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 Background: The  present research included a biochemical study for polycystic 

ovarian syndrome (PCOS) among Iraqi women in Baghdad city .The clinical part 
included an estimation some of the biochemical parameters and oxidase concentration 

in overweight and obese (PCOS) groups compared with the control group. Sixty 

patients with (PCOS),age (19-38) years attended to Kamal AL-Samarai Hospital and 
AL-Elwia Teaching Hospital for obstetrics  and gynecology were included in the 

present study ,also thirty normal fertile women who served  as control group. Blood 

samples were collected from all individuals from (3-6) days of menstrual 
cycle.Hormonal assays were done by linked immune-sorbent assay (ELISA), while the  

ceruloplasmin concentration, copper ,protein and albumin level were measured by using 

the concentration colorimetric methods (spectrophotometer). The first part of this study 
included estimation of some hormones: FSH,LH LH:FSH ratio and prolactin were 

measured in the sera of the control and patients with PCOS . The result indicated a 

significant (p≤ 0.05) reduction in the sera of FSH was observed seen in PCOS patient 
compared to control group. Highly significant (p≤ 0.001) increase was noticed in the 

sera of LH,(LH:FSH) ratio and prolactin  in PCOS patients group compared with 
control group. There was a highly significant (p <0.001) increase in ceruloplasmin 

concentration [mg\ml] and copper [µmol/l] and (ceruloplasmin :copper) ratio in PCOS 

patients compared with the control group. Conclusion: The present study conclude that 
free radicals have been implicated in the pathogenesis of PCOS ,the current study 

conclude that the mechanism for high ceruloplasmin  and copper is that may be due to 

might affect their responses to FSH; otherwise, granulosa cells appear to be very 
accomplished of releasing estrogen in retort to FSH .The findings in this study should 

be investigated with further trials in order to obtain new insights into PCOS. 

 

 

© 2014 AENSI Publisher All rights reserved. 
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INTRODUCTION 

 

Polycystic ovary syndrome (PCOS) is the most common female endocrine disorder affecting (5 – 10)% of 

women of reproductive age (12–45)years and is thought to be one of the leading causes of female infertility 

(Abass S. F. 2007, Azziz R. 2004). The  disorder causes multiple abnormal cysts in enlarged ovaries, so they  do 

not produce the normal number of  eggs and do not ovulate normally. The main  features are obesity, an 

ovulation , acne and excessive amounts or effects of androgenic  hormones(Lobo R .J. 2003, Rotterdam  E. and 

ASRM A. 2004). Ceruloplasmin is an-  Alpha2-glycoprotein ceruloplasmin, also known as ferroxidase or 

iron(II):oxygen oxidoreductase, is the major copper-carrying protein in the blood, and in addition plays a role in 

iron metabolism. It is an enzyme which catalyzes the oxidation of ferrous iron to ferric iron. The molecular 

weight of human ceruloplasmin is reported to be 151kDa(Hellman NE.; Gihin JD. 2002).  Copper is an essential 

trace element that is vital to the health of all living things (humans, plants, animals, and microorganisms). In 

humans, copper is essential to the proper functioning of organs and metabolic processes. The human body has 

complex  homeostatic mechanisms which attempt to ensure a constant supply of available copper, while 

eliminating excess copper whenever this occurs. However, like all essential elements and nutrients, too much or 

too little nutritional ingestion of copper can result in a corresponding condition of copper excess or deficiency in 

the body, each of which has its own unique set of adverse health effects(Stern Bonnie R. 2010). Copper prevents 

damage to cells due to its antioxidant action, and as a component of many enzymes it helps in production of 

energy from carbohydrates, protein and fat. Copper is also essential for formation of bone, connective tissues 

and red blood cells. It is present in many foods including organ meats, shellfish, chocolate, beans and whole-
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grain cereals (Stern Bonnie R. 2010). The aim of the study is to  stimulation of some biochemical features in the 

sera of patients with PCOS and compared  with the control group. 

