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ABSTRACT  

Polycystic ovary syndrome (PCOS) is a highly prevalent endocrine-

metabolic disorder that implies various severe consequences to female 

health, including alarming rates of infertility. Although its exact 

etiology remains elusive, it is known to feature several hormonal 

disturbances, including hyperandrogenemia, insulin resistance (IR), 

and hyperinsulinemia. Insulin appears to disrupt all components of the 

hypothalamus-hypophysis-ovary axis, and ovarian tissue insulin 

resistance results in impaired metabolic signaling but intact mitogenic 

and steroidogenic activity, favoring hyperandrogenemia, which 

appears to be the main culprit of the clinical picture in PCOS. material 

and method  The study group which complete study period included  

(95) PCOS women(group A) include (35) women  will treated with Metoformine for six  

months  and  (group B) include (32) women  will treated with Choline &Inositol  and 

Metoformine for six months  and  (group C) include (28) women will changed lifestyle and 

followed deit for six months we massacred INS, IR and FBG ,before and after treatm. Result: 

highly significant decrease(p<0.01) in INS level in group (A,B), AND significant 

decrease(p<0.05) in IR in all group (A,B,C),while non significant change hn FBG. 

Conclusions used cholin & inositol plus metformin could be as a first- line treatment in 

patients with PCOS.  
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INTRODECTION 

Polycystic ovary syndrome (PCOS) is an endocrine-metabolic disorder characterized by 

multiple hormonal imbalances, reflecting on a clinical presentation dominated by 

manifestations of hyperandrogenism, which generate short and long term consequences on 

female health.
[1]

 Among these, infertility is one of the most alarming associated morbidities, 

as it currently affects approximately 48.5 million women aged 20–44 years
[2]

, with PCOS 

accounting for 6–15% of these cases
[3]

, although up to 70% of women with PCOS may be 

undiagnosed.
[4]

 Indeed, its optimal diagnosis is often hindered due to its apparent similarities 

with several other pathologies remarkably, obesity as well as Cushing’s syndrome, ovarian 

and adrenal neoplasms, and congenital adrenal hyperplasia.
[5]

 

 

IR, defined as a metabolic state characterized by a decrease in cellular ability to respond to 

insulin signaling, appears to be an essential pathophysiologic mechanism in the development 

of all metabolic complications of PCOS.
[6]

 As a consequence, outstanding proportions of 

women with PCOS are also diagnosed with DM2 or MS, as well as isolated criteria from the 

latter.
[7]

 Compensatory hyperinsulinemia appears to mediate many of these deleterious 

effects. This phenomenon stems as a response of pancreatic β cells in order to preserve lipid 

and carbohydrate homeostasis in face of diminished insulin sensitivity.
[8]

 This compensation 

leads to β cell exhaustion and the genesis of not only DM2, but also a series of collateral 

effects originated by hyperinsulinemia, including the aforementioned frequent comorbidities 

of PCOS.
[9]

 

 

Notwithstanding the importance of IR in the development of PCOS, both obese and nonobese 

patients have specific mechanisms leading to ovarian dysfunction independent of IR, 

reflecting the complexity of this syndrome.
[10]

 Therefore, considering the severe 

consequences PCOS exerts on the health and lifestyle of the affected women, it is of utmost 

importance to unravel the intricate pathophysiologic cross-talk among PCOS, IR, and obesity. 

 

Insulin 

Insulin is a pancreatic peptide hormone produced by β-cells of islets of Langerhans.
[11]

 The 

classical target organ for its action are muscles , adipose tissue and liver.
[12]

  

 

Insulin plays a major role in regulation of carbohydrate, fat and protein metabolism, it 

suppresses hepatic glucose output, inhibits glycogenolysis and gluconeogenesis, and 

promotes glycogen synthesis. It stimulates peripheral glucose uptake in muscle and fat 

http://www.hindawi.com/journals/ijrmed/2014/719050/#B1
http://www.hindawi.com/journals/ijrmed/2014/719050/#B2
http://www.hindawi.com/journals/ijrmed/2014/719050/#B3
http://www.hindawi.com/journals/ijrmed/2014/719050/#B4
http://www.hindawi.com/journals/ijrmed/2014/719050/#B5
http://www.hindawi.com/journals/ijrmed/2014/719050/#B13
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tissues, induces protein synthesis, cell growth and differentiation, and inhibits lipolysis.
[12]

 

Insulin plays a role as a co-gonadotropin in regulation of ovarian function.
[13]

 Co-

gonadotropin is a term applied to any extra ovarian hormone, that exhibits potentiating or 

synergistic effect through a specific receptors for gonadotropin mediating growth of follicles 

and steroidogenesis.
[14]

 

 

Insulin plays both direct and indirect roles in the pathogenesis of androgen excess in PCOS. 

