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Introduction 

Infertility is defined as inability to establish pregnancy 

within a specific period of time; usually one year within 

unprotected intercourse (Sciarra, 1994). Ovulation dysfunction 

represents one of the most common problems in couples 

presenting for infertility evaluation (Branigan, 2005). 

Polycystic ovary syndrome (PCOS) is heralded as one of 

the most common endocrine disorders occurring in women. 

(Lujan et al, 2008).  PCOS is a heterogeneous disease affecting 

about 5-10% of reproductive-age female population, which is 

predominantly characterized by enlarged cystic ovaries, chronic 

anovulation, hyperandrogenism and insulin resistance 

(Giallauria et al, 2008). Clomiphene citrate (CC) is the 

standard drug for inducing or augmenting ovulation, however it 

is not equally successful in all situations (Badawy et al, 2007). 

The primary indication for the use of clomiphene citrate is 

anovulatory infertility associated with normogonadotrophic, 

normo-oestrogenic, normoprolactinaemic anovulation, including 

polycystic ovary syndrome (Nasseri and Ledger, 2001). 

Clomiphene resistance refers to persistence of anovulation 

after standard clomiphene therapy, which occurs in 15-20% of 

patients (Speroff et al, 2005). Adjuvants to the effect of CC such as 

glucocorticoids, dopaminergic drugs, oral contraceptive pills, and 

insulin-sensitizing drugs have attracted attention for a long time 
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(Vandermolen et al, 2001). Recently, N-acetyl cysteine (NAC) 

was suggested as one of these adjuvants (Rizk et al, 2005). 

NAC is an altered form of the amino acid cysteine, which 

is commonly found in food and synthesized by the body. NAC 

helps break down mucus; NAC supplements improved 

symptoms and prevented recurrences in people with chronic 

bronchitis (Grandjean et al, 2000).   

NAC helps the body synthesize glutathione, an important 

antioxidant that protects the liver from the adverse effects of 

exposure to several toxic chemicals and also protects the body 

from acetaminophen toxicity (Tepel et al, 2000). 

NAC is a safe and well-tolerated mucolytic drug that 

softens tenacious mucous secretions. It has been shown to have 

proven activity on insulin secretion in pancreatic cells, as well 

as on the regulation of the insulin receptor in human 

erythrocytes (Lanzone et al, 1990). 

In addition, NAC is a powerful antioxidant and a 

potential therapeutic agent in the treatment of cancer, and other 

diseases characterized by the generation of free oxygen radicals. 

The peak plasma level of NAC is attained 1 hour after an oral dose 

and it disappears from the plasma after 12 hours. The biological 

activity of NAC is attributed to its sulfhydryl group, which 

enhances glutathione-S-transferase activity aiding in the protection 

of all cells and membranes (De Vries and De Flora, 1993).  
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The NAC may be a novel treatment option for 

augmenting or inducing ovulation in patients with chronic 

anovulation including PCOS (Rizk et al, 2005).Ahmed Rizk et 

al in 2005 showed significant increase in rate of ovulation on 

using clomiphene citrate with NAC and also Ahmed Badawy et 

al in 2007 showed significant improvement in rate of ovulation 

on using clomiphene citrate with NAC. 
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Aim of the Work 

This study will be performed to evaluate the effect of               

N-acetyl cysteine (NAC), as an adjuvant to clomiphene citrate 

for induction of ovulation in subjects with polycystic ovary 

syndrome (PCOS) resistant to clomiphene citrate. 
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The Polycystic Ovary Syndrome 

Definition 

The Polycystic Ovary Syndrome (PCOS) is a heterogeneous 

disorder and is the most common endocrinopathy in women of 

childbearing age with a prevalence of 6% to 10% whose principal 

features include androgen excess, ovulatory dysfunction, and/or 

polycystic ovaries, and is recognized as one of the most common 

endocrine/metabolic disorders of women. This syndrome was 

first described by Stein and Leventhal in 1935 although the 

presence of sclerocystic ovaries had been recognized for at least 

90 years before the publication of that seminal work (Azziz et 

al, 2007). 

Stein and Leventhal were the first investigators to 

identify the association of enlarged and polycystic ovaries and 

amenorrhea, hirsutism and obesity. PCOS was associated with 

adrenal hyperplasia and later, with hyperinsulinemia thus 

demonstrating its metabolic and reproductive effects. Other 

investigators observed later that the defect was in insulin 

receptors and obese and non-obese women presented 

hyperinsulinemia (Dunaif, 1997). 

