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Abstract
Objective To determine whether concentrations of oxidative
stress markers of follicular fluid and serum are different in
GnRH agonist protocol from GnRH antagonist protocol.
Material and method This was a cross-sectional study.
Eighty-four women undergoing controlled ovarian stimula-
tion with either GnRH agonist (n039) or GnRH antagonist
protocols (n045) for IVF/ICSI treatment were assigned by a
physician. Blood was obtained at the time of oocyte retrieval,
and follicular fluid (FF) from the mature follicles of each ovary
was centrifuged and frozen until analysis. Malondialdehyde
(MDA), nitric oxide (NO), protein carbonyl (PC), hydroxyl
proline (OH-P), sodium oxide dismutase (SOD), reduced glu-
tathione (GSH), glutathione peroxidase (GSH-Px), adenosine
deaminase (ADA) and xanthine oxidase (XO) were assessed in
the serum and follicular fluid of each participants.

Results The mean serum concentrations of GSH-Px, GSH
and MDA were lower in the GnRH antagonist group com-
pared to GnRH agonist group, but mean serum SOD was
higher in the GnRH antagonist group. The mean follicular
SOD, ADA and NO were higher in GnRH antagonist group
than GnRH agonist group. The IVF/ICSI outcomes were
similar in both groups.
Conclusion(s) GnRH antagonist protocol is associated with
increased oxidative stress. The relation of GnRH analogues
with oxidative stress and its implication in follicular growth
needs to be addressed in further studies.

Keywords Oxidative stress . GnRH antagonist . GnRH
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Introduction

Despite advances in assisted reproduction technology, poor
oocyte quality remains a subtle problem for female infertil-
ity. Numerous animal and human studies have demonstrated
that reactive oxygen species (ROS) were produced in ova-
ries, fallopian tubes and embryos [1–3]. Evidence from
recent studies has suggested that ROS plays an essential
role in oocyte maturation, formation of corpus luteum and
luteolysis, furthermore, ROS is unavoidably associated with
adverse reproductive outcome in both female and male [1,
4–7]. The impact of follicular fluid oxidative stress on
oocyte maturation, fertilization and implantation of embryo
have received considerable attention for therapeutic meas-
ures of ovulation induction for in vitro fertilization/intra-
cytoplasmic sperm injection (IVF/ICSI) during last few
years. The study assessing the relationship of oxidative
stress with oocyte quality in women who underwent ovula-
tion induction for IVF/ICSI suggested that oxidative stress
might result in poor oocyte quality [8].

Capsule GnRH antagonist may have negative effect on follicular
environment. The oxidative stress markers may reflect the follicular
environment and may be related to follicular development.
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Adenosine deaminase (ADA) is a catalyzing enzyme that
may contribute to regulation of menstrual cycle. The study
on evaluation of serum ADA during menstrual cycle has
detected the activities of ADA and its isoenzymes were
lowest during follicular phase [9]. Further, the authors sug-
gested that low ADA activity in the follicular phase may be
a regulatory mechanism to increase adenosine availability,
which can lead to two important processes including vaso-
dilation and rise vascular permeability for ovulation [9].
Sodium oxide dismutase (SOD) is an enzymatic antioxidant
that converts the pro-oxidant superoxide into hydrogen per-
oxide. Recent study conducted by Combelles et al [10] has
demonstrated the highest SOD activity in small follicles in
comparison to medium and large follicles, and suggested
that SOD plays a role in follicular development. The other
study evaluating role of nitric oxide (NO) showed that in
vitro inhibition NO system suppressed the ovulatory process
[11]. Importantly, Lee et al [12] has found NO has an
inducing effect on SOD mRNA and protein in cultured
bovine luteal endothelial cells of corpus luteum. Therefore,
we hypothesized that the ADA, SOD and NO may play a
crucial role in follicular microenvironment during matura-
tion, and may alter respect to stimulation protocols.

