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ABSTRACT 
Background: Apoptosis is defined as a programmed cell death that eliminates dysfunctional, damaged, and 

fulfilled cells as a result of a certain stimulus. PCOS, IR, ovarian hyperandrogenism, hyperinsulinemia, and 
alterations in follicular endocrine signaling may impact the activation, growth, survival, and atresia of follicles. As a 
result of this impact, polycystic morphology may be observed in the ovaries, follicle development may be inhibited, 
and anovulation may occur. 
Aim: We aimed to investigate the relationship between the apoptosis markers caspase-8 and cytochrome-c levels 

and PCOS patients. 
Methods: Thirty female patients diagnosed with PCOS and 30 healthy volunteers were included in the study as a 

control group. Caspase-8 and cytochrome-c levels were measured by ELISA method in the sera of patients and 
healthy volunteers. 
Results: 30 PCOS female patients and 30 healthy control group were included in the study. No difference was 

found between the caspase-8 and cytochrome-c levels of PCOS patients and the caspase-8 and cytochrome-c 
levels of the healthy control group. (p <0.092, p <0.473). The mean ages of the patient and control groups were 
similar (mean age of patients: 24, mean age of control: 25). In the patient group, there was no relationship 
between total testosterone and caspase-8 and cytochrome-c levels (p <0.276, p <0.291). 
Conclusion: In polycystic ovary patients, the values of caspase-8, the apoptosis marker involved in the extrinsic 

pathway, and cytochrome-c, which is involved in the intrinsic pathway, similar to the control group. In order to 
investigate the relationship between PCOS and apoptosis, we suggest that apoptosis markers should be 
examined in the follicle fluids of PCOS patients. 
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INTRODUCTION 
Polycystic ovary syndrome (PCOS) is the most often 
syndrome observed among women of the reproductive 
period.1 The incidence of this disease is between 8 and 
13%. This rate varies according to the populations studied 
and the diagnostic criteria used.2 According to the 
American Institute of Health (NIH) diagnostic criteria, 
clinical findings of hyperandrogenism and/or biochemical 
findings of hyperandrogenism and menstrual dysfunction 
are required to diagnose PCOS,3 while according to the 
2003 Rotterdam diagnostic criteria: Presence of clinical and 
or biochemical hyperandrogenism, oligo-anovulation or 
polycystic ovarian morphology must exist. 4 
 At its meeting held in 2006, the Androgen Excess 
Society (AE-PCOS) defined clinical and/or biochemical 
hyperandrogenism and ovarian dysfunction 
(oligo/anovulation) and/or polycystic ovarian morphology as 
diagnostic criteria.4 Obesity, insulin resistance (IR), 
hyperandrogenism, abnormal follicular development, and 
inflammation often accompany PCOS.5 IR, ovarian 
hyperandrogenism, hyperinsulinemia, and alterations in 
follicular endocrine signaling may impact the activation, 
growth, survival, and atresia of follicles. As a result of this 
impact, polycystic morphology may be observed in the 
ovaries, follicle development may be inhibited, and 
anovulation may occur.6 The mitochondrion has a 
significant function in the regulation of oxidative stress.7 
Mitochondrial genes and functional diseases are 
investigated within the pathogenesis of PCOS. These 

