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Abstract:
Polycystic ovarian syndrome is a common endocrine disorder affecting 8–13% of wom-

en of reproductive age. Objectives: This study aimed to assess hormone levels and oxi-
dative stress enzymes in women with PCOS. Materials and Methods: The study included 
90 women (30 healthy controls and 60 PCOS patients aged 18–48 years on metformin). 
Blood samples (5–8 ml) were collected, and serum was analyzed for hormonal levels, oxida-
tive stress enzyme activity, and random blood sugar (RBS).Results: Compared to controls, 
PCOS patients showed a non-significant decrease in testosterone (0.46±0.22 vs. 0.36±0.2, 
p = 0.0505), and a significant decrease in thyroid-stimulating hormone (TSH) (2.31±0.82 
vs. 1.63±0.87, p < 0.0001). Glutathione peroxidase levels were significantly reduced 
(57.59±36.72 vs. 28.24±22.49, p < 0.0001), while decreases in glutathione S-transferase and 
catalase were non-significant. RBS showed a slight, non-significant increase (106.1±0.22 vs. 
102.68±29.79, p = 0.0284). ROC analysis revealed an AUC of 0.751 for glutathione peroxi-
dase and 0.74 for TSH, suggesting both markers have a strong association with PCOS.	

Keywords: Polycystic ovary syndrome, Testosterone, Thyroid stimulating hormone, 
Random blood sugar, oxidative stress enzymes.
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مستخلص:

متلازمــة المبيــض المتعــدد الكيســات هــي اضطــراب شــائع في الغــدد الصــاء يصيــب 13-8٪ مــن النســاء في ســن الإنجــاب. 
الأهــداف: هدفــت هــذه الدراســة إلى تقييــم مســتويات الهرمونــات وإنزيــات الإجهــاد التأكســدي لــدى النســاء المصابــات بمتلازمة 
تكيــس المبايــض. المــواد والطــرق: شــملت الدراســة 90 امــرأة )30 مريضــا صحيــا و60 مريضــا بمتلازمــة تكيــس المبايــض تــراوح 
أعمارهــم بــن 18 و 48 عامــا يتناولــون الميتفورمــن(. تــم جمــع عينــات الــدم )8-5 مــل( ، وتــم تحليل المصــل للمســتويات الهرمونية 
ونشــاط إنزيــم الإجهــاد التأكســدي وســكر الــدم العشــوائي )RBS(. النتائــج: بالمقارنــة مــع الضوابــط ، أظهــر مــرضى متلازمــة 
ــل 0.2±0.36 ، ص = 0.0505( ،  ــتيرون )0.22±0.46 مقاب ــون التستوس ــه في هرم ــد ب ــر معت ــا غ ــض انخفاض ــس المباي تكي
وانخفــاض كبــر في الهرمــون المنبــه للغــدة الدرقيــة )TSH) (2.31±0.82 مقابــل 0.87±1.63 ، ص > 0.0001(. انخفضــت 
مســتويات الجلوتاثيــون بيروكســيداز بشــكل ملحــوظ )36.72±57.59 مقابــل 22.49±28.24 ، ص > 0.0001( ، في 
ــد بهــا  ــة وغــر معت ــادة طفيف ــرا. أظهــر RBS زي ــالاز لم يكــن كب ــون S-transferase والكات حــن أن الانخفــاض في الجلوتاثي
)0.22±106.1 مقابــل 29.79±102.68 ، ص = 0.0284(. كشــف تحليــل ROC عــن AUC قــدره 0.751 للجلوتاثيــون 

بيروكســيداز و 0.74 ل TSH ، ممــا يشــر إلى أن كلتــا العلامتــن لهــا ارتبــاط قــوي بمتلازمــة تكيــس المبايــض .
الكلــات المفتاحيــة: متلازمــة المبيــض المتعــدد الكيســات ، التستوســتيرون ، هرمــون تحفيــز الغــدة الدرقيــة ، ســكر الــدم 