Gonadotropin-releasing hormone antagonists (GnRH–ant)
have emerged as an alternative treatment protocol for con-
trolled ovarian hyperstimulation (COH) in women undergoing
for IVF/ICSI. GnRH-ant has several advantages over the
GnRH agonist (GnRH-a) such as a dramatic reduction in the
duration of treatment and the amount of gonadotropin used for
stimulation in comparison with agonist protocol [13, 14].
Other potential benefits include the lower risk of ovarian
hyperstimulation syndrome [15]. However, its influence on
IVF outcome and pregnancy rate, in comparison to GnRH-a
protocol is controversial [16–20]. It is, therefore, important to
understand the impact of regimes used for COH on IVF
outcome as it may help physicians in predicting the chance
of women becoming pregnant after IVF. Thus, the objective
of current study were to compare the serum and follic-
ular fluid levels of free radicals including lipid perox-
idation (malondialdehyde – MDA), NO, protein
carbonyl (PC), hydroxyl proline (OH-P), and antioxidant
enzymes such as SOD, GSH-Px, ADA, xanthine oxidase
(XO) and GSH between women undergoing COH protocol
for IVF/ICSI with GnRH-a and GnRH-ant.

Materials and methods

Study subjects

This prospective clinical study was conducted at the Ob-
stetrics and Gynecology clinics of Hospital of Firat Uni-
versity and Inonu University, Schools of Medicine from

February 2010 through May 2011. We recruited a cohort
of 211 consecutive infertile women who admitted for
fertility treatment with COH-IVF/ICSI. Follow chart of
participants is presented in Fig. 1. Inclusion criteria for
this study were regular menstrual cycle ranging between
25–32 days, presence of both ovaries, and diagnosis of
infertility with male factor, tubal occlusion, unexplained
infertility and polycystic ovaries. The protocols of patients
were determined by a physician to either GnRH-a or
GnRH-ant. Follicular fluid (FF) and serum samples were
collected during oocyte retrieval from 84 women who
undergoing COH for IVF/ICSI with either GnRH-a or
GnRH-ant protocols. After centrifugation using spectro-
photometric methods, samples were shock-frozen at -
80 °C before analyses. Informed consents were obtained
from all candidates after the approval of study by the local
Investigation and Ethics Committee. Women with stage III
and IV endometriosis (n039), polycystic ovary syndromes
(n027), and endometrial pathology (n04), FF contaminat-
ed with blood during oocyte retrieval (n016) and any
medical disease or medication (n012) were excluded.

Controlled ovarian hyperstimulation protocols

Patients in the GnRH-a protocol (n039) were received
leuprolide acetate (Lucrin®, Abbott, France) at 0.5 mg daily
dose starting in the mid-luteal phase of the previous cycle.
After suppression of pituitary which was confirmed by
serum estradiol level <70 pg/ml and transvaginal ultrasound
scan showing no ovarian cysts >10 mm, recombinant FSH
(Gonal–F®, Serono, Switzerland) were commenced at a
dose of 225 – 450 IU/day regarding to age, ovarian reserve,
and previous induction cycles until the leading follicle
reached a mean diameter of 20 mm or two follicles or more
reached a diameter of 18 mm. In the GnRH-ant protocol
(n045), the same gonadotropins with the same doses as
mentioned above were administered on the second day
of menstrual cycle after transvaginal ultrasound examination.
GnRH-ant was added daily subsequent to the leading follicle
reached a diameter of 14 mm and carried on until and
including the day of HCG injection.

In both stimulation protocols, sequential transvaginal ultra-
sonography and serum estradiol concentrations were per-
formed to monitor ovarian response. Once consistent rise in
serum estradiol concentrations was related with presence of
two or more follicle of >18 mm in diameter, recombinant
human chorionic gonadotropin 250 μg (r-hCG) (Ovitrelle®,
Serono, Switzerland) was administered subcutaneously 36 h
before transvaginal oocyte pick-up. ICSI was the usual meth-
od of fertilization. Two to five days after oocyte retrieval, the
embryos were transferred into uterine cavity under ultrasound
guidance. The luteal phase was supported progesterone vagi-
nally (Crinone®, Serono, Switzerland) initiated on the day of
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oocyte pick-up and continued until the 12th week of gestation
in cases where a pregnancy was achieved.