mitochondrial disorders may explain features such as IR, 
hyperandrogenism, abnormal follicular development, and 
inflammation; however, the pathogenesis of mitochondrial 
dysfunction in PCOS is not clear.8 The main function of 
mitochondrion is to be effective in cell energy metabolism 
and cell apoptosis and to enable signal transduction for cell 
proliferation.9 The mitochondrion converts nutrients into 
energy and leads to the generation of reactive oxygen 
species (ROS).10 Excessive generation of ROS causes cell 
damage. For example, it damages the cell's DNA structure, 
protein structure, and lipid structure and stimulates 
mitochondrial-mediated apoptosis.11 Malondialdehyde 
(MDA), total antioxidant capacity (TAC), total antioxidant 
status (TAS), SOD (superoxide dismutase), and GSH 
(glutathione) are used as markers for the evaluation of 
oxidative stress level.12 
 Apoptosis is defined as a programmed cell death that 
ensures the elimination of cells that are dysfunctional, 
damaged, or fulfilled their function as a result of a certain 
stimulus.13 Apoptosis mechanisms are initiated by two 
pathways called extrinsic and intrinsic.14 Apoptosis plays a 
key role in cell balancing and elimination of harmful cells.15 
Insufficient or increased cell death may cause some 
diseases.12  In cancer diseases, the balance between cell 
proliferation and cell death is disrupted, and cells cannot 
receive death signals to perform apoptosis.16 The extrinsic 
pathway of apoptosis is activated by the binding of death 
ligands to death receptors, while the intrinsic pathway is 
activated as a result of intracellular signalling.13 
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 This receptor-ligand-adaptor protein complex in the 
extrinsic pathway is called the death-inducing signaling 
complex (DISC). This complex causes the formation of 
caspase-8, the active form of procaspase-8, due to the 
association of procaspase-8 with the death effector domain 
(DED) responsible for the transduction of apoptotic 
signal.17,18 Caspase-8 leads to cell death by activating 
procaspase-3, -6, and -7 or cuts the c-terminal region of 
tBid, which is a proapoptotic member of the Bcl-2 family, 
and causes the formation of its active form, tBid, and thus 
the progression of apoptosis to the intrinsic pathway.18,19  In 
the intrinsic signaling pathway, death signals induced by 
DNA damage, growth factor deficiency, and oxidative 
stress are transmitted to the mitochondrion by two 
proapoptotic members of the Bcl-2 family (Bax, Bad) and 
trigger the intrinsic pathway by forming pores on the 
mitochondrial surface. As a result, the outer mitochondrial 
membrane is fragmented, and caspase activators, 
especially cytochrome c, are released.15 Cytochrome c is 
an inner mitochondrial protein located in the 
intermembrane space and involved in the electron transport 
system for oxidative phosphorylation. In the presence of 
dATP, cytosolic cytochrome c binds with Apaf-1 and leads 
to the formation of a multiprotein complex called 
apoptosome and initiation of the proteolytic caspase death 
cascade; caspase-9 is activated and effector caspases 
(caspase-3 and -7) are activated in order. Caspase 
enzymes activate endonucleases containing DNA 
fragmentation factor, so that apoptotic cells perform DNA 
fragmentation.18,19 
 A few ways to evade apoptosis can be listed as 
follows: decrease of caspase functions, disruption of the 
receptor signaling pathway, increased expression of 
inhibitors of apoptosis proteins (IAPs) family molecules.20 
 The reason for the formation of multiple, small ovarian 
cysts in the ovaries in PCOS has not been fully explained.  
We measured the caspase 8 and cytochrome c levels, 
which are markers of apoptosis, in the sera of PCOS 
patients. We compared these values with serum caspase-8 
and cytochrome c levels of the patients without PCOS in 
the control group and tried to find the difference. In the 
literature, conflicting results have been found in studies 
with apoptosis markers in PCOS. In one study, caspase 9 
was found to be lower than the control group, but caspase 
3 and caspase 7 were similar.21 In another study evaluating 
caspase-1 in PCOS patients, the Caspase-1 value was 
higher in the patient group compared to the control group.22 
Our hypothesis was to investigate the question of whether 
the apoptosis markers caspase 8 and cytochrome c levels 
in the patient group would be lower than in the control 
group due to increased apoptosis in PCOS.Since the 
results of studies on apoptosis markers in PCOS patients 
are inconsistent, we aimed to measure the values of 
caspase 8, which is involved in the extrinsic pathway, and 
cytochrome c, which is involved in the intrinsic pathway, in 
PCOS patients. 
 