 

MATERIAL AND METHODS 

 

After overnight fasting, blood samples were aspirated during the third and sixth days of the menstrual cycle 

for those of normal cycle. For patients with oligomenorrhea, blood samples were collected irrespective of the 

duration of the cycle. The samples were transferred into clean plain tubes and centrifuged within 30 minutes, 

then and there serum from all blood samples were separated, Sixty  infertile Iraqi women aged 19-38 years 

(Mean±SD: 27.13±4.22) were studied. The medical history was taken, body weight and height were measured 

and body mass index (BMI) was calculated [mean ± SD (30.47±2.99 Kg/m2)]. The PCOS patients had been 

previously diagnosed and the diagnosis had been established according to the European society of human 

reproduction and embryology and American society for reproductive medicine criteria.  

Body Mass Index (BMI) was calculated as kg/m2 in all the subjects. The LH,FSH and Prolactin  were 

determined by ELISA methods. Serum protein ,albumin and copper levels were measured by enzymatic method 

supplied by Spain react. The enzymatic assay of ceruloplasmin oxidase activity was accomplished using the 

modified Rice method and p-phenylene diamine-2HCL as a substrate (Rice'smethod 1963). Protein 

electrophoresis has been done by cellulose acetate paper. 

All statistical analysis in the study was done using SPSS version 22.0 for Windows (Statistical Package for 

Social Science, Inc., Chicago, IL, USA). Expressive analysis was used to show the mean and standard deviation 

of variables. The significance of variances between mean values was calculated by Student t-test. The 

probability p<0.05 was considered statistically significant, while p>0.05 was considered statistically 

insignificant. Correlation analysis was used to test the linear relationship between the factors. ANOVA test was 

used to show the differences between variables of different groups. 

 

Results: 

Sixty patient with PCOS and thirty healthy control were participated in this study,  the study group was 

classified into two subgroup (overweight and obese) as will be shown later. The present study depend on 

morphological appearance of ovaries, clinical features and biochemical criteria of PCOS, Table 1. 

 
Table 1: Number, menarche, menstrual regularity, duration of  infertility in PCOS and control groups 

Control PCOS Characteristic 
30 60 Number 
13.01±0.78 12.03*±0.44 Menarche (years ) mean ±SD 
 
Regular 28±5 days 
 

 

Regular 
Oligomenorrhea 

Amenorrhea 

Menstrual cycle(days) 
Mean ±SD 

None 5.22±4.23 Duration of infertility (years) mean ±SD 
 *p< 0.05[Significant] 

Data from table 2 indicated the number , mean and range of age of patient group in comparison with control group with no significant 
difference(p>0.05).  

 

Table 2: Mean distribution of age (year) in among studied groups  

Studied group No. Mean ± SD Range Comparison of Significant 

P-Value Sig. 

PCOS group  60 27.13±4.22 19.00-38.00  
0.055 

 
Non-Significant 

[p>0.05] 
Control group  30 28.87±3.27 21.00-35.00 

Total  90  

*Significant at 0.05 level of significance 
 

The result in table 3 showed that there were a significant increase in the mean concentration of weight, 

BMI, SBP, and DBP of PCOS patients group compared to control group.  

 
Table 3: Weight ,height ,BMI, SBP, and DBP in PCOS and control group 

Comparison of Significant  

Control [n=30] 

 

PCOS[n=60] 

 

Characteristic 

 
Sig P Value  

 

Significant [p<0.05] 

 

0.038 

 

71.40 ±5.33 

 

 

76.27±12.06 

 

Weight   [kg ] 

Mean ± SD 

 
Non-Significant[p>0.05] 

 
0.055 

 
1.60±0.03 

 

 
1.59±0.06 

 

Height [m] 
Mean ± SD 
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Significant [p<0.01] 

 

0.008 

 

 

26.83±1.59 

 

 

30.47±2.99 

 

BMI  [Kg/m2] 

Mean ± SD 

 

 
Significant [p<0.05] 

 
0.046 

 

 
120.21±1.04 

 

 
121.11±4.35 

 

SBP [mmHg] 
Mean ± SD 

 

 

Significant [p<0.05] 

 

0.045 
 

 

79.44 ±0.98 
 

 

81.45±2.67 
 

DBP[mmHg] 

Mean ± SD 
 

A significant increase in sera LH  and LH:FSH ratio of patients group when compared to control group ( p<0.001) as shown in table 4 

       

Table 4: The LH ,FSH,  LH:FSH ratio  in PCOS and control group 

Comparison of Significant  
Control [n=30] 