Biochemical analysis

In order to evaluate the prooxidant–antioxidant balance, the
free radicals production were determined by measuring of
lipid peroxidation (MDA), NO, PC, OH-proline levels; activ-
ity of some enzymatic antioxidants (SOD, GSH-Px, ADA,
XO) and GSH levels. Assays were conducted blind to clinical
information. The biochemist was blinded to the samples.

The follicular fluid and serum were extracted with an
equal volume of an ethanol/chloroform mixture (5:3, vol-
ume per volume [v/v]). After centrifugation at 5000×g for
30 min, the clear upper layer (the ethanol phase) was col-
lected and used in the SOD activity assay. All preparation
procedures were performed at 4 °C. Total (Cu–Zn and Mn)
SOD (EC 1.15.1.1) activity was determined according to the
method of Sun [21]. GSH-Px activity was evaluated by the
method of Paglia and Valentine [22] and results were
expressed as units per liter (U/L). Serum adenosine deami-
nase (ADA) activity was estimated spectrophotometrically
by the method of Giusti [23], which is based on the indirect
measurements of the formation ammonia, produced when
ADA acts in excess of adenosine. Plasma XO (EC 1.2.3.2)
activity was assayed spectrophotometrically by the forma-
tion of uric acid from xanthine through the increase in
absorbance at 293 nm [24]. OH-proline levels were deter-
mined spectrophotometrically with Woessner's method [25].
Serial dilutions of commercial pure OH-proline (Sigma)
were used as standard. Malondialdehyde level was deter-
mined by a method of Esterbauer and Cheeseman [26] based
on the reaction with thiobarbituric acid (TBA) at 90–100 °C.
The sample was mixed with two volumes of cold 10 % (w/

v) trichloroacetic acid to precipitate protein. After centrifu-
gation of the precipitate, an aliquot of the supernatant was
reacted with an equal volume of 0.67 % (w/v) TBA and
then, the absorbance was read at 532 nm. The results were
expressed according to a standard graphic that was prepared
from a standard solution (1, 1, 3, 3-tetramethoxypropane).

Protein carbonyl content was determined spectrophotomet-
rically at 360 nm by the method based on the reaction of the
carbonyl group with 2,4-dinitropheniylhydrazine to form 2,4-
dinitrophenylhydrazone [27]. The calculation of carbonyl con-
tent was done using a molar absorption coefficient of 22,000.
GSH content was determined according to Ellman [28]. GSH
reacts with 5,5′-dithiobis-2-nitrobenzoic acid, and the absor-
bance spectra of the product have a maximum absorbance at
410 nm. The results were expressed as micromol/L.

The method for plasma nitrite and nitrate levels was based
on the Griess reaction [29]. Total nitrite (nitrite+nitrate) was
measured by spectrophotometry at 545 nm after conversion of
nitrate to nitrite by copperized cadmium granules. A standard
curve was establishedwith a set of serial dilutions (10− 8 – 10−
3 mol l−1) of sodium nitrite. Using the peak area from nitrite
standards did linear regression. The resulting equation was
used to calculate the unknown sample concentrations.

Outcome measures

The peak plasma estradiol concentration was determined
and the endometrial thickness was measured with transva-
ginal ultrasonography, on the day of HCG. The maturation
rate was calculated as the ratio of mature oocyte number to
the total number of oocytes retrieved. The fertilization rate
was calculated as the ratio of the number of fertilized
oocytes to the number of mature oocytes. The implantation
rate was calculated as the ratio of the number of gestational

Fig. 1 The flow chart of patient
enrollment
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sacs to the number of embryos transferred. When serum beta
HCG value was >10 mIU/ml 12 days after embryo transfer
procedure, pregnancy was determined. Clinical pregnancy
was confirmed when the fetal heartbeat was demonstrated
on the 7th gestational week. Live birth rate is defined as live
birth per pregnancy achieved.

Statistical analyses

Comparison between two protocols was done by using Stu-
dent’st-test and Mann–Whitney U test for continuous varia-
bles and Pearson chi-squared test for categorical variables,
where applicable. Results are expressed as mean and standard
deviation (SD) or percentage and number, as appropriate.

