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AIMS AND SCOPE 
Current Research in Health Sciences aims to publish studies of the highest scientific caliber in the field of all health sciences. 
Current Research in Health Sciences publishes clinical, experimental research, review article, rare case reports, and letter to the editor articles that 
will contribute to the literature on health sciences. The main purpose of the journal is to disseminate the scientific knowledge produced in the 
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. 
 

AMAÇ VE KAPSAM 
Current Research in Health Sciences, tüm sağlık bilimleri alanında en yüksek bilimsel kalibrede çalışmaları yayınlamayı amaçlamaktadır. 
Current Research in Health Sciences, sağlık bilimleri literatürüne katkı sağlayacak klinik, deneysel araştırma, derleme makale, nadir olgu sunumları 
ve editöre mektup makalelerini yayınlamaktadır. Derginin temel amacı, sağlık bilimleri alanında üretilen bilimsel bilgiyi geniş bir platforma 
yaymaktır. Dergi bunu yaparken araştırmacıları, eğitim uygulayıcılarını ve politika yapıcıları ortak bir kesişim noktasında buluşturmayı 
hedeflemektedir. 
Derginin hedef kitlesini sağlık bilimleri alanına ilgi duyan veya bu alanda çalışan araştırmacılar oluşturmaktadır. 
 
Sorumluluk Reddi 
Dergide yayınlanan yazılarda ifade edilen ifadeler veya görüşler, editörlerin, yayın kurulunun ve/veya yayıncının görüşlerini değil, yazar(lar)ın 
görüşlerini yansıtır; editörler, yayın kurulu ve yayıncı bu tür materyaller için herhangi bir sorumluluk veya yükümlülük kabul etmemektedir. 
 
Açık Erişim Bildirimi 
Current Research in Health Sciences yayınlanma modeli Budapeşte Açık Erişim Girişimi (BOAI) bildirgesine dayanan açık erişimli bilimsel bir dergidir. 
Derginin arşivine https://dergipark.org.tr/en/pub/crihs/archive adresinden ücretsiz olarak erişilebilir. Current Research in Health Sciences içeriği, 
Creative Commons Alıntı-Gayri Ticari (CC BYNC) 4.0 Uluslararası Lisansı ile yayınlanmaktadır. 
Yazarlara Bilgi’nin güncel versiyonuna https://dergipark.org.tr/en/pub/crihs/writing-rules adresinden ulaşabilirsiniz. 
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EDİTÖRDEN MEKTUP 
 
Sevgili Meslektaşlarım 
 
“Current Research in Health Sciences” dergisinin ilk sayısını sizlerle buluşturmaktan mutluluk duyuyoruz. Dergimiz Atatürk Üniversitesi Sağlık 
Bilimleri Enstitüsü’nün bilimsel yayın organı olarak 2023 yılında kurulmuş ve makale kabulüne başlamıştır. Bu süreçte dergimize sunulan gerek 
araştırma gerekse derleme makalelerden seçilmiş yayınları ilk sayımızda sizlere heyecanla sunuyoruz. Dergimiz tek sağlık politikasının bir ürünü 
olarak sağlık alanında güncel tüm araştırmaların ve derleme çalışmaların kendisine yer bulabileceği, bilim insanlarına hizmet eden kapsayıcı bir 
bilimsel sağlık dergisi olarak kurgulanmıştır. Bu bağlamda ilk sayımızda klinik araştırmalar, laboratuvar çalışmaları ve alanında önemli derlemeler 
yer almıştır. Bundan sonraki sayılarımızda da tüm sağlık camiasından gelecek olan çalışmalarla bilim camiasına katkıda bulunmayı umut ediyoruz. 
Bu bağlamda bu sayıya katkı veren tüm yazarlara, hakemlere ve okuyuculara teşekkür ediyor; dergimizin gelecek sayılarına değerli katkılarınızı 
bekliyoruz. 
 
Saygılarımızla 
 
Prof. Dr. Elif ÇADIRCI/Editör kurulu adına  

 
 

 
 
 
 
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 Atatürk 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 ÇADIRCI/On behalf of the editorial board  
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Effect of Various Extracts Obtained From Bee 
Pollen on L929 Fibroblast Cell Proliferation 

 Arı Poleninden Elde Edilen Çeşitli Ekstrelerin L929 Fibroblast 
Hücre Proliferasyonu Üzerine 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 Türkiye 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. 

Keywords: L929, Fibroblast, Bee Pollen, Proliferation  
 

ÖZ 
 
Amaç: Antik çağlardan beri arı poleni iyi bir biyoaktif madde ve enerji kaynağı olduğu için doku 
rejenerasyonundaki etkileri görülüp değerlendirilmiştir. Son yıllarda sağlıklı ve doğal gıdalara olan artan 
talep dikkate alındığında, arı poleninin çok tüketilen gıda takviyelerinin içeriğine girmesi ve ticari ilgiyi 
çekmesi şaşırtıcı değildir. Doku rejenerasyonuna katkısı olan maddeler cilt sağlığı ve kozmetoloji açısından 
önem arz etmektedir. Son yıllarda doku rejenerasyonu çalışmalarında hücre kültür çalışmaları önem 
kazanmaktadır. Özellikle kozmetik ürünlerde ve kimyasal maddelerin etkinlik ve toksisiteleri ile ilgili kontrol 
çalışmalarında Fibroblast hücre hattı sıkça kullanılmaktadır. Biz de bu bilgiler ışığında arı poleni ekstrelerinin 
L929 fibroblast hücreleri üzerine etkilerini araştırdık. 
Yöntemler: Çalışmada Türkiye arı poleninin farklı çözücülerden (hekzan, diklorometan, metanol, 
metanol+su, aseton, su) elde edilen ekstreleri farklı konsantrasyonlarda L929 hücrelerine uygulanmıştır. 
Polenin hücre proliferasyonu üzerine etkileri Xcelligence gerçek zamanlı hücre sayım sistemi ile zaman 
bağımlı olarak incelenmiştir. 
Bulgular: Yaptığımız çalışmalarda Fibroblast hücre hattında bütün Arı poleni ekstrelerinin hücre 
proliferasyonunu artırdığı görülmüştür. Özellikle metanol ekstresinin doza bağımlı olarak L929 hücre 
proliferasyonunu iyileştirdiği gözlenmiştir. 
Sonuç: Sonuç olarak bu çalışmada çeşitli konsantrasyonlarda ve çeşitli ekstraksiyon yöntemleriyle elde edilmiş 
arı poleni ekstraktlarının fibroblastlara herhangi bir toksik etki oluşturmadığı aksine proliferasyonunda önemli 
etkilerde bulunduğu gösterilmiştir. Bu sonuçlardan yola çıkarak da arı poleninin fibroblast proliferasyonuna 
katkıda bulunarak gerek kozmetik alanında gerekse ilaç geliştirmede yeni bir hedef olabileceği öne sürülebilir. 
Ancak polenin hangi bileşeninin etkili olduğunun belirlenmesi için daha detaylı çalışmalara ihtiyaç vardır. 
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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 L929 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 

(Erzurum, Türkiye) 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 µg/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 cm2 flask. The L929 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 μl of the prepared thiazolyl blue tetrazolium bromide 

solution was added to 100 μl 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 μl 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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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 II (Qiagen) (350 μl RLT 

buffer per 1*105 cells) and RNA extraction was performed in 

QIAcube RNA isolation device as recommended by the 

manufacturer. 