Although women with PCOS have peripheral insulin resistance, ovarian steroidogenesis 

appears to be hypersensitive to insulin.
[15]

 Insulin acts synergistically with LH to enhance 

theca cell androgen production in women with PCOS by activating a specific signaling 

pathway via its own receptor.
[16]

 In addition, insulin can stimulate human theca cell 

proliferation, and can also enhance ovarian growth and follicular cyst formation in rats.
[17]

 

 

Hyperinsulinemia may also have adverse effects in women with PCOS through its action at 

non-ovarian sites including the liver, adrenal glands and pituitary.
[18]

 

 

Insulin also potentiates ACTH-mediated adrenal androgen production. The concept that 

hyperinsulinemia affects GnRH pulse frequency and inappropriate gonadotropin secretion in 

PCOS by acting at pituitary level is mainly based on in vitro studies in which insulin has been 

shown to increase LH secretion from cultured rat pituitary cells. This suggests that insulin has 

an important pathophysiological role in PCOS, although its role in neuroendocrine 

dysfunction remains unclear.
[19]

 

 

TREATMENT OF PCOS 

The course of treatment for women with PCOS largely depends
 
on the severity of an 

individual’s symptoms .Well-defined published data indicate a high risk for development of 

T2DM and CVD in women with PCOS.
[20,21]

 Metformin is now thought to be of therapeutic 

value directly and/or indirectly in the management of PCOS.
[22]

  

            

In addition to the expected improvements in insulin sensitivity   
 
and glucose metabolism, 

metformin therapy also ameliorates hyperandrogenism
 

and menstrual irregularity, the 

favorable effect of metformin on hyperandrogenism in PCOS. 

 

Treatment with Choline and Inositol ―Inositol‖ is a term used to refer to a group of naturally 

occurring carbohydrate compounds that exist in nine possible chemical orientations called 

stereoisomers. The most common being myo-inositol, which is often sold as a dietary 
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supplement labeled simply as inositol. Inositol, particularly myo-inositol and another less 

common stereoisomer called D-chiro-inositol, plays a critical, but underappreciated, role in 

insulin signaling. Conditions such as hyperglycemia and diabetes are associated with 

disrupted inositol signaling, leading many researchers to suggest that this may be a key 

pathologic feature of insulin resistance.
[23]

 

 

Natural Treatments for PCOS Over the past few years, research into the naturopathic and 

nutritional approach to PCOS has revolutionized the condition’s treatment. It is important to 

treat the factors that lead to PCOS. Following The Natural PCOS Diet, making lifestyle 

changes and taking supplements can influence a healthy outcome. One of the most important 

things is to address insulin resistance, if this is an apparent problem. This can be done by 

incorporating dietary changes and taking suitable nutritional supplements. What you eat can 

have a direct influence on how balanced (or unbalanced) your hormones are. This is why it’s 

important to have a healthy diet.
[24]

  

 

MATERIAL AND METHODS     

In this study, 25 healthy women (without PCOS) and150 women with PCOS were included, 

they were divided according type of treatment.
[55] 

PCOS women will removed his result 

because not continue in study period ,and this group included
[25] 

PCOS women which 

treatment with Choline & Inositol alone and 30 PCOS women of all group which treated  but 

not complete study period so that removed the result.          

 

The study group which complete study period included ninety five
[95]

 PCOS women, (group 

A) include
[35]

 women  will treated with Metoformine for six  months  and  (group B) 

include
[32]

 women  will treated with Choline &Inositol  and Metoformine for six months  and  

(group C) include
[28]

 women will changed lifestyle and followed deit for six months.   

 

This study was carried out in Kamal AL-Samaraee Hospital- Baghdad during the period from 

July 2013 to February  2014. It included
[95]

 Iraqi women with (PCOS); their age range was
[18-

39]
 years. 

 

Determination of Serum Insulin Hormone 

Serum insulin hormone was measured by ELISA using a kit supplied by Diagnostic 

automation Company-USA 
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A. Assay Procedure 

Before proceeding with the assay, bring all reagents,serum references and controls to room 

temperature (20-25
o
C). 

1. Pipette 50l of the appropriate calibrators, controls and samples into the assigned wells. 

2. Add 100l of the biotinylated/enzyme labeled antibodies to each well. It is important to 

dispense all reagents close to the bottom of the micro well. 

3. Swirl the micro plate gently for 20-30 seconds to mix cover with a plastic wrap.  

4. Incubate for 120 minutes at room temperature (22-25
o
C). 

5. Discarded the contents of the microplate by decantation or aspiration. If decanting, tap 

and blot the plate dry with absorbent paper. 

6. Add 300L of wash buffer, decant (tap and blot) or aspirate. Repeat two additional times 

for a total of three washes. An automatic or manual plate washer can be used. If a squeeze 

bottle is used, fill each well to the top by squeezing the container. Avoiding air bubbles. 

Decant the wash and repeat two additional times. 

7. One hundred micro liters was added of   working substrate solution to all wells. Always 

add reagents in the same order to minimize reaction time differences between wells. 

8. Incubate at room temperature for fifteen minutes. 

9. Add 50l of stop solution to each well and mix gently for 15-20 seconds; always add 

reagents in the order to minimize reaction time difference between wells. 

10. Read the absorbance in each well at 450nm in a micro plate reader. The results should be 

read within thirty minutes of adding the stop solution. 