MATERIAL AND METHODS 
Patients: Informed consent form was obtained from the 

patients participating in the study. PCOS diagnoses based 
on Rotterdam diagnostic criteria and 2006 Androgen 
Excess Society criteria. 30 female patients with PCOS and 

30 healthy volunteers were included in the study. There 
was no known chronic disease, malignancy, autoimmune 
disease, and systemic infectious disease in the patient and 
control groups.  
Caspase-8 and cytochrome c measurements: Blood 

samples taken from both the patient and control groups 
were kept at room temperature for 5 minutes and then 
centrifuged at 4000 rpm for 5 minutes. The serum formed 
on the upper layer was collected and apportioned into at 
least two Eppendorf tubes stored at -80˚C until testing. As 
soon as the required number of patients for this study was 
reached, all samples were thawed, and then CYCS 
(cytochrome c) and human caspase-8 assays were run on 
the ELISA device in a single session with ELISA kits. 
 Research ethics standards compliance: This study 
was approved by the Sivas Cumhuriyet University 
Interventional Human Research Ethics Committee, Sivas, 
Turkey (Registry No:  2021-06/04, Date: 01.06.2021). The 
volunteers were informed about how the research would be 
applied and their possible risks.  Then, a written contest 
form was requested. This study complies with the 
Principles of the Declaration of Helsinki. 
Statistical analysis: SPSS 22.0 program was used for the 

statistical evaluation of the data. Descriptive analysis was 
performed on the data. The chi-square test was used. Data 
were averaged with standard deviation and independent 
samples t-test was used for comparison. Significance value 
was accepted as p <0.05. First Author, Second author, et al 
 

RESULTS 
30 female patients with PCOS and 30 healthy female 
volunteers as a control group was included in the study 
(Figure 1-2). 
 

 
Figure 1: Caspase-8 values in PCOS and control group 
patients (P<0.092)  
 

 
Figure 2: Cytochrome c values in PCOS and control group patients 
(P<0.473)  

2
.9

4

3
.2

4

P C O S KO N TR O L

C AS 8

1
.4

4
1

1
.4

3
6

P C O S KO N TR O L

C Y C S



Evaluation of Apoptosis Markers Caspas-8, Cytochrome C Levels in PCOS Patients 

 

576   P J M H S  Vol. 16, No.01, JAN  2022 

 No difference was determined between the caspase-8 
and cytochrome c levels of PCOS patients and the 
caspase-8 and cytochrome c levels of the control group 
(p<0.092, p0.473) (Figure 3). The mean ages of the patient 
and control groups were similar (mean patient age: 24, 
mean control age: 25). No correlation was determined 
between total testosterone and caspase-8 and cytochrome 
c levels in the patient group (p<0.276, p0.291). 
 

 
Figure 3: Mean age values in PCOS and control group patients 

 

DISCUSSION 
PCOS is the most often syndrome observed among women 
of the reproductive period.1 PCOS is often accompanied by 
obesity, insulin resistance (IR), hyperandrogenism, and 
abnormal follicular development.5 IR, ovarian 
hyperandrogenism, hyperinsulinemia, and alterations in 
follicular endocrine signaling may impact on the activation, 
growth, and survival of follicles. As a result of this impact, 
polycystic morphology may be observed in the ovaries, 
follicle development may be inhibited, and anovulation may 
occur. Apoptosis is defined as a programmed cell death 
that ensures the elimination of cells that are dysfunctional, 
damaged, or fulfilled their function as a result of a certain 
stimulus.13 Apoptosis plays a key role in tissue 
homeostasis and the elimination of harmful cells.15 
Apoptosis mechanisms are initiated by two pathways called 
extrinsic and intrinsic.14 Caspase-8 is the biomarker 
involved in the extrinsic apoptotic pathway, while 
cytochrome c is the marker involved in the intrinsic 
apoptotic pathway.20 Many cancer cells develop 
mechanisms in order to evade apoptosis by increasing the 
amount of anti-apoptotic molecules or by enabling the 
inactivation of proapoptotic cell death components.16 It was 
determined that caspase-8 undergoes substantial changes 
in the colon, gastric, and head and neck cancers.23 In a 
study conducted with patients with breast cancer, it was 
determined that caspase-8 expression substantially 
decreased in malignant tissue compared to adjacent 
normal tissue.24 Inflammation is a feature of chronic 
diseases. It is known that low-grade inflammation is 
included in the pathogenesis of PCOS.25 As an indicator of 
this relation, inflammation markers IL-6, TNF-alpha, C-
reactive protein (CRP), interleukin-8 (IL-8), soluble 
intracellular adhesion molecule-1 (MCP-1), and white blood 
cells (WBC) were found to be high in PCOS patients.26 OS 
and inflammation are closely related conditions, and there 
is an increase in the production of oxidative stress markers 
in case of inflammation. In the case of an increase in 
oxidative stress products, proinflammatory gene expression 