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 10μl 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-β1 (Rn00572010_m1) gene was quantified using Taq 

Man Gene Expression Master Mix kit. Amplification and 

quantification were performed on a StepOne Plus Real Time PCR 

System (Applied Biosystems). For 100 ng cDNA, TGF-β1 gene and 

ACTB (Rn00667869_m1) as housekeeping gene (Applied 

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

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 

mean±standard 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 µg/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 µg/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 µg/ml dose group at 72 hours (p<0.05). 

It was observed that 200 and 100 µg/ml dose groups of pollen 

extract applied in dichloromethane solvent significantly increased 

 

Figure 1: Effects of pollen extracts in Acetone, D. Methane and Hexane solutions; 200, 100, 50, 25, 10 and 5 µg/ml 

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

are analyzed, the significance levels of 200 µg/ml and 100 µg/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 µg/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 µg/ml and 100 µg/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 50µg/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 µg/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 

µg/ml dose groups. At 24, 48 and 72 hours, it was found that 200 

µg/ml dose group increased cell proliferation at p<0.001, 100 

µg/ml dose group increased cell proliferation at p<0.005, 50 

µg/ml dose group increased cell proliferation at p<0.05 level of 

significance. It was observed that 200, 100 and 50 µg/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 µg/ml dose groups significantly 

increased cell proliferation (p<0.001, p<0.005 and p<0.05). At 72 

hours, 200 and 100µg/ml dose groups significantly increased cell 

proliferation (p<0.005 and p<0.05). When methanol+water 

combination was performed, it was found that cell proliferation 

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-β1 mRNA level increased significantly in 200, 100, 50 and 25 

µg/ml dose groups compared to the control group. While the 200 

and 100 µg/ml dose groups were found to be statistically 

significant at p<0.001, the 50 µg/ml group was found to be 

p<0.005 and the 25 µg/ml group was found to be p<0.05 (Figure 

3). 

 

 

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 µg/ml. 
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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, Kás 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, Kás 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, Kás 

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 µg/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 µg/ml 

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 (Peršurić 

and Pavelić 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)-β 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-β is also a potent inducer of 

many components of the ECM, including collagen, fibronectin and 

cell surface integrins. TGF-β 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 I 

collagen begins to replace type III 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-β1. In our study, it was found that 200, 100, 50, 

and 25 µg/ml dose groups increased TGF-β1 expression. This 

 
Figure 3: TGF-β1 mRNA level in L929 cell line at 200, 100, 50, 25, 10 and 

5 µg/ml doses from methanol+water solutions of pollen extracts. 
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suggests that bee pollen may be effective in increasing collagen 

production in L929 cells, especially in the 200 and 100 µg/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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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-
TGF- - - -
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 

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 

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 
 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, 

At 24, 48, 72 hours, the absorbance at 570 nm was measured with 

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 e -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 

pregabalin were acquired using a Leica Inverted Microscope 
(Leica, DMIL LED). The wells were then exposed to pregabalin at 

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-   

 
 

 
Quantification of TGF-  
Supernatants of all experimental groups were taken at the 

36th hour of the experiment. 
TGF-

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-
standards. The ELISA procedure was performed according to the 
steps described in the kit protocol. 

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

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 

significantly decreased cell proliferation compared to the control 

concentration of pregabalin significantly increased cell 

proliferation compared to the control group (p<0.01), and this 
increase was more significant at doses of

(p<0.001). When the 48th hour MTT test results were analyzed, 

concentrations of pregabalin significantly increased cell 
proliferation compared to the control group. In the 72nd hour 

MTT
significantly decreased cell proliferation compared to the control 

a significant increase was observed compared to the control 

group.
According to the MTT test results, the doses (100,50,25,10 

ation 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 

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, 

wound

hours, similarly, the wound closure percentages of the drug 
groups increased compared to the control group. Again, at 36 

on wound closure percentage showed a clearer increase 

concentration of pregabalin increased percent wound closure 

At the 36th hour of the experiment, supernatants of all 

experimental groups were taken and TGF-

concentrations of pregabalin significantly decreased TGF-

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 

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 

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 

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 

Figure 4: TGF-
means  p<0.05, ** means p<0.01 and *** means p<0.001 

according to Tukey's post-hoc test.
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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-
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-

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- ote 
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- 

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 

almost completely compared to the control in parallel with the 

microscopic findings, indicating that healing was supported by 

pregabalin. 

Conclusion and Recommendations 

In conclusion, pregabalin has been shown to increase wound 

healing. The fact that TGF- 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 Şiddeti ile Serum Adropin Düzeyleri Arasındaki 
İlişkinin Araştırılması 
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 
 
ÖZ 
Amaç: COVID-19 hastalığı mortalitesi ve morbiditesi oldukça yüksek olan multisistemik bir hastalıktır. 
Hastalığın patogenezini anlamak ve farmakolojik tedavi yöntemleri geliştirmek oldukça önemlidir. Bu 
çalışmanın amacı COVID-19 hastalarında serviste ve yoğun bakımda yatan hastaların serum adropin 
seviyelerini ölçmek ve bu değerin prognostik bir faktör ya da farmakolojik bir tedavi hedefi olup 
olamayacağını araştırmaktır. 
Yöntemler: 116 gönüllü katılımcı araştırmaya dahil edilmiştir. Katılımcılar herhangi bir hastalığı 
olmayanlardan oluşan kontrol grubu, COVID-19 tanısı alıp serviste yatan hastalar, COVID-19 tanılı 2. 
Düzey yoğun bakımda yatan hastalar ve COVID-19 tanılı 3. Düzey yoğun bakımda yatan hastalar olmak 
üzere gruplandırılmışlardır. Hastalardan venöz kan alınmıştır. Serum adropin düzeyleri üretici firmanın 
direktifleri doğrultusunda ölçülmüştür. Ayrıca ROC analizi yapılmıştır. 
Bulgular: Yapılan serum adropin ölçümlerine göre serviste yatan COVID-19 tanılı hastaların serum 
adropin düzeyleri kontrol grubuna kıyasla düşmüştür. 2. Düzey yoğun bakım ve 3. Düzey yoğun bakım 
hastalarında ise serviste yatan hastalara kıyasla serum adropin seviyeleri düşmüştür. Yapılan Roc 
analizine göre de 333.1 ng/L adropinin 0.8167(95%, 0.6956-0.9048) ve 0.6522(95%, 0.4273-0.8362) 
spesifitesi mevcuttur. 
Sonuç: COVID-19 tüm sistemleri etkileyen  mortalitesi ve morbiditesi yüksek olan bir hastalıktır. Bu 
çalışmamızla serum adropin düzeylerinin prognostik bir faktör ya da yeni bir farmakolojik tedavi hedefi 
olabileceğini ve yeni çalışmalara ışık tutabileceğini düşünüyoruz. 
 
