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Summary 

 

Polycystic ovary syndrome (PCOS)   is imbalance hormone due to high level of 

androgen (male hormone) in females; Signs including absence of evolution of 

eggs (pre mature) and ovarian cysts and  irregular menstrual periods, infertility, 

excess hair growth on face (hirsutism) and acne . Excessive insulin in the body 

stimulates the ovaries to produce excess androgen and increase the risk of 

development of type 2 diabetes. 

Zinc alpha 2 glycoprotein (ZAG) is a single chain polypeptide with a molecular 

weight of 40-43 KiloDalton that is present in the majority of bodily fluids. 

Reduced ZAG levels lead to a reduced rates of lipolysis and associated with fat 

accumulating.          

Heat Shock Proteins (HSP) are molecular chaperones that play a key role in 

maintaining protein homeostasis and transport. Heat shock proteins with a 

molecular weight of approximately 70 kD (Hsp70) are involved in assisting 

protein folding, preventing protein aggregation and transporting proteins across 

membranes . Inflammation causes the release of Hsp70 into the blood., serum 

Hsp70 levels might provide a marker for inflammatory processes . 

The objective of study to evaluate ZAG levels in sera of PCOS patients  and 

their association with infertility in comparison to those in the controls group, 

study the association between ZAG level with hormonal biomarkers and insulin  

resistance, Assessment of HSP70 levels in PCOS patients' sera and compare 

them to those in the controls group, Investigate their relationship with hormonal 

biomarkers and insulin resistance. 

 

 



     
 

XI 
 

A case-control study included 81 females, in reproductive age [18-45 years old] 

50 of them were diagnosed with polycystic ovarian syndrome, while the other 

31 were healthy controls which was divided in to three groups depending on 

fertility to primary infertility, secondary infertility for patients group and 

fertility for controls group the samples were collected from November 2020 till 

May 2021. 

 ZAG levels and HSP70 levels were measured by ELISA technique from 

Bioassay Lab company-china and biochemical variables BMI calculated weight 

divided on square height in meter (Kg/m
2
); hormonal LH, FSH, testosterone and 

HbA1c  were measured by fluorescence Immunoassay ( Boditech –Korea),  

fasting blood glucose (FBG) level was measured by spectrophotometer (Liner-

SPAIN), Fasting insulin by Cobas e411  (Roche-Germany).  

The results of this study shows the mean of ZAG levels (μg/ml) were highly 

significant decrease in women with PCOS group as compare to controls group 

(P<0.001), and found that highly significant elevation in hormonal biomarkers 

that measured testosterone,  LH, LH/FSH ratio and metabolic biomarkers FBG, 

fasting Insulin, HOMA-IR, HbA1c and BMI in patients group as compare to 

healthy groups while significant decrease in FSH in patients groups as compare 

to controls groups  in P≤0.05. Also there is negative significant correlation 

between  ZAG level, BMI, insulin resistance and LH p<0.001. The results 

observed in this study after dividing the groups according fertility degree 

(primary infertility, secondary infertility , fertility ) that the hormonal disorder 

and BMI in primary was higher than secondary infertility in patient groups. 

Also We found a significant decrease between groups primary infertility and 

secondary infertility in P≤0.05 that’s may be mean in lower ZAG level lead to 

increase infertility degree.  
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The mean of HSP70 levels (ng/ml) in patient group was significantly higher 

than that in the control group in (P<0.001). also found positive significant 

correlation between HSP70 and IR , F insulin in P≤0.05, p<0.001 respectively. 

the observed data conclusion that ZAG level is decreased in PCOS patient  and 

had negative correlation with BMI, IR, LH  and it decrease with abnormal 

hormones levels, so it effects the fertility, when it's  decreased that leads to 

increase the degree of infertility. That mean levels of ZAG  in primary infertility 

is lower than it's levels in secondary infertility . 

HSP70 level is increased in PCOS patient  and had positive correlation with IR, 

F insulin level. and a significant high levels of the all hormones and parameters 

including  LH,  total testosterone, FBG, F insulin and HbA1c were found in 

women with PCOS as compared with the control, except the FSH values were 

decreased . 

The reduction in ZAG levels in the sera of women with PCOS increase the risk 

of metabolic disorder, and it's association with increase the risk of infertility. 

The increase in HSP70 levels in sera of women with PCOS associated with 

increased risk of metabolic disorder and their complication in increase the 

infertility. 
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1. Introduction and Literature Review  

1.1.Polycystic ovary syndrome  

1.1.1. Definition of polycystic ovary syndrome 

Polycystic ovary syndrome(PCOS) is hormonal disorder due to high level 

androgen (male hormone) and increased LH/FSH ratio in females of 

reproductive age, Signs including absence of evolution of eggs (pre mature), 

ovarian cysts, irregular menstrual periods, infertility, excess hair growth on face 

hirsutism and acne (Legro, 2008 ; Legro, 2003), that has evolved over the years 

from disease to syndrome. 

PCOS is one of the most common causes of anovulatory infertility  as high as 

15% when the broader Rotterdam criteria are applied (Ünlütürk, Sezgin and 

Yildiz, 2016). Other reasons for androgen excess that have been ruled out 

include certain types of  congenital adrenal hyperplasia (which accounts for up 

to 9 percent of cases of androgen excess), and high prolactin. In  other word 

PCOS is most common reproductive endocrinopathy,  cause of PCOS is a group 

of genetic and environmental factors that are common pathologies, commonly 

associated with clinical symptoms of dyslipidemia, hirsutism, acne, and 

hyperandrogenism, as well as persistent infertility (Sumathi et al., 2021). 

1.1.2.Types of polycystic ovary syndrome 

According to various reasons PCOS can be classified in to four type :-  

1. Insulin-resistant PCOS. 

2. Inflammatory PCOS. 

3. Adrenal PCOS . 

4. Thyroid dysfunction in women with polycystic ovarian syndrome. 

https://www.scribbr.com/dissertation/research-proposal/#literature-review
https://www.larabriden.com/causes-androgen-excess-in-women/


  Chapter one                                    Introduction and Literatures Review   

2 
 

1-Insulin resistance means having high insulin hormone level. It’s also called 

metabolic syndrome or pre-diabetes. The best way to test for insulin resistance 

is to measure the hormone insulin. In general, insulin resistance and 

compensatory hyperinsulinemia affect approximately 65-70% as a proportion of 

women with PCOS (Marshall and Dunaif, 2012 ; Dumesic et al., 2019). 

2- Inflammatory PCOS:- in this type many markers elevated including C-

reactive protein, interleukin-18, white blood count  and increased oxidative 

stress  (Duică et al., 2021 ; Borthakur et al., 2020 ; Duleba and Dokras, 

2012). 

Since multiple pathogens such as Chlamydia, Pneumoniae and Helicobacter 

pylori are related to chronic inflammation and inflammation Cardiovascular 

disease  (Duleba and Dokras, 2012). 

Additional sources of chronic infectious processes associated to inflammation 

and cardiovascular risks involved pathogens include in periodontal 

disease(Duleba and Dokras, 2012). 

Chronic inflammation associated with chlamydial infections can lead to 

pathogenetic processes leading to PCOS by metabolic and hormonal disorders 

(Morin-Papunen et al., 2010).  

3- Adrenal PCOS:- adrenal androgen (AA) excess occupy ratio between 20 and 

30% of patients with PCOS can be detectable by elevated dehydroepiandro-

steron sulfate (DHEAS) levels (Yildiz and Azziz, 2007 ; Nadir et al., 2018). 

The differential diagnosis of adrenal hyperandrogenism in PCOS may include 

non-classic adrenal hyperplasia, adrenal androgen-producing tumors and 

Cushing’s syndrome or heritability of adrenal androgen secretion  (Halimova et 

al., 2019).  
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The adrenal cortex also accounts for about 25% of the circulating testosterone 

(T) levels. AA excess in PCOS may represent hypothalamic-pituitary alterations 

or adrenocortical steroidogenic abnormalities or abnormalities in the 

metabolism of cortisol in PCOS  hepatic tissue  (Yildiz and Azziz, 2007). 

4-Thyroid dysfunction with PCOS:- that PCOS is associated with 

hypothyroidism   (Kedar, Rewatkar and Akare, 2019).  

 The elevated level in thyrotropin-releasing hormone(TRH) in primary 

hypothyroidism leads to increased prolactin and thyroid stimulating 

hormone(TSH) as show in figure (1.1). Prolactin contributes toward polycystic 

ovarian morphology by inhibiting ovulation as a result of the change in the ratio 

of follicle stimulating hormone (FSH) and luteinizing hormone(LH) and 

increased dehydroepiandrosterone from the adrenal gland, increased TSH also 

contributes due to its spill-over effect on FSH receptors. Increased collagen 

deposition in ovaries as a result of hypothyroidism has also been suggested (Ho 

et al., 2020 ; Chen et al., 2020 ;  Singla et al., 2015). 

 

Fig 1.1: Pathophysiology of primary hypothyroidism in patients with polycystic ovaries  

(Singla et al., 2015) 
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1.1.3. Insulin resistance in the syndrome 

    The main type of PCOS is insulin resistance, basically meaning that their 

bodies' cells do not respond to the insulin hormone in the body, impaired 

sensitivity of cells to insulin signaling, resulting in failure to take up glucose. 

Because glucose is not used for energy generation, it is retained in the body, 

leading in weight gain (Crook, 2013). In this case people with insulin resistance 

may or may not go on to develop type 2 diabetes. In type 2 diabetes, there is 

probably enough insulin but the cells upon which it should act are not normally 

sensitive to its action. 

Diabetes, obesity, metabolic syndrome, poor glucose tolerance, hypertension, 

inflammation, heart disease, and dyslipidemias are all examples of insulin 

resistance (IR). IR is complex and contains hereditary components, according to  

population research, such as abnormalities in the insulin-signaling pathway 

(such as serine phosphorylation on insulin substrate or reduced signaling 

activation).IR is linked to mitochondrial abnormalities, oxidant overproduction, 

and fat accumulation  (Molina, Ferder and Manucha, 2015). 

Insulin resistance is diagnosed by blood glucose testing, insulin hormone level  

and testing of the level of glycosylated hemoglobin (glycohemoglobin or 

hemoglobin A1C) (Crook, 2013). 

 Excess insulin production from beta cell in pancreas leads to induce the ovaries 

to produce more androgen, resulting in oligo-ovulation (unusual ovulation) or 

anovulatory (the asbsence of ovulation) (Sharif, 2019). The detection rate of 

insulin resistance varies according to the insulin sensitivity index used (Shahin 

et al., 2019).  

High androgen level  has a role in the deposition of abdominal fat and type 2 

diabetes mellitus (Rajkhowa et al., 2009 ; Sharif, 2019 ; Condorelli et al., 

2017) . 
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The primary defects in PCOS patients are both in the body relative LH/ FSH 

level and insulin resistance (Sharif, 2019). Patients in PCOS have increase 

adipocyte ,less lipoprotein lipases activity and reduced lipolysis (de Medeiros, 

Rodgers and Norman, 2021). 

Additionally the two major hormones were Luteinizing hormone(LH) and 

Follicle stimulating hormone(FSH) are pituitary hormones that govern 

fundamental changes in the body for reproduction . 

 FSH is usually higher than LH at the beginning of the menstrual cycle. 

However, in PCOS, this is reverse, with hypersecretion of LH at first, rather 

than an increased FSH, since the hypothalamic release of gonadotropin-

releasing hormone (GnRH) is sometimes abnormal. There is an increase in LH, 

which releases an overload of androgen substrates, leading to higher in 

testosterone level, which is correlated to extensive body and facial hair (Sharif, 

2019). 

The ecological factors are affected of PCOS through altering one's lifestyle 

Increased body weight and dietary saturated fat intake for example, 

defective metabolic and reproductive disorders.. Obesity has been given to be 

related to worsen metabolic and ovulatory dysfunction linked to PCOS and 

weight loss has been found to return ovulation and enhance hyperandrogenism 

and hirsutism  (Merkin et al., 2016). 

Inheritance factors and genetic for PCOS show a strong familial relationship, A 

woman's chances of developing PCOS are usually between 30 and 50 percent 

(Sharif, 2019). 

PCOS has been linked to a number of genes controlling insulin action and 

androgen production (Sharif, 2019). 
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Compensatory hyperinsulinemia increases the androgen pool by acting directly 

on theca ovarian cells and indirectly by inhibiting hepatic production of SHBG 

and insulin-like growth factor binding protein 1(IGFBP-1), Excess androgens 

induce visceral adipose tissue (VAT) to produce FFAs, which adds to insulin 

resistance as show in figure (1.2). These occurrences act in tandem to keep 

PCOS at bay (Shaikh, Dadachanji and Mukherjee, 2014). 

 

Fig 1-2 : The vicious cycle between hyperinsulinemia and hyperandrogenemia in PCOS 

development:. (Shaikh, Dadachanji and Mukherjee, 2014) 

FFAs: Free Fatty Acids;  IGFBP-1: Insulin-like growth factor binding protein 1 ; LH: Luteinizing Hormone 

;  SHBG :Sex Hormone Binding globulin  ; VAT : Visceral Adipose Tissue. 
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Lipid disorders are obtain in PCOS-affected women. PCOS has a variety of 

lipid abnormalities, including lower concentrations of high density lipoprotein, 

elevated triglyceride (TG), total cholesterol (TC), and low-density lipoprotein 

cholesterol (LDL.C), and also relatively high lipoprotein concentration, all of 

which increase the risk of cardiovascular disease (Liu et al., 2019). 

According to a recent study, application of diet of high -fat  is stimulate 

metabolic and ovarian conversion present in PCOS, thus found that effected 

hyperlipidemia on the hormonal profile (Liu et al., 2019). 