The distribution of data was analyzed for Gaussian nor-
mality by using Kolmogorov–Smirnov test. Serum SOD,
GSH, MDA, follicular SOD, ADA, NO, GSH and OH-
proline required log (ln) transformation to achieve Gaussian
normality (P00.0001, 0.002, 0.011, 0.001, 0.012, 0.001,
0.026 and 0.001, respectively). The age, BMI and D-3
FSH were compared with the One-Way ANOVA, however,
the mean age was significantly different in the groups.
Therefore, the numerical data were analyzed by using Uni-
variate Analysis of Variance, taking the age as covariate. A
probability of <0.05 was considered to be significant.

Results

The demographic features and clinical data for both groups
are presented in Table 1. In the GnRH-a group, the mean age
and serum FSH levels were significantly low compared to
the GnRH-ant group (30.92±5.07 vs 33.49±5.76 and 5.63±
2.56 vs 7.57±3.82, P00.035 and P00.009, respectively).
The mean total and mature oocyte number as well as im-
plantation, biochemical and clinical pregnancy and live birth
rate per cycle were similar in the groups (Table 2). However,
the mean number of metaphase (MII) oocytes and embryos
at 2PN were high in GnRH-a when compared to GnRH-ant
groups (8.77±5.79 vs 6.02±4.31 and 12.64±7.14vs 8.36±
5.88, P00.016 and P00.004, respectively)

Both groups received similar amount of gonadotropin
doses to achieve satisfactory follicular maturation (2821.15
±1130.13 vs 2930.5±11.86.5 IU, P00.47). There were 13 of
39 patients in the agonist cycles and 15 of 45 patients with
live births in the antagonist cycles (33.3 % and 33.3 %,
respectively, P01.00).

In the GnRH-a group, compared to the GnRH-ant group,
there was significantly lower mean serum SOD (6.62±2.21
U/l vs 8.24±2.05 U/l, P00.001) whereas there were signif-
icantly higher mean serum GSH-Px (157.51±40.06 vs
140.17±38.88 U/l, P00.048), GSH (18.63±14.70 vs
11.66±6.09 micromole/l, P00.001) and MDA (0.90±0.42

vs 0.68±0.41 micromole/l, p00.003). The serum concen-
trations of remaining free radicals and antioxidant enzyme
activities were similar in both groups (Table 3).

In the GnRH-a group, the mean concentrations of FF
SOD (11.75±1.76 vs 13.78±2.16 U/l, P<0.001), ADA
(61.41±37.23 vs 84.04±41.01 U/l, P00.021) and NO
(18.77±13.42 vs 42.50±34.80 micromole/l, P<0.001) were
significantly lower than the GnRH-ant group. The mean FF
concentration of SOD was significantly correlated with the
mean FF concentration of NO (r00.46, P<0.0001). How-
ever, there was significantly higher mean FF OH-proline
(33.69±8.34 vs 29.83±9.83 mg/l, P<0.001) in the GnRH-
a protocol group. There were no significant differences in
concentrations of GSH-Px, XO, GSH, MDA and PC be-
tween the outcome groups (Table 3). There was no correla-
tion between serum estradiol and serum antioxidant
concentrations either in the GnRH-a or GnRH-ant groups.

The mean serum SOD levels are strongly correlated with
the mean follicular fluid SOD levels (r00.527, P<0.0001)
and also the mean serum GSH-Px levels are inversely corre-
lated with the mean follicular fluid GSH-Px levels (r0-0.269,
P00.013). The remaining mean serum levels of antioxidants
enzymes and free radicals are not correlated with the mean
follicular fluid levels of those. Neither serum nor follicular
antioxidant enzymes activities and free radicals are correlated
with the demographic features and/or cycle characteristics in
the entire groups. Besides, the mean concentration of follicu-
lar MDA level is correlated with the rate of MII oocytes in the
whole groups (r00.237, P00.031).