Specific Criteria for PCOS 

To date, three major criteria have been proposed, with 

other investigators proposing modifications of these. We will 

review the criteria arrived at a NIH expert conference 

sponsored in 1990 that proposed by an expert conference of the 
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European Society for Human Reproduction and Embryology 

(ESHRE) and the American Society for Reproductive Medicine 

(ASRM) in 2003 and that proposed by the Androgen Excess 

Society in 2006 (Azziz et al, 2007). 

The first useful definition of PCOS arose from the 

proceedings of an expert conference sponsored by the US National 

Institutes of Health (NIH) in April 1990 (Table 1). Participants 

were surveyed, and tabulation of the results indicated that most felt 

that the features of PCOS were (in order of importance): (a) 

hyperandrogenism and/or hyperandrogenemia, (b) chronic 

anovulation, and (c) exclusion of related disorders such as 

hyperprolactinemia, thyroid disorders, and congenital adrenal 

hyperplasia (Zawadzki and Dunaif, 1992). 

Polycystic ovaries were suggestive, not diagnostic, of the 

syndrome. We should note that these proceedings did not provide 

clear guidelines on how to define each criterion. Three principal 

phenotypes of PCOS are recognized using the NIH 1990 criteria, 

including women with: (a) hirsutism, hyperandrogenemia, and 

oligo-ovulation, (b) hyperandrogenemia and oligo- ovulation, or (c) 

hirsutism (Azziz et al, 2007). 

Another expert conference was organized in Rotterdam 

in May of 2003 (Table 1), in part sponsored by ESHRE and 

ASRM. The proceedings of the conference noted that PCOS 

could be diagnosed, after the exclusion of related disorders, by 

two of three features: (a) oligo- or anovulation, (b) clinical 

and/or biochemical signs of hyperandrogenism, or (c) 
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polycystic ovaries  as for the NIH 1990 criteria, other disorders 

should be excluded. It should be noted that these 

recommendations did not replace the NIH 1990 criteria; rather 

they expanded the definition of PCOS (ESHRE and ASRM 

2004).  

Table (1): Criteria for defining PCOS. 

 

 

 

 

 

 

 
 
 

NIH is US National Institutes of Health; ESHRE is European Society for 
Human Reproduction and Embryology, ASRM is American Society of 
Reproductive Medicine, and AES is Androgen Excess Society. 

 

Additional phenotypes now considered as being PCOS 

by this criteria included: (a) women with polycystic ovaries 

with clinical and/or biochemical evidence of androgen excess, 

but no signs of ovulatory dysfunction and (b) women with 

polycystic ovaries and ovulatory dysfunction, but no signs of 
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androgen excess.  Because of the continuing controversy 

regarding the definition of the PCOS, the AES, an international 

organization dedicated to promoting knowledge and original 

clinical and basic research in every aspect of androgen excess 

disorders, charged a Task Force to recommend an evidence-

based definition for PCOS, whether already in use or not, to 

guide clinical diagnosis and future research. The Task Force, 

after review of all available published data, proposed that 

PCOS should be diagnosed by the presence of three features: 

(a) androgen excess (clinical and/or biochemical hyper-

androgenism), (b) ovarian dysfunction (oligo-anovulation 

and/or polycystic ovarian morphology), and (c) exclusion of 

other androgen excess or ovulatory disorders (Table 1)  (Azziz 

et al, 2006). 

There are strengths and weaknesses to all three criteria. 

The NIH 1990 criteria clearly represent the core of PCOS 

patients which all investigators (and practitioners) would have 

no doubts of defining as affected. Both the Rotterdam 2003 and 

the AES 2006 criteria strive to expand the NIH 1990 definition 

(Azziz et al, 2007). 

Incidence of PCOS 

Most of diagnosed cases of PCOS depend largely on 

suspicion on diagnostic criteria of individual clinician and so 

there is little idea about the true incidence of PCOS, so the 

frequency of diagnosis depend on the index of suspicion, the 

prevalence of PCOS in community based population on basis of 
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clinical and endocrinological data was found to be 21% (Lobo 

et al, 2000). 