Due to ovarian abnormalities, an increased number of polycystic follicles, and 

an elevation in follicular layer thickness, infertility is correlated to dyslipidemia 

in PCOS. Dyslipidemia affects up to 70% of PCOS patients. Obese women had 

a larger ratio of IR diagnoses than females with a normal BMI, indicating a 

relation between IR and dyslipidemia (Liu et al., 2019 ; Rojas et al., 2014). 

Aerobic exercise training intervention improved  cardiorespiratory fitness, and 

cardio metabolic health of overweight/obese women with PCOS (Costa et al., 

2018). Therefore, it is that chronic inflammation may constitute another aspect 

of the PCOS pathophysiology related hyper-inflammation ,as has also been 

suggested for diabetes (Kyrou et al., 2020). 
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1.1.4. Disease progression in polycystic ovarian syndrome 

 The progression of the syndrome can be summarized development of the 

diseases associated with the cyst to :-                                        

1-The skin symptoms of PCOS, such as hirsutism and acne, should be 

recognized during the physical examination. When the amount of free 

testosterone in a woman's body rises from 1 to 2%, hirsutism might appear, 

Excessive hair growth on the face, neck, chest, and lower abdomen is stimulated 

by abnormally high blood androgen levels (Archer and Chang, 2004  ; Martin 

et al., 2008).   

Because the sebaceous glands on the face are larger than those on other parts of 

the body, acne tends to appear first on the face. However, acne lesions on the 

neck, chest, and upper back affect up to 50% of women with hyperandrogenism.  

(Archer and Chang, 2004). 

2- Early pregnancy losses or miscarriage (Palomba et al., 2015), Women with 

PCOS at an elevated risk of pregnancy problems (gestational diabetes, preterm 

birth, and pre-eclampsia) aggravated by obesity (Archer and Chang, 2004 ; 

Palomba et al., 2015). 

3- Dyslipidemia: disorders of lipid metabolism-cholesterol and triglycerides (de 

Medeiros et al., 2021 ; Palomba et al., 2015).  

4- Blood pressure that may be too high.   

5- Cardiovascular disease (Blagojevic et al., 2017) . 

6- Strokes (Palomba et al., 2015).   

7- Infertility (Palomba et al., 2015). 
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1.1.5. History of discovery and diagnosis criteria of PCOS   

 Stein and Leventhal were the first to linked amenorrhea, obesity, and hirsutism 

to polycystic ovaries , and therefore PCOS condition was first known as Stein–

Leventhal syndrome (PCOS) (Waseem et al., 2021), then in 1935, Vallisneri 

described a married, infertile female with pure white ovaries the size of 

immature ova. Except in the 1990, during a National Institute of Health (NIH)-

sponsored symposium on the disease, were formal diagnostic criteria for PCOS 

created and extensively utilized. Despite the fact that it is now widely 

recognized as being complicated and somewhat inherited, a number of possible 

genes have been postulated. Insulin resistance has been reported in a large 

number of PCOS women, Especially those with androgen excess, despite the 

fact that it is not a diagnostic criterion (Szydlarska, Machaj and Jakimiuk, 

2017).  

The guidelines laid by a team of professionals in a Rotterdam conference in 

2003 (Sponsored PCOS Consensus Workshop Group of the Rotterdam 

ESHRE/ASRM) are mandatory. The "Rotterdam criteria" that followed added 

the size and shape of the ovary as assessed by ultrasonography in to the 

diagnostic criteria (Szydlarska, Machaj and Jakimiuk, 2017).  

The following are examples of the different names for the same syndrome that 

have been discovered in the literature: polycystic ovary disorder, polycystic 

ovary syndrome, functional ovary androgenism, chronic anovulation, syndrome 

of polycystic ovarian, hyper androgenic, ovarian dysmetabolic syndrome 

and sclerotic polycystic ovary syndrome (Szydlarska, Machaj and Jakimiuk, 

2017). 
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 According to that, two out of the three criteria listed below must be present in 

order to diagnose PCOS :-  

1- Physical examination and medical history (menstrual periods, lack of 

ovulations, unwanted hair growth and weight changes). 

2-  Laboratory investigations:- serum tests for female as well as :- 

a) Female hormones Ratio of LH/FSH is higher example 2:1 or 

more.   

b) Lipid such as Cholesterol and triglycerides . 

c) Blood sugar level.  

d) Androgen level . 

3-  Ultrasonography (USG): Ultrasonography (USG) can detect enlarged 

ovaries and cysts (increased ovarian volume more than 10 cm3). 

According to (Legro, 2008). After exclusion other pathologies 

distinguished by hyperandrogenism, such as hypercortisolemia that is 

adrenocorticotropic hormone-dependent or independently, thyroid 

gland diseases, adrenal gland tumors or ovary tumors that produce 

androgens, and the impact of medicine (Revised 2003 consensus on 

diagnostic criteria and long-term health risks related to polycystic 

ovary syndrome, 2004). 

Protein and enzyme markers are frequently used in the diagnosis and 

monitoring of PCOS patients in order to avoid the onset of complications like 

CVD. Insulin resistance and the development of PCOS have been found to be 

significantly linked to adipose tissue proteins (Sharif, 2019). 
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So that this study will examine new proteins and assess the extent of their 

relationship and relevance to PCOS and the possibility of treatment which are:- 

1- Zinc alpha 2 glycoprotein . 

2- Heat shock protein 70 . 

1.2. Zinc alpha 2 glycoprotein 

Zinc alpha 2 glycoprotein (ZAG) is a soluble protein that was originally 

extracted from human plasma.  , ZAG was initial isolated from human plasma 

in 1961 (Schmid and Bürgi, 1961 ; Ullah et al., 2020),  and represents 

approximately for 0.2% of total serum protein (Russell and Tisdale, 

2009).  The protein is generated by the liver (Clerc et al., 2015). subsequently 

purified in 1961  (Hassan et al., 2008).  

 ZAG was named by the fact that it tended to precipitate with zinc salts. It has 

one tight and fifteen loosely zinc-binding sites (Lau et al., 2019) its 

electrophoretic mobility in the area of the α2 globulins, and its carbohydrate 

content of 12-18%  (Bagherani, 2012 ; Sanchez, Lopez-Otin and Bjorkman, 

1997),  that is represented by the Alpha-2-glycoprotein 1, zinc-binding 

(AZGP1) gene in humans. 

 The molecular weight of a single chain polypeptide is 40-43 KD that can be 

detected in the majority of human fluids, including serum, saliva, perspiration, 

breast milk, seminal plasma, cerebrospinal fluid, and urine ( Archer and 

chang,2004). 

 According to finding the Zn‐α2‐gp gene is expressed in liver and normal breast, 

but not in placenta and thyroid (Freije et al., 1991).  
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1.2.1. Structure of Zinc alpha 2 glycoprotein 

ZAG  included of a single polypeptide chain of 276 amino acid residues which 

contain 8 tryptophan residues and has a pyroglutamyl residue in the amino 

terminus (Araki et al., 1988). ZAG and antigen-presenting molecules such as 

class I major histocompatibility complex (MHC) molecules are both similar in 

the sequence and structural  levels (Bagherani, 2012) . Because ZAG protein is 

not membrane bound like other MHC molecules, its function is different  

(Bagherani, 2012). 

 The ZAG gene, which is found on chromosome 7q22.1, has four exons and 

three introns (Hassan et al., 2008).  

ZAG has four half-cystine residues in its amino acid sequence. The location of 

cysteine and disulfide pairing as measured by biochemical and structural 

research indicates the formation of two bonds: one between residues 101 and 

164 and the other between residues 203 and 258  (Hassan et al., 2008). The 

presence of a glycan chain on a3 domains suggested that it had a functional role 

in cell signaling and binding to various cell surface receptors. (Hassan et al., 

2008). 

Four N-glycosylation sites have been detected on ZAG (Clerc et al., 2015).. 

numerous glycoforms of ZAG were produced by changing the Asparagine 

(Asn) residues to glutamine, seven different ZAG glycoforms resulted from 

single and combination mutations  (Romauch, 2020) . 
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1.2.2.Biochemical roles of Zinc Alpha 2 Glycoprotien  

The function of ZAG include the following :- 

1- As a lipid-mobilizing factor (LMF) generated by cachexia stimulate tumors 

was similar in amino acid sequence to ZAG. When fed a high fat diet, ZAG-

deficient mice gain weight. ZAG has been reported to stimulate lipolysis in 

white adipose tissue (WAT) via activating adenylyl cyclase in a GTP-dependent 

mechanism (Russell and Tisdale, 2009). Limiting of body fat and increases 

serum free fatty acid levels, by increased intracellular cAMP levels activate 

hormone-sensitive lipase  (Bing et al., 2004).. 

2- ZAG enhance glucose up take in cell  (Russell and Tisdale, 2009). Insulin 

signaling proteins were stimulated, such as cell membrane glucose transporter 

type 4 (GLUT4) and phosphorylation of insulin receptor substrate 1(IRS-1), 

were  significantly increase in the skeletal muscle when used ZAG as therapy  

(Gao et al., 2018) . 

3- ZAG may regulate the production of many other adipokines, because recent 

study found that ZAG promotes the expression of adiponectin (Bing et al., 

2004). This improves their insulin sensitivity in peripheral organs (Severo et al., 

2019). 

4- ZAG increases expression of uncoupling proteins-1 and -3 (UCPs) in brown 

adipose tissue (BAT) and  white adipose tissue (WAT) with a 0.4 C

 increase in 

body temperature  (Russell and Tisdale, 2009) . 

5- Fertilization. ZAG is 6 times more abundant in human seminal fluid than in 

human serum, indicating that it plays a function in fertilization (Hassan et al., 

2008 ;  Bagherani, 2012). 

6- The plasma ZAG may action as a carrier protein in the nephritogenic renal   

glycoprotein (Hassan et al., 2008). 
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7- Recent research has shown that this protein (ZAG) has a metastatic and 

prognostic function in a variety of cancers, including prostate, breast, lung, 

colorectum, and liver carcinomas (Liu et al., 2018).  

Points 1, 2, 3 and 4 can be summarized by the following mechanics Zinc is 

necessary for zinc-2-glycoprotein to bind to fatty acids and 3-adrenergic 

receptors, as well as for its structure. Thus, adipokine suppresses lipogenesis, 

enhances glucose receptor translocation, increases adiponectin production, and 

promotes thermogenesis in brown adipose by promoting lipolysis via crucial 

enzyme control as show in figure (1.3) (Severo et al., 2019). 

 

 

Fig 1.3 : Zinc's role in the building and function of zinc-2 glycoprotein 

(Severo et al., 2019) . 

ACC : acetyl-CoA carboxylase,  ATGL : adipose tissue triglyceride lipase,  ATP : adenosine 

triphosphate,  cAMP : cyclic adenosine monophosphate,  DGAT : diglyceride glycerol 

acyltransferase,    FAS : fatty acid synthase,    GLUT4 :  glucose transporter type 4 .  
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ZAG is an anti-obesity protien that works by inducing a brown fat-like 

phenotype in white adipocytes  (Xiao et al., 2018). ZAG improved 

mitochondrial activity and lipid catabolism in WAT browning (Xiao et al., 

2018). According to ZAG, the traditional method of activating beige fat is to 

stimulate sympathetic neurons, which release noradrenaline (NE), which then 

acts on b-adrenergic receptors, particularly the b3-adrenoreceptor  (De Jong et 

al., 2017).  

Additionally, activation of protein kinase A (PKA) facilitates phosphorylation 

of adipose tissue triglyceride lipase (ATGL), hormone-sensitive lipase (HSL) 

which leading to TG breakdown and release of NEFA (Pagnon et al., 2012).  

Their actions were achieved by lipogenic enzyme suppression and increased 

production of lipases in fatty tissue, such as hormone-sensitive lipase (HLS) and 

adipose tissue triglyceride lipase (ATGL) (Xiao et al., 2018),  

In endometrial fatty tissue, lipogenic enzymes including fatty acid synthase 

(FAS), acetyl-CoA carboxylase (ACC), and diglyceride-glycerol acyltransferase 

(DGAT) are suppressed (Severo et al., 2019). 

The management of lipid synthesis and lipolysis-related enzymatic by ZAG 

alters weight &body mass index (BMI) (Xiao et al., 2018). 

The involvement of ZAG in fatty tissue homeostasis leads to the question about 

whether ZAG and dysglycamia are linked.  
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1.3. Heat shock proteins  

Heat shock proteins (Hsps) are a group of highly homologous chaperone 

proteins which are activated in response to the environment, physical, and 

chemical stressors, limiting the effects of damage and facilitating cellular 

recovery (Hoter and Naim, 2019 ; Beere, 2004). They were initially reported in 

relationship to heat shock, but it is now recognized that they may also be 

produced during other stressors such as cold exposure (Matz et al., 1995). 

Ultraviolet (UV) light, heavy metals, oxidative stress, some drugs, nutrient 

deficiency, chronic inflammatory diseases, viral infections (Ikwegbue et al., 

2017 ; Cao et al., 1999 ; Yang et al., 2020) as well as during wound healing 

and tissue remodeling  (Atalay et al., 2009). 

HSPs are present in almost every living organism, as bacteria to humans (Cao  

et al., 1999  ;  Li and Srivastava, 2004). 

The molecular weight of heat-shock proteins is used to name them. Hsp60, 

Hsp70, and Hsp90 (the most extensively researched HSPs), for example, are 

heat shock proteins with sizes of 60, 70, and 90 KD, respectively (Buttacavoli 

et al., 2021 ; Li and Srivastava, 2004). The inducible Hsp expression was 

controlled by heat shock transcription factors (HSFs) (Hoter and Naim, 2019  ;  

Pirkkala et al. , 2001).  

The small 8-kilodalton protein called ubiquitin, which marks proteins for 

degradation, in addition has  characteristics of a heat shock protein (Datta, 

Rahalkar and Dubey, 2017). Small heat shock proteins (sHsps) are ubiquitous 

molecular chaperones which prevent denaturing proteins from aggregating 

irreversibly (Haslbeck and Vierling, 2015). 