In the GnRH-a group, the concentrations of serum PC and
OH-proline were significantly high in women who achieved
clinically pregnancy when compared to those who did not
(19.96±10.82 vs 25.24±8.56, P00.028 and 32.59±2.76 vs
35.92±2.13, P00.006, respectively). In GnRH-ant group, the
mean concentrations of serum MDA and XO were lower in
patients who became clinically pregnant than those who did
not (0.52±0.15 vs 0.79±0.48 micromole/l P00.037 and
0.10±0.033 vs 0.14±0.067 U/ml, P00.031, respectively).
Further, the concentrations of ADA and PC in follicular fluid
were higher in women who achieved clinically pregnant than
those who failed to become pregnant (102.18±41.26 vs 73.04±
37.41 U/l, P00.022 and 10.81±5.36 vs 7.53±5.09, P00.036
micromole/dl, respectively) in GnRH-ant group. There
were no significant differences between serum or FF
oxidative stress markers with live-birth rate either in
GnRH-a (P>0.05) or GnRH-ant group (P>0.05).

Discussion

The results showed that the mean maturation, fertilization,
implantation, clinical pregnancy and live birth rates were
similar in the GnRH-a and GnRH-ant protocols. However,
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embryo at 2PN and MII oocyte rates were higher in the
GnRH-a group than the GnRH-ant group. Although the
debate on its efficacy in IVF cycles remains controversial,
the GnRH-ant has been considerably used for the COH in
the recent years. A previous meta-analysis including five
prospective randomized trials comparing GnRH-a with
GnRH-ant protocols for ovulation induction demonstrated
similar pregnancy and implantation rates per treatment in
both protocols, consistent with the findings of this study
[30]. Consequently, several randomized studies and a latter
meta-analysis also found no significant difference in the rate
of clinical pregnancy [15, 17, 18, 31, 32]. The results of this
study were in accordance with latter findings.

Although some experimental studies have suggested
that GnRH-ant protocol may impair early folliculogenesis,
the study on humans did not find any adverse effects of
GnRH-ant on the growth of follicles [33–35]. Combelles
et al [10] demonstrated fluctuated SOD activities during
development stages of folliculogenesis, and the lowest
SOD activity was detected in the large follicles. Thus,
the authors concluded that lower SOD activity in follicular
fluid reflects follicles containing qualified oocytes. The
other study on women who underwent ovarian stimulation
for IVF found that the follicular and serum activity of
SOD is negatively correlated with the fertilization rate of
oocytes [5]. Thus, we hypothesized that the follicular and

Table 2 IVF outcome in the groups

Outcome variables GnRH agonist group (n039) GnRH antagonist group (n045) P value

Number of embryos at 2PN 8.77±5.79 6.02±4.31 0.016*

Number of MII oocyte in % 12.64±7.14 8.36±5.88 0.004*

Mean maturation rate (%) 77.26±1.39 75.67±12.15 NSa

Mean fertilization rate (%) 68.67±22.34 74.09±23.92 NSa

Mean implantation rate (%) 26.08±44.73 22.09±34.44 NSa

Clinical pregnancy rate, n (%) 15 (38.5) 17 (37.8) NSa

Live birth rate, n (%) 13 (33.3) 15 (33.3) NSa

Values are mean±standard deviation unless otherwise stated

*Statistically significant (p value <0.05)
a Not significant

Table 1 Demographic features and cycle characteristics in the both groups

Baseline variables GnRH agonist group GnRH antagonist group P value
(n039) (n045)

Age in years 30.92±5.07 33.49±5.76 0.035*

Body mass index in kg/m2 25.95±4.05 25.65±5.01 NSa

Types of infertility n (%)

Primary 30 (76.9) 34 (75.6) NSa

Secondary 9 (23.1) 11 (24.4) NSa

Etiology of infertility n (%)

Male 14 (35.9) 18 (40) NSa

Ovulatory 5 (12.8) 5 (11.1) NSa

Tubal 10 (25.6) 11 (24.4) NSa

Unexplained 10 (25.6) 11 (24.4) NSa

Baseline serum FSH in IU/l 5.63±2.56 7.57±3.82 0.009*

Total dose of GnRH-analogue (IU) 2821.15±1130.13 2930.5±11.86.5 NSa

Stimulation duration in days 11.9±1.7 11.42±1.8 NSa

No. of total follicles on hCG day 16.15±8.56 11.40±7.54 NSa

Serum estradiol levels on hCG day in pg/ml 3315.41±1595.67 1930.61±1130.01 <0.001*

Endometrial thickness in mm on hCG day 10.44±2.18 11.07±2.69 NSa

Values are mean±standard deviation unless otherwise stated

*Statistically significant (p value <0.05)
a Not significant
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serum SOD activity may correspond to follicular micro-
environments, which may be altered by the different stim-
ulation protocols. This study indicated that serum and
follicular concentrations of SOD were significantly higher
in the GnRH-ant group than the GnRH-a group. Taken
together, it may be suggested that the follicular development
or microenvironment is negatively affected by GnRH-ant,
regarding to the high levels of SOD activity in women under-
went GnRH-ant protocols.