 
PCOS[n=60] 

 
Characteristic 

 
Sig P Value 

Highly Significant 

[p<0.001] 
 

 

0.0008 
 

 

6.96 ±0.99 
 

 

12.68±3.57 
 

LH [IU/L] 

Mean ± SD 
 

 

Significant [p<0.05] 

 

 

0.045 

 

6.00±0.95 

 

 

5.03±0.77 

 

FSH [IU/L] 

Mean ± SD 

 

Highly Significant 
[p<0.001] 

 
0.0007 

 

 
1.15±0.09 

 

 
2.56±0.64 

 

LH:FSH ratio 

Mean ± SD 

 

 

The present result showed in the table 5 when  divided the patients group into two subgroups include group 

(A) Over weight  ,group B obese  and compared with the control group( C) 

 
Table 5: The mean and standard deviation of LH,FSH and LH:FSH ratio in group A[Over weight PCOS patients],group B [obese  PCOS 

patients], and group C[Over weight Control group].                                                                                                 

 
Characteristic 

PCOS group  Control group  
 

[A] 

Over weight BMI 25-29.9 

[n=28] 

[B] 

Obese BMI ≥ 30 

[n=32] 

[C] 

Over weight BMI 25-29.9 

[n=30] 

LH  [IU/L] 
Mean ± SD] 

 

 
12.46 ± 4.06a 

 
12.86 ± 3.15a 

 
6.96 ±0.99 

 

FSH  [IU/L] 

Mean ± SD  

 

5.09±0.89 

 

4.98±0.67 b 

 

6.00±0.95 

LH:FSH ratio 
Mean ± SD 

 
2.50±0.65a 

 
2.61±0.63 a 

 
1.15±0.09 

 

Results were expressed as the mean±SD. 

 a  p <0.001 compared with control group. 
b p <0.05 compared with control group 

 

The table 6 showed a highly significant increase in level of serum prolactin in patients group [p<0.001] 

when compared to control group. 

 
Table 6: Mean distribution of prolactin [ng/ml] in among studied groups 

Studied group No. Mean ± SD Range Comparison of Significant 

p-Value Sig. 

PCOS group  60 28.62±10.26 5.95-43.00  

0.001 

 

Highly Significant  [P<0.001] Control group  30 10.01±3.62 4.00-16.00 

Total  90  

 

Table 7: The mean and standard deviation of prolactin [ng/ml] in group A[Over weight PCOS patients],group B [obese  PCOS patients], 

and group C[Over weight Control group].                                                                                                 

 
Characteristic 

PCOS group  Control group  
 

[A] 

Over weight BMI 25-29.9 

[n=28] 

[B] 

Obese BMI ≥ 30 

[n=32] 

[C] 

Over weight BMI 25-29.9 

[n=30] 

prolactin [ng/ml] Mean 
± SD] 

 

 
30.74 ± 9.27 a 

 
26.77 ± 10.86a 

 
10.01±3.62 

   Results were expressed as the mean±SD. 
    a   p <0.001 compared with control group. 
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The result in table 8 showed a highly significant increase in ceruloplasmin result (p<0.001) when compared 

to control group. 

 
Table 8: Mean distribution of ceruloplasmin  [mg/ml] in among studied groups 

Studied group No. Mean ± SD Range Comparison of Significant 

P-Value Sig. 

PCOS group  60 50.76±4.97 33.00-59.40  

0.001 

 

Highly Significant  [P<0.001] Control group  30 33.96±2.74 29.99-38.34 

Total  90  

 

Table 9: The mean and standard deviation of ceruloplasmin [mg/ml] in group A[Over weight PCOS patients],group B [obese  PCOS 

patients], and group C[Over weight Control group].                                                                                                 

 
Characteristic 

PCOS group  Control group  
 

[A] 

Over weight BMI 25-29.9 

[n=28] 

[B] 

Obese BMI ≥ 30 

[n=32] 

[C] 

Over weight BMI 25-29.9 

[n=30] 

Cp [mg/ml] Mean ± 
SD] 

 

 
48.14 ± 5.28 a,b 

 
53.06 ± 3.32a 

 
33.96±2.74 

   Results were expressed as the mean±SD. 

    a  p <0.001 compared with control group. 
    b p <0.01 compared with group B.. 