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 O2 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 (Aydın 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 Aydın et 

al. serum adropin levels were found to be significantly lower in 

COVID-19 disease (Aydın 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: 

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 

COVİD 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. 

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 

et al., 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-

Table1: Characteristics of Inpatients 
 

Number of Inpatients by Service 
Service 
Level 2 Intensive Care Unit 
Level 3 Intensive Care Unit 

 
29 
37 
23 

Age Median (Min, Max) Years 
Service 
Level 2 Intensive Care Unit 
Level 3 Intensive Care Unit 

 
70 (23-87) 
76 (46-95) 
69 (39-86) 

Median SpO2 values (Min, Max) 
Service 
Level 2 Intensive Care Unit 
Level 3 Intensive Care Unit 

 
89 (75-94) 
85 (70-93) 
80 (65-85) 

Median Number (Min, Max) of 
Hospitalization Days  

Service 
Level 2 Intensive Care Unit 
Level 3 Intensive Care Unit 

 
 

14 (6-50) 
25 (4-70) 
28 (2-90) 

 

 

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. 
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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 (Akcılar 

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 

(Förstermann & 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 

dysfunction, lipid metabolism disorders and vascular 

inflammation play an important role in the pathogenesis of 

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 

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 

et al., 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 

ROC of Adropin:Control-patients
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Figure 2: ROC Curve Analysis of Adropin to discriminate patients from healthy individuals 
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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 Tıp Üniversitesi’nin Laparoskopik 
Kolo-Rektal Cerrahi Deneyimleri 

 

 
 Laparoscopic Colo-Rectal Surgery Experiences of Azerbaijan 
Medical University 
ÖZ 
Amaç: Kolon ve rektum cerrahisinde laparoskopik müdahalelerin kullanımına ilişkin ilk deneyimi analiz 
etmek. 
Yöntemler: Kolon ve rektumda 32 laparoskopik ameliyat gerçekleştirildi. Ameliyat edilen 32 hastanın 19'u 
erkek, 13'ü kadındı. Hastaların yaşı 64±10,4 yıldı. Müdahalenin nedeni: 9 rektosigmoid tümör vakası, 6 - 
rektumun orta 1/3'ünde bir tümör, 3 - inen kolon, 8 - tüm kolonun patolojisi, 6 - çıkan kolon. Hastalar çeşitli 
operasyonlara tabi tutuldu. Cerrahi müdahalelerin sonuçlarının değerlendirilmesinde şu kriterler incelendi: 
Ameliyat süresi, kan kaybı miktarı, yoğun bakımda kalış süresi, ameliyat sonrası komplikasyonlar, ameliyat 
sonrası hastanede kalış süresi ve mortalite. 
Bulgular: İlk deneyim, kolon ve rektumun cerrahi patolojisinin laparoskopik yöntemle tedavisinin haklı ve 
oldukça etkili olduğunu göstermektedir. Kolon ve rektum kanseri nedeniyle cerrahi müdahaleler yapılırken 
rezeksiyon hacmi ve lenfodiseksiyon açısından onkolojik protokollerin tam olarak uygulandığı 
görülmektedir. 
Sonuç: Kolon ve rektum cerrahisinde laparoskopinin kullanılması intraoperatif kan kaybının hacmini azaltabilir, 
hastaların hastanede kalış süresini ve rehabilitasyonunu azaltabilir, postoperatif komplikasyonların gelişimini 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  

 

Giriş 

Kolorektal kanser tüm dünyada en fazla morbidite ve mortaliteye sebep olan kanser türlerinden 
biridir (Baidoun ve ark., 2021). İnsidans ve mortalite oranları dünyanın farklı yerlerinde değişkenlik 
gösterir ve gelişiminde etkili olduğu düşünülen birçok faktör tanımlanır. Kolorektal kanser dünya 
çapında en yaygın üçüncü ve en mortal ikinci kanser türüdür (Xi ve ark., 2021). GLOBOCAN 2020 

verilerine göre akciğerden kaynaklanan kanserler, kanserden (18%) ölümlerin % 18 inden          
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sorumluyken, kolorektal kanserler % 9,4’ünden sorumludur (Sung 

ve ark., 2021). 2020 yılında tüm dünyada 1,9 milyondan fazla yeni 

kolorektal kanser (anüs dahil) vakası ve bunlara bağlı 935.000 

ölüm kaydedildi (de Abreu ve ark., 2023). 

Kanser tanısı alan hastalar tanılamanın yapıldığı ilk andan 

başlayarak palyatif bakımı da kapsayan tedavi süresi ve 

sonrasında değerlendirme, semptom yönetimi, duygusal, araçsal 

bilgi, güven ve ayrıca sürdürülebilir bakıma ihtiyaç duyarlar.  

