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Objective:- to evaluate the impact of N-Acetyl cysteine 
supplementation during controlled ovarian hyperstimulation on 

follicular fluid homocysteine and to correlate the results with ICSI 

cycle parameters particularly oocyte yield and cycle outcome in terms 

of clinical pregnancy rates. 

Subjects and Methods:- 90 women prepared for ICSI using long 

agonist protocol randomized to receive N-Acetyl cysteine or placebo 

during stimulation.    

Results:-Mean follicular fluid homocysteine level was 4.4mg/L in 

supplemented group versus 6.6 mg/L in non-supplemented group and 

this was statistically significant. (p<0.0001) Number of oocytes 

retrieved and clinical pregnancy rates were also significantly higher in 
supplemented group. (19 versus 12 and 73% versus 49%) (p<0.001, 

and <0.03 respectively) 

Conclusion:-Supplementing long agonist controlled ovarian 

hyperstimulation with 600 mg of oral NAC improved oocyte yield and 

increased clinical pregnancy rates in ICSI cycles. This favorable 

impact is correlated, and probably partially explained by reducing 

follicular fluid homocysteine. 
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Introduction:- 
Several studies reported positive impact of N-Acetyl cysteine (NAC) used as an adjuvant to clomiphene citrate 
ovulation induction in cases of polycystic ovary syndrome (PCOS). (Salehpour et al., 2012) These encouraging 

results, stimulated further research in which NAC was tried as an adjuvant to gonadotropins during controlled 

ovarian hyperstimulation (COH).(Cheraghi et al.,2014)   The main draw-backs of these studies, were the lack of 

specific outcome measure, the simultaneous administration of other medications and being largely limited to PCOS 

patients. Recently NAC was tried in non-PCOS ICSI patients. (Elgindy et al.,2010) Although clinical pregnancy 

rates did not significantly improve, early and late granulosa cell apoptosis, recognized as important prognosticator of 

oocyte quality, were marginally reduced with NAC. None of these studies has proposed a clear coherent hypothesis 

explaining this positive impact of NAC, although explanations related to its anti-oxidant properties, have been 

suggested. Another putative role of NAC might be the reduction in the concentration of the harmful homocysteine in 

follicular fluid similar to its impact on plasma Hcy. Intravenous infusion of NAC has been reported to cause 

dramatic decline in plasma Hcy coupled with 10 fold increase in its urinary excretion. (Ventura et al., 1999) Oral 
administration was found to be equally effective. (Ventura et al.,2003)  Homocysteine (Hcy) is a non-protein-

forming, sulfur-containing amino acid that functions as a key intermediate in the so called, one carbon metabolism, 
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which involves also methionine (Met), and cysteine (Cys) and which utilizes folic acid and cobalamin as co-factors. 

(Natalie et al.,2003)  Therefore, Hcy is a central molecule in folate, methionine and glutathione cycles all of which 

are profoundly involved in reproductive physiology.(Forges et al.,2008, Ebisch et al.,2007)  High plasma 

homocysteine levels have been correlated not only with vascular endothelial injury and atherogenesis but also with 

various cell line dysfunction, and apoptosis. (Kim et al.,2006)  (fig 1) 

 
Fig 1:-Cycle production of homocysteine. 

 
 

 

It is similarly plausible to speculate that high local concentrations of homocysteine might be noxious to the viability 

and function of surrounding cells. The current study was, therefore, conducted to examine the impact of NAC 

supplementation during COH on follicular fluid Hcy and correlate the results to ICSI cycle outcome. 

 

Patients and Methods:- 
Design:-Prospective controlled study 

Setting:- 90 women were recruited for the study among the patients prepared for ICSI in private center in 

Alexandria, Egypt between 1/ 2013, and 1/2014.  

 

The study was explained to them and written informed consent for participation was obtained. Inclusion criteria:  

age between 25 and 35, BMI not more than 35, male factor infertility doing ICSI using fresh semen sample.  

 

Exclusion criteria:- PCOS, endometriosis, and previous ovarian surgery reducing ovarian reserve, and AMH less 

than 1.5ng/ml.   

 

After basal sonographic evaluation to rule out the presence of exclusion criteria and to assess the antral follicle count 

(AFC), all cases were stimulated using the long agonist protocol starting from mid-luteal phase of previous cycle 

using decapeptyl 0.1 mg subcutaneously. Stimulation was started using 300IU of hMG starting from first day of 

menses with suppression confirmed by E2<50 pg/ml. Participants were randomized to receive N-Acetyl cysteine or 
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placebo starting from  stimulation day one till the day of hCG. . N-acetyl cysteine was administered in the dose 600 

mg effervescent sachets once daily. The study group was designed as group A and the control group as group B. All 

cases were monitored as usual using sonographic examination and hormonal evaluation including E2 and P4 values. 