 

The result in table10 showed a highly significant increase in copper result (p<0.001) when compared to 

control group. 

 
Table 10: Mean distribution of Copper [µmol/L]in among studied groups 

Studied group No. Mean ± SD Range Comparison of Significant 

P-Value Sig. 

PCOS group  60 24.58±2.23 19.34 -31.44  

0.001 

 

Highly Significant  [P<0.001] Control group  30 14.35±2.99 10.00-20.23 

Total  90  

 

Table 11: The mean and standard deviation of Copper [µmol/L] in group A[Over weight PCOS patients],group B [obese  PCOS patients], 

and group C[Over weight Control group].                                                                                                 

 
Characteristic 

PCOS group  Control group  
 

[A] 

Over weight BMI 25 -29.9 

[n=28] 

[B] 

Obese BMI ≥ 30 

[n=32] 

[C] 

Over weight BMI 25-29.9 

[n=30] 

Copper[µmol/L] 
Mean ± SD] 

 

 
23.57 ± 1.67 a,b 

 
25.46 ± 2.30a 

 
14.35±2.99 

Results were expressed as the mean±SD. 

a  P <0.001 compared with control group. 
b P <0.05 compared with group B. 

 

A non-significant different in sera protein, albumin and  globulin levels of patients group when compared to 

control group ( p>0.05) as shown in table 12 and figure 1. 

      
Table 12: S. Protein, albumin and  globulin levels in PCOS and control group 

Comparison of Significant  

Control [n=30] 

 

PCOS[n=60] 

 

Characteristic 

 
Sig P Value 

 

Non-significant [p>0.05] 

 

 

0.054 

 

 

7.25 ±0.52 

 

7.03±0.48 

protein [g/dl] Mean ± SD] 

 

 
Non-significant [p>0.05] 

 
0.106 

 
4.25±0.38 

 
4.12±0.34 

S. albumin [g/dl] Mean ± 
SD  

 

Non-significant [p>0.05] 

 

0.051 

 

 

3.09±0.45 

 

3.26±0.34 

S. globulin[g/dl] 

Mean ± SD 
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Fig. 1: Cellulose acetate profile of serum protein [1,2,3   patients serum,  4,5  control serum]  

 

The present result showed in the table 13 :  divided the patients group into two subgroups include group (A) 

Over weight  ,group B obese  and compared with the control group( C) 

 
Table 13: The mean and standard deviation of S. protein, albumin and  globulin levels in group A[Over weight PCOS patients],group B 

[obese  PCOS patients], and group C[Over weight Control group].                                                                                                 

 

Characteristic 

PCOS group  Control group  

 

[A] Over weight BMI 25-29.9 [n=28] [B] Obese BMI ≥ 30  

[n=32] 

[C] Over weight BMI 25-29.9 

[n=30] 

protein [g/dl] Mean ± 

SD] 

 

 

7.08 ± 0.48 

 

6.98 ± 0.50 

 

7.15 ±0.52 

 

S. albumin [g/dl] Mean 
± SD  

 
4.07±0.31 

 
4.17±0.36 

 
4.25±0.38 

S. globulin[g/dl] 

Mean ± SD 

 

3.02±0.39 

 

2.82±0.44 

 

2.90±0.44 

 

Results were expressed as the mean±SD. 

 

Table 14 in the current study showed correlation between ceruloplasmin  and Copper and other biochemical 

parameters. 

 
Table 14: Correlation  between ceruloplasmin  [mg/ml]  and Copper [µmol/L] with  several bio chemical parameters in  PCOS group . 

 
Characteristic 

 

ceruloplasmin  [mg/ml] Copper [µmol/L] 

r p r p 

Age [year] 0.06 0.65 0.03 0.84 

Weight [Kg] 0.61 0.01 0.47 0.01 

BMI[Kg/m2] 0.62 0.01 0.58 0.01 

LH  [IU/L] 

 

-0.03 0.79 0.11 0.42 

FSH  [IU/L] 
 

0.05 0.68 0.10 0.45 

LH:FSH ratio 

 

-0.06 0.66 0.03 0.84 

prolactin [ng/ml] 0.19 0.14 0.23 0.08 

Copper [µmol/L] 0.52  0.01   
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Discussions: 

The mean level of menarche was significantly decreased (p<0.05) in PCOS patients compared to control 

group .The present  study show three types of menstrual cycle(days) in random sample as shown in the table 1, 

patient with oligomenorrhea , regular menstrual cycle and amenorrhea have been studied . PCOS associated 

menstrual dysfunction usually extends beyond the typical irregularity associated with the first (1-2) years 

following menarche.  