increases.27,36 WBC, CRP, and Xanthine oxidase (XO) 
were higher in PCOS patients compared to the control 
group. As a result, these studies indicate that the number 
of inflammatory markers and ROS (reactive oxygen 
species) increase in PCOS patients.28 There are also 
studies expressing the relationship between inflammation 
and IR and obesity in PCOS patients.  It was determined 
that IL-6, TNF-alpha, and vascular cell adhesion molecule 
1 (VCAM-1) levels increase in PCOS patients with IR. 
These increases accompany mitochondrial dysfunction and 
cause a decrease in mitochondrial oxygen consumption 
and an increase in ROS generation.29 In women, there are 
mitochondria in the ovaries that contribute to oocyte 
maturation.30 A large number of oocytes begin to grow at 
the beginning of each menstrual cycle. Only one oocyte 
successfully reaches the meiosis I stage. In the next stage, 
ROS level increases and antioxidant production decreases. 
On the other hand, for a successful meiosis II division, 
antioxidant protection such as CAT (Catalase), SOD 
(superoxide dismutase), GSH (glutathione) is required.31 
The primary sources of ROS in follicular cells are 
macrophages, granulocytes, and neutrophils. Follicular 
ROS induces apoptosis in many follicles. Follicle-
stimulating hormone FSH and GSH play an effective role 
against apoptosis. As a result of an experimental study on 
rats, it was stated that inhibition of GSH synthesis may 
increase the rate of follicular atresia.32 In a study 
investigating oxidative stress and inflammatory markers in 
PCOS patients, it was determined that MDA 
(malondialdehyde) increased in the follicular fluids of PCOS 
patients compared to the healthy control group and TAC 
(total antioxidant capacity) and thiol decreased. Again in 
the same patients, IL-6, IL-8, and TNF-alpha were higher 
than the control group.33 This study suggests that OS and 
inflammation may be the cause of impaired oocyte 
development in PCOS. In a similar study conducted with 
PCOS patients, MDA level was higher and GSH level lower 
in PCOS patients compared to the control group.34  
 In our study, we measured caspase-8 and 
cytochrome c levels as apoptotic markers. We did not 
determine any difference in caspase-8 and cytochrome c 
values compared to the healthy control group. In a study of 
PCOS patients in the literature, total oxidant status and 
caspase-9 were lower compared to the control group; 
however, caspase-3 and caspase-7 values were similar to 
those in the control group.  It was reported that there is a 
negative relationship between caspase-9 and PCOS.21 The 
results of caspase-3 and caspase-7 in this study are similar 
to the results of our study and support our study. In another 
study evaluating caspase-1 in PCOS patients, the 
Caspase-1 value was higher in the patient group compared 
to the control group.22 In a study investigating the ovarian 
follicular fluids of PCOS patients with 14 anovulatory cycles 
and 9 regular ovulatory cycles, Caspase-3 levels were 
significantly lower in women with PCOS with anovulatory 
cycles than in women with regular ovulatory cycles.35 This 
study supports that apoptosis is relatively more active in 
patients with anovulatory cycles. As seen in the studies on 
PCOS patients and our study, in most of the studies on 
apoptosis markers in blood serum values of PCOS 
patients, these markers were not decreased. However, in 
the study conducted with the follicle fluids of PCOS 
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patients, a decrease in these apoptosis markers is 
observed.35 It is thought that the decrease in apoptosis 
markers caused by the increase in apoptosis in PCOS 
patients is not reflected in blood serum levels. Therefore, it 
is recommended to look at these apoptosis markers in the 
follicle fluids of patients for future studies investigating the 
relationship between PCOS and apoptosis. The absence of 
a study in the literature evaluating Caspase-8 and 
cytochrome c together in PCOS patients renders our study 
original. The fact that the values of caspase-8, a marker of 
apoptosis in the extrinsic pathway and cytochrome c values 
in the intrinsic pathway, are similar to the control group in 
PCOS patients, it is thought that the decrease in apoptosis 
markers in PCOS patients is not reflected in blood serum 
levels. 
 