Tedavisinde tek etkili yol, tümörün radikal cerrahi 

rezeksiyonudur. Cerrahi tedavide ise uzun yıllar geleneksel açık 

cerrahi yöntem altın standart olarak kabul edilmiştir. Cerrahi 

tedavide amaç; total tümör rezeksiyonu, yaygın tümörde 

kapsamlı abdomen araştırması, lenf nodlarının çıkarılması, 

bağırsak fonksiyonlarının sürdürülmesi veya yeniden sağlanması 

için onarılması ve komşu organlarda hastalığın oluşumunun 

önlenmesidir (Akyolcu ve ark., 2020). Gelişen teknolojik 

imkanlarla birlikte artık karın içi ameliyatlarının bir çoğu karnı 

açmadan yapılabilmektedir. Gelişen teknolojiyle birlikte artık 

cerrahi operasyonların önemli bir bölümü laparoskopi yani kapalı 

teknikle yapılabiliyor. Bu ameliyatlar büyük kesi olmadan, uygun 

vakalarda kalın bağırsak hatta pankreas kanseri cerrahisi gibi çok 

zor ameliyatlarda bile başarılı sonuçlar veriyor. Laparoskopik 

cerrahi ile temel cerrahi prensipleri aynı olmakla beraber açık 

cerrahiden (klasik cerrahi) en önemli farkı karın cildine yapılan 

büyük kesilerin önlenebilmesidir. Laparoskopik ameliyatlar, karın 

duvarına açılan, hemen hemen kalem çapı büyüklüğündeki 

deliklerden yerleştirilen tüplerin içinden geçirilen video 

kameralar ve özel aletlerle yapılmaktadır. Genel cerrahi alanında 

özellikle safra kesesi ameliyatlarında yaygın olarak tercih 

edilmiştir (Szymoniuk ve ark., 2023). Ardından diğer karın içi 

ameliyatlarında başarı ile kullanılmıştır. Son 10 yıl içinde kalın 

bağırsak cerrahisinde (kolon ve rektum cerrahisi) 

kullanılmaktadır. Geleneksel açık cerrahi ile karşılaştırıldığında, 

gastrointestinal kanserler için laparoskopik yöntem daha az 

cerrahi travma ve ağrı, daha az intraoperatif kan kaybı, daha az 

postoperatif komplikasyon ve daha hızlı iyileşme gibi avantajlarla 

cerrahide önemli bir dönüm noktası olmuştur (Akyolcu ve ark., 

2020; Kim ve ark., 2016). 

Bu çalışmadaki amacımız; Azerbaycan Tıp Üniversitesi, III. 

Cerrahi Anabilim Dalında yapılan kolon ve rektum laparoskopik 

cerrahisinin ilk deneyimlerini analiz etmektir. 

 

 

Yöntem 

Mayıs 2018-Mayıs 2022 yıl tarihleri arasında Azerbaycan Tıp 

Üniversitesinin eğitim-cerrahi kliniğinde kolon ve rektumda 

laparoskopik ameliyat yapılmış 32 (19 erkek ve 13 kadın) hasta 

çalışmaya alındı. Hastaların ortalama yaşı 64 ± 10,4 yıl idi. Tablo 

1’de hastaların kolon ve rektumdaki patolojik sürecin 

lokalizasyonuna göre dağılımı gösterilmektedir. Dört hastaya 

spesifik olmayan ülseratif kolit tanısı konuldu, bunların 3’ünde 

ailesel adenomatöz polipozis tanısı vardı. 

Tüm hastaların klinik tavsiyelere göre ameliyat öncesi tetkik 

ve radyolojik görüntülemeleri yapıldı. Bunlar; laboratuvar 

muayenesi ve onkomarkerlerin belirlenmesi, karın boşluğu ve 

pelvisin Ultrasonografisi, bilgisayarlı tomografi (BT) veya 

manyetik rezonans görüntüleme (MRI), göğüs organlarının 

röntgen muayenesi, fibrokolonoskopi vb. 

Operasyonun seçimi patolojik sürecin yayılmasına ve 

lokalizasyonuna bağlıydı. Operatif müdahalelerin 

değerlendirilmesinde şu kriterler dikkate alındı; ameliyat süresi, 

sedasyon hacmi, ameliyat sonrası komplikasyonlar, ameliyat 

sonrası yatakta geçirilen gün sayısı, ölüm. 

 

Bulgular 

 Tüm hastalara radikal cerrahi tedavi uygulandı. Kolorektal 

kanserde (D2-D3) yapılan lenfdiseksiyonun hacmi, tümör 

sürecinin lokalizasyonuna ve yayılımına bağlıydı. 

Yapılan ameliyatlar arasında en sık rektal anterior rezeksiyon 

ve descendo-anal anastomoz uygulandı. Bu tip operasyon, tümör 

rektosigmoid ve rektumun üst 1/3’ünde yerleştiğinde yapılır. 

Geçici kolostomi veya ileostomi açılması operasyon 

sırasında her hasta için ayrı ayrı uygulanır (14 hastadan 3’üne 

Tablo 1: Patolojik sürecin kolon ve rektumdaki 
lokalizasyonu 

Lokalizasyon Erkek Kadın Toplam 

Rektosigmoid 

bölge 
5 4 9 

Rektumun 

orta 1/3’ü 
4 2 6 

Kalın bağırsak 

(total) 
4 4 8 

Çıkan kolon 5 1 6 

İnen kolon 1 2 3 

Toplam 19 13 32 
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uygulandı). Total proktokolektomi J-pouch ile ileal anastomoz 

(şekil 1) ve koruyucu ileostomi 8 hastada uygulandı. İki hastada 

ise Hartman ameliyatı uygulandı. 

Total kolproktoektomi yapılan 8 hastaya koruyucu ileostomi 

uygulandı. 8 hastada ileostomi operasyondan 6 ay sonra kapatıldı. 

Ameliyattan 3 ay sonra bir hasta laparoskopik total 

kolproktektomi sonrası J-pouch’un total nekrozu ve yaygın 

peritonit tanısıyla tekrar ameliyata alınarak ileoanal anastomoz 

ile J-pouch iptal edildi ve tekrar kalıcı ileostomi açıldı. 

Bir hastada ameliyattan 20 gün sonra rektovajinal fistül 

ortaya çıktı, bir süre sonra fistül konservatif önlemler sonucunda 

kapatıldı. 

 

Ameliyat sonrası hastalarda mobilizasyon, operasyondan 

sonra 12 saat içinde başladı. Yoğun bakım ünitesinde hastaların 

kalma süresi 24±11,5 saat idi. Operasyonların süresi ortalama 

264±88,8 dakika olarak kaydedildi. Operasyondan sonraki 

dönemde hastanede kalma süresi ortalama 85,1 saat idi. Tüm 

hastalar tatmin edici sonuçlarla taburcu edilmiştir. 

Ameliyat esnasında rektovezikal ya da rektouterin boşluğa 

yerleştirilen dren 4-6 gün sonra çekildi. Dren yerleştirilmesindeki 

amaç seröz-kanlı sıvının karın boşluğundan aktif olarak 

boşaltılmasını sağlamak ve apse oluşumunu önlemektir. 

Hastaların yoğun bakımda ortalama kalış süresi 36 saat oldu. 

Hastanede kalış süresi ise ortalama 4±2,1 gündü. 

Ameliyat sonrası dönemde hastaların aktivasyonu 12 saat 

sonra başladı. İlk 2 gün hastaya sadece su verildi. 2. günden sonra 

enteral beslenmeye geçildi. 