The age in the PCOS group has been anon significant when compares with control group, these result agree 

with other studies as (Kim J., et al, 2013; Afsane A, et al, 2010) while disagree with other studies (Marjan 

A,2010; Jason B., et al, 2011), Table 2. 

Table 3 showed that  there was a significant increased (p<0.05 ) in weight of patients group compared to 

control group ,this result that agreement with other studies (Barry J, et al, 2013; Frank G. et al, 2012). The 

present study has shown asignificant increased in BMI (P<0.05) in Iraqi PCOS patients compared with control 

group ,this result agree with other studies (Wijeyaratne C., et al, 2011; SchmidtJ., et al, 2012). Obesity is one of 

clinical characteristics of the PCOS along with oligomenorrea ,hirsutism and infertility .However ,not all obese 

females have PCOS and not all PCOS  patients are obese, the different increased in BMI in PCOS patients 

might be due to the different nutritional habits in Iraq then other countries. Also the mean level of SBP and DBP 

were significantly elevated (p<0.05) in the PCOS patients when compared to the control group as shown in the 

table 4, our result agree with other studies (Jee-Young Oh, et al, 2013; Birgitta T., et al, 2010, Wesen A,2008). 

Hypertension develops in some women with PCOS during their reproductive years and sustained hypertension 

may develops in later life women with the disorder ,reduce  vascular compliance and vascular endothelial 

dysfunction were noted in most ,but not all (Wesen A,2008). 

The LH and LH ;FSH ratio showed a highly significant increase in PCOS group, the cause remains unclear. 

Androgens appear to inhibit the negative-feedback effects of estrogens and progesterone on pulsatile LH release. 

Women with PCOS have increased pulsatile GnRH release, which results in higher levels of LH and lower 

levels of FSH in most individuals. Higher LH  levels seem to cause increased androgen production by follicular 

theca cells whereas lower FSH levels lead to anovulation. Obesity and insulin resistance decrease levels of sex-

hormone-binding globulin and thereby increase testosterone bioactivity. If follicular granulosa cells are insulin 

resistant, it might affect their responses to FSH; otherwise, granulosa cells appear to be very capable of releasing 

estrogen in response to FSH, perhaps as a result of the actions of androgens and insulin, and present study agree 

with other studies (Vincenzo De Leo,2013; Yun L,et al,2013) and disagree with (Lisa M. and Christopher 

D,2013),while the FSH hormone show significant decreased in result  [p<0.05]  when compared to control 

group, a decreased  level of FSH may indicate an imbalance in the pituitary or hypothalamus and high level of 

estrogen or testosterone can cause FSH levels to be low, and there was a significant increase in a  LH:FSH ratio 

[p<0.001] when compared to control group ,the result  agree with other studies (Liza H,et al ,2010; Catteau J.,et 

al 2013) When  divided the patients group into two subgroups include group (A) Over weight  ,group B obese  

and compared with the control group( C) , S.LH means values there was a highly significant elevated in patients 

of group (A) compared with control group (C) ,also the mean values S.LH was a highly significant elevated in 

patients of group(B) compared with control (C),the present study agree with other studies(138-143), the elevated 

in mean level of S.LH may be due to increase pluse frequency or episodic secretion of LH as reported 

previously study (150). The mean level of FSH was significant decreased in patients of group (B) (p<0.05) and 

non-significant in patients of group(A)as shown in the table 5,these result agree with other studies(JohannaP.,et 

al ,2013; RecepY.,et al,2011). S.LH:FSH ratio means values there was a highly significant elevated in patients 

of group (A) compared with control group (C) ,also the mean values S.LH:FSH ratio is a highly significant 

elevated in patients of group(B) compared with control (C), present result agree with (Alessandro D.,et al, 2014) 