CONCLUSION 
The values of caspase-8, which is a marker of apoptosis in 
the extrinsic pathway, and cytochrome c values in the 
intrinsic pathway of PCOS patients were found to be similar 
to the control group.It is thought that the decrease in 
apoptosis markers caused by the increase in apoptosis in 
PCOS patients is not reflected in blood serum levels. 
Therefore, we suggest that these apoptosis markers should 
be examined in the follicle fluids of patients for future 
studies investigating the relationship between PCOS and 
apoptosis. 
Conflict of Interest Statement: “The authors declare that 

they have no potential conflicts of interest with the contents 
of this article.” 
 

REFERENCES 
1. Sagvekar P, Dadachanji R, Patil K, Mukherjee S. 

Pathomechanisms of Polycystic Ovary Syndrome: 
Multidimensional Approaches. Front Biosci. 2018;10:384–
422. PMID: 29293465. 

2. Azziz R, Carmina E, Chen Z, Dunaif A, Laven JS, Legro RS, 
et al. Polycystic Ovary Syndrome. Nat Rev Dis Primers. 
2016;2:16057. PMID: 27510637. 

3. Azziz R. PCOS in 2015: New Insights into The Genetics of 
Polycystic Ovary Syndrome. Nat Rev Endocrinol. 
2016;12:74–75. PMID: 26729036. 

4. Balen AH, Morley LC, Misso M, Franks S, Legro RS, 
Wijeyaratne CN, et al. The Management of Anovulatory 
Infertility in Women with Polycystic Ovary Syndrome: An 
Analysis of the Evidence to Support the Development of 
Global WHO Guidance. Hum Reprod Update. 2016;22:687–
708. PMID: 27511809. 

5. McCartney CR, Marshall JC. Clinical Practice. Polycystic 
Ovary Syndrome. New Engl J Med. 2016;375:54–64. PMID: 
27406348. 

6. Dumesic DA, Richards JS. Ontogeny of The Ovary in 
Polycystic Ovary Syndrome. Fertil Steril. 2013;100:23–38. 
PMID: 23472949 

7. Wallace DC. Mitochondrial DNA Mutations in Disease and 
Aging. Environ Mol Mutagen. 2010;51:440–50. PMID: 
20544884. 

8. Papalou O, Victor VM, Diamanti-Kandarakis E. Oxidative 
Stress in Polycystic Ovary Syndrome. Curr Pharm Des. 
2016; 22(18):2709–22. PMID: 26881435. 

9. Wallace DC. Mitochondria as Chi. Genetics. 2008; 
179(2):727–35. PMID: 18558648. 

10. Pitocco D, Zaccardi F, Di Stasio E, Romitelli F, Santini SA, 
Zuppi C, et al. Oxidative Stress, Nitric Oxide, and Diabetes. 
Rev Diabetic Stud. 2010;7(1):15–25. PMID: 20703435. 