 

Tartışma 

Pek çok çalışma, laparoskopik müdahalelerin, anlık sonuçlar 

(ağrıda azalma, kan kaybında ve hastanede kalış süresinde 

azalma, kozmetik etkide iyileşme) açısından geleneksel 

müdahalelere göre üstünlüğünü göstermektedir (Awad ve ark., 

2021). Ek olarak, çok sayıda iyi bilinen çok merkezli randomize 

çalışmalar, kolorektal kanser için laparoskopik girişimlerin 

onkolojik güvenliğini kanıtlamıştır (Jayne ve ark., 2010). 

Bu yöntemde çok daha küçük bir kesi olduğundan hastada 

ameliyat sonrası ağrı çok daha az olmakta, ameliyat sonrası 

bağırsak tıkanıklığı gelişme riski azalmakta, hastanede yatış süresi 

ve hastanın yatağa bağımlı kaldığı süre kısalmakta, işe dönüş daha 

erken olmakta ayrıca çok daha az cerrahi yara izi kalmaktadır. 

Yapılan deneyimler gösteriyor ki; laparoskopik cerrahinin 

açık cerrahiye göre çok sayıda avantajı vardır. Kolorektal kanser 

nedeniyle yapılan eksizyon, rezeksiyon ve lenfadenektomi 

hacmine ilişkin cerrahi müdahaleler onkolojik protokollere tam 

uyum içinde gerçekleştirildi. Kolon ve rektum kanserinin tedavisi 

için laparoskopik cerrahi yöntemlerinin kullanılması ameliyat 

sırasında kan kaybının miktarını azaltır ve yoğun bakımda kalma 

süresini kısaltır ve ameliyat sonrası komplikasyonların gelişimi en 

aza indirir.  

Minimal invaziv cerrahinin avantajları göz önünde 

bulundurulduğunda artık kolorektal cerrahide laparoskopik 

cerrahi standart tedaviler içinde yerini almıştır. 
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Oxidative stress in chronic diseases: An 
Overview of Orange Peel Extracts 
 Kronik Hastalıklarda Oksidatif Stres: Portakal 
Kabuğu Ekstrelerine Bakış 
  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 µL/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 
µL/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.  
  
ÖZ 
 
Amaç: Oksidatif stres, kardiyovasküler bozukluklar ve nörodejeneratif hastalıklardan metabolik sendrom 
ve kansere kadar çeşitli kronik hastalıkların patogenezinde yer alan önemli bir faktördür. Doğal 
kaynaklardan elde edilen antioksidanlar, oksidatif stresle mücadele etme ve hastalığın ilerlemesini önleme 
potansiyelleri nedeniyle büyük ilgi görmektedir. Özellikle portakal kabuğu güçlü antioksidan özelliklere 
sahip zengin biyoaktif bileşik içerikleri sayesinde umut verici adaylar olarak ortaya çıkmaktadır. Bu 
çalışmada portakal kabuğunun etanol ve metanol ekstraktlarının antioksidan kapasitelerini belirlemeyi 
amaçladık.  
Yöntem: Portakal kabuğunun etanol ve metanol ekstreleri elde edildi. Ekstrelerin toplam fenolik bileşen 
seviyelerini belirlemek için Folin-Ciocalteu Reaktifi (FCR) kullanıldı. DPPH (1,1-difenil-2-pikrilhidrazil), FRAP 
(Demir iyonu indirgeyici antioksidan gücü) ve CUPRAC (Cu2+ iyonları indirgeyen) teknikleri kullanılarak 
antioksidan aktiviteleri değerlendirildi. Ekstraktın eşdeğer antioksidan kapasitesini hesaplamak için 250 ile 
1000 g/mL arasında değişen farklı referans numune konsantrasyonları hazırlandı.  
Bulgular: Portakal kabuğunun etanol ve metanol ekstrelerindeki fenolik bileşenin en yüksek 
konsantrasyonu 1000 µL/mL olarak bulundu. Ekstrelerin FRAP, CUPRAC (Trolox Eq g/mL) ve DPPH radikal 
süpürme kapasitesi (% inhibisyon) için maksimum değerler 1000 µL/mL'lik konsantrasyonda görüldü. 
Etanol ekstraktı, metanol ekstraktına kıyasla daha yüksek antioksidan kapasite gösterdi.  
Sonuç: Portakal kabuğu ekstreleri, oksidatif stresi ve bununla ilişkili kronik hastalıkların etkisini hafifletmek 
için doğal terapötik maddeler olarak umut vaat etmektedir. Bununla birlikte, ekstrelerin kesin etki 
mekanizmalarını, optimal ekstraksiyon yöntemini, optimal dozajları ve potansiyel yan etkileri aydınlatmak 
için daha fazla araştırmaya ihtiyaç vardır. 

Anahtar Kelimeler: Antioksidan, kronik hastalıklar, ekstrakt, etanol, portakal kabuğu, 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 Türkiye 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, Arráez-Román, Segura-Carretero, & Fernández-

Gutiérrez, 2009). There are numerous natural and hybrid 

products available, such as oranges, grapefruits, lemons and 

some tangerines (Güzel & Akpınar, 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 

& Ibrahium, 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 

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, Poursaleh, 

Ghasempour, Farhad, & Najafi, 2019). 

Neurodegenerative disorders: Oxidative stress is closely 

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 

(Iannazzo 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 Türkiye 

and used as an important raw material in the food and beverage 

industry, in different extracts, and to determine their therapeutic 

potential. 

 



  
27 

 

Current Research in Health Sciences 

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. FeCl3.6H2O 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% Na2CO3 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 µL of sample and 200 µL of Folin & 

Ciocalteu reagent were added to the plates and incubated for 5 

minutes. Finally, 160 µL of Na2CO3 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 µL of 

extract sample was pipetted into the plate wells, and then 70 µL 

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 HCl 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 FeCl3 and 25 mL of acetate buffer 

from these prepared solutions. 10 µL of the extract sample and 

200 µL 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 İons (Cu2+) Reducing-CUPRAC Assay 

This method used by Apak et al. is based on the conversion 

of Cu(II) Neocuproin complex to Cu(I) 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•2H2O 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 µL CuCl2, 60 µL acetate buffer, 60 µL neocuproin 

solution and 66 µL 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 µg/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 

(µg/mL) and the results changed slightly depending on the 

solvent difference. 

 

Table 1. Total phenolic compound amounts of orange peel 

extracts 

Total Phenolic Compound (µg GAE/mg extract) 

Concentration 
(µg/mL) 

Ethanol extract Methanol extract 

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 

orange peel were determined according to the Brand Williams 

method (Brand-Williams et al., 1995). The analyzed concentration 

range (1-100 µg/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 µg/mL)) 

Concentration 
(µg/mL) 

Ethanol extract Methanol extract 

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 µg/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 µg/mL.