,so the present study prove elevated of LH hormone in  group (A) and more elevated in group (B) ,while in FSH 

hormone decrease level in group (A),and more decreases in the group (B), from these result can get the 

conclusion that include the obese state to the patient caused more effective to hormones in PCOS patient, 

Obesity and insulin resistance decrease levels of sex-hormone-binding globulin and thereby increase 

testosterone bioactivity. If follicular granulosa cells are insulin resistant, it might affect their responses to FSH; 

otherwise, granulosa cells appear to be very capable of releasing estrogen in response to FSH, perhaps as a 

result of the actions of androgens and insulin (Aziz M., et al, 2014), While the Being overweight or obese is not 

the underlying cause of PCOS. However, the overweight or obese, excess fat can make insulin resistance worse. 

This may then cause the level of insulin to rise even further. High levels of insulin can contribute to further 

weight gain. 

The result in table 7 shows a highly significant increase in serum prolactin (p <0.001) in overweight 

group(A)and the obese group (B) compared to control group(C) when patients group have been divided into two 

subgroups include(A) group and (B) group and compared with the control group(C), these result agree with 

other studies (Genazzani  A., et al, 2010; Vlatka T. and Jozo T, 2012; and Edmond P.,et al, 2012). 
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The present result in table 8 showed a highly significant increase in ceruloplasmin result (p<0.001) when 

compared to control group. Ceruloplasmin is part of a family of acute phase proteins that typically plays a 

protective role in response to an immune infuriating incentive. It is a multifunctional copper containing protein 

that was first isolated in blood in 1948 (Page K.,1993). One of its main roles is as an antioxidant, as it has 

substantial ferrooxidase activity and can sequester other free radicals (Wisdom S, et al, 1991; Osaki S, et 

al,1966). Furthermore, an unusual ceruloplasmin profile could also be a sign of abnormal embryonic 

development. The above mentioned discrepancy is mostly due to not fully understood physiological role of   

ceruloplasmin which acts either as anti- or prooxidant (Floris G,et al ,2000). Taking all the above data together 

it could be presumed that elevated plasma ceruloplasmin oxidase activity in in group A[Over weight PCOS 

patients],group B [obese  PCOS patients] compared to control group of the present study indicate either more 

efficient antioxidant protection or greater oxidative stress. 

The result in table10 showed a highly significant increase in copper result (p<0.001) when compared to 

control group. ,Also there were a significant different in s. copper levels between group A and B with control 

group. Copper is important in the plasma for these compounds to transport NO to endothelial tissue (Kumru S., 

et al, 2003; Chitra U., 2004) study showed a significant increase in serum copper was experiential with 

beginning of pregnancy, these results are in agreement with other studies showed that copper increased among 

pregnant women in the developing world (Chitra U., 2004). Many explanations behind this increase, that caused 

by a parallel increase in ceruloplasmin, a copper - binding protein as a result of elevated level of maternal 

estrogen during pregnancy (Kumru S.,et al, 2003). 

Serum  protein, albumain and globulin show  non-significant different (p>0.05),table 12 and figure 1. The 

current result agree with other studies (Jan M.,et al,2010; Ressler I., et al, 2014). The main cause of this result 

perhaps return to the  system regem and all programs of diet include replacement of carbohydrates with protein 

in diets improves weight loss and improves glucose metabolism by an effect that seems to be independent of the 

weight loss and, thus, seems to offer an improved dietary treatment of PCOS women (Jan M.,et al, 2010). 

Table13 showed no significant different in these parameters between groups agreed with (Panchuk  K. and  

Judith L.,2012; Lisa M.and Helena T., 2010). 

The table 14 showed the correlation between ceruloplasmin  and copper with other parameters in the study.  

As our Knowledge no previous study referred to the positive correlation between BMI with ceruloplasmin 

and copper. The present study conclude that free radicals have been implicated in the pathogenesis of PCOS ,the 

current study conclude that the mechanism for high ceruloplasmin  and copper is that may be due to might affect 

their responses to FSH; otherwise, granulosa cells appear to be very accomplished of releasing estrogen in retort 

to FSH .The findings in this study should be investigated with further trials in order to obtain new insights into 

PCOS. 
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