 

B. Calculation 

1. Record the absorbance obtained from the printout of micro plate reader. 

2. Plot the absorbance versus the corresponding insulin concentration in μU/ml on linear 

graph paper. 

3. Draw a dose response curve using the best fit through the plotted points. 

 

Interpolate the concentration of the controls and the unknowns from the dose response curve. 

 

Determination of Fasting Serum Glucose (F.S.G.) 

Diagnostic by BioMeriux – France. 
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A. Principle 

By using an enzymatic colorimetric method with a commercially available kit, the fasting 

plasma glucose (FPG) was determined. It is based on the principle that glucose is oxidized by 

glucose-oxidize (GOD) to glaciate and hydrogen peroxide, according to the following 

equation. 

 

GOD 

Glucose + O2 + H2O    Peroxidas     H2O2 +   Gluconate 

2H2O2 + Phenol + 4 Amino – anti-pyrine                            4H2O2  + Quinonimine 

 

B. Assay procedure 

The content of the vial marked R2 was dissolved in the buffer of R1, and such solution was 

considered the working reagent. To carry out the assay, three tubes were marked as blank, 

standard and sample, and into each tubes the materials were added as the following. 

 

Materials 
Tubes 

Blank Standard Sample 

Standard - 10 µl - 

Sample - - 10 µl 

Working Reagent 1.0 ml 1.0 ml 1.0 ml 

 

The tubes were mixed gently and incubated for 10 minutes at 37°C, and then the optical 

density was recorded for each tube at a wavelength 505 nm. 

 

C. Calculations 

The fasting plasma glucose was measured using the following equation. 

Standard ofion Concentrat
Standard ofDensity  Optical

 Sample ofDensity  Optical
  (mg/dL) Glucose Plasma Fasting 










 

Homeostasis Model Assessment (HOMA) 

Insulin resistance (IR) was determined by a number of different methods including fasting 

insulin, glucose for calculation (insulin measured μU/ml, glucose measured in mg/dl), the 

homeostasis model assessment (HOMA). The estimation of insulin resistance by HOMA 

score was calculated with the formula (Mathews DR,.et al.,1985). 

 

HOMA =[Fasting serum insulin (U/ml) × Fasting blood glucose (mmol/L)]/22.5 
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This index is useful for measuring insulin sensitivity, which is the inverse of IR. It has the 

advantage that it can be obtained from a fasting blood sample, and is the preferred method for 

certain types of clinical research.   

 

Statistical Analysis 

The Statistical Analysis System- SAS (2012) was used to effect of different factors in study 

parameters. Least significant difference –LSD test was used to significant compare between 

means in this study. Estimate of correlation coefficient between difference variables. 

 

RESULT                                                                 

The result of Insulin hormone, Fasting blood glucose and Insulin resistance showed in table 

(a),Group (A) which the PCOS women treated by metformine (850 mg tow time /day) we 

found the significant decrease in Insulin hormone level, non significant decrease in fasting 

blood glucose and significant decrease in insulin resistance after treatment with metformine 

for sixth month.  

 

The table (a). Showed group( B) which treated with cholin and inositole(500/500 mg tow 

time /day) plus   metformin(850 mg tow time /day)  we found insulin level before treatment 

(34.11 ± 1.99 a) became(20.15 ± 1.8 c) after treatment , higher significant decrease during 

(0and3)month and significant decrease during (3 and 6)month  in insulin level, non 

significant decrease in fasting blood glucose level and IR before treatment(7.68 ± 0.53 

a)became (4.90 ± 0.34 b) after treatment ,the   significant decrease in insulin resistance during 

(3 and 6)month while non significant during (0 and3)month.  

 

The same table (a) found group (C ) which treated by changing lifestyle and followed up diet 

the result was no significant decrease of insulin hormone level and blood glucose level while 

significant decreased in insulin resistance.  
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Table (a) showed insulin hormone level, fasting blood glucose and insulin resistance for 

study group  which treated with different treatment during (0,3 and 6)month. 

Group 
Duration of 

treatment 

Mean ± SE 

INS FBS IR 

 

A 

0 33.10 ± 1.98 a 5.50 ± 0.18 a 8.14 ± 0.62 a 

3 26.89 ± 1.46 b 5.24 ± 0.12 a 6.29 ± 0.41 b 

6 23.25 ± 1.35 b 5.02 ± 0.09 a 5.16 ± 0.30 c 

LSD value 5.734 ** 0.562 NS 1.746 * 

 

B 

0 34.11 ± 1.99 a 5.14 ± 0.16 a 7.68 ± 0.53 a 

3 27.42 ± 1.78 b 5.11 ± 0.15 a 6.36 ± 0.37 a 

6 20.15 ± 1.8 c 5.04 ± 0.14 a 4.90 ± 0.34 b 

LSD value 6.102 ** 0.364 NS 1.602 * 

 

C 

0 40.02 ± 2.36 a 5.29 ± 0.12 a 9.63 ± 0.68 a 

3 36.92 ± 2.41 a 5.03 ± 0.09 a 8.38 ± 0.64 ab 

6 34.41 ± 2.13 a 4.93 ± 0.08 a 7.65 ± 0.56 b 

LSD value 7.315 NS 0.492 NS 1.412 * 

* (P≤0.05), ** (P≤0.01). 