Several studies have suggested a prevalence of PCOS of 

5-10% in women of reproductive age, using the diagnostic 

criteria of US National of Health. Polycystic ovaries alone were 

found in 20-25% of women in the United Kingdom and New 

Zealand. Some of women with polycystic ovaries and with no 

evidence of menstrual dysfunction or hyperandrogenism appear 

normal. PCOS is generally under-diagnosed, and clinicians 

should remember that menstrual abnormalities, such as cycles 

shorter than 21 days or longer than 35 days, are often associated 

with the condition. Many young women with these 

abnormalities are prescribed the oral contraceptive pills which 

masks the condition until they try to achieve pregnancy 

(Homburg, 2003). 

Genetic of PCOS 

PCOS is believed to be hereditary; however, the mode of 

inheritance is unknown. The several genes proposed and 

investigated as the main and possibly PCOS-related genes 

include those that regulate the hypothalamus-pituitary-ovary 

axis and those associated with peripheral insulin resistance and 

its sequelae. New genes have been identified and are related to 

insulin and gonadotropin action and secretion, and androgen 

biosynthesis, secretion, transport and metabolism, contributing 

to the heterogeneous phenotype of this syndrome (Coffler et al 

and Yildiz et al, 2003). 
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Clinical picture and manifestation of PCOS 

The clinical picture (table 2) and the heterogeneous 

hormone profile, the multifactor theory of its pathogenesis and 

lack of consensus as to definition of PCOS represent the factors 

that contribute to making its diagnosis difficult.                                  

According to the last consensus (ESHRE/ASRM, 2004), PCOS 

could be diagnosed after ruling out other diseases that cause 

irregular menstrual cycles and androgen excess, by means of 

identifying at least two of the following criteria: oligo-ovulation 

or anovulation, which is usually manifested with 

oligomenorrhea or amenorrhea; increased androgen levels in 

blood (hyperandrogenemia) or clinical manifestations of 

androgen excess. 

Table (2): Clinical manifestations of PCOS at different ages 
(Yarak et al, 2005). 

 

 

 

 

 

 

 

 

PCOS is a lifelong condition which may have effects at 

all ages, not just in the reproductive years. The condition may 
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have its origins in fetal life, with either intrauterine growth 

retardation or post-term birth. Researchers have claimed that 

these children are more prone to hyperinsulinism, premature 

puberty and signs of PCOS early in reproductive life. 

Teenagers will often have oligo- or amenorrhea, hirsutism, 

acne and weight disorders. It is controversial whether patients 

with PCOS suffer from a raised prevalence of bulimia. Women 

in the reproductive age will have difficulties in conception 

because of anovulation and later may be concerned about 

overweight, hirsutism and menstrual abnormality. It is 

controversial whether miscarriage is increased in PCOS, or 

whether pregnancy loss is a result of excess body weight 

(Norman et al, 2004). 

 Pathogenesis of PCOS 

The hormonal aberrations encountered in polycystic 

ovarian disease present as a vicious circle of causes and events. 

The initiating and sustaining event is the ambiguity of the 

steroid signal influencing pituitary gonadotropins secretion. 

Inappropriate feedback in the form of non-cyclic estrogen 

masks the usual mandatory recycling stimuli. 

The distortion of feedback signal is caused by:  

1. Abnormal excessive gonadal production of androgen. 

2. Abnormalities of estrogen production resulting from 

extraglandular conversion of androgen to estrogen. 

3. Increased availability of free steroid because of an androgen 

-induced reduction in sex hormone - binding globulin 
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(SHBG) (Speroff, 2004). 

Chang et al, (1982) showed that the elevated luteinizing 

hormone (LH) levels in polycystic ovarian disease are due to 

increased sensitivity of the pituitary to releasing hormone 

stimulation, and this increased sensitivity can be attributed to 

the increased estrone levels.  But another appreciated factor is 

the impact of the decreased SHBG concentration. The clinical 

consequences of uninterrupted estrogen stimulation as well as 

the increased LH are the result of the two estrogenic influences, 

increased estrone levels from peripheral conversion of 

androstenedione and increased free estradiol levels. 

 New follicular growth is continuously stimulated, 

because the FSH (Follicular stimulating hormone) levels are not 

totally depressed, but not to the point of full maturation and 

ovulation. The accumulation of follicular tissue in various 

stages of development allows an increased and relatively 

constant production of steroids in response to the gonadotropin 

stimulation. This condition is self-sustaining. As various 

follicles undergo atresia, they are immediately replaced by new 

follicles of similar limited growth potential (ElGharib et al, 

2004). 

