug DDAH1 aktivitesi ve azalmis DDAH1
ekspresyonu ile iliskilendirilmistir. Bu bulgular DDAH1'in PKOS
tedavisinde hedef olabilecegini diistindirmektedir (Li, 2023). NO,
substrat olarak L-arginin'i L-sitruline dontstiren NOS tarafindan
olusturulur. L-sitrulin, farkh hucre tiirlerinde tekrar L-arginin'e
donusturulebilir, boylece L-sitrulin'in L-arginin araciligiyla NO'ya
donustlrilmesi igin bir geri dontisiim yolu saglanir (sekil 3).
Ancak vyapilan bir calismada, PKOS'lu kadinlarin NOS
ekspresyonunun azalmasi ve arginin biyoyararliiginin azalmasi
nedeniyle NO'yu dlslrdigiu savunulmustur. Boylece L-arginin
takviyesiyle terapotik miidahaleler gergeklestirilebilecegi one
suriilmustir (Krishna ve ark. 2017; Ragy, 2019). Bunun yani sira
arjinin ve N-asetil sistein kombinasyonu ile PKOS tedavisinin
arastirildigi bir calismada umut verici sonuglara ulasiimis (Masha,
2009) olsa da insalin
karsilastirimadigindan  bu konu hakkinda daha kapsamli

duyarlilastirici ilaglar  ile

¢alismalara ihtiyag oldugu kanisina variimistir.

Sonug olarak L-Arginin, NOS katalizli reaksiyonlar igin tek
fizyolojik nitrojen donériidir; dolayisiyla bu temel substratin
mevcudiyeti NO Uretim oranlarini belirleyebilir. Arginin sentezi ve
hicrelere tasinmasi da NO sentezini etkileyebilir (Roselli, 1998).
Boylelikle arginin sentezi ve metabolizmasi hiicresel NO
sentezinin deneysel ve terapotik manipilasyonu igin potansiyel
bir hedefi temsil edebilecegi aciktir. PKOS gelisiminde NO
dengesinin 6nemi géz online alindiginda NO sentezinde 6nemli
yeri olan arjinin ile PKOS iliskisinin aydinlatilabilmesi igin daha
kapsamli deneysel ve klinik arastirmalar yapilarak literatiire

kazandirilmahdir.
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