In 1962, F. Ritossa was found the heat shock response (Pirkkala et al., 2001 ; 

Vostakolaei et al., 2020). The enhanced production of a few proteins 

immediately after exposure cells to a stress such as heat shock was first 
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identified in 1974  (Schlesinger, 1990 ; Datta, Rahalkar and Dubey, 2017). 

Hsps have a necessary function in stress-induced damage protection (Pirkkala, 

Nykänen & Sistonen, 2001). play an important function in protein 

transport  and homeostasis. 

DnaK, HscA (Hsc66), and HscC (Hsc62) are components of the Hsp70 family. 

All of these proteins have a similar domain design and a same principle of 

action adopted (Radons, 2016). 

1.3.1.Structure of heat shock protein 70 

The human Hsp70 includes 641 amino acid residues and a molecular weight of 

70,052 Dalton (Saibil, 2013). The Hsp70 proteins have three major functional 

domains:- 

1- N-terminal ATPase domain – links ATP (Adenosine triphosphate) and 

hydrolyzes to ADP (Adenosine diphosphate). ~44 Kilodalton nucleotide‐

binding domain (NBD)  (Saibil, 2013). 

2-Substrate binding domain (SBD)– was composed of a 15 Kilodalton β sheet 

subdomain and a 10 Kilodalton helical subdomain (Rosenzweig et al., 2019).  

SBD seems to have a groove that affinity  neutral, hydrophobic amino acid 

residues (Caza et al., 2016). The two HSP70 domains are connecting by the 

linker (13aa) (Albakova et al., 2020).  

3- The C-terminal domain, which is rich in alpha helical structure, functions as 

a 'lid' for substrate binding domain. When a Hsp70 protein binds to ATP, the lid 

opens, allowing peptides to bind and release relatively quickly. When ADP 

binds to Hsp70 proteins, the lid closes and peptides are tightly bound to the 

substrate binding doman (Mayer, 2010).  
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Figure(1.4) was shown Hsp70 Structure and Domain Organization (Rosenzweig 

et al., 2019  ;  Mayer et al., 2001). 

 

Fig 1-4: Hsp70 structure and domain organization (Rosenzweig et al., 2019). 

The structure of the Hsp70 and Hsp70-related protein families' domains. The ATPase 

domain (385 residues, light blue), a short linker, and the substrate-binding domain, 

which is split into the fl-sheet (150 residues, purple) and the ct-helical subdomains 

(100 residues, gradient) are shown schematically.  

1.3.2. Function and mechanism of HSP 70 

The Hsp70 system interacts with prolonged peptide segments of proteins and 

also partly folded proteins to produce protein aggregation in key pathway, 

causing activity to be deregulated (Vostakolaei et al., 2020). 

 Heat shock protein 70 (HSP70) interacts with several co-chaperones and 

nucleotide exchanges factors and plays an essential function in protein quality 

which control increases survival by saving cells from environmental stressors 
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(Hartl, Bracher and Hayer-Hartl, 2011 ; Radons, 2016). As a result, it plays 

an important role in protein homeostasis and transport  (Breuninger and Erl, 

2014). 

Hsp70 also helps in protein transmembrane transportation by stabilizing them in 

a partly folded state. It has also been shown to be phosphorylated. Hsp70 

molecular chaperones play important roles ensure the effective translocation 

process of proteins across membranes on both sides of the endoplasmic 

reticulum and mitochondria (Craig, 2018)  which regulates a variety of its 

functions (Gao and Newton, 2002). 

They are essential in protein–protein interactions, such as folding and 

facilitating in the development of correct protein conformation (shape) and the 

avoidance of unwanted protein aggregation. By facilitating in the stabilization 

of partly unfolded proteins  (Borges and Ramos, 2005).  

 "Molecular chaperones are one of the most important cell defense mechanisms 

against protein aggregation and misfolding" (Ciechanover and Kwon, 2017 ; 

Borges and Ramos, 2005). 

Hsp70 suppresses apoptosis directly (Albakova et al., 2020 ; Beere et al., 

2000). Because of its anti-apoptotic action, Hsp70 functions as a "friend" of 

cancer formation. As a result, researchers are presently experiment to enhance 

cancer therapy treatments through the use of Hsp70 inhibitors (Hoter, Rizk and 

Naim, 2019) . 

 On the other hand, found the Hsp70 protein on the surface of cancer cells may 

sensitize tumor cells to cytotoxic attacks by natural killer (NK) cells and trigger 

a particular anti-tumor response. As a result, it appears that the intracellular 

characteristics of Hsp70 aid in the growth of cancer cells, but the extracellular 

Hsp70 may be recognized by immune system cells and therefore help in the 

generation of appropriate immunotherapy (Murphy, 2013 ; Albakova et al., 
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2020). As a result, it appears to be an effective therapeutic target in human 

cancers (Vostakolaei et al., 2020). "HSP70 is transported to the plasma 

membrane by binding to other proteins" (Albakova et al., 2020). 

HSP70 and HSP47 were found to be expressed in the dermis and epidermis 

after laser irradiation (Sajjadi, Mitra and Grace, 2013). HSP70 may 

biochemically describe the thermal damaging zone in which cells are target for 

destruction, allowing for accurate and precise tissue ablation and promoting fast 

wound healing after laser-based surgery (Sajjadi, Mitra and Grace, 2013). 

Hsp70 is found in the peripheral circulation of healthy people, even if Hsps are 

considered as intracellular proteins with molecular chaperone and cyto 

protective activities  (Pockley, Shepherd and Corton, 1998) .           

Elevated serum Hsp70 concentrations have also been associated to ovarian 

damage (Narayansingh et al., 2004). Serum or plasma Hsp70 levels have also 

been found to be elevated in a variety of chronic diseases T2DM  (Nakhjavani 

et al., 2010),  cardiovascular diseases (CVD) (Zhang et al., 2010) and cancer 

(Vostakolaei et al., 2020). The association between circulating Hsp70 and 

PCOS is not well understood. 

"Serum extracellular eHSP70 concentrations are positively correlated with 

insulin resistance" (Krause et al., 2014), "markers of inflammation, such as C-

reactive protein, monocyte count, and TNF-α"  (Krause et al., 2015). Chronic 

exercise(training) were suppress eHSP70 levels (Krause et al., 2015). HSP70 

may give important information regarding endothelial dysfunction in 

cardiovascular disorders, as well as promoting the release of inflammatory 

cytokines and the generation of reactive oxygen species (Costa-Beber et al., 

2020).  
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Diabetes DM lead in to significantly higher blood HSP70 levels (Nakhjavani et 

al., 2010). because of hyperglycemia and the oxidative stress damage and 

inflammation caused by hyperglycemia. 

Research aims and objectives 

The aims of this study are to: 

 Investigate circulating zinc-α2-glycoprotein (ZAG) concentrations in 

women with PCOS and compare them to those in the control group its 

association with the infertility. 

 Observe characteristics of serum ZAG and its relationship with endocrine 

and metabolic indicators of PCOS patients. 

 Assess the relationship between ZAG, androgen excess and insulin 

resistance in women with PCOS  

 Attempted to examine the association between circulating heat shock 

protein 70 (Hsp70) concentrations and PCOS  

 Find out the role of HSP70 in the pathogenesis of PCOS by assess the 

levels of HSP70  in PCOS patients' sera and compare them to those in the 

control group. 

 Assess the role of ZAG and HSP70 in different infertility groups. 

 Investigate the correlation among ZAG, HSP70, hormones and 

inflammatory factors such as dysglycemia, insulin resistance, insulin level. 

The most important questions that were researched are: 

1-Is ZAG level related to polycystic ovarian syndrome?  
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2-Does ZAG level affected with infertility and insulin resistance on PCOS 

patients? 

3-Can ZAG be considered as anew indicator and treatment monitoring in 

PCOS? 

4- Is HSP70 consider as new marker for investigate inflammatory for PCOS and 

study it's  related to degree of infertility in PCOS? 

5- Can be  consider serum HSP70 and ZAG levels as predictive risk factor for 

PCOS ? 
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2- Materials and Methods 

2.1. Subjects and study design 

A case-control study was carried out at Al-Batoul Women and Children 

Hospital / Wasit in the city of Kut. All samples were collected from November 

2020 till May, 2021. 

The study was executed for 81 female Iraqi individuals their age ranged (18-45) 

years old within reproductive age and 50 of them diagnosed with polycystic 

ovarian syndrome and 31 as healthy control group 

2.1.1.Inclusion criteria 

Thirty one apparently healthy women in reproductive age with normal cycles 

between (18-45) years old, were taken  as a control group. Each one had a 

history of regular 26 to 32 day menstrual cycles, absence of hirsutism and other 

manifestations of hyperandrogenism , and thyroid dysfunction. This group was 

checked by gynecologist. And fifty women with PCOS (all of them were newly 

diagnosed with PCOS according to Rotterdam criteria by gynecologist) were 

taken as patients group.  

 Permission was taken from all subjects to participate in this study furthermore, 

each person who contributed in this study underwent full history, age,  height, 

weight to calculate their body mass index (BMI), other diseases, and 

gynecological history, family history of disease, Primary or secondary 

infertility. The number of children and the age of the last child, the presence of 

coarse hair on the body and face, acne, waist circumference, Menstrual 

regularity and presence of other diseases.  
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2.1.2.Exclusion criteria 

None of these subjects were alcoholics or chronic smokers. Patients suffering 

from diabetes mellitus, hyperprolactinaemia , congenital adrenal hyperplasia, 

thyroid disoders, Cushing
'
s syndrome,  hypertension, hyperlipidemia, take birth 

control pills or any origin other than polycystic ovary syndrome and patient with 

malignancies  were excluded from the study. 

2.1.3.Collection of sample 

Fasting venous blood samples were collected from each case during 2
nd

 – 5
th
 day 

of the menstrual cycle (early follicular phase) for those of normal cycle . For 

patients with anovulation or oligomenorrhea blood samples were collected 

regardless of duration of the cycle.  

1. About 6 ml of blood samples were obtained from veins of patients having 

polycystic ovarian syndrom and healthy control subjects 

2. The blood samples were divided into two parts :  

a) The first 2.5 milliliters of blood were collected in EDTA tubes to obtain 

plasma for the measurement of glycated hemoglobin HbA1c. 

b) The second half, 3.5 milliliters of blood, was placed into a gel tube and kept 

at room temperature for 15 minutes. Following coagulation, the serum was 

separated by a centrifuge 4000 R per M for 10 min serum hormones 

Testosterone, Follicle Stimulating Hormone (FSH), Luteinizing Hormone (LH), 

Blood glucose level (fasting), and insulin level were measured immediately 

using suitable methods. 

ii. The remainder were kept in deep freeze at -80 degrees Celsius. until assayed 

for zinc alpha 2 glycoprotien and heat shock protein 70. They were measured 

using enzyme-linked immune sorbent assay (ELISA) kits. 
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2.2. Instruments 

All the instruments and tools which are used in this study are shown below in 

table 2.1 

 

Table 2.1: The instruments and equipment's are used in this study 

Instruments and Equipment's  Company & Country 

Centrifuge Hettich (Germany) 

Deep Freezer Samsung ( Korea ) 

Disposable test tube Meheco ( China ) 

EDTA tube  Dia tech (USA) 

Gel tube  Afco ( Jordan ) 

ELISA system(reader, washer, printer) Austria 

Micropipette Iso 9001 (100-1000 μl) Slamed (Germany) 

Micropipette Iso 9001 (50-200 μl) Slamed (Germany) 

Pipette Tips (Yellow & Blue )  China 

spectrophotometer  Apel - Japan 

test-tube-rack Philippines  

Oven  Germany 

I-chromA  Biditech MED Korea 

Cobas  e411 Germany 
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2.3. The chemicals and kits 

The chemicals and kits that used in the study were of the highest purity and are 

listed in table (2.2) below with their suppliers:- 

Table 2.2 : The chemicals and kits used in this study 

Chemical\Kit  Company-Origin  

 Zinc Alpha-2-Glyco protein Bioassay lab-china (Cat. No E3056Hu) 

 Heat shock protein 70 Bioassay lab-china (Cat. No E1813Hu) 

 FSH Kit Boditech I-CHROMA -Korea 

 LH Kit Boditech I-CHROMA -Korea 

 testosterone kit Boditech I-CHROMA -Korea 

 Insulin Kit  Cobas e 411  Germany 

 HbA1c Kit Boditech I-CHROMA -Korea 

 blood glucose Kit LINEAR CHEMICALS - SPAIN 

 

2.4. Methods 

2.4.1. Body Mass Index 

Body mass index (BMI) was evaluated according to World Health Organization 

(WHO) standard . To calculate BMI the mathematical formula based on persons 

weight and height, with BMI equal to weight in kilogram divided by Height in 

square meter.( It is defined as a person’s weight in kilograms divided by the 

square of the person’s height in meters (kg/m2) . WHO. Regional office of 

Europe. body mass index_BMI  (Body mass index - BMI, 2019) . 

Shown in Table 2.3. Nutritional status for different BMI states . 

The equation below expresses on body mass index:- 

BMI = weight (kg)/ height (m2) 
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Table 2.3. Nutritional status 

BMI  Nutritional status 

Below 18.5   kg/m2 Underweight 

18.5–24.9     kg/m2 Normal weight 

25.0–29.9     kg/m2 Pre-obesity 

30.0_ 34.9    kg/m2  obesity class I 

35.0_39.9    kg/m2  obesity class II 

above 40      kg/m2  obesity class III 

 

2.5. Determination of zinc alpha 2 glycoprotein  

2.5.1. Principle  

This sandwich kit is for the accurate quantitative detection of human Zinc-

Alpha-2-Glycoprotein (also known as ZAG) in serum. Itis an Enzyme-Linked 

Immunosorbent Assay (ELISA) (BT LAB, 2020). 