11. Wallace DC. A Mitochondrial Paradigm of Metabolic and 
Degenerative Diseases, Aging, And Cancer: A Dawn for 
Evolutionary Medicine. Annu Rev Genet. 2005; 39:359–407. 
PMID: 16285865. 

12. Del Rio D, Stewart AJ, Pellegrini N. A Review of Recent 
Studies On Malondialdehyde as Toxic Molecule and 
Biological Marker of Oxidative Stress. Nutr Metab 
Cardiovasc Dis. 2005;15(4):316-28. PMID: 16054557. 

13. Koff JL, Ramachandiran S, Bernal-Mizachi L. A Time To Kill: 
Targeting Apoptosis in Cancer. Int J Mol Sci. 
2015;16(2):2942-55. PMID: 25636036. 

14. Akşit H , Bildik A . Apoptozis. Yüzüncü Yıl Üniversitesi 
Veteriner Fakültesi Dergisi. 2008;19(1):55-63. 

15. Favoloro B, Allocati N, Graziano V, Laurenzi V. Role of 
Apoptosis in Disease. Aging (Albany NY). 2012;4(5):330-49. 
PMID: 22683550. 

16. Nitulescu GM, Drachici C, Olaru OT, Matei L, Ioana A, Dragu 
LD, et al. Synthesis and Apoptotic Activity of New Pyrazole 
Derivatives in Cancer Cell Lines. Bioorg Med Chem. 
2015;23(17):5799-808. PMID: 26193760. 

17. Wong RS. Apoptosis in Cancer: From Pathogenesis to 
Treatment. J Exp Clin Cancer Res. 2011;30:87. 

18. Yang J, Li G, Zhang K. Pro-survival Effects by NF-kB, Akt 
and ERK (1/2) and Anti-Apoptosis Actions by Six1 Disrupt 
Apoptotic Functions of TRAIL-Dr4/5 Pathways in Ovarian 
Cancer. Biomed Pharmocother. 2016;84:1078-87. PMID: 
27780136. 

19. Wang Y, Tjandra N. Structural Insights of tBid, the Caspase-
8-Activated Bid, and Its BH3 Domain. J Biol Chem. 
2013;288(50): 35840-51. PMID: 24158446. 

20. Finlay D, Vamos M, González-López MG, Ardecky RJ, Ganji 
SR, Yuan H, et al. Small-molecule IAP Antagonists Sensitize 
Cancer Cells to TRAIL-Induced Apoptosis: Roles of XIAP 
and cIAPs. Mol Cancer Ther. 2014;13(1):5-15. PMID: 
24194568. 

21. Uyanikoglu H, Sabuncu T, Dursun H, Sezen H, Aksoy N. 
Circulating Levels of Apoptotic Markers and Oxidative Stress 
Parameters in Women with Polycystic Ovary Syndrome: A 
Case-Controlled Descriptive Study. Biomarkers. 
2017;22(7):643–7. PMID: 27899026. 

22. Cabus U, Kabukcu C, Fenkci S, Caner V, Oztekin O, Fenkci 
V, et al. Serum Caspase-1 Levels in Women with Polycystic 
Ovary Syndrome. Taiwan J Obstet Gynecol. 2020;59(2):207-
210. PMID: 32127139. 

23. Lawrence MS, Stojanov P, Mermel CH, Robinson JT, 
Garraway LA, Golub TR, et al. Discovery and Saturation 
Analysis of Cancer Genes Across 21 Tumour Types. Nature. 
2014;505(7484):495-501. PMID: 24390350. 

24. Huang KH, Fang WL, Li AF, Liang PH, Wu CW, Shyr YM, et 
al. Caspase-3, a Key Apoptotic Protein, as A Prognostic 
Marker in Gastric Cancer After Curative Surgery. Int J Surg. 
2018;52:258-263. PMID: 29501797. 