Glutathione and glutathione peroxidase are both antiox-
idants that scavenge the free radicals and lipid peroxides to
sustain the intracellular homeostasis [36]. The experimental
studies have detected that the mean concentration of GSH
was higher in mature oocytes than immature oocytes [37].
Among individuals undergoing IVF, the mean GSH-Px ac-
tivity in follicular fluid yielding oocytes that were subse-
quently fertilized was higher when compared to that of
follicles with the oocytes failed to fertilize [38]. In this
study, the mean serum GSH and GSH-Px concentrations

were significantly higher in the GnRH-a group than the
GnRH-ant group. The follicular development may be de-
pendent on the stimulation protocols. However, the mean
follicular concentrations of these antioxidants were similar
in the groups. The explanation for this discrepancy may be
the gonadotropins have stimulatory effect on GSH, which is
present in granulosa cells of various stages of follicles [39,
40]. In the GnRH-a group, the number of total follicles and
mature oocytes retrieved was higher. Therefore, the mean
serum concentration of antioxidant may be raised from a
greater cohort of growing follicles at various stages of
development.

In this study, the serum concentration of SOD activity
was low while GSH and GSH-Px activity was high in the
GnRH-a group in comparison to the GnRH-ant group. Like-
wise, it has previously been shown that the SOD activity
was negatively correlated with GSH-Px activity [41]. This
negative correlation between SOD with GSH-Px may be
explained by H2O2, a by-product of SOD, scavenged by

Table 3 Comparison of follicular and serum concentrations of free radicals and antioxidant enzyme activity between the two groups

Free radicals and antioxidant enzymes variables GnRH agonist group GnRH antagonist group P
(n039) (n045)

Serum concentrations

Antioxidant enzymes activities

SOD (U/ml) 6.62±2.21 8.24±2.05 0.001*

GSH-Px (U/l) 157.51±40.06 140.17±38.88 0.048*

ADA (U/l) 121.87±40.39 123.42±34.94 NSa

XO (U/ml) 0.15±0.077 0.12±0.059 NSa

GSH (micromole/l) 18.63±14.70 11.66±6.09 0.001*

Free radicals concentrations

MDA (micromole/l) 0.90±0.42 0.68±0.41 0.003*

NO (micromole/l) 19.07±9.81 19.33±6.95 NSa

PC (micromole/dl) 23.10±9.76 24.87±10.41 NSa

OH-proline (mg/l) 34.89±2.78 34.04±3.15 NSa

Follicular concentrations

Antioxidant enzymes activities

SOD (U/l) 11.75±1.76 13.78±2.16 <0.001*

GSH-Px (U/g protein) 84.58±36.30 92.97±44.81 NSa

ADA (U/l) 61.41±37.23 84.04±41.01 0.021*

XO (U/ml) 0.079±0.043 0.084±0.084 NSa

GSH (micromole/l) 15.21±7.06 13.94±9.05 NSa

Free radicals concentrations

MDA (micromole/l) 0.48±0.31 0.60±0.46 NSa

NO (micromole/l) 18.77±13.42 42.50±34.80 <0.001*

PC (micromole/dl) 8.79±5.37 10.98±6.35 NSa

OH-proline (mg/l) 33.69±8.34 29.83±9.83 <0.001*

Values are mean±standard deviation unless otherwise stated

*Statistically significant (p value <0.05)
a Not significant
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either catalase or GSH-Px [2, 42]. However, GSH-Px elim-
inates hydroxyperoxides as well [2].