1- The plate has been pre-coated with human ZAG antibody. 

2-  ZAG present in the sample is added and binds to antibodies coated on the 

wells. 

3-  And then biotinylated human ZAG Antibody was added and binds to 

ZAG in the sample.  

4- Then Streptavidin-HRP (Horse Radish Peroxidase) was added and binds 

to the Biotinylated ZAG antibody. 

5-  After incubation unbound Streptavidin-HRP was washed away during a 

washing step.  

6- Substrate solution then added and color develops in proportion to the 

amount of human ZAG. 

7-  The reaction terminated by the addition of acidic stop solution and 

absorbance was measured at 450 nm. The OD value proportional to the 

concentration of Human ZAG .Calculation of the concentration of Human 

ZAG in the samples compared to the OD of the samples to the standard 

curve.  
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2.5.2. Kits components of ZAG kit  

 

Table 2.4: List of components of ZAG kit 

No Components Quantity 

1 Standard Solution (960μg/ml)  0.5ml x1 

2 Pre-coated ELISA Plate  12 * 8 well strips x1 

3 Standard Diluent  3ml x1 

4 Streptavidin-HRP  6ml x1 

5 Stop Solution  6ml x1 

6 Substrate Solution A  6ml x1 

7 Substrate Solution B  6ml x1 

8 Wash Buffer Concentrate (25x)  20ml x1 

9 Biotinylated human ZAG Antibody  1ml x1 

10 User Instruction  1 

11 Plate Sealer  2 pics 

12 Zipper bag  1 pic 

 

 

Material Is Needed But Isn't Getting It 

• Incubator set to 37°C + 0.5°C. 

• Paper that is absorbent. 

• Pipettes with precision and disposable pipette tips 

• Make sure the tubes are clean. 

• Water that has been deionized or distilled. 

Filte microplate reader with 450 10nm wavelength 
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2.5.3.Reagent preparation of ZAG kit 

1- Before using any reagents, bring them to room temperature. 

2- The 120μl of standard (960g/ml) has been reconstituted with 120μl of 

standard diluent to produce a 480μg/ml standard stock solution. 

3- Before producing dilutions, we should let standard sit for 15 minutes with 

moderate agitation. 

4- Duplicate standard points were prepared by diluting the standard stock 

solution (480μg/ml) 1:2 with standard diluent to provide 240μg/ml, 

120μg/ml, 60μg/ml, and 30μg/ml solutions. 

5- The zero standard is standard diluent (0 μg/ml). Any leftover solution has 

been frozen at -20°C and should be used within one month. 

6- Wash Buffer has been installed. 20ml washed and diluted  

7- Standard solution dilution was produced as follows :- 

 

480μg/ml  Standard No.5 120μl Original Standard + 120μl Standard Diluent 

240μg/ml Standard No.4 120μl Standard No.5 +  120μl Standard Diluent 

120μg/ml Standard No.3 120μl Standard No.4 +  120μl Standard Diluen 

60μg/ml  Standard No.2 120μl Standard No.3 +  120μl Standard Diluent 

30μg/ml  Standard No.1 120μl Standard No.2 +  120μl Standard Diluent 
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Fig 2.1: Standard ZAG dilution. 

 

2.5.4. Calibration Curve of Human ZAG  

 

Table 2.5: Calibration Curve of Human ZAG 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.2:  Calibration curve of human ZAG 

Concentration Optical density 

(OD) 

0 0.095 

30     μg/ml 0.129 

60     μg/ml 0.269 

120   μg/ml 0.47 

240   μg/ml 1.007 

480   μg/ml 1.751 

y = 0.0036x + 0.0661 
R² = 0.9945 
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2.5.5.Assay Procedure  

1-All reagents, standard solutions, and samples were thoroughly examined and 

everything prepared just as directed. Before use, all reagents should be brought 

to room temperature. The test was carried out at room temperature. 

2- After determining the number of strips necessary for the assay, the strips 

were placed into the frames for usage. Unused strips were kept at 2-8°C. 

3- A standard well of 50 μl standard has been added. Because the standard 

solution contains biotinylated antibody, we did not add antibody to standard 

well. 

4. 40μl samples was added to sample wells, followed by 10μl anti-ZAG 

antibody, followed by 50μl streptavidin-HRP to sample wells and standard 

wells (Not blank control well). Mix thoroughly. I used a sealer to cover the 

plate. Incubated at 37°C for 60 minutes. 

5- The sealer has been removed, and the plate has been washed 5 times with 

wash buffer. For each wash, wells were soaked in at least 0.35 ml wash buffer 

for 30 seconds to 1 minute. All wells were aspirated and washed 5 times with 

wash buffer, overfilling wells with wash buffer, for automated washing. The 

plate was blotted with paper towels. 

6- 50μl of substrate solution A was added to each well, followed by 50μl of 

substrate solution B. Incubated the plate for 10 minutes in the dark at 37°C with 

a clean sealer. 

7. After adding 50μl Stop Solution to each well, the blue color turned to yellow 

immediately.  

8. Within 10 minutes after applying the stop solution, the optical density (OD 

value) of each well was measured using a microplate reader set to 450 nm. 
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2.6. Determination of Heat shock protein 70( HSP70) 

2.6.1.  Principle 

This sandwich kit is an Enzyme-Linked Immunosorbent Assay for the 

reliable quantitative detection of human Heat Shock Protein 70 (also 

known as HSP-70) in serum (ELISA) (BT LAB, 2020). 

1.  Human HSP-70 antibody has been pre-coated on the plate. 

2.  HSP-70 was introduced to the sample and bound to antibodies coated on 

the wells. 

3. Finally, a biotinylated human HSP-70 antibody was applied to the 

sample and bound to HSP-70. 

4. The Streptavidin-HRP antibody was then added and coupled to the 

Biotinylated HSP-70 antibody. After incubation unbound Streptavidin-

HRP was washed away during a washing step. 

5. The substrate solution was then added, and the color developed in 

accordance to the amount of human HSP-70 present. 

6. The reaction was stopped by adding an acidic stop solution, and the 

absorbance at 450 nm was determined. 
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2.6.2. Kits of HSP70 components:- 

Table 2.6 : List of components of HSP70  kits. 

 

No Components Quantity 

1 Standard Solution (96ng/ml)  0.5ml x1 

2- Pre-coated ELISA Plate  12 * 8 well strips x1 

3- Standard Diluent  3ml x1 

4- Streptavidin-HRP  6ml x1 

5- Stop Solution  6ml x1 

6- Substrate Solution A  6ml x1 

7- Substrate Solution B  6ml x1 

8- Wash Buffer Concentrate (25x)  20ml x1 

9- Biotinylated human HSP-70 

Antibody  

1ml x1 

10 User Instruction  1 

11 Plate Sealer  2 pics 

12 Zipper bag  1 pic 

 

 

Material Is Needed But Isn't Provided :- 

• Incubator set to 37°C + 0.5°C. 

                      • Paper that is absorbent. 

                      • Pipettes with precision and disposable pipette tips 

                      • Clean the tubes. 

                      • Water that has  been deionized or distilled. 

• Microplate reader equipped with a 450 10nm wavelength filter. 
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2.6.3. Preparation of reagents 

 All reagents were brought to room temperature before use. 

1-Standard has been reconstituted by combining 120l of standard (96ng/ml) 

with 120l of standard diluent to produce a 48ng/ml standard stock solution. 

2-Before producing dilutions, the standard was allowed to sit for 15 minutes 

with moderate agitation. 

3- Duplicated standard points were created by diluting the standard stock 

solution (48ng/ml) 1:2 with standard diluent to obtain solutions at 24ng/ml, 

12ng/ml, 6ng/ml, and 3ng/ml.. 

4- As the zero standard (0 ng/ml), standard diluent was used. The leftover 

solution was stored at -20°C and utilized within a month. 

5- Diluted 20ml of Wash Buffer Concentrate 25x into deionized or distilled 

water to yield 500 ml of 1x Wash Buffer. When crystals develop in the 

concentrate, they are gently mixed until they are dissolved entirely. The 

standard solutions were diluted as follows : - 

 

48ng/ml  Standard No.5 120μl Original Standard + 120μl Standard Diluent 

24ng/ml  Standard No.4 120μl Standard No.5 +  120μl Standard Diluent 

12ng/ml  Standard No.3 120μl Standard No.4 +  120μl Standard Diluent 

6ng/ml  Standard No.2 120μl Standard No.3 + 120μl Standard Diluent 

3ng/ml Standard No.1 120μl Standard No.2 + 120μl Standard Diluent 
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Fig 2.3 : Standard HSP70 dilution. 

2.6.4. Calibration Curve of Human HSP70  
 

Table 2.7: Calibration Curve of Human HSP70. 

Concentration Optical density 

(OD) 

0 0.114 

3 ng/ml 0.196 

6 ng/ml 0.372 

12 ng/ml 0.556 

24 ng/ml 1.005 

48 ng/ml 1.545 

 

 

 

Fig 2.4 : Calibration curve of human HSP70 
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2.6.5. Assay procedure 

1.  All reagents, standard solutions, and samples are prepared according to the 

instructions. Before use, all reagents and samples should be brought to room 

temperature.  

2.  The number of strips necessary for the test was determined. For usage, the 

strips were placed into the frames. The unused strips maintained at 2-8°C. 

3.  A standard well of 50μl has been added. Because the standard solution 

contains biotinylated antibody, we did not add antibody to the standard well. 

4. 40μl samples were added to samples wells, followed by 10μl anti-HSP-70 

antibody, followed by 50μl streptavidin-HRP to sample wells and standard 

wells ( Not blank control well ). Mix thoroughly. Then used a sealant to 

cover the plate. Incubated at 37°C for 60 minutes. 

5. The sealer has been removed, and the plate has been washed 5 times with 

wash buffer. Soaked each washed well for 30 seconds to 1 minute in at least 

0.35 ml wash buffer. Aspirate all wells and wash 5 times with wash buffer, 

overfilling wells with wash buffer, for automatic washing. The plate was 

then blotted using paper towels. 

6.  50μl of substrate solution A was added to each well, followed by 50μl of 

substrate solution B. Incubated the plate for 10 minutes in the dark at 37°C 

with a clean sealer. 

7.  After 50μl of Stop Solution was poured to each well, the blue color 

obviously turned to yellow. the optical density (OD value) has been Within 

10 minutes after applying the stop solution, each well was determined using 

a micro plate reader set to 450 nm. 
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2.7. Glycated Hemoglobin HbA1c 

Glycosylated protein is produced post-translationally by a complex, 

nonenzymatic interaction between the glucose and amino groups on proteins. 

HbA1c is a therapeutically relevant measure of mean glycemia during the 

previous 120 days, as well as the average erythrocyte life span. Because well 

controlled studies have shown a tight connection between HbA1c 

concentrations and mean glycemia, HbA1c is regarded as a more accurate 

measure in monitoring glycemia. (Nathan et al., 1984) . 

2.7.1. Principle 

A fluorescence immunoassay (FIA) for quantifying HbA1c (Hemoglobin A1c) 

in human whole blood. It is effective in the long treatment and monitoring of 

glycemic status in individuals with diabetes mellitus. 

The used since a sandwich immunological detection technique in which the 

detector antibody in buffer binds to the antigen in the sample, making antigen-

antibody complexes that migrate on to the nitrocellulose matrix and are 

collected by the other immobilized antibody on the test strip. The more antigen 

in the sample, the more antigen-antibody complexes produced, resulting in a 

brighter fluorescence signal on the detector antibody. The content of glycated 

hemoglobin in blood is expressed as a percentage of total hemoglobin. 
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2.7.2. Components 

HbA1c kit comprises of 'Cartridges, Hemolysis Buffer Small bottle,' 'Detection 

Buffer Tubes, and an ID chips. 

1- The cartridge contains a test strip, the membrane which has anti human 

HbA1c at the test line, while rabbit IgG at the control line. 

2- The detection buffer contains anti human HbA1c-fluorescence conjugate, 

anti rabbit IgG-fluorescence conjugate, bovine serum albumin (BSA) as a 

stabilizer and sodium azide in phosphate buffered saline (PBS) as a 

preservative. 

3- The hemolysis Buffer contains nonionic detergent and sodium azide as 

preservative in PBS. 

 

HbA1c kit components include: 

1) Cartridge Box: 

a) Cartridges 25 

b) ID Chip 1  

c) Instructions for Use 

2) Buffer Box for Detection 

a) 25 Detection Buffer Tubes 

b) 1 Hemolysis Buffer Vial (3 ml)  
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2.7.3. Procedure 

1) A total of 100µl of hemolysis buffer has been taken and transferred to a 

detection buffer tube..  

2) 5 µl of whole blood has been drawn from EDTA tube blood and put in to the 

detection buffer tube. 

 3) The lid of the detection buffer tube has been Closed and mixed the sample 

thoroughly by shaking it about 15 times. 

 4) The cartridge half  has been taken out form i-Chamber slot. 

 5) 75µl of the sample mixture has been pipetted out and loaded it into a sample 

well in the test cartridge. 

 6)  Then we waited until the sample mixture flowed into the windows (about 10 

seconds).  

7) The cartridge has been inserted into i-Chamber slot. 

8) The cartridge has been leaved  Before removing, leave it in the i-Chamber for 

12 minutes. When the incubation term is completed, the sample-loaded 

cartridge is Scanned immediately. 

9) The test result has been displayed on the instrument's display panel. 

HbA1c concentration inside the test sample either as a percentage (NGSP) or as 

a mmol/mol (IFCC).)  (Nathan et al., 1984). 

 reference range:- NGSP (%): 4.5- 6 % 

 where National Glycohemoglobin Standardization Program (NGSP) 
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2.8. Determination of serum LH, FSH and total testosterone 

concentrations: 

2.8.1. Luteinizing Hormone 

 
Human luteinizing hormone (LH, lutropin) is a glycoprotein hormone composed 

of two different subunits (α and β). The molecular weight of LH is 

approximately 29 kilo Daltons (Pierce and Parsons, 1981). A fluorescence 

immunoassay (FIA) for quantifying luteinizing hormone (LH) in human serum. 