 

group( A) which treated with metformine(850mg tow time /day ) 

group (B) which treated with Choline&Inositol (500\500 tow time /day) and Metoformin 

(850 mg tow time /day ),group (C) change life style and followed diet. 

 

DISCUSSION 

This result which was in agreement with many studies Zelija – velija
[24]

 reported the 

metformine therapy significantly improved insulin résistance, imbalance of endocrine 

hormones in women with PCOS.  

 

Another studies showed no significant decreasing in fasting blood glucose. Plasma insulin 

level showed a significant improvement after 3and 6month of therapy.
[25]

  

 

Longer term metformine therapy in young obese pcos women reduced fasting insulin and 

produced borderline reduction in HOMA – IR (P=0.05).
[26]

  

 

The present study disagree with anthere studies, Agarwal N., et al showed metformin did not 

reduce HOMA – IR
[27]

, anther studies showed glucose, insulin level and insulin resistance not 

improved by metformin.
[28]

 

 

Metformin has been the main stay of treatment ror IR in PCOS women , metformin is 

abiguanide that acts principally on the liver to inhibit hepatic gluconeogenesis it also inhibits 

acetyl co A carboxylase activity and suppresses fatty acid production ,and acts on skeletal 
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muscle to inhibit lipid production and acts peripherally on adipose tissue to stimulate glucose 

transport and uptake, metformin reduces insulin level and promote improved insulin 

activity.
[29]

    

 

The  results of group (B) was in agreement with many studies ,researchers looking at the 

effects of metformin in PCOS women concluded that the drug's benefits could be related to 

its ability to improve the function of D-chiro- imositol (DCI) phosphoglycans in the body. 

Thus it appears that DCI may be highly effective when used in combination with metformin 

for PCOS.
[30]

 

 

Another studies which reported that the Inositol was significant decrease insulin level and 

insulin resistance.
[31,32]

 

The result in present study of blood glucose level disagree with anther studies, Minozzi M., et 

al rported that the myo– inositol significantly decreased hyperinsulinamia by positively 

effecting the fasting insulin and glucose level.
[33]

   

 

Nestler JE.,et al
[34]

 suggests that some actions of insulin are mediated by putative 

inositolphosphoglycan (IPG) mediators, also known as second messengers. We review 

studies indicating that the IPG signaling system transduces insulin's stimulation of human 

thecal androgen biosynthesis, thus offering a mechanism by which insulin can stimulate 

ovarian androgen production even in women with PCOS whose tissues are resistant to 

insulin's stimulation of glucose metabolism. Furthermore, a deficiency in a specific D-chiro-

inositol-containing IPG may contribute to insulin resistance in women with PCOS. In support 

of this idea, administration of D-chiro-inositol has been demonstrated to improve glucose 

tolerance, decrease serum androgens and improve ovulation in PCOS. The hypothesis is 

advanced that PCOS may be characterized by a defect in the conversion of myo-inositol to D-

chiro-inositol, and that such a defect would contribute to both insulin resistance and 

hyperandrogenism in the syndrome. 

 

In fact, some researchers have suggested that improving insulin-mediated release of 

inositolphosphoglycan mediators is part of how metformin improves insulin resistance in 

women with PCOS.
[48]

 

 

The result of group (C) was in agreement with many studies which reported no differences 

were observed between the diet groups with the respect to changes in insulin, and decreased 

significantly in insulin resistance.
[35,36]

    

http://www.ncbi.nlm.nih.gov/pubmed/14715857
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Another studies showed that the reducing insulin resistance by lifestyle modification such as 

diet and exercise improve endocrine and menstrual function on PCOS. These lifestyle 

modification or the boost initial means of improving insulin resistance.
[37]

 

 

Palomba S., et al showed the different changed observed in insulin sensitivity indices after 

exercise and diet interventions, we hypothesized that in both cases, insulin sensitivity 

improvement itself is the pivotal factor involved in the restoration of ovarian function. The 

exercise program potentially improved insulin sensitivity in two way. First of all exercise 

results in large reduction of waist circumference and, thus, of visceral adipose tissue, even if 

related to a modest weight loss and BMI change.
[38]

 

 

The visceral adipose tissue is more metabolically active than subcutaneous fat, and the central 

fat distribution is closely related to insulin resistance, they showed a smaller reduction in 

body weight.
[39]

  

 

Huber-Buchholz et al
[40]

 found that improving insulin sensitivity restored normal menstrual 

function and fertility in obese women with PCOS. by using lifestyle program that sets 

realistic weight loss .subjects were able to sustain improvement carbohydrate metabolism 

over a 6- month period , although weight loss as percentage of body weight was small.    

 

The present study disagree with Mariana K., et al
[41]

 study which reported the central obesity 

and insulin resistance were not change with macronutrient composition or energy intake in 

women with PCOS.   