  
29 

 

Current Research in Health Sciences 

 

Figure 2. Concentration-% Inhibition graph of Trolox (a.Ethanol b. Methanol) 

 

Findings of İron İon Reducing Antioxidant Power (FRAP) 

The absorbance values corresponding to the iron (III) 

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 µg/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 (III) 

reducing/antioxidant potency activity reached the highest value 

at 100 µg/mL concentration. In line with these data, the 

concentration range of the extracts to be studied was determined 

as 1-100 µg/mL (Figure 3). 

 

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

extracts at different concentrations in µg TEAC 

Trolox (Eq µg/mL) 

Concentration 

(µg/mL) 
Ethanol extract Methanol extract 

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 ± 0,1 

The iron (III) reducing/antioxidant powers of ethanol and 

methanol extracts prepared from orange peel, standard 

antioxidant compounds and standard antioxidant compounds at 

250, 500 and 1000 µg/mL concentrations were compared in 

terms of µg 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 µg/mL. 

Findings of The Copper İon Reducing Antioxidant Capacity 

Determination Method (CUPRAC) 

The conversion of ethanol and methanol extracts prepared 

from orange peel and standard antioxidant compounds of Cu(II) 

neocuproin complex at 450 nm to Cu(I) 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 µg/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 (II) 

neocuproin complex to Cu (I) neocuproin at different 

concentrations in terms of µg TEAC 

Trolox (Eq µg/mL) 

Concentration 

(µg/mL) 
Ethanol extract Methanol extract 

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 

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

 

spectrophotometric direction at 450 nm and Cu(II) neocuproin 

complex by means of compounds with antioxidant effect in the 

environment and this complex is µg 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 µg/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 

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 & Ibrahium, 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 & Ibrahium, 2012). 

UPLC-ESI-MS/MS analysis of ethanolic extract of orange peels has 

revealed more than 40 polyphenolic compounds, including 

phenolic acids and flavonoids (Shehata et al., 2021). C-

glycosylated flavones, O-glycosylated flavones, O-glycosylated 

flavanones, flavonols, and phenolic acids and their derivatives are 

the main families of flavonoids identified by HPLC 

(Anagnostopoulou et al., 2006). We determined the phenolic 

content of ethanolic extract 10,6 µg GAE/mg extract and 

methanolic extract 8,8 µg GAE/mg extract, at 1000 µg/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 comparison to equal flavonoid 
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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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Evaluation of the Effects of Smoking on the Endocrine 
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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.
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Polikistik Over Sendromunda Arjinin 
Metabolizmasının Fonksiyonu 

 Function of Arginine Metabolism in Polycystic Ovary 
Syndrome 

 ÖZ 
 
Polikistik over sendromu (PKOS), doğurganlık çağındaki kadınları etkileyen yaygın bir hastalıktır. Üreme ve 
metabolik bozukluklarla ilişkilendirilen PKOS daha sonra inflamatuar durumlara neden olan anormal 
oksidasyon durumundan kaynaklanabilmektedir. Antioksidanların over fizyolojisinde, foliküler büyümede, 
oosit olgunlaşmasında ve yumurtalık steroid biyosentezinde rol oynayan ana faktör olduğu 
düşünülmektedir. Overlerdeki oksidatif stres veya düşük antioksidan durumu, PKOS gelişimine zemin 
hazırlayan en önemli mekanizmalardan biri olarak kabul edilebilir. Esas olarak oksidatif strese karşı görev 
yapan nitrik oksit, substrat olarak L-arginin'i L-sitrulline dönüştüren nitrik oksit sentaz (NOS) tarafından 
oluşturulur. Günümüz literatürü ışığında NOS ile etkileşen arjininin metabolizmasının, PKOS 
patofizyolojisindeki rolleri üzerine yapılan araştırmalar derlenmiştir. 

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 

 

 

Giriş 

Polikistik over sendromu (PKOS) reprodüktif çağdaki kadınlarda en sık karşılaşılan jinekolojik-

endokrin bozukluktur. Toplumda görülme sıklığı yaklaşık % 6-20’dir (Hu, 2024). Günümüzde PKOS’un 

etiyolojisi halen tam olarak aydınlatılamamış olsa da genetik ve çevresel faktörlerin rol aldığı 

bilinmektedir. PKOS’ta görülen semptomlar menstrüel düzensizlik, hiperandrojenizm, infertilite, 

obezite, disfonksiyonel uterus kanaması ve tekrarlayan abortus olarak sıralanmaktadır. Görülen 

menstrüel bozukluk oligomenore, amenore, polimenore, hipermenore, menoraji, menometroraji 

olarak sınıflandırılmıştır. Ayrıca görülen hiperandrojenizme bağlı olarak hirşutizm, akne ve alopesi 

görülebilmektedir. Ayrıca klinik olarak yapılan testlerde serum androjen, luteinizan hormon (LH), 

folükül salıverici hormon (FSH), östrojen ve prolaktin (PRL) düzeyleri yüksek görülebilmektedir. 

PKOS hakkında araştırmaların halen bu kadar popüler olmasının nedeni birçok bozuklukla ilişkili 

olmasından kaynaklanmaktadır. Bu bozukluklar; insülin direnci, Tip 2 Diabetes Mellitus, dislipidemi, 

obezite, kardiyovasküler hastalıklar, psikiyatrik, nörolojik bozukluklar ve jinekolojik kanserler olarak 

sıralanabilir (Hortu, 2019; Alataş, 2019). PKOS tanısı ilişkili olduğu metabolik bozukluklar dışlandıktan 

sonra önceleri NIH (national institute of health) kriterlerine göre koyulurken 2003 yılında 

Rotterdam’da bu kriterler gözden geçirilerek güncellenmiş ve Rotterdam kriterleri adı verilen bu 

kriterlere göre tanı konulmaya başlanmıştır. Rotterdam kriterlerinde 3 bulgudan 2 bulguyu gösteren 
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bireyler PKOS olarak kabul edilmektedir. Bu bulgular; oligo-

anovülasyon, ultrasonik olarak polikistik over yapısının 

gösterilmesi, klinik/biyokimyasal hiperandrojenizm’dir. Bu 

bulgulardan ilki olan oligo-anovülasyon, iki menstrüasyon 

arasında geçen gün sayısının 35 ve üstü olması veya yaklaşık 6 ay 

menstrüasyon olmaması durumudur. PKOS tanısını 

koyabileceğimiz diğer bulgu radyolojik incelemedir. 