25. Pandey V, Singh A, Singh A, Krishna A, Pandey U, Tripathi 
YB. Role of Oxidative Stress and Low-Grade Inflammation in 
Letrozole-Induced Polycystic Ovary Syndrome in the Rat. 
Reprod Biol. 2016;16(1):70–7. PMID: 26952756. 

26. Diamanti-Kandarakis E, Paterakis T, Alexandraki K, Piperi C, 
Aessopos A, Katsikis I, et al. Indices of Low-Grade Chronic 
Inflammation in Polycystic Ovary Syndrome and The 
Beneficial Effect of Metformin. Hum Reprod. 
2006;21(6):1426–31. PMID: 16497699. 

27. Flohe L, Brigelius-Flohe R, Saliou C, Traber MG, Packer L. 
Redox Regulation of NF-Kappa B Activation. Free Radic Biol 
Med. 1997;22(6):1115–26. PMID: 9034250. 

28. Isik H, Aynioglu O, Timur H, Sahbaz A, Harma M, Can M, et 
al. Is Xanthine Oxidase Activity in Polycystic Ovary 
Syndrome Associated with Inflammatory and Cardiovascular 
Risk Factors. J Reprod Immunol. 2016;116:98–103. PMID: 
27295433. 

29. Kaipia A, Chun SY, Eisenhauer K, Hsueh AJ. Tumor 



Evaluation of Apoptosis Markers Caspas-8, Cytochrome C Levels in PCOS Patients 

 

578   P J M H S  Vol. 16, No.01, JAN  2022 

Necrosis Factor-Alpha and Its Second Messenger, 
Ceramide, Stimulate Apoptosis in Cultured Ovarian Follicles. 
Endocrinology. 1996;137(11):4864–70. PMID: 8895358. 

30. Chappel S. The Role of Mitochondria from Mature Oocyte to 
Viable Blastocyst. Obstet Gynecol Int. 2013;2013:183024. 
PMID: 23766762. 

31. Angelucci S, Ciavardelli D, Di Giuseppe F, Eleuterio E, 
Sulpizio M, Tiboni GM, et al. Proteome Analysis of Human 
Follicular Fluid. Biochim Biophys Acta. 2006;1764(11):1775–
85. PMID: 17067859. 

32. Tsai-Turton M, Luong BT, Tan Y, Luderer U. 
Cyclophosphamide-Induced Apoptosis in COV434 Human 
Granulosa Cells Involves Oxidative Stress and Glutathione 
Depletion. Toxicol Sci. 2007;98(1):216–30. PMID: 17434952. 

33. Artimani T, Karimi J, Mehdizadeh M, Yavangi M, 
Khanlarzadeh E, Ghorbani M, et al. Evaluation of Pro-

Oxidant-Antioxidant Balance (PAB) And Its Association with 
Inflammatory Cytokines in Polycystic Ovary Syndrome 
(PCOS). Gynecol Endocrinol. 2018;34(2):148–52. PMID: 
28868943. 

34. Godin DV, Wohaieb SA, Garnett ME, Goumeniouk AD. 
Antioxidant Enzyme Alterations in Experimental and Clinical 
Diabetes. Mol Cell Biochem. 1988;84(2):223-31. PMID: 
3231224. 

35. Das M, Djahanbakhch O, Hacihanefioglu B, Saridogan E, 
Ikram M, Ghali L, et al. Granulosa Cell Survival and 
Proliferation Are Altered in Polycystic Ovary Syndrome. J 
Clin Endocrinol Metab. 2008;93(3):881-7. PMID: 18073308. 

36. Ilkım M. Çelik T., Mergan B.(2021) Investigation of Sports 
Management Students' Perceptions and Attitudes towards 
the COVID-19 Pandemic, Pakistan Journal Of Medical & 
Health Sciences, Volume15 Issue 2 Page799-803,   

 