العشــوائي ، إنزيــات الإجهــاد التأكســدي.
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Introduction
Polycystic ovarian syndrome 

(PCOS) is the predominant endocrino-
logical disorder in women, impacting 
8% to 13% of those of reproductive age 
(1). Polycystic ovarian syndrome was 
initially identified in females in 1935 
by Stein and Leventhal. Hyperandro-
genism, a variety of male-like traits, is 
a symptom of polycystic ovarian syn-
drome, which is why the condition is 
sometimes called Stein and Leventhal 
syndrome. Obesity, subcutaneous and 
abdominal fat, hirsutism, alopecia, cli-
tromegaly, a deep voice, seborrhea, 
acne, and other physical indications 
of hyperandrogenism are many. Alter-
ations to the metabolic profile occur 
apart from these physical indicators. 
Hyperandrogenism individuals, espe-
cially those with polycystic ovary syn-
drome (PCOS), often have low levels 
of serum sex hormone-binding globulin 
(SHBG) (2). Women who suffer from 
polycystic ovary syndrome (PCOS) 
may experience oxidative stress due 
to certain symptoms such as elevated 
androgen hormones, insulin resistance, 
belly fat, and obesity. Yet, elevated ox-
idative stress and impaired antioxidant 

capacity may contribute to insulin re-
sistance, central obesity, hypertension, 
cardiovascular disease, and hyperlipid-
emia (3). The imbalance between oxi-
dants and antioxidants, along with the 
excessive creation of reactive oxygen 
species (ROS), is known as oxidative 
stress. Many studies have shown that 
oxidative circulating indicators are 
much higher in PCOS patients than in 
the general population, suggesting that 
they may play a role in the develop-
ment of PCOS (4).

There are two main types of these 
processes: enzymatic and nonenzymat-
ic. Some examples of enzymes that can 
neutralize free radicals are catalase, su-
peroxide dismutase (SOD), glutathione 
reductase (GR), and glutathione oxi-
dase (GPX). Enzymatic antioxidants 
such as superoxide dismutase (SOD), 
catalase (GPX), and GP are essential 
for eliminating oxygen compounds 
that are damaging to cells (5). The most 
prominent example of the nonenzymat-
ic antioxidants found in embryos and 
oocytes is glutathione (GSH) (6).  The 
following are examples of antioxidants 
that do not involve enzymes: carotene, 
beta-carotene, selenium, zinc, vitamin 
C, and vitamin E. (7). For ROS me-
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tabolism to work, catalase is an essen-
tial enzyme. This is why catalase has 
been the subject of so much research 
as of late. On the other hand, there is 
scant data on the role of catalase in 
regulating follicular differentiation and 
growth. Peroxisomes are the main lo-
cations for catalase. In 1975, immuno-
histochemistry was the first method to 
identify catalase in ovarian tissue  (8).  
Enzymes belonging to the GPx family 
prevent oxidative stress by converting 
hydroperoxides of lipids to their alcohol 
counterparts and hydrogen peroxide to 
water. Various studies documented the 
examination of GPx activity with the 
purpose of assessing antioxidant de-
fense in PCOS. Sabuncuet al. assessed 
the antioxidant and oxidant levels of 
polycystic ovary syndrome (PCOS) 
patients. It was shown that GPx was 
similar in the PCOS group compared 
to the healthy control group (4). An 
essential class of enzymes known as 
glutathione S-transferases (GSTs) re-
moves toxins from the body and from 
outside sources, including drugs and 
pollution (9)First described in 1961 by 
Booth et al., the Glutathione-S-trans-
ferase (GST) is (10). Xenobiotics that 
are electrophilic can be neutralized by 

glutathione-s-transferase. Addition-
ally, the body’s excretion is provided 
by the dimeric enzymes (11,12). The 
GST family is able to destroy reactive 
oxygen derivatives that are hazard-
ous when oxidative stress occurs be-
cause of its antioxidant actions. Many 
disorders, including polycystic ovary 
syndrome (PCOS), in women may be 
caused by mutations in GST enzymes 
or other structural or genetic abnormal-
ities (13). 