Ultrasonografide overlerin çevresinde yaklaşık 2-9 mm çapında 

12 veya daha fazla sayıda folikül görülmelidir veya over volümü 

10 ml’den fazla olmalıdır.  PKOS tanısını koymaya yardımcı olan 

diğer bir bulgu ise hiperandrojenizm’dir ve en sık görülen klinik 

yansıması hirşutizmdir. 2006 yılında Androgen Excess Society 

(AES) tarafında PKOS tanı kriterleri hakkında yapılan açıklama ile 

hiperandrojenizm diğer bulgulara göre daha ön plana alınmıştır. 

PKOS tanısını koyabilmek için çeşitli dışlama kriterleri 

tanımlanmıştır. Bunlar; konjenital adrenal hiperplazi, androjen 

salgılayan neoplazi, cushing sendromu, hiperprolaktinemi, 

androjenik farmakoterapi, insülin direnci ve tiroid 

disfonksiyonu’dur (Rosenfield, 2016; Hortu, 2019). PKOS 

etiyolojisinde rol alan birçok etkenin yanı sıra oksidatif stresinde 

potansiyel bir faktör olduğu ileri sürülmüştür (Laleli, 2021). 

Reaktif oksijen türlerinin PKOS da görülen sistemik oksidatif 

strese sebep olmasının yanı sıra insülin direnci gelişimini ve ileri 

glukasyon ürünlerinin üretimini uyardığı bilinmektedir 

(Karacaoğlu, 2015). Oksidatif stres koşullarının verdiği zarara karşı 

koruyucu role sahip çok aktif bir molekül olan nitrik oksit (NO), 

birçok fizyolojik ve kimyasal süreci düzenlemektedir (Kayın, 

2020). NO, substrat olarak L-arginin'i L-sitrulline dönüştüren nitrik 

oksit sentaz (NOS) tarafından oluşturulmaktadır. Günümüz 

literatürü ışığında NO ile etkileşen arjininin, PKOS 

patofizyolojisindeki rolü üzerine yapılan araştırmalar 

derlenmiştir. 

 
Figure 1: PKOS patofizyolojisi 

 
Figure 2: L-arjinin sentez basamakları 
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PKOS Patofizyolojisi 

PKOS gelişimini çevresel faktörler daha fazla yönlendirse de 

genetik faktörlerin etkisi de yadsınamayacak düzeydedir. Etnik 

farklılık vücut kitle indeksi (VKİ)’ne göre değişkenlik gösterebilse 

de Rotterdam kriterlerine göre değerlendirildiğinde etnik farklılık 

önemsiz düzeydedir. PKOS patofizyolojisinde gonadotropin 

salıverici hormon (GnRH) değişiklikleri ve insülin 

metabolizmasındaki bozukluklar önemli rol oynayan süreçlerdir. 

Bu süreçler etkileşim göstererek birbirlerinin etkilerini 

arttırmaktadırlar. Overlerde preantral folüküllerden salgılanan 

yüksek düzeyli antimülerian hormon (AMH) folüküler 

mikroçevreyi ve GNRH salınımını değiştirerek over fonksiyon 

bozukluğunu artırır. GnRH değişikliği sonucu yüksek LH seviyeleri 

LH/FSH oranını bozulmasıyla sonuçlanır ve böylelikle folikül 

büyümesindeki düzensizliği şiddetlendirir ve ayrıca androjenlerin 

hipersekresyonuna neden olur. Androjen hipersekresyonuna 

neden olan diğer bir PKOS kompanenti ise insülin direncidir. 

İnsülin direnci karaciğer ve kas gibi insüline duyarlı organları 

etkileyerek visseral adipozite indeksi ve adipozit disfonksiyonu 

gelişmesinde rol alır. İnsülin direncinin görülmesiyle overlerde de 

androjene karşı hassasiyet artar. Diğer yandan karaciğerde 

cinsiyet hormon bağlayıcı globülin (SGHB) üretimi azalır ve 

böylelikle dolaşımdaki serbest testosteron artarak 

hiperandrojenizm tablosu şiddetlenir (Xu, 2022; Azziz, 2018, 

Harada, 2022). PKOS fizyopatolojisini içeren bu kısır döngünün 

kökeni bilinmemektedir. Bu heterojen sendromun özeti 

hiperandrojenizmin yatkınlığı artırması, insülin direncinin ise 

PKOS gelişimini tetiklemesidir (Şekil 1). Yapılan bir çalışmada 

perinatal hayatta maruz kalınan oksidatif stres, testosteron, 

artmış glukoz düzeylerinin postnatal hayatta erişkin dönemde 

PKOS gelişiminde rolü olabileceği ileri sürülmüştür (Dumesic, 

2007). Oksidatif streste rolü olan NO’in embriyonik dokularda 

metabolizmasının bozulmasının gelişimsel kusurlara neden 

olduğu ve çevresel teratojenlere maruz kalmayla ilişkili 

malformasyonların kökenine katkıda bulunan bir mekanizma 

olabileceği ileri sürülmüştür (Tiboni, 2014). 

PKOS sadece over hastalığı değil aynı zamanda insülin 

direnci, aşırı androjen, iltihaplanma ve oksidatif etkilerin eşlik 

ettiği kronik sistemik bir hastalık olarak kabul edilebilirken söz 

konusu etkenlerin bireysel katkıları hastadan hastaya farklılık 

göstermesi PKOS un heterojen yapısını açıklamaktadır. Yapılan 

çalışmalarda PKOS’da homosistein, malondialdehit ve asimetrik 

dimetil arjinin (ADMA) gibi oksidatif stress belirteçlerinin 

yükseldiği gösterilmiştir (Murri, 2013; Ozler, 2016; Yıldırım, 2017). 

Oksidatif stres ve inflamasyon birbirine sıkıca bağlı patofizyolojik 

süreçlerdir. Oksidatif stres durumunda artan serbest oksijen 

radikalleri proinflamatuar sistemin uyarılmasına neden olur 

(Roebuck, 1999). Tüm patolojik durumlarda olduğu gibi oksidatif 

hasarın boyutu sadece serbest radikal üretimine değil, aynı 

zamanda antioksidan savunma kapasitesine de bağlıdır. Serbest 

radikaller düşük yoğunlukta olduğu zaman yararlı etkilerinden söz 

edilebilmektedir. Düşük yoğunluktaki serbest radikaller 

enfeksiyonlara karşı savunma, kanser hücrelerinin öldürülmesi ve 

ksenobiyotiklerin detoksifikasyonu gibi savunma fonksiyonlarıyla 

birlikte intrasellüler depolardan kalsiyum salınımı, tirozin amino 

asidini fosfatlama aktivasyonu ve büyüme faktörü sinyallerinin 

aktivasyonu gibi hücresel sinyallerin aktivasyonunda rol 

oynamaktadır. Serbest radikallerinden oksijen kaynaklı olan 

reaktif oksijen radikalleri (ROS), oosit olgunlaşmasından 

fertilizasyona, embriyo gelişimine ve hamileliğe kadar birçok 

fizyolojik ve biyolojik süreci etkilemektedir. Kadın üreme 

bozukluklarının etiyolojisinde sitokinler ve oksidatif stres 

 
Figure 3: PKOS ve NO ilişkisi 
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arasındaki karmaşık etkileşim halen tartışılmaktadır. Reaktif 