It can help with the management and monitoring of fertility abnormalities, the 

function of reproductive system (ovaries or testicular), or the detecting of 

ovulation. 

LH hormone interpretation the  LH / FSH ratio has been used to diagnose the 

cause of polycystic ovarian disease. Low levels of human LH (LH) and FSH 

may signal pituitary failure, whereas increased levels of LH and FSH, along 

with reduced levels of gonadal steroids, may indicate gonadal failure 

(ovariectomy, menopause, premature ovarian syndrome, Turner Syndrome 

(Hall, 1993  ;  Rama Raju et al., 2013). 

Low gonadotropin concentrations are commonly found in females taking oral 

steroid-based contraceptives. In males, high LH and FSH with low gonadal 

steroid concentrations may signal testicular failure or anorchia. Sertoli cell 

failure may cause LH to be high in Klinefelter's syndrome (Skakkebaek et al., 

2017 ;  Rama Raju et al., 2013). 
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2.8.2. Follicle-stimulating hormone 

Follicle-stimulating hormone(FSH) is synthesized and secreted by gonadotrophs 

of the anterior pituitary gland. The alpha subunits of LH, FSH, TSH, and hCG 

are identical, and contain 92 amino acids. FSH has a beta subunit of 118 amino 

acids .  

The most prevalent cause of elevated serum FSH concentration in a female is 

menopause, which is currently or has just occurred. High amounts of Follicle-

Stimulating Hormone suggest that the gonad's usual limiting feedback is 

missing, resulting in uncontrolled pituitary FSH secretion. If high FSH levels 

occur throughout the reproductive age, it is abnormal. Premature menopause, 

also known as Premature Ovarian Failure, poor ovarian reserve, also known as 

Premature Ovarian Aging, gonadal digenesis, Turner syndrome, castration, 

certain forms of Congenital adrenal hyperplasia (CAH), and testicular failure 

are all conditions associated with high FSH levels (Randolph et al., 2004). 

2.8.3.Testosterone 

Testosterone(17ß-hydroxyandrost-4-en-3-one)is an anabolic steroid synthesized 

primarily by Leydig cells in the testes of male, the ovary of female, and adrenal 

glands of both sexes  (Shima et al., 2013 ).  

It is produced from cholesterol, Dehydroepiandrosterone (DHEA), androstened-

-iol  progesterone, and pregnenolone as intermediary substrates. Throughout a 

man's life, it has a significant and wide-ranging impact on emotional well-being, 

sexual function, muscular size and strength, activity, cardiovascular health, 

bone integrity, and cognitive capacity. Only 1 to 15% of testosterone in the 

blood is in its unbound and physiologically active state. The testosterone that 

remains is linked to serum proteins (Carson and Manolagas, 2015). 
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2.8.4.Tests Principle for hormones 

A sandwich immunological detection approach was studied by multiple 

researchers, in which dried antibodies in the detector tube connect to antigens in 

the sample after being diluted with the diluent, producing antigen-antibody 

complexes. These complexes subsequently migrate through to the nitrocellulose 

matrix and are collected on the test line by another pair of immobilized 

antibodies. The greater the number of antigens in the sample, the more antigen-

antibody complexes form, resulting in a higher fluorescence signal. The reader 

then translates this signal to indicate the levels of (LH, FSH, Testosterone) in 

the sample. 

The cartridge contains a test strip, the membrane has (anti human LH ,anti FSH 

, anti Testosterone )at the test line, with chicken IgY at the control line. 

 

 The detection buffer contains anti human( LH,FSH, Testosterone)-fluorescence 

conjugate, anti chicken IgY--fluorescence conjugate, bovine serum albumin 

(BSA) as a stabilizer and sodium azide as a preservative in phosphate buffered 

saline (PBS). 

2.8.5. Materials Supplied 

Components of( LH,FSH, testosterone) Kit 

1Cartridge Package:  

a) Cartridges 25.  

b) Capillary tube 35 L 25. 

c) ID Chip 1. 

2) Buffer Box :- 

a)  Detectors 25.   

b)  Diluent 1  For AFIAS-50 
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2.8.6.Tests  Procedures  

1- A pipette was used to transfer l of diluent to a tube containing detector 

granular. 

2- A total of 35l of sample serum were transferred to the detection tube. 

3- Close the cover on the detection tube and shake it about 20 times to properly 

mix the sample. 

4- A sample mixed of 75l was pipetted out and put in to the cartridge's sample 

well. 

5- The sample-loaded cartridge was kept at room temperature for 12 minutes. 

The sample-loaded cartridge is scanned immediately after the incubation 

time has ended. 

6- To begin the scanning procedure, push the ‘Select' button on the testing 

equipment. 

7- The test instrument quickly started scanning the sample-loaded cartridge. 

8- The test result has been shown on the instrument's display screen.. 

 

2.9. Insulin level 

2.9.1.Test principle 

Sandwich principle. Total duration of assay: 18 minutes. 

 ▪ 1st incubation: A sandwich complex is formed by insulin from a 20l sample, 

a biotinylated monoclonal insulin specific antibody, and a monoclonal insulin 

specific antibody labeled with a ruthenium complex). 

 ▪ 2nd incubation: After addition of streptavidin-coated microparticles, the 

complex bound to the solid phase via interaction of biotin and streptavidin. 

 ▪ The reaction mixture is aspirated into the measuring cell where the 

microparticles are magnetically captured onto the surface of the electrode. 

Unbound substances are then removed with ProCell/ProCell M. Application of 
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a voltage to the electrode then induces chemiluminescent emission which is 

measured by a photomultiplier. 

 ▪ Results are determined via a calibration curve which is instrument specifically 

generated by 2-point calibration and a master curve . 

2.9.2. Reagents - working solutions 

Table 2.8:  Reagents  solutions of Insulin kit 

M   1 container, 6.5ml, streptavidin-coated microparticles (clear cap): streptavidin-

coated microparticles 0.72 mg/ml; preservative. 

R1 

 

 

1 bottle, 10 ml Anti-insulin-Abbiotin (gray cap:  MESb) 

  buffer 50 mmol/l, pH 6.0; biotinylated monoclonal antiinsulin antibody (mouse) 1   

mg/l; preservative. 

R2 

 

 

     1 bottle, 10 ml Anti-insulin-AbRu(bpy) (black cap( 

1.75 mg/l ruthenium complex labeled monoclonal antiinsulin antibody (mouse); 

MES buffer 50 mmol/l, pH 6.0; preservative. 

 

2.9.3. Procedure 

The procedure was  full automated in Cobas e 411. 

Reference range 

Fasting < 25 mIU/l  < 174 pmol/l 
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2.10. Fasting blood glucose FBG concentration 

2.10.1. Principle 

The glucose oxidase (GOD) converts glucose to D-gluconate, releasing 

hydrogen peroxide in the process. A combination of phenol and 4-

aminoantipyrine (4-AA) is oxidized by hydrogen peroxide in the presence of 

peroxidase (POD) to create a red quinoneimine dye proportionate to the 

quantity of glucose in the sample. 
  

β-D-Glucose + H2O + O2   
       
→      D-Gluconate  +  H2O2 

 

4-AA + Phenol    
           
→          Quinoneimine  +  H2O  

  

2.10.2. Reagent composition 

 

Table 2.9: Reagent Composition of Blood Glucose kit 

 

2.10.3. Materials required 

− Photometer or colorimeter capable of measuring absorbance 

at 500 ± 20 nm 

− Constant temperature incubator set at 37ºC 

− Pipettes to measure reagent and samples 

 

 

1-R1 

   Monoreagent. Phosphate buffer 100 mmol/l pH 7.5, 

   glucose oxidase > 10 KU/l, peroxidase > 2 KU/l,  

    4- aminoantipyrine 0.5 mmol/l, phenol 5 mmol/l 

 

2-CAL 

 

Glucose standard. Glucose 100 mg/dl (5.55 mmol/l). 
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2.10.4. Procedure 

1. Reagents were brought and samples to room temperature. 

2. The following has been drawn in to labelled tubes: 

Tubes Blank Sample Cal. 

R1.Monoreagent 1.0 ml 1.0 ml 1.0 ml 

Sample - 10 μl - 

CAL. Standard - - 10 μl 

 

3. The tubes has been mixed and let stand 10 minutes at room temperature or 

5 minutes at 37ºC. 

4. The absorbance (A)has been read of the samples and the standard at 

500 nm against the reagent blank. 

The color is pink stable for about 2 hours protected from light. 

 

Calculations:- 

 
Ab  Sample 

 ———— --   x    Con  Standard  =   mg/dl glucose in sample 

Ab  Standard 

 

Reference value in adults   70 - 105 mg/dl  (3.89 - 5.83 mmol/l) 

  

 

 

 

 

 

 

 



Chapter two                                                                    Materials and Methods   

47 
 

2.11. Homeostatic model assessment for insulin resistance 

(HOMA-IR)  

HOMA-IR is mean homeostatic model assessment and express on Insulin 

resistance can be calculate by using the equation that uses fasting glucose and 

insulin concentration as the following equation (Matthews et al., 1985 ; 

Salgado et al., 2010) 

 

HOMA-IR = glucose (mmol/l) × insulin (mU/ml)/ 22.5 

Or   HOMA-IR = Glucose (mg / dl) × Insulin (U / ml) / 405 

 

 Using fasting values. The normal HOMA IR value of healthy human ranges 

from the reference values for HOMA-IR as:- 

 " HOMA-IR  less than 2.60 as the normal range 

 HOMA-IR  from 2.60–3.80 as ‘‘borderline high’’ without labeling these 

individuals as having insulin resistance. 

 HOMA-IR more than 3.80 as ‘‘high’’ having clear correlates of insulin 

resistance (Qu et al., 2011). 

Fasting blood sugar was changed from mg/dl to mmol/L by dividing it by 18 

(Salgado et al., 2010). 
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2.12. Biostatistics analysis  

In this study the data were calculated by Microsoft Excel 10 with the Statistical 

Package for the Social Sciences (SPSS) version 23. Descriptive statistic were 

expressed as mean + standard deviation (SD) and used T-test for different 

between two group patient  and control while, used one- way  ANOVA test for 

three groups. Pearson's correlation coefficient was used to evaluate the 

correlations between all variables (Pearson’s Correlation Coefficient, 2019). 

Least significant differences (LSD) were used to make comparisons within 

groups. Significant differences were considered as p< 0.05 and more was non 

significant . ROC curve was also analyzed to find sensitivity and specificity for 

markers within groups of infertility. 
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Chapter three 

 

3-Results and Discussion 

The study included 81 women in reproductive age from (18-45) years old, They 

were classified in to two groups 50 female with PCOS as a patient group and 31 

female apparently healthy as a control group. 

The patient group can be investigaed by some criterias including irregular 

menstrual cycle , acne, hersutism, abnormal hormonal value (ratio LH/FSH)  

and ultrasound imaging test . In order to prevent PCOS consequences, protein 

and enzyme markers are frequently used for prognosis and patient monitoring. 

 

 

3.1. Comparison in biochemical parameters between groups 

Independent T-test statistics are used for parameters to compare between studies 

groups, and the results were expressed by mean± standard deviation (SD) and 

extraction P-value to show the difference variation ,considered significant if P-

value are P≤0.05, whereas p>0.05 is non-significant while P<0.001 is high 

significant 

 Table 3.1 is show all studied parameters studied included LH, FSH, Testo , 

HbA1c, FBG, fasting  Insulin , BMI,  HOMA-IR, ZAG level, HSP70 level. 

 

.
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Table 3.1: Clinical characteristics of PCOS with control subject. 

 

 

Parameters 

Patient group 

N=50 

Mean± SD 

Control group 

N=31 

Mean± SD 

 

P value 

Age (years) 29 ± 6 30 ± 7 P> 0.05 

BMI (kg/m
2
) 30.8 ± 5.0 26. 7 ± 3.6 P<0.05 

WC  (cm
2
) 43 ± 4.5 40.8 ± 1.6 P≤ 0.05 

LH  (mIU/ml) 10.1 ± 3.7 4.3 ± 1.6   P<0.001 

FSH  (m.IU/ml) 5.47 ± 1.3 7.8 ± 1.85   P<0.001 

Testosterone 0.44 ± 0.25 0.21 ± 0.05          P≤ 0.05 

HbA1c % 5.5 ± 0.45 5.2 ± 0.3          P≤0.05   

FBG  (mg/dl) 95.4 ± 9.2 87 ± 6   P< 0.001 

 F Ins  (mIU/ml) 18.5 ± 2.1 16.3  ± 1.0 P ≤ 0.05 

HOMA-IR 4.3 ± 0.6 3.5 ± 0.3   P ≤ 0.05 

Ratio LH/FSH 1.8 ± 0.46 0.55 ± 0.1   P<0.001 

ZAG   (g/ml)  99.09 ±  27.5 143.3 ± 14.7   P<0.001 

HSP70 (ng/ml)   15.8 ± 4.7 9.7 ± 3.7  P<0.001 

 

BMI: Body Mass Index ; FBS: Fasting Blood Sugar ; FSH: Follicle-Stimulating Hormone  

HbA1c:Hemoglobin A1c ;  HOMA-IR : Homeostatic Model Assessment of Insulin Resistan 

HSP70 : Heat Shock Protein 70  ; LH : Luteinizing Hormone ; SD: Standard Deviation ; WC : Waist 

Circumference ;  ZAG: Zinc Alpha 2 Glycoprotein,  NS: t-test p- value ≥ 0.05 ;   S: p-value ≤0.05   ;  

HS: p- value ≤0.01    
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According to the presented data show the mean of HSP70 levels (15.8± 

4.77ng/ml) (9.7 ±3.7ng/ml) for patients and controls group respectively which is 

significantly increased in patients group of PCOS in (P<0.001)  and this result 

agreed with study that Increased blood Hsp70 levels in PCOS patients and 

linked to a combination of IR, oxidative stress, and limited chronic 

inflammation in PCOS patients, indicating that Hsp70 may play a role in 

the  pathophysiology of PCOS
 

(Gao et al., 2013) while, another study   

disagreed with our results and it showed that HSP70 was significantly higher in 

ovarian tissues in PCOS in rats than the controls, but significantly lower in 

serum (Wu et al., 2019). Results of current study was found ZAG levels 

(99.09±27.5);(143.3±14.7μg/ml) for patients and control groups respectively  

were  significantly decreased in PCOS women than in control group(P<0.001). 

this result agrees with study of Zheng et al study (Zheng et al., 2019) that found 

ZAG levels lower in women with PCOS, although they can be raised with the 

use of metformin. 