 

Another studies showed no significant differences were observed in diet on fasting insulin 

levels, or insulin sensitivity as assessed by homeostatic model assessment (HOMA).
[42]

  

 

In the present study we used different type of management used mix between drugs, used 

drug alone and used physicals management by change lifestyle and followed up diet. After 

complete the period of study take the results  and camper between groups in the study (every 

group treated with different treatment)and healthy women (without PCOS) table (B)in all 

parameter. 

 

Group (A) which include women with PCOS treated with metformne (850 mg tow time /day) 

for sixth months. The result in this group will good and that metformin therapy restores 

normal levels of insulin and testosterone, AMH and anther hormone in study this result was 

similar to results pawekczyk et al
[43]

 report that metformin therapy not only  restores  normal 
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levels of insulin and testosterone but also decreases the lipid profile . the role  of metformin 

in improving the frequency Ovulation and balance the anther hormone will observed by other 

authors.
[44] 

 

The present study showed group A  results lower effective than group B, may need long term 

period of treatment. 

 

Table (B) hormonal profile and biochemical parameter in healthy women (without 

PCOS) 

Mean ± SE Parameter 

16.75±0.68 INS 

4.84±0.08 FBS 

3.91±0.24 IR 

 

The present study showed group B which treatment with Cholin & inositole 500 / 500mg(tow 

time /day)  and metformine (850mg tow time /day ) this type of treatment used first time in 

Iraq and now used as a first line of treatment PCOS patent in Kamal AL-Samaraee Hospital –

Baghdad. Showed the best result because all parameter which was massacred in the study 

retrain  to the normal level or near to it when compared with healthy women in table 

(B)(women without PCOS), the women with PCOS can become pregnant in shorter time and 

the rate of pregnancy higher  than group A which treatment with metformin alone. Cholin & 

incsitol and metformin will give the best result D-chiro inositol (DCI) administration a 

meliorates insulin resistance, hyperandrogenmia and improves ovulation in this disorder, 

while metformin does not increase the amount of DCI available, it may act to release the DCI 

– IPG mediator that to the cell to use and / or store glucose, Deficiency of DCI in women 

with PCOS may be why metformin is effective in some but not all PCOS patients
[31]

, so that 

we give two drug together. 

 

The present study is the first to treated patient with PCOS by giving two insulin 

agents(inositol and metformin together)because not found data poplished similar to the 

present study.     

 

The group( C) which change life style and followed diet did not give the best result because 

used diet alone without any chemical treatment did not have role to management the PCOS 

because big number of patient in this group will flowed diet by meal replacement and  this 

type of lifestyle modification (diet alone)an affective in weight loss and hormonal balance in 

PCOS patient, this result was similar to the result Moran LJ et al
[45]

 which reported that the 
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use of twice - daily meal replacements was an affective for achieving weight loss and gaining 

associated hormonal and clinical benefits in women with PCOS and that long -term weight 

loss may not be needed for fertility improvement in all women with PCOS. 

 

Furthermore, Lifestyle modifications in the treatment of PCOS do not escape criticism and 

controversy despite being widely accepted recommendations. Physical activity (PA) has been 

reported to ameliorate anovulation, IR, blood pressure, and lipid profiles in women with 

PCOS, sometimes independently of weight loss
[46]

 yet PA alone does not seem to be able to 

equal these parameters to non-PCOS subjects.
[47]

 Therefore, it should be accompanied by a 

complementary diet plan in order to fully potentiate the effects of a lifestyle-modification 

therapeutic program In this study combine between choline & inositiol and metformin offered 

a significant advantage over another type of management in addition patients on this 

management reported no side effects during the course of treatment .cholin & inositol and 

metformine could be as a first – line treatment in patients with PCOS.   

 

REFERENCES 

1. H. Teede, A. Deeks, and L. Moran, ―Polycystic ovary syndrome: a complex condition 

with psychological, reproductive and metabolic manifestations that impacts on health 

across the lifespan,‖BMC Medicine, 2010; 8(41). View at Publisher · View at Google 

Scholar · View at Scopus 

2. M. N. Mascarenhas, S. R. Flaxman, T. Boerma, S. Vanderpoel, and G. A. Stevens, 

―National, regional, and global trends in infertility prevalence since 1990: a systematic 

analysis of 277 health surveys,‖ PLoS Medicine, vol. 9, no. 12, Article ID e1001356, 

2012. View at Publisher · View at Google Scholar 

3. B. C. J. M. Fauser, B. C. Tarlatzis, R. W. Rebar et al., ―Consensus on women's health 

aspects of polycystic ovary syndrome (PCOS): the Amsterdam ESHRE/ASRM-sponsored 

3rd PCOS consensus workshop group,‖ Fertility and Sterility, 2012; 97(1):28.e 25–38. 

e25.View at Publisher ·View at Google Scholar · View at Scopus 

4. J. Boyle and H. J. Teede, ―Polycystic ovary syndrome—an update,‖ Australian Family 

Physician, 2012; 41(10): 752–756. 