The dose of stimulation was adjusted controlled by response till hCG criteria are achieved. Ovum pick-up was 

performed 34-36 hours after 10,000 IU hCG. Follicular fluid after oocyte identification and removal was pooled and 

sent for homocysteine measurement. ICSI procedure was completed as usual and embryo transfer was done on day 3 
with cryopreservation of surplus embryos.  

 

Quantitative determination of total homocysteine (HCY) was done using the ADVIA Centaur® System which is a 

competitive immunoassay using direct chemi-luminescent technology. The different forms of homocysteine in the 

patient sample are reduced to free HCY by the Reducing Reagent. Free homocysteine is then converted to S-

adenosyl homocysteine (SAH) by the Enzyme Reagent. Converted SAH from the patient sample competes with 

SAH covalently coupled to paramagnetic particles in the Solid Phase for a limited amount of acridinium ester-

labeled anti-SAH in the Lite Reagent. Expected Values range from 3.7 to13.9 µmol/L Statistical analysis was done 

using SPSS software version 20. 

 

Results:- 
Base line data of the included women were comparable regarding age, BMI, and infertility duration.  Ovarian 

reserve as evaluated using AMH and antral follicle counts were also comparable. (Table 1) 

Table 1:-Base line data of the two study groups: 

 Parameter Group A (n=45) Group B (n= 45) p 

Age (y) 31.1±5.5  29.8±4.8 0.8 

BMI 32.3± 2.5 31.4±3.8 0.3 

Infertility duration (y) 6.5±4.0 5.3±4 0.2 

AMH (ng/ml) 2.3±1.9 2.6±2.1 0.2 

AFC 18± 5 16±7 0.2 

 

Stimulation days, number of ampoules of hMG, serum E2 and P4 on day of hCG were also comparable between the 

two study groups. (Table 2) 

Table 2:-Cycle Data of the study groups. 

Parameter Group A (n=45) Group B (n= 45) p 

Stimulation days 10.8±4.8 9.2 ±5.5 0.8 

Number of amps 42.3± 8.5 38.4±9.8 0.3 

E2 (pg/ml) 4800±2900 3840±2700 0.2 

P4 (ng/ml) 1.2±0.5 0.9±1.4 0.2 

FF Hcy (µmol/L) 4.4±1.3 6.6±1.1 0.0001* 

Oocyte number 19±9 12±6 0.001* 

Clinical preg. rate (33/45) 73% (22/45) 49% 0.03* 

 

Follicular fluid homocysteine level was significantly lower in the study group (group A) 4.4 versus 6.6 µmol/L. (p 
0.0001) (Table 2) 

 

The number of oocytes retrieved was significantly higher in the study group (19 versus 12) and ultimately clinical 

pregnancy rate was significantly higher 73% versus 49%) (p 0.03) (Table2) 

 

Discussion:- 
This is the first report of lower follicular fluid homocysteine concentrations in women who received oral NAC 

during COH. The study also reports significantly higher oocyte yield and significantly superior ongoing pregnancy 

rate in the same group. 

 

Ovarian stimulation, per se, has been reported to derange blood and follicular fluid biomarkers of the homocysteine 

pathway. [14] Several studies reported that high follicular fluid Hcy levels have detrimental effects on follicular 

development and subsequently on oocyte and embryo quality. (Boxmeer et al.,2008, Berker et al.,2009,Boxmeer et 

al.,2009) 
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The mechanisms of homocysteine induced cell damage are not fully understood but they include; oxidative stress, 

inducing inflammation through cyclo-oxygenase -2 (COX-2) activation, causing DNA dysfunction through 

formation of DNA adducts, interfering with protein synthesis, and ultimately causing cell death (apoptosis) through 

reactive oxygen species (ROS) mediated mitochondrial pathways.(Szymański et al.,(2003) Pushpakumar et al., 

2014, Lee et al.,2013)   

 
The threshold value for harmful homocysteine concentration is controversial. Preliminary reports indicate that age 

and gender differences are significant. (Jakubowski H.,2004, Refsum et al.,2006)  

 

It might also be speculated that tissue susceptibility is variable and that rapidly proliferating cells are more sensitive. 

This might imply that harmful concentrations are readily reached in follicular fluid during COH cycle, and that 

lowering these concentrations via NAC might therefore have positive impact on granulosa cell functions and 

subsequently on oocyte and embryo quality.   

 

In conclusion; women receiving oral NAC as an adjuvant during COH in preparation for ICSI have lower follicular 

fluid homocysteine. This reduction in the concentration of the noxious homocysteine in follicular fluid seems to 

have positive impact on oocyte yield and quality and subsequently on embryo quality and ultimately on ICSI cycle 

outcome in terms of ongoing pregnancy rates. 
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