nitrojen türlerinden NO ise endometrial ve over fonksiyonunun 

düzenlenmesinde, endometriozisin etiyopatogenezinde ve 

uterusun hareketsizliğinin sürdürülmesinde, doğumun 

başlatılmasında ve doğum sırasında serviksin olgunlaşmasındaki 

rolü halen tartışılmaktadır (Karabulut, 2016; Agarwall, 2005). 

Farklı fenotipli PKOS hastalarında toplam oksidan / antioksidan 

kapasite ve oksidatif stresin ilişkili olup olmadığının araştırıldığı bir 

çalışmada sadece antioksidan kapasite ile LH, serbest androjen 

indeksi ve yumurtalık hacmi pozitif korelasyon göstermiş ve 

obezitesi olmayan PKOS hastalarında da antioksidan kapasitenin 

arttığı gösterilmiştir (Verit, 2008). Bu bulgu faklı fenotiplerde 

fizyolojik ve biyokimyasal farklılıklar olmasının yanı sıra obezite 

varlığında oksidatif stresin söz konusu olduğu ve buna bağlı 

metabolik hastalıkların görülmesinde rolü olduğunu 

göstermektedir. 

PKOS ve Arjinin Metabolizması 

L-arjinin; NO, kreatin, üre gibi önemli bileşiklerin ve 

poliaminlerin biyosentezinde öncü olan amino asittir (Böger, 

2014) (Şekil 2). Nitrik oksit sentazın (NOS) doğal substratı olarak 

tanımlanmış olması ve NO’in birçok biyolojik işlevinin 

düzenlenmesinde önemli rol oynaması nedeniyle L-arjinin önemli 

bir molekül olarak öne çıkmaktadır (Matsumoto ve Yobimoto, 

1999). Memelilerin farklı hücreleri tarafından üretilen NO, 

nörotransmitter ve sitotoksik faktör olarak vücutta iki farklı role 

sahip olan bir moleküldür. 

Aşırı NO üretimi serbest radikal reaksiyonlarını 

tetikleyebilmektedir. NO, NOS enziminin katalizlediği reaksiyon 

ile O2 ve L-arjinin’den sentezlenmektedir. Herhangi bir uyarıdan 

sonra indüklenebilir NOS, diğer NOS’lardan 1000 kat daha fazla 

NO üretimine sebep olur. Makrofajlardan salıverilen NO yabancı 

mikroorganizmalara karşı nonspesifik bir savunma yapar. 

Savunma sistemindeki bu faydalı etkisinin yanında artmış NO’nun 

doku tahribatı yaparak damar geçirgenliğini arttırdığı ve septik 

şoktaki vazodilatasyona katkıda bulunduğu sanılmaktadır. Bunun 

yanında NO sentezinin tamamen bozulması da inflamasyonu 

hızlandırmaktadır. (Nathan, 1997). Overler NO sentezler ve 

NOS’un çoklu izoformları sıçan overlerinde eksprese edilmektedir 

(Victor ve ark., 2011). Bu NO, foliküler büyüme, yumurtlama, 

oosit gelişimi ve luteal fonksiyonun düzenleyicisi olarak görev 

yapmaktadır (Tiwari ve ark., 2017). NOS’un edojen inhibitörü 

olduğu ileri sürülen ADMA’nın genç PKOS hastalarında ve 

obezitesi olan PKOS hastalarında seviyelerinin yüksek olduğu 

bulunmuştur. ADMA, dimetil arjinin tarafından parçalanarak 

dimetilaminohidrolaz (DDAH) 1 ve 2 ye dönüşmektedir. PKOS ta 

ADMA seviyelerinin yüksek bulunmasının nedeni, karaciğer ve 

kalp dokularında bozulmuş DDAH1 aktivitesi ve azalmış DDAH1 

ekspresyonu ile ilişkilendirilmiştir. Bu bulgular DDAH1'in PKOS 

tedavisinde hedef olabileceğini düşündürmektedir (Li, 2023). NO, 

substrat olarak L-arginin'i L-sitruline dönüştüren NOS tarafından 

oluşturulur. L-sitrulin, farklı hücre türlerinde tekrar L-arginin'e 

dönüştürülebilir, böylece L-sitrulin'in L-arginin aracılığıyla NO'ya 

dönüştürülmesi için bir geri dönüşüm yolu sağlanır (şekil 3). 

Ancak yapılan bir çalışmada, PKOS'lu kadınların NOS 

ekspresyonunun azalması ve arginin biyoyararlılığının azalması 

nedeniyle NO'yu düşürdüğü savunulmuştur. Böylece L-arginin 

takviyesiyle terapötik müdahaleler gerçekleştirilebileceği öne 

sürülmüştür (Krishna ve ark. 2017; Ragy, 2019). Bunun yanı sıra 

arjinin ve N-asetil sistein kombinasyonu ile PKOS tedavisinin 

araştırıldığı bir çalışmada umut verici sonuçlara ulaşılmış (Masha, 

2009) olsa da insülin duyarlılaştırıcı ilaçlar ile 

karşılaştırılmadığından bu konu hakkında daha kapsamlı 

çalışmalara ihtiyaç olduğu kanısına varılmıştır. 

Sonuç olarak L-Arginin, NOS katalizli reaksiyonlar için tek 

fizyolojik nitrojen donörüdür; dolayısıyla bu temel substratın 

mevcudiyeti NO üretim oranlarını belirleyebilir. Arginin sentezi ve 

hücrelere taşınması da NO sentezini etkileyebilir (Roselli, 1998). 

Böylelikle arginin sentezi ve metabolizması hücresel NO 

sentezinin deneysel ve terapötik manipülasyonu için potansiyel 

bir hedefi temsil edebileceği açıktır. PKOS gelişiminde NO 

dengesinin önemi göz önüne alındığında NO sentezinde önemli 

yeri olan arjinin ile PKOS ilişkisinin aydınlatılabilmesi için daha 

kapsamlı deneysel ve klinik araştırmalar yapılarak literatüre 

kazandırılmalıdır. 
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