5. D. E. Lane, ―Polycystic ovary syndrome and its differential diagnosis,‖ Obstetrical and 

Gynecological Survey, 2006; 61(2): 125–135. View at Publisher · View at Google 

Scholar · View at Scopus 

http://dx.doi.org/10.1186/1741-7015-8-41
http://scholar.google.com/scholar?q=http://dx.doi.org/10.1186/1741-7015-8-41
http://scholar.google.com/scholar?q=http://dx.doi.org/10.1186/1741-7015-8-41
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-77954082318&partnerID=K84CvKBR&rel=3.0.0&md5=362911d7b7e9f246030fe9c2b7672f17
http://dx.doi.org/10.1371/journal.pmed.1001356
http://scholar.google.com/scholar?q=http://dx.doi.org/10.1371/journal.pmed.1001356
http://dx.doi.org/10.1016/j.fertnstert.2011.09.024
http://scholar.google.com/scholar?q=http://dx.doi.org/10.1016/j.fertnstert.2011.09.024
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-84155163090&partnerID=K84CvKBR&rel=3.0.0&md5=182460cfcee28905a0d8ce12c1bb2e26
http://dx.doi.org/10.1097/01.ogx.0000197817.93201.04
http://scholar.google.com/scholar?q=http://dx.doi.org/10.1097/01.ogx.0000197817.93201.04
http://scholar.google.com/scholar?q=http://dx.doi.org/10.1097/01.ogx.0000197817.93201.04
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-33644840037&partnerID=K84CvKBR&rel=3.0.0&md5=c47ac78eabffea716616fe646b5a1b40


www.wjpr.net                                   Vol 4, Issue 05, 2015.                                            

            

 

 

354 

Luma et al.                                                            World Journal of Pharmaceutical Research 

6. T. Apridonidze, P. A. Essah, M. J. Iuorno, and J. E. Nestler, ―Prevalence and 

characteristics of the metabolic syndrome in women with polycystic ovary 

syndrome,‖ Journal of Clinical Endocrinology and Metabolism, 2005; 90(4):                        

1929–1935. View at Publisher · View at Google Scholar · View at Scopus 

7. G. Reaven, ―Insulin resistance and compensatory hyperinsulinemia: the linchpin between 

obesity and cardiovascular disease,‖ Official Journal of the Chair on Cardiometabolic 

Risk, 2008; 1(2): 3–10. 

8. G. M. Reaven, ―Compensatory hyperinsulinemia and the development of an atherogenic 

lipoprotein profile: the price paid to maintain glucose homeostasis in insulin-resistant 

individuals,‖ Endocrinology and Metabolism Clinics of North America, 2005; 34(1):          

49–62. View at Publisher · View at Google Scholar · View at Scopus 

9. J. Rojas, V. Bermúdez, E. Leal, et al., ―Insulinorresistencia e hiperinsulinemia como 

factores de riesgo para enfermedad cardiovascular,‖ Archivos Venezolanos de 

Farmacología y Terapéutica, 2008; 27(1): 29–39,. 

10. C. Moran, M. Arriaga, G. Rodriguez, and S. Moran, ―Obesity differentially affects 

phenotypes of polycystic ovary syndrome,‖ International Journal of Endocrinology, 2012; 

Article ID 317241, 7. 

11. Xiong YL, Liang XY, Yang X, Li Y, Wei LN. Low-grade chronic inflammation in the 

peripheral blood and ovaries of women with polycystic ovarian syndrome.Eur. J Obstet 

Gynecol Reprod. Biol., 2011; 159(1): 148-150. 

12. T. Grimmichova, J. Vrbikova, P. Matucha, K. Vondra, P. P. Veldhuis and M. L. Jonson., 

Fasting Insulin Pulsatile Secretion in Lean Women with Polycystic Ovary 

Syndrome.Physiol. Res., 2008; 57(1): 91-98. 

13. Yang J.,Holman G. Insulin and contraction stimulate exocytosis but increased AMPK 

activity resulting from oxidative-metabolism stress slows endocytosis of GLUT4 in 

cardiomyocytes; J. Biol. Chem., 2005; 280: 4070-4078.  

14. Barbieri L., Makris A. ,Randal W. Insulin stimulates androgen accumulation in 

incubation of ovarian stroma obtained from women with hyperandrogenism; J. Clin. 

Endocrinal .Metab., 1995; 62(5): 904-910 . 

15. Yukinori Kazeto, Mayuko Kohara, Takeshi Miura, Chiemi Miura, Sonoko Yamaguchi, 

John M. Trant,Shinji Adachi, and Kohei Yamauchi. Japanese Eel Follicle-Stimulating 

Hormone (FSH) and Luteinizing Hormone(LH):Production of Biologically Active 

Recombinant FSH and LH by Drosophila S2 Cells and Their Differential Actions on the 

Reproductive Biology. Biology of Reproduction., 2008; 79: 938–946 . 