One of the most important anabol-
ic steroids is testosterone. The body 
cannot function properly without this 
sex hormone. In humans, it controls 
parameters such as libido, fat distribu-
tion, hair growth, bone density, muscu-
lar mass, and RBC count. Additionally, 
it is essential for the maturation of the 
testes and prostate, two male repro-
ductive organs, and for the creation of 
sperm. Estradiol, a kind of estrogen, is 
produced from a little quantity of cir-
culating testosterone through a biosyn-
thetic process that begins with choles-
terol  (14).  Identifying patients with 
aberrant androgen constellations is cru-
cial since PCOS patients with andro-
gen excess are at a greater risk for met-
abolic repercussions including insulin 
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resistance and liver disorders (15). The 
anterior pituitary gland’s thyrotrophs 
(basophile cells) produce and emit 
thyroid stimulating hormone (TSH), 
a glycoprotein. As with follicle-stim-
ulating hormone (FSH), luteinizing 
hormone (LH), and hCG, it is a gly-
coprotein hormone. To far, glycopro-
tein hormones have been identified as 
one of the most complex and massive 
endocrine ligands. These hormones 
are biologically distinct because they 
are heterodimeric cystine-knot glyco-
proteins with a common -subunit and 
a unique -subunit for each hormone  
(16). Some thyroid illnesses share clin-
ical symptoms with polycystic ovary 
syndrome. Recent studies have shown 
that the incidence of hypothyroidism is 
higher in people diagnosed with PCOS 
(11–14%) compared with control par-
ticipants (1-2%), adding to the grow-
ing body of data linking PCOS to an 
increased incidence rate of thyroid ill-
nesses (17). 

Among carbohydrates, glucose, or 
random blood sugar (RBS), is the most 
vital fuel for the body. Because it cannot 
be further broken down by hydrolysis, 
glucose is categorized as monosaccha-
ride. In the fed state, diet is the primary 

source of circulating glucose. Due to 
its six carbon atoms and the presence 
of an aldehyde group on carbon 1, it 
is further classed as a hexose and an 
aldose, respectively. Glucose levels in 
the blood typically remain largely con-
stant between 80 and 120 mg/dl (18).  
Metabolic diseases include obesity, 
insulin resistance, and hyperglycemia 
are associated with polycystic ovary 
syndrome (PCOS). Type 2 diabetes 
mellitus (T2DM) was four times more 
common in PCOS patients compared 
to normal controls in the Danish na-
tional registration study, and patients 
with PCOS were diagnosed at a young-
er age (19). 

Materials and Methods
This study was conducted at the 

Chemistry Department, College of Sci-
ence, University of Tikrit, from Sep-
tember 2023 to January 2024. Blood 
samples were collected from women 
diagnosed with polycystic ovary syn-
drome (PCOS) who attended private 
clinics in Tikrit. The study included 60 
women aged between 18 and 48 years. 
Blood samples were collected under 
aseptic conditions using sterile dispos-
able syringes. Serum was separated by 
centrifugation at 3000 rpm for 10 min-
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utes and stored at –20°C until analysis. 
Biochemical parameters were mea-
sured using ELISA kits for hormones 
(LH, FSH, insulin, testosterone) and 
spectrophotometric methods for glu-
cose and lipid profile. All reagents and 
kits were obtained from reliable com-
mercial sources and used according to 
the manufacturers’ instructions. Sta-
tistical analysis was performed using 
SPSS software version 25.

Biochemical tests: Hormones in-
clude Testosterone, thyroid stimulating 
hormone (TSH), and  Random blood 
sugar (RBS) were measured by using 
(chemiluminescence immunoassay 
Mindray CL-900i (Mindray Bio-Medi-
cal Electronics, Shenzhen, China) (20). 
The activity of oxidation enzymes was 
measured using a device UV-Vis Spec-
tra Photometer (UV-752, Shanghai 
Yoke Instrument Company, Shanghai, 
China) (21). 