According to results in table 3.1 There was statistically  non-significant changes 

in age mean values between the normal control group and the patients groups of 

PCOS. 

In the presented data explained by figure 3.1 showed the mean levels of ZAG 

(μg/ml) while figure 3.2 showed the mean levels of HSP70 (ng /ml) increased in 

PCOS patient than controls group . 
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           Fig 3.1 : The levels of ZAG in patients group of PCOS versus  controls subject 

 

 

 

 

 

 

 

 

 

    Fig 3.2 :The levels of Heat shock protein70 in patients group compare to control 

group. 
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It show in table 3.1 our finding results that elevated high significant in 

biomarkers measured in hormonal LH, Ratio LH/FSH and testosterone level 

this agrees with study (Malini and Roy George, 2018) that's PCOS and 

infertility are caused by an unusual increase in LH levels, as well as increased 

levels of ovarian testosterone and the LH/FSH ratio and highly significant 

increase of metabolic biomarkers FBG, FIns , BMI, HOMA-IR  in patients 

group compare to healthy group. 

These results agreed with study (DeUgarte, Bartolucci and Azziz, 2005) that 

PCOS was defined as the presence of two or more of the following symptoms: 

oligo- or anovulation, and hyperandrogenemia, and polycystic ovarian cysts on 

ultrasound, according to the Rotterdam consensus workshop also obesity, 

insulin resistance, and hyperinsulinemia are all common symptoms of PCOS. 

 Additionally some causes of the increase of LH level that, insulin was shown to 

clearly increase androgen production from theca cells resulting in an increase of 

testosterone levels, an androgenic ovarian environment, and anovulation 

(resulting in low progesterone levels), Increased leptin levels due to an excess 

of adipose cells affect Gonadotropin-releasing hormone (GnRH) secretion and 

these correlated with fertilization rate (The ObG Project, 2019).  

In the results finding high testosterone levels in patient of PCOS compare the 

control group in p-value P≤0.05 can exacerbate abdominal obesity and 

inflammation . Our findings are in agreement research conducted by the study  

which the Patients with PCOS that have a high BMI are more probable to have 

androgen overload functional disorders (Yuan et al., 2016).  

Also finding highly significant decrease in FSH levels in patients is a result that 

agreed with study  by Malini and Roy, 2018 which found that deficient FSH 

levels participate to impaired follicular development in PCOS. figure 3.3 

showed FSH, LH hormonal levels in patients and controls. 
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Fig 3.3: Concentration of LH and FSH hormones in patients and controls  

 

3.1.1. Hirsutism  

 In this study we found the percentage of hirsutism in the group of  patients 

women with PCOS was high, reaching 68%, while the percentage of patients 

without hirsutism was 32%. From patients in the study. Many studies agreed 

with research by (Panse et al., 2019) that it has been PCOS is the most common 

reason of hirsutism, which is characterized by excessive hair growth in 

androgen-dependent areas PCOS is the most prevalent cause of androgen 

excess. .  

Another study agreed with our results that PCOS is the leading cause of 

hirsutism, with 72 to 82 % of cases  (Bode, Seehusen and Baird 2012). 
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Fig 3.4:The percent of hirsutism in patients group. 

 

3.1.2. Body mass index  

We used Pie charts to describe the proportion of patients for each body mass 

index groups  as normal weight 18-24.9 kg/m
2
 has lowest percentage obtain 

14%  of  patient groups , over weight (pre obesity) 25-29.9 kg/m
2
 was 36%  of 

patients and  obesity over 30 kg/m
2
 obtain higher percentage 50% of patient 

groups . numerous studies researches agreed with findings research such as ( 

Diamanti- Kandarakis, 2007 ; Al-Tu'ma et al.,2015) That a common problem 

feature on PCOS women, which a high proportion of female with PCOS are 

obese and obesity and abdominal fat accumulation worsen the physiological, 

hormonal, and metabolic symptoms of polycystic ovary syndrome PCOS . 

 Another study that PCOS women with high levels of total testosterone and LH 

had a metabolic defect, as obese and overweight PCOS women. PCOS women 

had a higher prevalence of overweight/obesity  (Liu et al., 2019).  
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One of the reasons why women with PCOS gain weight or have a hard time 

reducing weight is the inability of insulin to work correctly.  

Obesity has the potential to cause serious health problems dyslipidemia, 

irregular ovarian cycles, and anovulation are all symptoms of Increased PCOS. 

BMI may be a significant factor in endocrine and metabolic disorders. Obesity 

can have a significant effect on the syndrome's development and progression, 

often linked to an increase in metabolic abnormalities and cardiovascular risk 

factors  (Diamanti-Kandarakis, 2007). 

we found most of patient PCOS have high BMI as show in figure 3.5 

 

 

 

 

 

 

 

 

 

Fig 3.5 : BMI proportion in patients groups.
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3.1.3. Metabolic parameters 

In this study fasting blood glucose  ,HbA1c , fasting insulin level and HOMA-

IR were measured to know different levels of metabolic rate between groups 

patient and control,  FBG results (95.4 ± 9.2)(87 ± 6) (mg/dl), HbA1c (5.5 ± 

0.45)( 5.2 ± 0.3)%, Fasting insulin (18.5 ± 2.1)(16.3 ± 1.0) (m.IU/ml) and 

HOMA-IR (4.3 ±0.6) (3.5±0.3) for patient and control respectively as shown in 

table (3.1) were appeared increase in patient group with (primary infertility and 

secondary infertility) than control group or fertility group.  

The result of FBG level indicated that women in POCS groups had significantly 

higher levels than women in the control group. Women with PCOS have 

significantly decreased insulin sensitivity lead to Insulin resistance causes 

elevated blood glucose levels, which are then transported to the liver, where the 

glucose is converted to fat and stored in the body, resulting in weight gain and, 

eventually,  obesity resulting agreed with study of  (Dahan and Reaven, 2019).  

When noticing the result high fasting insulin level, IR and Increased insulin 

levels induce the ovaries to release testosterone, causing testosterone levels to 

increase. Insulin has an inhibition effect on hepatic sex hormone binding 

globulin SHBG synthesis, resulting in an increase in free testosterone, as well as 

a stimulatory effect on ovarian androgen production, promoting hyperandrogen-

-ism (Suresh and Vijayakumar, 2014).   

3.2. Comparison of groups by fertility 

The comparing is performed between three groups  were divided according to 

the degree of fertility by using one-way ANOVA test analysis  namely primary 

infertility, secondary infertility for patients groups while fertility for controls 

groups. These groups include a group of primary infertility PCOS (n=32), 

secondary infertility PCOS (n=18) for patients groups and fertility (n=31) for 
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contols groups. Table 3.2 shown the testing parameters according to the fertility 

groups 

Table 3.2 :- Comparison of groups by fertility types for parameter and 

markers 

 

parameters 

PCOS control  

 

    Sig 
Primary  

infertility 

N=32    G1 

secondary 

infertility 

N=18        G2 

fertility 

N=31 

G3 

Age (years) 29.3 ± 5       32.0 ± 6.4 30.9 ± 7.1 NS 

BMI (k/m
2
) 31.8  ± 4.3   

b
* 30.1 ± 5.4  

b*
 26.7 ± 3.6 S 

LH (mIU/ml) 11.2 ± 3.3    
b** 

10.0 ± 4.3   
b**

 4.3 ± 1.6 HS 

FSH (mIU/ml) 5.4 ± 1.4      
b** 

5.5 ± 1.1     
b**

 7.8 ± 1.8 HS 

Testosterone  0.47 ± 0.27 
a*.b** 

0.39 ± 0.20   
b*

 0.21 ± 0.05 S 

HS 
FBG 95.7 ± 10.1   

b**
 94.8 ± 7.4   

b**
 87.7 ± 6.0 HS 

HbA1c % 5.47 ± 0.45  
b
* 5.40 ± 0.41  5.2 ± 0.37 S 

NS 
Fins (mIU/ml) 18.6 ± 2.3  

b* 
18.4 ± 1.9  

b*
 16.3 ± 1.6 S 

HOMA-IR 4.25 ± 0.6   
b*

 4.0 ± 0.5    
b* 

3.5 ± 0.3 S 

LH/FSH ratio 1.88 ± 0.44   
b**

 1.80 ± 0.5  
b
** 0.55 ± 0.12 HS 

ZAG μg/ml   94.0 ± 27.0 
a*,b**

 108.0  ± 26.7 
b*

 143.3 ± 14.7 S 

HS 
HSP70 (ng/ml) 16.3 + 4.9   

b**
 15.1 + 4.45   

b**
 9.7 + 3.75 HS 

 

NS: t-test p- value ≥ 0.05 ;   S: p-value ≤0.05   ;  HS: p- value ≤0.01    

a; Comparison between G1&G2    ;  b: Comparison between G1&G3 or G2&G3   

*--significant correlation p≤0.05  ;  **-- highly significant p<0.001                                                                 

 

PCOS is the main cause of infertility due to anovulation.  Therefore, the study 

groups were divided according to fertility, to observe the effect of the severity 

of the syndrome on the degree of fertility (Bellver et al., 2017).  
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Another research found PCOS accounts for ~80% of cases of anovulatory 

infertility in women  (Balen et al., 2016). The results we reached in this study 

after dividing the groups according fertility degree (primary infertility, 

secondary infertility , fertility ) that the hormonal disorder in primary infertility 

was higher than secondary infertility in patient groups and this agreed with 

study done by Al- Balen et al that increased luteinizing hormone levels (LH) in 

the blood have a negative effect on fertility (Balen et al., 2016). Also showed 

that however women with PCOS was take longer time  to become pregnant  

their long-term fertility is  not impaired (Balen et al., 2016).  

As show in figure 3.8 that explains mean of  hormones (LH, FSH, Testosterone 

within the fertility groups.  

The study found that classifying the groups depended on fertility  the highest 

BMI was in primary infertility group (31.8 ± 4.3) secondary infertility (30.1± 

5.4) compare to fertility group(26.7 ± 3.6) k/m
2
 and that agreed with study that a 

higher body mass index (BMI) is associated to  A more complex treatment plan 

for fertility compared to normal-weight women with the syndrome, is one of the 

leading causes of infertility (Cena, Chiovato and Nappi, 2020) this result due 

to high level of fasting insulin , IR, FBG and androgen hormones levels. 

For express on mean of ZAG levels within groups  in figure 3.6 as shown  
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Fig 3.6 :  The levels of ZAG within groups of fertile 

The mean of ZAG level in groups were in primary infertility G1(94±27μg/ml) 

and secondary infertility group G2 (108.07 ± 26.7 μg/ml) as patients groups, 

while fertility group G3 (143.3 ± 14.7 μg/ml) which were diagnosed  decreased 

levels significantly (p< 0.001) when compared  infertilities groups with the 

fertility and showed decrease significant between groups G1,G2 in P≤0.05 

that’s may be mean in lower ZAG level lead to increase infertility degree 

showed in study of (Lai et al., 2016) that indicate circulating ZAG levels were 

significantly decreased  in subjects of PCOS in general ,while  notably, no study 

has quantified circulating ZAG levels in infertility women within PCOS groups  

to date, Except  study in fertilization ZAG is presence in human seminal fluid is  

6 times more than it's amount in the human serum, which indicating it's role in 

fertilization  (Hassan et al., 2008  ;  Ding et al., 2007).  

The mean HSP70 levels were increased significantly in PCOS women groups of 

primary infertility and secondary infertility  groups than control group( fertility 

group) in p< 0.001 value these results agreed with study performed by (Sisti et 

al.,2015)Induction of heat shock protein production and activation when cells  
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under a variety of stresses-elevated temperature, hypoxia, inflammation, 

infection, oxidative stress, and nutrient deprivation.  

Also Induction of Hsp70 in the ovary might explain why women with 

polycystic ovarian syndrome have lower fertility  (Sisti et al., 2015). 

Whereas, the mean of HSP70 level in the primary infertility group (16.3 + 4.9 

ng/ml )was higher than the secondary infertility (15.1 + 4.45  ng/ml) and it was 

farther than secondary group from the control group (9.7 + 3.75 ng/ml) as 

shown in the figure 3.7. 

In other words  the secondary infertility group was closer to the control groups 

than in primary infertility but did not reach significance in p-value. 

Figure 3.7 was explain HSP70  level in fertility groups  

 

 

 Fig 3.7 : The levels of HSP70 within groups of fertile. 
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Fig 3.8 :The levels of LH,FSH and Testosterone hormones within groups of 

fertile. 

As for the results of the groups, we found that the secondary infertility group 

had lower values showed statistically significant decreases in PCOS   Signs , but 

did not normalize  value. 