http://dx.doi.org/10.1210/jc.2004-1045
http://scholar.google.com/scholar?q=http://dx.doi.org/10.1210/jc.2004-1045
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-17844367331&partnerID=K84CvKBR&rel=3.0.0&md5=778d48a838851fa9279d7bb1d243a6d6
http://dx.doi.org/10.1016/j.ecl.2004.12.001
http://scholar.google.com/scholar?q=http://dx.doi.org/10.1016/j.ecl.2004.12.001
http://www.scopus.com/scopus/inward/record.url?eid=2-s2.0-14744293406&partnerID=K84CvKBR&rel=3.0.0&md5=da1fe605130fcb399d8f2b866eb10ccf
http://www.ncbi.nlm.nih.gov/pubmed?term=Xiong%20YL%5BAuthor%5D&cauthor=true&cauthor_uid=21908093
http://www.ncbi.nlm.nih.gov/pubmed?term=Liang%20XY%5BAuthor%5D&cauthor=true&cauthor_uid=21908093
http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=21908093
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21908093
http://www.ncbi.nlm.nih.gov/pubmed?term=Wei%20LN%5BAuthor%5D&cauthor=true&cauthor_uid=21908093
http://www.ncbi.nlm.nih.gov/pubmed/21908093
http://www.ncbi.nlm.nih.gov/pubmed/21908093


www.wjpr.net                                   Vol 4, Issue 05, 2015.                                            

            

 

 

355 

Luma et al.                                                            World Journal of Pharmaceutical Research 

16. Arieh N. In" Hormonal Changes in the Female Reproductive System"; 2ed 

edition;Lecture 15-Reproductive System and Human Genetics., 2001; 123-135. 

17. Marc E. F., Béla K., Anna L., György N. Prolactin: Structure, Function, and Regulation 

of Secretion; Physiological Reviews., 2000; 80(4): 1523-1631. 

18. Kulick R., Chaiseha Y., Kang S., Rozenboim I., El Halawani M. The relative importance 

of vasoactive intestinal peptide and peptide histidine isoleucine as physiological 

regulators of prolactin in the domestic turkey; Gen. Comp. Endocrinol., 2005; 142(3): 

267-273. 

19. Bracero N., Zacur H. Polycystic ovary syndrome and hyperprolactinemia; Obstet. 

Gynecol. Clin. North.  Am., 2001; 28: 77-84. 

20. Moll E., van der Veen F., van Wely M. The role of metformin in polycystic ovary 

syndrome: a systematic review;Hum. Reprod. Update., 2007; 13(6): 527-37. 

21. Ruifrok N., KuchenbeckerW.,Hoek
 
A.,Middleton

 
P. , Norman R. Insulin sensitizing drugs 

for weight loss in women of reproductive age who are overweight or obese: systematic 

review and meta-analysisrole; Hum. Reprod., 2009; 15(1): 57-68.  

22. Palomba S., Falbo A., Zullo F. OrioF. Evidence-Based and Potential Benefits of 

Metformin in the Polycystic Ovary Syndrome: A Comprehensive Review; Endocrine 

Reviews., 2009; 30(1): 1-50. 

23. Larner J. D-chiro-inositol—its functional role in insulin action and its deficit in insulin 

resistance. Int J Exp Diabetes Res., 2010; 3(1): 47-60. 

24. Jenny Blondel .(2011). The Natural PCOS Diet .ND. Dip Nut. Dip BM. Dip Hom. Dip 

RM. Naturopath and Wellness Coach Natural Hormone Health. www.natural-hormone-

health.com.  

25. Zelija Velija. Asimi. Evaluation of endocrine changes in women with the polycystic 

ovary syndrome during metformin treatment. Bosn J Basic Med Sci., 2013; 13(3):               

180-185.  

26. Ashraf M., Nisar S, Ahmed P, Amin Z, Kulshrestha B, Gupt qN, Ahmed T, Mudasir S, 

Ahmed F, Improved efficacy of low dose spironolactone and metformin combination than 

either drug alone in the mangment of women with PCOS: a six month, open label 

randomized study. J clin endocrine metab., 2013; 10. 12101 JC.1040 1-8.  

27. Oppelt PG, Mueller A, Jensch K, Kronawitte D, Reiss mann C, Dittrich R, Beckmann 

MW, Cupisti S. The effect of metformin treatment for 2 years without caloric restriction 

on endocrine and metabolic parameters in women with polycystic ovary syndrome. Exp 

clin endocrinol diabetes., 2010; 118: 633-637. 



www.wjpr.net                                   Vol 4, Issue 05, 2015.                                            

            

 

 

356 

Luma et al.                                                            World Journal of Pharmaceutical Research 

28. Agarwal N, Rice SP, Bolusani H, Luzios SD, Dunseath G, Ludgate M, Rees DA. 

Metformin reduces arterial stiffness and improves endothelial function in young women 

with polycystic ovary syndrome: arandoized, placebo-controlled, crossover trial. J clin 

endocrinol metab., 2010; 95: 722-730. 

29. David A, Melissa K, jacgueline I, Jeppes, Robert L, Kenneth S. effect of metformin on 

Insulin secreation Insulin Action and ovarian steriodogenesis in women with polycysitic 

ovary syndrome. Journal of clinical endocrinology and metabolism., 1997; 82(2): 524 – 

530. 

30. De Leo V., la Marca A., Petraglia F. Insulin-lowering agents in the management of 

polycystic ovary syndrome; Endocr. Rev., 2009; 24: 633-667. 