The tissue derived from follicular atresia is also sustained 

by the steady state, and contributes to the stromal compartment 

of the ovary. It is not surprising; therefore, that this functioning 

stromal tissue secretes significant amounts of androstenedione 

and testosterone, the usual products of theca cells. In response 
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to the elevated LH levels, the androgen production rate is 

increased. In turn, in a vicious cycle, the elevated androgen 

levels, through the process of extraglandular conversion and by 

suppressing synthesis of sex hormone binding globulin 

(SHBG), result in elevated estrogen levels. In addition, the 

decrease in SHBG is associated with a two-fold increase in free 

testosterone (T) (Hull, 1987). 

Abnormal metabolic function in PCOS 

Insulin Resistance 

In women with PCOS, insulin resistance is detectable in 

non-obese as well as obese subjects and consequently ref1ect a 

component of insulin resistance that is distinct from that 

associated with obesity. The fact that this abnormality persists 

despite long-term suppression of ovarian sex steroid secretion 

with analogues of Gn-RH makes it unlikely that abnormal sex 

steroid milieu causes the insulin resistance (Legro et al, 1998). 

 Several other mechanisms of insulin resistance have been 

suggested including functional problems in the insulin receptor 

inhibitors which can interfere with insulin  receptor function 

after binding (Legro et al, 1998). 

Hyperinsulinemia causes serum levels of SHBG to 

decrease, due to diminished hepatic synthesis, thereby 

rendering a larger fraction of the circulating pool of estrogens 

and androgens bioavailable. Insulin can synergize with LH to 

induce increased androgen production in the stromal and thecal 

compartments of the ovary, and suppression of insulin levels 
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with diazoxide results in a measurable decline in circulating 

testosterone levels (Nestler, 1997). 

Rising insulin levels result in decreased serum levels of 

the small binding protein for Insulin-Like Growth Factor ( IGF-

l (IGFBP-l), again rendering a large fraction of a circulating 

pool of hormone available for function at the cellular level 

(Balen et al, 2004). 

Diagnosis of PCOS 

Features that may obviously suggest PCOS include: (a) long-

term menstrual dysfunction or irregularity, suggestive of chronic 

ovulatory dysfunction, (b) dermatologic signs suggestive of 

hyperandrogenism, such as hirsutism, and less commonly acne or 

alopecia, and (c) polycystic ovarian morphology on 

ultrasonography. All women with menstrual dysfunction should be 

evaluated closely for concomitant signs of hyperandrogenism. Any 

other sign or complaint of androgen excess (acne, unwanted hair 

growth, scalp hair shedding or loss) would warrant a more in depth 

evaluation for PCOS. Likewise, menstrual dysfunction 

accompanied by clinical signs suggestive of insulin resistance (e.g., 

acanthosis nigricans) would also indicate that a more thorough 

evaluation for PCOS (and metabolic syndrome) is needed. Finally, 

the presence of polycystic ovaries on ultrasonography (or at 

surgery) in a patient with menstrual dysfunction would likewise 

suggest the need to exclude PCOS. Overall, between one-

quarter to one-third of all women with oligo-amenorrhea or 

menstrual dysfunction will have PCOS (Asuncion et al, 2000). 
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We should note that not all patients with PCOS 

demonstrate clinically obvious oligomenorrhea. In fact, about 

20–30% of oligo-ovulatory PCOS women will present with a 

history of apparent eumenorrhea (i.e., subclinical oligo-

anovulation) (Azziz et al, 2004). 

As PCOS is a diagnosis of exclusion, the diagnosis can 

only be arrived at after other disorders have been excluded. 

These include 21-hydroxylase deficient non-classic adrenal 

hyperplasia "NCAH" (by a basal and/or stimulated 17-

hydroxyprogesterone [17-HP] level, androgen-secreting 

neoplasms (by history and clinical exam and appropriate studies 

in selected patients), adrenocortical hyperactivity (by clinical 

examination and appropriate testing), and drug-induced 

hyperandrogenism (by history). Overall, these disorders 

account for 5–10% of all women with androgen excess 

(Carmina et al, 2006). 

In addition, it is customary to exclude thyroid dysfunction 

and hyperprolactinemia by measuring a TSH, using a third-

generation assay, and prolactin level. However, we should note 

that recent studies suggest that the prevalence of these 

endocrine abnormalities in patients with apparent PCOS is 

relatively low, on the order of 1–3% .Likewise, if polycystic 

ovaries are detected, particularly in the absence of overt signs 

of androgen excess, disorders that can result in this ovarian 

morphology need to be also excluded, such as hypothalamic 

amenorrhea (Ardaens et al, 1991). 

 