The effect of reduced ADA activity on follicular devel-
opment is not clear. There is evidence that vasodilation and
high vascular permeability play a curial role during the
ovulatory event in humans, and also ADA activity dimin-
ishes the amount of adenosine, deteriorating its vascular
effect during follicular phase [9, 43]. However, a recent
study evaluated follicular fluid adenosine concentration in
women who undergoing ovarian stimulation indicated that
there is no functional ADA in the follicular environment of
mature oocyte [44]. Nevertheless, further assessment of
oocyte growth showed that the higher levels of ADA activ-
ity were present in the small follicles, and the follicular fluid
was rich in hypoxanthine that leads to conversion of aden-
osine to inosine, through a pathway. This study found the
ADA activity in the follicular fluid of GnRH-ant group was
significantly higher than the GnRH-a group. However, there
was no difference in the concentration of follicular XO
between the groups. In terms of biological significance to
follicular maturation, this result could indicate that the
GnRH-ant influence the follicular microenvironment. How-
ever, since there are no differences in the serum concentra-
tions of ADA and XO activities between the groups and the
follicular fluid was obtained from only one dominant folli-
cle, an increase of this activity in GnRH-ant group may not
truly reflect the follicular microenvironment.

Nitric oxide is a free radical gas, which has been shown to
possess variety biological functions. However, previous stud-
ies have reported conflicting results in the involvement of NO
in the follicular fluid environment, oocyte maturation and
growth [45, 46]. Nevertheless, the impact of NO on oocyte
maturation seems to be deleterious although its exact role is
still unclear. Reduced levels of NO metabolites (nitrites and
nitrates) in FF were determined in follicles containing mature
oocytes [47]. A recent animal study evaluating the effect of
different concentrations of L-NAME, a nitric oxide inhibitor,
on meiotic resumption of sheep oocytes has shown that the
addition of L-NAME to maturation medium significantly de-
creased the developing oocytes [48]. It has been suggested that
NO system is associated with the maturation of oocytes [48].
In the current study, FF levels of NO were observed to be
significantly lower in the GnRH-a group than the GnRH-ant
group. Further, there was no correlation between FF NO levels
and IVF/ICSI outcome in both groups, consistent with the
previous study [49]. Since the measurement of NO and its
derivatives is difficult, it is unlikely that this result indicates the
follicular microenvironment in the gonadotropin protocols.

The serum and follicular fluid concentrations of MDA as
an indicator for lipid peroxidation were also estimated. The
serum level of MDAwas significantly low in the GnRH-ant
group when compared to the GnRH-a group, but FF level of
this was similar in the groups. The animal study has shown

that MDA concentrations did not differ between medium
and large follicles; however, in the small follicles its con-
centration was lower at the follicular phase than the luteal
phase [50]. The discrepancy of this result between FF and
serum could be serum levels reflect entire follicles. The
studies conducted to evaluate the relation of follicular fluid
lipid peroxidation (LPO) with oocyte quality observed no
correlation between LPO and oocyte maturation; hence, the
FF levels of LPO were found to be higher in women who
became pregnant than who did not [51, 52]. Similarly, the
result of present study is consistent with the previous reports
aforementioned. FF and serum MDA levels were not corre-
lated with fertilization, implantation and clinical pregnancy
rates in either GnRH-a or GnRH-ant groups.

Nevertheless, the present report has some limitations.
First, it was an observational study; hence, confounding
variables such as age that may influence the results could
not be avoided during the recruitment of patients who were
undergoing different GnRH analogues. However, we con-
trolled the effect of age by taking the age as a covariate in
the ANCOVA analysis. The follicular fluids were collected
from only a dominant follicle, which may not reflect the
microenvironments of other follicles in ovary. It would be
suggested that FF specimens of a single follicle may not
truly indicate granulosa cell production.

In summary, it appears that the impact of antioxidants and
free radicals in relation to GnRH analogoues and oocyte
maturation needs further assessment. Conflicting results are
present the GnRH-ant affect the oocytes maturation and preg-
nancy rate. Our results suggest that high levels of SOD, ADA
and NO in follicular fluid obtained from women undergoing
GnRH-ant protocols tend to impair the follicular microenvi-
ronment for oocytes maturation. Future randomized studies on
large sample of women undergoing COH for IVF to highlight
the effect of GnRH analogues on oocyte maturation.
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