31. Raffone E; et al. Insulin sensitizer Agents alone and in co-treatment with r-FSH for 

ovulation induction in PCOS women; " Gynecological endocrinology "., 2010; 26(4): 

275-280. 

32. Genazzani AD, et al. (2012). Differential insulin response to myo-insoitol administration 

in obese polycysitic orarysndronme patients. Gynecol endocrional. PMID : 22612517. 

33. Artini PG, di berardino OM, Papini F, Genazzani AD, Simi G, Ruggiero M, cela V. 

Endocrine and clinical effects of Myo-insitol administration in polcysitic ovary 

syndrome. Arandomized zed study., 2013; PMID: 23336594. 

34. Nestler JE, Jakubowicz DJ, Iuorno M. Role of inositolphosphoglycan mediators of insulin 

action in the polycystic ovary syndrome; J. Pediatr Endocrinol Metab., 2000; 13(5): 1295-

8J. PMID: 11117673. 

35. Lisa J Moran, Manny Noakes, Peter M, Gary A, Gemma W, Robert J. Short – term meal 

replacements followed by dietary macronutrient restriction enhance weight lossin 

polycystic ovary syndrome. AMJ clin nutr., 2006; 84: 77-87.  

36. Vosnakis C, Georgopoulos NA, Rousso D, Marromatidis G, Katsikis I, Roupas ND, 

Mamli I, Panidis D. Diet, Physical exercise and orlistatadministratior increase serum anit 

– mullerian hormone (AMH) level inwomen with polycysitic ovary syndrome (PCOS)., 

2013; 29(3): 242-5. 

37. Nestler JG, Stovall D, Akhter N, Iuorno MJ, Jakobowicz DJ. Stratagies for the use of 

insulin – sensitizing drugs to treat infertility in women with polycystic ovary syndrome. 

Fortil stril., 2002; 77(2): 209 – 15. 

38. Palomba S, Giallauriq F, Falbo A, et al. Structured exercise traning programme 

versushypocaloric hyperproteic diet in obese polycysitic ovary syndrome patients. 

Withanovulatory infertility:a 24- week pilot study. Hum reprod., 2008; 23: 642 – 650. 

http://www.pubmed.gov/11117673


www.wjpr.net                                   Vol 4, Issue 05, 2015.                                            

            

 

 

357 

Luma et al.                                                            World Journal of Pharmaceutical Research 

39. Cascella T, Palomba S, Desio I, et al. Endogenos androgens and carotid intimal – medial 

thickness in women with polycstic ovary syndrome. Hum Reprod., 2008; 23: 153-159. 

40. Huber-Buchholz MM, Carey DG, Norman RJ. Restoration of reproductive potential by 

lifestyle modification in obese polycystic ovary syndrome: role of insulin sensitivity and 

luteinizing hormone. J Clin Endocrinol Metab., 1999; 84: 1470–1474. 

41. Mariana K, Fernanda M, simone R, Poli M., Insulin resistance is not strictly associated 

with energy intake or dietary macronutrient composition in women with polycysitic ovary 

syndrome. Nutrition research., 2011; 31: 97-103.  

42. Farnsworth E, Luscombe ND, Noakes M, Wittert G, Argyion E, Clifton PM. Effect of 

ahigh – protein , energy – restricted diet on body composition, glycemic control, and lipid 

concentrations in over weight and obese hyperinsulinemic men and women. The 

American Journal of clinical Nutrition., 2003; 78(1): 31-39. 

43. Pawelczyk L, spaczynski RZ, Banas zewska B, Duleba AJ. Metformin therapy increases 

insulin – like growth factor binding protein – 1 in hyperinsulinemic women with 

polycystic ovary syndrome. Eur J obstet Gynecol Reprod boil., 2004; 113: 209-13.  

44. Ashraf M, Gehan A, Saad Aloash. Characteristics of polycystic ovary syndrome with and 

without insulin resistance and the role of insulin sensitizing drug (metformin) in its 

mangment. Middle East Fertility Society Journal., 2005; 10(2): 142 -149. 

45. Moran LJ, Pasquali R, Teede HJ, Hoeger KM, Norman RJ. Treatment of obesity in 

polycystic ovary syndrome: a position statement of the Androgen Excess and Polycystic 

Ovary Syndrome Society. Fertil Steril., 2009; 92: 1966–1982. doi: 

10.1016/j.fertnstert.2008.09.018.  

46. C. L. Harrison, C. B. Lombard, L. J. Moran, and H. J. Teede,. ―Exercise therapy in 

polycystic ovary syndrome: a systematic review,‖ Human Reproduction Update, 2011; 

17(2): 171–183.   

47. C. L. Harrison, N. K. Stepto, S. K. Hutchison, and H. J. Teede. ―The impact of intensified 

exercise training on insulin resistance and fitness in overweight and obese women with 

and without polycystic ovary syndrome,‖ Clinical Endocrinology, 2012; 76(3): 351–357. 

48. http://www.unhaggardhousewife.com/2011/09/d-chiro-inositol-to-treat-pcos.html - info 

about d-chiro inositol). 

http://www.unhaggardhousewife.com/2011/09/d-chiro-inositol-to-treat-pcos.html