Statistical analysis: The research-
ers used SPSS and MedCalc to run an 
F-test with a significance level of P < 
0.001 to find out if the biochemical pa-
rameters being evaluated were differ-
ent in the PCOS patient group com-
pared to the control groups. Through 
the use of receiver operating charac-

teristic (ROC) curve analysis, the diag-
nostic accuracy of serum biochemical 
parameter levels in distinguishing be-
tween patients and control groups was 
assessed. This method was also used to 
find the optimal cut-off levels for the 
biochemical parameters and Testoster-
one that were being studied. Addition-
ally, the AUC was calculated.

Results and discussions 
The below table shows there was a 

significant decrease in the levels of thy-
roid- stimulating hormone (P<0.0001) 
in the blood of the group of patients 
also in Glutathione peroxidase enzyme 
. in other hand there is no significant 
in Glutathione-S-transferase, Catalase, 
RBS and Testo.
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It was noted that there was a sig-
nificant decrease in the levels of thy-
roid- stimulating hormone (P<0.0001) 
in the blood of the group of patients 
taking drugs (metformin) according to 
the results The results of this study are 
consistent with many other studies that 
showed a decrease in thyroid-directing 
hormone levels in patients with PCOS 
(22–24). While thyroid-stimulating 
hormone levels have been found to 
have increased in patients with polycys-
tic ovaries in other studies (25). When 
treating type 2 diabetes, metformin is 
often prescribed as a first-line medi-
cation. Women with polycystic ova-
ry syndrome (PCOS), type 2 diabetes 
(T2DM), or impaired glucose tolerance 
(IGT) who do not respond to lifestyle 
changes, or who experience menstru-
al irregularities and are unable to use 

or tolerate hormonal contraceptives, 
should be considered for metformin as 
a second-line treatment, according to 
the Endocrine Society. The production 
of androgens by the ovaries may be 
directly reduced by metformin. When 
coupled with clomiphene citrate, met-
formin increases the rate of ovulation 
in women who are resistant to it alone. 
When compared to Caucasians and Eu-
ropeans of the same body mass index, 
South Asians exhibit far lower insu-
lin sensitivity and insulin resistance. 
Within four months of starting 6-month 
metformin monotherapy, menstrual pe-
riods returned to normal, and within 
three months of stopping the drug, the 
patient’s condition had returned to its 
pre-treatment state. Some recent stud-
ies have shown that metformin can af-
fect thyroid function tests, specifically 

Table: (1) Serum biochemical parameters levels patients with PCOS

Parameters
Controls

(mean ± SD)
PCOS Patients
(mean ± SD)

p-value

Testo(ng/ml) 0.46 ± 0.22 0.36 ± 0.2 0.0505
RBS (mg/dl) 106.1 ± 14.56 102.68 ± 29.79 0.0284
TSH(µIU/ml) 2.31 ± 0.82 1.63 ± 0.87 <0.0001

Glutathione peroxidase 57.59 ± 36.72 28.24 ± 22.49 <0.0001
Glutathione-S-transferase 0.34 ± 0.371 0.373 ± 0.315 0.2059

Catalase 101.51 ± 71.04 93.94 ± 94.108 0.2657
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by lowering serum thyrotropin (TSH) 
levels. On the other hand, euthyroid 
patients who did not have any under-
lying thyroid malfunction did not see 
any changes in TSH levels when taking 
metformin. Complex and multifaceted 
is the mechanism of metformin’s im-
pact on the thyroid axis. Metformin has 
the potential to alter either the quantity 
or the affinity of thyroid hormone re-
ceptors. It might have an immediate 
effect on TSH control or raise central 
dopaminergic tone. 