3.3. Correlation Study 

Correlations study between markers ZAG & HSP70 with all of the studied 

variables were estimated, by using Pearson’s correlation coefficient (r)  for the 

evaluation of data, the strength of Pearson correlation describe as 

0.2-0.39 ------  low 

0.4-0.69 ------- moderate  

0.7-0.89 ---------high 

 

Shown in (table 3.3) If the value of the correlation coefficient is negative sign, 

then this indicates the existence of an inversed relationship between the 

variables (negative correlation  ( while, the positive sign indicates direct 

proportion ( positive correlation) (Pearson’s Correlation Coefficient, 2019). 
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We found during this study that the correlation between ZAG and body mass 

index, insulin resistance and LH was highly significant negative correlation an 

inverse relationship in p<0.001 and significant negative correlation with insulin 

level in p≤0.05. while HSP70 levels significant positive correlation with IR, 

insulin levels as shown below in table 3.3.  

Table 3.3: The correlation between HSP70, ZAG and Parameters of 

groups. 

 

Parameters 

HSP 70 ZAG 

P-Value r P-Value r 

BMI  (K/m
2
) 0.881 0.022 0.001 -0.439** 

LH   (mIU/ml) 0.771 0.042 0.001 -0.447** 

FSH  (mIU/ml) 0.66 -0.062 0.36 0.132 

Testosterone 0.37 -0.128 0.14 -0.21 

HbA1c  % 0.85 0.03 0.30 -0.148 

FBG    (mg/dl) 0.354 0.134 0.2 -0.154 

Fasting Ins (mIU/ml) 0.003 0.414** 0.014 -0.345* 

IR 0.021 0.326* 0.005 -0.388** 

 

      NS: t-test p- value ≥ 0.05 ;   S: p-value ≤0.05   ;  HS: p- value ≤0.01 

     *--significant correlation p≤0.05  ;  **-- highly significant p<0.01 

     +r: Pearson’s correlation coefficient 
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3.3.1.Correlation of ZAG level and parameters 

The results concerning ZAG showed a negative correlation with BMI this result 

agreed with study of (Lei et al., 2017) which appear ZAG had positive 

correlation with age but a negative correlation with Fat %, BMI, blood pressure, 

triglycerides, FBG, fasting insulin, HbA1c and HOMA-IR (Lei et al., 2017). 

This result related to three mechanism for ZAG act as a lipid-mobilizing factor 

and increases lipolysis by activating hormone-sensitive lipase through increased 

stimulation intracellular adenylyl cyclase cAMP levels and in adipose tissue, it 

lowers the levels of lipogenic enzymes including acetyl-CoA carboxylase 

(ACC), fatty acid synthase (FAS), and diglycerid-glycerol acyltransferase 

(DGAT)., and act as increased insulin sensitivity also increase  the expression of 

adiponectin therefor ZAG plays an essential role in regulating whole-body 

(Severo et al., 2019) .  

 

Fig 3.9: The correlation of serum levels of ZAG and body mass index in 

patients group . 
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Another study obtained that Adiponectin levels decrease by obesity and insulin 

resistance develop, has been shown to protect against development of insulin 

resistance and inflammation (Khan and Joseph, 2014). These mechanisms 

agrees with the results of the research, where the results appeared negative 

correlation between the ZAG and BMI and IR that shown in figure 3.9 and 

figure 3.11.  

When, we divided the study groups according to weight (normal weight, over 

weight and obesity) the ZAG level in women with PCOS of normal weight, 

overweight and obesity groups were (117.8+14.8 μg/ml) (108.8+20 μg/ml) 

(87.6+29.5 μg/ml) respectively, results were decreased significantly (p<0.05) 

when compared with control groups normal weight (148.9 +9.9 μg/ml), over 

weight (147.9+11.0 μg/ml) and obesity (128.4+16.0 μg/ml). These findings 

were  agreed with research Lai  which circulating ZAG levels had significantly 

lower in PCOS women, overweight/obese subjects (BMI ≥ 25 kg/m
2
)  than 

individuals with a BMI of less than 25 kg/m
2
 (Lai et al., 2016). 

 

Table 3. 4: The level of ZAG in controls and patients with POCS ( dividing 

according to weight) 

 
  mean SD deviation number p-value 

 

patient 
normal weight 117.8 14.8 7 0.001 

over weight 108.8 20.1 18 0.001 

obesity 87.6 29.5 25 0.001 

 

Control 

 

normal weight 148.9 9.9 10 -- 

over weight 147.9 11.0 13 -- 

obesity 128.4 16.0 8 -- 
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Fig 3.10: The concentration of ZAG in controls and PCOS patients  

(dividing according to weight). 

According to another  identified study that showed the obese people have low 

zinc and ZAG levels in their blood, while also a decrease of expression of genes 

encoding this protein  (Severo et al., 2019).  

Another researches proved the importance of zinc  when using zinc supplement 

in women with PCOS reduced hirsutism (Jamilian et al., 2016). 

In Cervantes study which agreed with decrease zinc level on acne and  zinc was 

an effective treatment for acne vulgaris, proliferation of acnes is directly 

inhibited by regulation of protein, lipid and suppressed sebaceous gland activity 

(Cervantes et al., 2017).  

On the other hand obesity activates theca cells to LH stimulation and enlarge 

functional ovarian hyperandrogenis by up regulating ovarian androgen 

production (Glueck and Goldenberg, 2019). 
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Fig 3.11 : The correlation of serum levels of ZAG and insulin levels in 

patients group . 

In primary human adipocytes, suppressing ZAG decreased the expression of 

adiponectin (ADI),insulin receptor substrate-1(IRS-1),and glucose transporters4 

(GLUT4) genes, showing that ZAG plays an essential role in adipose tissue 

insulin sensitivity and BMI  ( Balaz et al., 2014  ;  Wang et al., 2020 ) 

 

Fig 3.12: The correlation of serum levels of ZAG and IR in patients group 
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Circulating ZAG levels were significantly lower in topics with metabolic 

syndrome (MetS) than in those without MetS or in subjects with a greater 

number of MetS components such as IR and central adiposity (Lei et al., 2017) 

 

Fig 3.13 : The correlation of serum levels of ZAG and LH levels in patients 

group . 

We show in result of marker ZAG levels  found negative correlation with other 

parameters but not in significant p-value .  

3.3.2. Correlation of HSP70 with parameters 

The results of correlation in table (3.3) found that the concentration of HSP70 

and FSH hormone was negatively in Pearson’s correlation coefficient (r) was        

(-0.062) but not in significant p-value that agrees with study of that FSH 

prevented the stimulatory effect of serum deprivation on the transcription of 

HSP70.2 , HSP72 . FSH can prevent stress-related changes in HSPs. The use of 

HSPs as stress and hormone indicators and mediators on ovarian function 

(Sirotkin and Bauer, 2010). 
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Long-term stress has a role in the development of insulin resistance and might 

be linked to a number of other PCOS pathogenic variables than insulin 

resistance (Ersin , 2021). also in other study that was increased serum HSP70 

levels  with  increase the duration of diabetes (Nakhjavani et al., 2010).  

The result in the study was positive correlation with IR and fasting insulin that's 

agreed with study which increased blood Hsp70 levels are linked to a 

combination of IR, oxidative stress, and limited chronic inflammation in PCOS 

patients  ( Gao et al., 2013 ). 

 There is a positive correlation between leptin and HSP70 in chronic 

inflammation, such as type 2 diabetes. It's possible that the link between serum 

HSP70 and leptin indicates a greater level of chronic inflammation 

(Nakhjavani et al., 2013). There was a positive correlation between serum 

leptin, BMI, and insulin in PCOS. The mean BMI, LH, and LH: FSH ratios 

were all higher in PCOS women. PCOS women had significantly higher levels 

of androgen as well as fasting insulin. LH hormone synthesis is stimulated by 

leptin (Chakrabarti,2013). 

Another study showed that Infection-induced ovarian inflammation could also 

cause HSP70 induction, resulting in decreased oocyte viability, Induction of 

Hsp70 in the ovary may explain why women with polycystic ovarian have 

reduced fertility  (Sisti et al., 2015). 

Positive correlation between HSP70 levels with increased levels of other 

parameters but of no significant value. Excepting with Insulin and IR as shown 

in figure 3.14 
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Fig 3.14: The correlation between serum HSP70 & Insulin level in patients 

 

 

 

 

 

 

 

 

 

 

Fig 3.15: The correlation between HSP70 level & IR in patients group 
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Finding also in the study that no correlation between HSP70 and obesity and 

this disagree with the study that shows HSP70 concentration inversely 

correlated with BMI, percentage body fat, waist circumference  (Islam et al., 

2014). while, the result agreed with other study that shown both BMI and WC 

were not correlated with HSP70 levels in serum, and HSP70 levels remained 

unchanged while BMI or WC increased in T2D patients and healthy controls 

(Alemi et al., 2019). 

 

Folate supplementation reduced plasma homocysteine while increasing 

glutathione levels. These changes indicate a reduction in oxidative stress, which 

may decrease in serum Hsp70 in patient with type 2 DM (Hunter-Lavin et al., 

2004), the same mechanism is found in patient with PCOS use folate to 

decrease  homocysteine level in blood (Gholinezhad-Chari, Esmaeilzadeh 

andGhadimi,2017). 

3.4. Receiver Operator Characteristics Curve 

3.4.1. ROC analysis for serum ZAG    

The receiver operator characteristic (ROC) curve shows a large variance power 

for ZAG as shown in figure 3.16  

The cut-off value of ZAG concentration in PCOS with primary infertility was 

120g/ml with a sensitivity of 94% and a specificity of 84% and the area under 

the curve (AUC) was 0.944, while the cut-off value of ZAG concentration in 

secondary infertility was 132g/ml with a sensitivity of 77.8% and specificity 

78% and the area under the curve 0.859 as shown in the table 3.5. 
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Table 3.5:  Sensitivity and specificity of ZAG g/ml in women within 

groups of  infertility PCOS compared to control subject 

 

Infertility Sensitivity Specificity Cutoff value  AUC 

Primary infertility 94% 84% 120 0.944 

Secondary infertility 77.8% 78% 132 0.859 

 

 

 

Figure 3.16:-ROC curve of ZAG g/ml in women within groups in 

infertility PCOS compared to control subject. 

According to the ROC curve analysis, the ZAG may be a useful marker for the 

diagnosis of PCOS, and determined  the optimum ZAG cutoff value for 
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assessing the degree of infertility this result was agreed with study research (Lai 

et al., 2016). 

3.4.2. ROC analysis of serum HSP70  

The ROC analysis for serum HSP70 show can detected the syndrome  as in 

figure 3.17.The cut-off value of HSP70 concentration in PCOS with primary 

infertility was 12 ng/ml with a sensitivity of 83.3% and a specificity of 80% and 

the area under the curve (AUC) was 0.876, while the cut-off value of HSP70 

concentration in secondary infertility was 10.1 ng/ml with a sensitivity of 77.8% 

and specificity 64% and the area under the curve 0.817 as shown in the table 3.6 

and shows in figure 3.17 . 

 

 

Fig 3.17:  ROC curve of HSP70 ng/ml in women within groups in infertility 

PCOS compared to control subject 
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Table 3.6: Sensitivity and specificity of HSP70 ng/ml in women within 

groups of  infertility PCOS compared to control subject 

Infertility Sensitivity Specificity Cutoff value AUC 

Primary infertility 83.3% 80% 12,0 0.876 

Secondary infertility 77.8% 64% 10.1 0.817 

 

 

These result was agreed with study of (Gao et al., 2013) that  explained the 

predictive value indicated by ROC curves research on Hsp70 level shows that it 

should be an important risk factor and may have clinical significance for PCOS. 
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4.1. Conclusion   

In conclusion, this study confirmed that: 

1- Circulating ZAG decreased in PCOS, especially in obese women and 

those with high blood glucose. 

2-  Associations between ZAG expression and obesity, insulin resistance, 

glucose and lipid metabolism, and hyperandrogenism in patients might 

therefore be involved in the development of PCOS 

3- ZAG level is associated with PCOS  and its effects on the fertility in 

women when ZAG level within normal value, while when it was decrease 

it will represent  as a risk factor and leads to higher degree of infertility. 

4-  Increased serum Hsp70 levels are associated with the combination of 

hyper glycaemia, IR, hyper androgenic status in PCOS individuals, which 

provides supportive evidence that Hsp70 plays a key role in the 

pathogenesis of PCOS. 

5- Increased HSP70 levels it had a significant risk factor and may have 

clinical relevance for PCOS. 
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4.2. Recommendation and Future work 

1- Zinc appears to be an important regulator of the homeostasis of ZAG in the 

body; therefore, further studies are needed to clarify the relationship between 

zinc and ZAG metabolism and its repercussions in obesity or PCOS. 

2- Genetic study to investigate the ZAG and HSP70 gene regulation and 

receptors in PCOS with or without type 2 diabetes mellitus.  

3- Study ZAG levels in serum and seminal fluid and it's correlations with male 

infertility. 

4- Study the serum levels of ZAG in PCOS women postprandial and its relation 

with lipid profile. 

5- Suggest study serum HSP70 relationship with cardiovascular disease  in 

postmenopausal women as development of  PCOS. 

6- Serum HSP70 may as novel marker in pancreatic cancer due to its 

relationship with insulin level . 

7- Suggested that ZAG may be useful for the treatment of obesity and determine 

the relation of ZAG with gynecologic cancer. 