Because of this, the pituitary gland 
is able to receive thyroid hormones 
more effectively [16]. The hypothalam-
ic AMPK activity is inhibited by met-
formin, and the inhibitory control of 
thyroid hormones on TSH secretion is 
enhanced. The study’s findings are sup-
ported by the observation that the pa-
tient group’s blood testosterone levels 
decreased, though not significantly, to 
0.36 ±0.2, which is slightly lower than 
the healthy group’s (0.46 ±0.22) levels  
26,27(). Although histologic studies of 
ovaries from older PCOS women are 
not yet available, it is believed that the 
number of theca cells decreases and 
the rate of primary and antral folli-
cle loss accelerates in normal women 

starting around the ages of 37 to 38. 
In PCOS, the androgens come from 
hyperplastic theca cells. The decline 
in testosterone levels in middle-aged 
PCOS women may be explained by a 
decrease in the number of theca cells in 
their bodies. Another possible cause of 
decreased androgen production could 
be an age-related decline in an enzyme 
involved in testosterone biosynthesis, 
like P450c17, which has been linked 
to polycystic ovary syndrome (PCOS). 
Metformin, an insulin sensitizing drug, 
can help reduce serum testosterone 
levels by acting on serum insulin and 
enhancing tissue insulin sensitivity in 
polycystic ovary syndrome (PCOS). It 
also has a slight positive effect on men-
strual cycle regularity and other clin-
ical outcomes. Additionally, it might 
help with dyslipidemia, hypertension, 
and obesity, which are all symptoms of 
syndrome X. But if the follow-up re-
search continues for longer, we can see 
the clear clinical improvement, which 
is marked by less hirsutism, acne, and 
higher fertility. Consistent with the 
findings of the last study, it was ob-
served that patients’ blood sugar levels 
(102.68 ±29.79) were somewhat high-
er than healthy people’s (106.1 ±14.56)  



164
 Evaluation of Testosterone, TRH, Oxidative Stress enzymes, and some biochemical variables
in women with polycystic ovary syndrome  ....................................................  Noor S. Obaid   ,    Firas T. Maher

(28). Patients with polycystic ovary 
syndrome often have insulin resistance, 
which causes hyperinsulinemia and 
eventually hyperglycemia and type 2 
diabetes mellitus. Elevated basal insu-
lin production and reduced hepatic in-
sulin clearance are likely the causes of 
hyperinsulinemia. Insulin production 
is abnormally low compared to insulin 
resistance in PCOS women, regardless 
of obesity status, indicating pancreatic 
P-cell malfunction. showed that PCOS 
women had impaired P-cell function, 
as indicated by reduced postprandial 
insulin secretory responses and irregu-
larities in entrainment of insulin secre-
tion to an oscillatory glucose infusion. 
In polycystic ovary syndrome, P-cell 
dysfunction may coexist with glucose 
intolerance. To lower the risk of car-
diovascular disease, women with poly-
cystic ovary syndrome (PCOS) should 
undergo glucose intolerance testing 
because they are at increased risk for 
developing type 2 diabetes mellitus 
and glucose intolerance at an earli-
er age. Age, body mass index (BMI), 
and waist circumference (WC)—all 
of which raise risk—determine the 
testing frequency. Additionally, it was 
observed that patients with polycystic 

ovary syndrome (PCOS) have signifi-
cantly lower levels of the glutathione 
peroxidase enzyme (P<0.0001), and 
these findings align with those of ear-
lier research29,30( ). The GPx is a se-
lenium-containing enzymatic antioxi-
dant. To produce glutathione disulfide, 
it oxidizes glutathione and successful-
ly decreases lipid peroxides to lipid al-
cohols and water, respectively.

 Inadequate glutathione levels or 
GPx activity prevent the detoxifica-
tion of hydrogen peroxide and lipid 
peroxides, leading to their conversion 
to hydroxyl and lipid peroxyl radicals, 
respectively. The levels of the enzyme 
catalase in the serum of patients were 
found to be lower (93.94 ±94.108) com-
pared to healthy individuals (101.51 
±71.04), which is in line with the find-
ings of the prior study (31). Catalase 
is an antioxidant enzyme found most-
ly in cell peroxisomes and to a lesser 
extent in the cytoplasm. It catalyzes 
the reduction of hydrogen peroxide to 
water and molecular oxygen. The lev-
els of the enzyme glutathione-S-trans-
ferase in the serum of patients were 
found to be somewhat lower (0.373 
±0.315) compared to healthy individu-
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als (0.34 ±0.371), which is in line with 
the findings of the prior research  (32). 
The glutathione-S-transferase (GST) 
family of proteins is an electrophilic 
chemical family that may detoxify the 
blood of toxic hydrophilic substances. 
In addition to its role in xenobiotic and 
free radical detoxification, glutathione 
transferase (GST) catalyzes the conju-
gation of many endogenous substrates, 
such as steroids and prostaglandins. 
Further roles for GST include binding 
to bile acids, neurotransmitters, and 

steroid hormones. Hyperandrogenemia 
is thought to contribute to polycystic 
ovary syndrome (PCOS) via increas-
ing free radical generation. The egg 
follicles of PCOS patients are impact-
ed by the increased oxidative stress. 
Some research has linked polycystic 
ovary syndrome (PCOS) to oxidative 
stress indicators. An increase in dan-
gerous compounds termed reactive 
oxygen species (ROS) happens when 
the amounts of oxidant and antioxidant 
molecules are different.

Table: (2) AUC, cut off values, sensitivity, and specificity 
for biochemical parameters by ROC analysis in patients and control groups

Parameters Cut off Specificity Sensitivity +PV -PV ACCURACY AUC

RBS (mg/dl) ≤97.6 66.67 58.33 N/A N/A 0.3333 0.627

Testo(ng/ml) ≤0.37 60 62.07 N/A N/A 0.2207 0.625

TSH(µIU/ml) ≤1.9 73.33 73.33 N/A N/A 0.4833 0.74

GPX ≤38.67 66.67 83.33 83.3 66.7 0.5 0.751

Glutathione S >0.259 53.33 56.67 N/A N/A 0.3 0.590

Catalase ≤69.98 56.67 55 N/A N/A 0.2333 0.574

When comparing the patient group 
with the control group, the analysis of 
the characteristics of the receiver trigger 
shows that the enzyme glutathione per-
oxidase is signifying a strong associa-
tion with the disease (P<0.0001 : AUC 
0.751 ) as well as for thyroid-stimulat-

ing hormone also signifying a strong 
association with the disease (P<0.0001 
: AUC 0.74) While catalase )P=0.2657 
: AUC 0.574 )and glutathione-S-trans-
ferase (P=0.2059 :AUC 0.590), testos-
terone (P=0.0505 : AUC 0.625) and 
blood sugar (P=0.0284 : AUC 0.3333) 
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show no significant difference respec-
tively. The parameters with the highest 
reported sensitivity values were: GPX 
83.33%, BMI 80%, TSH 73.33%, Tes-

terone 62.07%, Blood Sugar 58.33%, 
Glutathione - S-Transferase 56.67% 
and Catalase 55% according to Table 2 
and Figure 1-6.

Fig. 1. ROC analysis of Testo 
in patient and control groups    

 Fig. 2. ROC analysis 
of RBS in patient and control groups

Fig. 3. ROC analysis 
of TSH in patient and control groups 

 Fig. 4. ROC analysis 
of GPX in patient and control groups
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Conclusion: 
PCOS is characterized by abnormal 

reductions in oxidative stress enzymes 
and thyroid-stimulating hormone lev-
els. It is recommended that patients 
with PCOS who experience menstrual 
cycle irregularities and ovulatory dis-
turbances undergo monitoring of TSH 
and testosterone levels during treat-
ment, as these may serve as useful bio-
markers.
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