8- At last, More consequent studies were warranted to confirm the clinical 

utility of circulating of ZAG and Hsp70, especially in diagnosis and prognosis 

of PCOS and its long-term health cost. 
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 خلاصةال

 ٘شِْٛ) الأٔذسٚخ١ٓ ِغزٜٛ لاسرفبع ٔز١دخ ٟاخزلاي ٘شِٛٔ ٟ٘( PCOS) اٌّجب٠ط رى١ظ ِزلاصِخ

 ، اٌشٙش٠خ اٌذٚسح أزظبَ ٚػذَ اٌّج١ط ٚرى١غبداٌج١ٛض  ٔعح ػذَ ٚػلاِبد ، الإٔبس فٟ( اٌزوٛسح

 إٔزبج ػٍٝ اٌّج١ع١ٓ اٌدغُ فٟ اٌّفشغ الأٔغ١ٌٛٓ ٠حفض. اٌٛخٗ ػٍٝ اٌضائذ اٌشؼش ّٚٔٛ ، ٚاٌؼمُ

 .2 إٌٛع ِٓ اٌغىشٞ ثّشض الإصبثخ خطش ِٓ ٠ٚض٠ذ اٌضائذ الأٔذسٚخ١ٓ

 داٌزْٛ و١ٍٛ 34-34 خض٠ئٟ ثٛصْ اٌغٍغٍخ ٚح١ذ دِزؼذثجز١ذ  ٘ٛ (ZAG) جلُكىبزوتُي 2 ألفا سًك

 اٌذْ٘ٛ رحًٍ ِؼذلاد أخفبض إٌٝ ZAG ِغز٠ٛبد أخفبض ٠ؤدٞ. اٌدغُ عٛائً غبٌج١خ فٟ ِٛخٛد

 .اٌذْ٘ٛ ثزشاوُ اٌّشرجػ

 رٛاصْ ػٍٝ اٌحفبظ فٟ سئ١غ١بً دٚسًا رٍؼت خض٠ئ١خ ِشافمبد ٟ٘ (HSP) الحزارَت الصدهت بزوتٌُاث

 داٌزْٛ و١ٍٛ 04 حٛاٌٟ اٌدض٠ئٟ ٚصٔٙب ٠جٍغ اٌزٟ اٌحشاس٠خ اٌصذِخ ثشٚر١ٕبد رشبسن. ٚٔمٍٗ اٌجشٚر١ٓ

(Hsp70 )ٟاسرجػ. الأغش١خ ػجش اٌجشٚر١ٕبد ٚٔمً اٌجشٚر١ٓ رشاوُ ِٕٚغ ، اٌجشٚر١ٓ غٟ فٟ اٌّغبػذح ف 

 ِزلاصِخ فٟ ٚالاٌزٙبة اٌزأوغذٞ ٚالإخٙبد ثّمبِٚخ الأغ١ٌٛٓ إ٠دبث١بً اسرجبغًب Hsp70 اٌّصً اسرفبع

 اٌّصً فٟ Hsp70 ِغز٠ٛبد رٛفش ٚلذ ، اٌذَ فٟ Hsp70 إغلاق فٟ الاٌزٙبة ٠زغجت: اٌّجب٠ط رى١ظ

 .الاٌزٙبث١خ اٌؼ١ٍّبد ػٍٝ ػلاِخ

 لَهدافا

 ٚاسرجبغٙب اٌّجب٠ط رى١ظ ِزلاصِخ ِشظٝ ِصً فٟ ZAG ِغز٠ٛبد رم١١ُ ٘ٛ اٌذساعخ ِٓ اٌٙذف

 اٌح٠ٛ١خ اٌّؤششاد ِغ ZAG ِغزٜٛ ث١ٓ الاسرجبغ ٚدساعخ ، اٌعبثطخ ثبٌّدّٛػخ ِمبسٔخً  ثبٌؼمُ

 رٍه ِغ ِمبسٔزٙب ٚ PCOS ِشظٝ ِصً فٟ HSP70 ِغز٠ٛبد ٚرم١١ُ ، الأٔغ١ٌٛٓ ِٚمبِٚخ اٌٙش١ِٔٛخ

 ِٚمبِٚخ اٌٙش١ِٔٛخ اٌح٠ٛ١خ اٌّؤششاد ِغ ػلالزٙب فٟ ٚاٌزحم١ك ، اٌعبثطخ اٌّدّٛػخ فٟ اٌّٛخٛدح

 .الأٔغ١ٌٛٓ

 والطزق الوىضىع

 ِٕٙٓ 44 رشخ١ص رُ[ عٕخ 34-81] الإٔدبة عٓ فٟ ، أٔثٝ 18 ػٍٝ ٚاٌشٛا٘ذ اٌحبلاد دساعخ اشزٍّذ

 ثلاس إٌٝ رمغ١ّٙب رُ صح١خ ظٛاثػ وبٔذ الأخشٜ 48 اٌـ أْ ح١ٓ فٟ ، اٌّجب٠ط رى١ظ ثّزلاصِخ

 ِٓ اٌؼ١ٕبد خّغ رُ ٚاٌخصٛثخ اٌثبٔٛٞ اٌؼمُ ، الأٌٟٚ اٌؼمُ ٟٚ٘ اٌخصٛثخ ػٍٝ اػزّبدا ِدّٛػبد

 .2428 ِب٠ٛ حزٝ 2424 ٔٛفّجش

 - Bioassay Lab ششوخ ِٓ ELISA رم١ٕخ ثبعزخذاَ HSP70 ِٚغز٠ٛبد ZAG ِغز٠ٛبد ل١بط رُ 

ب اٌدغُ وزٍخ ٌّؤشش اٌّحغٛة اٌٛصْ حغبة رُ اٌزٟ اٌح٠ٛ١خ اٌى١ّ١بئ١خ ٚاٌّزغ١شاد اٌص١ٓ ًِ  ػٍٝ ِمغٛ

 عىشاٌزشاوّٟٚ LH ٚ FSH ٚ Testosterone اٌٙشِٟٛٔ( 2 َ/  ودُ) ثبٌّزش اٌّشثغ الاسرفبع

HbA1c ٓإٌّبػٟ اٌزأٌكاٚ  اٌفٍٛس٠خ إٌّبػ١خ اٌّمب٠غخ غش٠ك ػ (Boditech –Korea ) )، ُل١بط ر 

 ، (Liner-SPAIN) اٌعٛئٟ اٌط١ف ِم١بط ثٛاعطخ( FBG) اٌص١بَ أثٕبء اٌذَ فٟ اٌدٍٛوٛص ِغزٜٛ

HOMA-IR ، ٓثٛاعطخ اٌصبئُ الأٔغ١ٌٛ ( Cobas e411 (Roche-Germany.) 

 

 

 



 

 
 

 

 

 ٌتائجال

 فٟ وج١شًا أخفبظًب ٚخذ( ًِ/  ١ِىشٚغشاَ) ZAG ِغز٠ٛبد ِزٛعػ أْ اٌذساعخ ٘زٖ ٔزبئح أظٙشد

 الاسرفبع أْ ٚٚخذد ،( P <0.001) اٌزحىُ ثّدّٛػخ ِمبسٔخ اٌّجب٠ط رى١ظ ّزلاصِخث اٌّصبثبد إٌغبء

 LH / FSH ٔغجخ ، LH ، اٌزغزٛعز١شْٚ ٘شِْٛ رم١ظ اٌزٟ اٌٙش١ِٔٛخ اٌح٠ٛ١خ اٌّؤششاد فٟ اٌىج١ش

 HOMA-IR ِغزٜٛ الأغ١ٌٛٓ , F Insulin ٚ ِغزٜٛ عىش اٌصبئFBGُ الأ٠ع١خ اٌح٠ٛ١خ ٚاٌؼلاِبد

 اٌّشظٝ ِدّٛػخ فٟ BMI اٌدغُ وزٍخ ِٚؤشش HbA1c ِغزٜٛ اٌغىش اٌزشاوّٟٚ ِمبِٚخ الأغ١ٌٛٓ

 اٌّشظٝ ِدّٛػبد فٟ FSH٘شِْٛ  فٟ ثشىً ٍِحٛظ  أخفبض ث١ّٕب  اٌصح١خ ثبٌّدّٛػبد ِمبسٔخ

 ZAG ِغزٜٛ ث١ٓ عبٌجخ ِؼ٠ٕٛخ اسرجبغ ػلالخ رٛخذ وّب. P≤0.05 فٟ اٌزحىُ ثّدّٛػبد ِمبسٔخ

 .LH p <0.001  ٘شِْٛ ٚ الأٔغ١ٌٛٓ ِٚمبِٚخ اٌدغُ وزٍخ ِٚؤشش

 ػمُ) اٌخصٛثخ دسخخ حغت اٌّدّٛػبد رمغ١ُ ثؼذ اٌذساعخ ٘زٖ فٟ إ١ٌٙب رٛصٍٕب اٌزٟ إٌزبئح أظٙشد 

 وبْ الأ١ٌٚخ اٌّشحٍخ فٟ اٌدغُ وزٍخ ِٚؤشش اٌٙشِٟٛٔ الاظطشاة أْ( خصٛثخ ، ثبٔٛٞ ػمُ ، أٌٟٚ

 ثZAGٓ١ فٟ ل١ّخ  وج١شًا أخفبظًب أ٠عًب ٚخذ. اٌّشظٝ ِدّٛػبد فٟ اٌثبٔٛٞ اٌؼمُ ِٓ أػٍٝ

 ٠ؤدٞ ZAG ِغزٜٛفٟ  ٔخفبضلاا ٠ؼٕٟ لذ ٚاٌزٞ P≤0.05 فٟ اٌثبٔٛٞ ٚاٌؼمُ الأٌٟٚ اٌؼمُ ِدّٛػبد

 .اٌؼمُ دسخخ ص٠بدح إٌٝ

 فٟ رٌه ِٓ ثىث١ش أػٍٝ اٌّشظٝ ِدّٛػخ فٟ( ًِ/  ٔبٔٛغشاَ) HSP70 ِغز٠ٛبد ِزٛعػ وبْ

ِمبِٚخ  ٚ HSP70 ث١ٓ ِؼ٠ٕٛبً إ٠دبث١بً اسرجبغًب أ٠عًب ٚخذ( P <0.001) فٟ اٌعبثطخ اٌّدّٛػخ

 اٌزٛاٌٟ ػٍٝ P≤0.05 ، P <0.001 فٟاٌصبئُ   الأٔغ١ٌٛٓٚ ،IR الأغ١ٌٛٓ

 طتٌتا الَ

 اٌدغُ وزٍخ ِؤشش ِغ عٍجٟ ػلالخ ٌٗ ٚوبْ اٌّجب٠ط رى١ظ ِزلاصِخ ظِٝش فٟ ZAG ِغزٜٛ ٠ٕخفط 

 ف١ؤثش اٌٙشِٛٔبد ِٓ غج١ؼ١خ غ١ش ِغز٠ٛبد ِغ ٠ٕٚخفط.  اٌٍٛر١ٕٟاٌٙشِْٛ ٚ ،ِٚمبِٚخ الأغ١ٌٛٓ  ،

 فٟ ZAG ِغز٠ٛبد أْ ٠ؼٕٟ ٘زا. اٌؼمُ دسخخ اسرفبع إٌٝ رٌه ٠ؤدٞ ٕخفط٠ فؼٕذِب ، اٌخصٛثخ ػٍٝ

 .اٌثبٔٛٞ اٌؼمُ فٟ ِغز٠ٛبرٙب ِٓ ألً الأٌٟٚ اٌؼمُ

 أٔغ١ٌٛٓ ثّغزٜٛ إ٠دبثٟ اسرجبغ ٌٗ ٚوبْ اٌّجب٠ط رى١ظ ِزلاصِخ ِش٠ط فٟ HSP70 ِغزٜٛ ٠ضداد

 ثّب ٚاٌّؼٍّبد اٌٙشِٛٔبد ٌد١ّغ ِؼ٠ٕٛخ ػب١ٌخ ِغز٠ٛبد ػٍٝ اٌؼثٛس ٚرُ. IR اٌصبئُ ِٚمبِٚخ الأغ١ٌٛٓ

اٌغىش ٚ اٌصبئُ الأٔغ١ٌٛٓ ٚ FBG ِغزٜٛ عىش اٌذَٚ اٌىٍٟ اٌزغزٛعز١شْٚ٘شِْٛ ٚ LH رٌه فٟ

 ثبعزثٕبء ، اٌزحىُ ِدّٛػخ ِغ ِمبسٔخ اٌّجب٠ط رى١ظ ثّزلاصِخ اٌّصبثبد إٌغبء فٟ HbA1c اٌزشاوّٟ 

 ص٠بدح إٌٝ PCOS ثبٌـ اٌّصبثبد إٌغبء ِصً فٟ ZAG ِغز٠ٛبد أخفبض ٠ؤدٞ.FSH ل١ُ أخفبض

 فٟ اٌض٠بدح رشرجػٚ.ثبٌؼمُ الإصبثخ خطش ثض٠بدح رٌه ٠ٚشرجػ ، اٌغزائٟ اٌزّث١ً ثبظطشاة الإصبثخ خطش

 اٌزّث١ً ثبظطشاة الإصبثخ خطش ثض٠بدح PCOS ثبٌـ اٌّصبثبد إٌغبء ِصً فٟ HSP70 ِغز٠ٛبد

 .اٌؼمُ ص٠بدح فٟ ِٚعبػفبرٙب اٌغزائٟ

 

 

 

 

 



 

 
 

 

 

 

 جوهىرَت العزاق

                                                                                      العلوٍ والبحث العالٍ التعلُن وسارة

 الطب كلُت/كزبلاء جاهعت

 الحُاتُت والكُوُاء الكُوُاء قظن

                         
 

 هع 07 الحزارَت الصدهت وبزوتُيكلاَكىبزوتُي  2 ألفا الشًك ارتباط

 بالعقن الوصاباث العزاقُاث الٌظاء لدي الوباَض تكُض هتلاسهت

 رطالت

جاهعت كزبلاء كجشء هي هتطلباث ًُل درجت الواجظتُز فٍ  هقدهت الً هجلض كلُت الطب/

 الظزَزَت الكُوُاء الحُاتُت

 

 هي قبل 

 لهُب شاكز هحوىد الوُاحٍ

 7990/بكالىرَىص علىم كُوُاء / جاهعت بغداد

  

 زافشاِ 

 شُواء سهزاو ًدي .د.ا.م

 الكُوُاء الحُاتُتالكُوُاء وفزع 

 جاهعت كزبلاء –كلُت الطب 
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