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Abstract: This study measured the antioxidant activity of follicular fluid (FF) in infertile patients and assessed its
possible correlation between ovarian stimulation and pregnancy outcomes. Samples from 191 infertile patients
undergoing in vitro fertilization-embryo transfer (IVF-ET) were determined by a-diphenyl-B-picrylhydrazyl (DPPH) radi-
cal scavenging, reducing power, superoxide radical scavenging, B-Carotene bleaching assay, ferrothiocyanate and
thiobarbituric acid assays. The comparison between a positive IVF outcome and FF’s antioxidant activity was also
studied. The results showed FF had strong antioxidant activity, which equated to common antioxidants Vc and BHT
(100 pg/mL). Patients with endometriosis had less efficient antioxidant activity in FF than that of patients with tubal
occlusion or polycystic ovary syndrome. In conclusion, this study detected, for the first time, the antioxidant activity

of FF from patients undergoing an IVF and the FF exhibited strong antioxidant activity.
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Introduction

Human follicular fluid (FF) forms the microenvi-
ronment of the developing oocyte and has an
important influence on oocyte quality, sperm-
oocyte interaction, sperm-mediated oocyte
activation, embryo development and implanta-
tion [1-4]. FF is rich in low-molecular weight
metabolites, which are direct or indirect regula-
tors of oxidative stress and antioxidant activity
[B]. Oxidative stress is defined as disequilibri-
um between the production and neutralization
of reactive oxygen species (ROS), which may
occur as a result of excess ROS production [6].
The ROS might further promote oxidative
stress, generating peroxidation of lipids and of
their degradation products and of the products
formed by their interaction with low-density
lipoproteins and other proteins. Peroxidized lip-
ids, when undergoing decomposition, may gen-
erate products such as malondialdehyde (MDA)
and may be recognized as foreign bodies, trig-
gering an antigenic response with the conse-
quent production of antibodies [7]. Thus,
increased oxidative stress levels in the FF
impair fertilization capabilities and embryonic

development [8]. At the same time, FF has its
antioxidant system, which include superoxide
dismutase (SOD), selenium-dependent glutathi-
one peroxidase (SeGPx), catalase (CAT), thiore-
doxin and glutathione peroxidase (GPx) [9-11],
vitamins A, C, and E [12, 13]. The antioxidant
activity of the FF has a detrimental effect on
oocyte development, embryo development and
pregnancy outcome [14]. The free radical activ-
ity is also associated with parameters of ovari-
an responsiveness and in vitro fertilization (IVF)
outcome [15]. This suggests clear associations
between oxidative stress, antioxidant status
and some aspects of ovarian stimulation and
outcome, including pregnancy rate [16].

To the best of our knowledge, although there
were some researches detected the antioxidant
status of FF, the antioxidant capacity of FF from
patients undergoing IVF, as yet, had not been
reported. Current study was performed with the
aim of evaluating the systemic antioxidant activ-
ity in the occyte maturation environment and
correlating the results with the outcome of con-
trolled ovarian hyperstimulation (COH) and clini-
cal pregnancy rate. For this purpose, FF sam-
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ples from 191 infertile patients undergoing IVF
were determined by a,a-diphenyl-B-picrylhydra-
zyl (DPPH) radical scavenging, reducing power,
superoxide radical scavenging, [-Carotene
bleaching assay, ferrothiocyanate and thiobar-
bituric acid assays.

Materials and methods
Chemicals

o,a-diphenyl-B-picrylhydrazyl (DPPH) was pur-
chased from Sigma-Aldrich (St. Louis, MO).
Linoleic acid was purchased from Alfa Aesar
(Ward Hill, MA). B-carotene was purchased
from Fluka (Menlo Park, CA). Ascorbic acid
(Vitamin C), gallic acid and butylated hydroxy-
toluene (BHT) were purchased from the
National Institute for the Control of Phar-
maceutical and Biological Products (Beijing,
China). All other chemicals used for analysis
were AnalaR grade and obtained from China
Medicine (Group) Shanghai Chemical Reagent
Corporation (Shanghai, China).

Study protocol

Ethics approval for this project was obtained
from the ethics committee of Tongji Hospital
(reference number 130302, approved 10
September 2012). Enrolment occurred between
November 2012 and February 2013. All
patients who signed written informed consent
were undergoing IVF treatment at the
Reproductive Medicine Centre, Tongji Hospital.

A total of 191 infertile patients from 22 to 41
years of age (mean, 30.3 + 4.0) were divided
into three groups by different reasons for infer-
tility: tubal occlusion (TO, n = 113), polycystic
ovary syndrome (PCOS, n = 39), endometriosis
(EMT, n = 39). All women were non-smokers
and had been unable to be pregnant naturally
for at least one year. A total of 2784 oocytes
were retrieved from all patients and 2484 of
them were matured oocytes (matured oocyte
rate, 89.2%). The protocol for COH according to
the procedure was described by our previously
published method [17]. Briefly, it consisted of
pituitary suppression with the gonadotropin-
releasing hormone analogue triptorelin acetate
(Decapeptyl, Ferring) administered starting in
the midluteal phase of the preceding cycle.
When complete pituitary desensitization was
confirmed by a low plasma E, level of ~30 pg/
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mL and an LH level of ~2 mIU/mL, ovarian stim-
ulation was started with administration of
recombinant FSH (Gonal F, Serono; or Puregon,
Schering-Plough). Recombinant hCG (250 mg;
Ovidrel; Serono) was given to trigger ovulation
when two leading follicles reached a mean
diameter of 18 mm. Oocytes were retrieved
transvaginally 34-36 hours after hCG adminis-
tration. Usually fewer than two best-quality
embryos were transfered on day 2 or 3 after
oocyte retrieval, and excess good-quality
embryos were cryopreserved for subsequent
frozen-embryo transfer (FET) cycles.

Collection and processing of FF

FF were collected during oocyte retrieval by fol-
licle aspiration under ultrasonographic control
and centrifuged at 1000xg for 10 min. The
clear supernatant was divided into aliquots and
frozen immediately at -80°C. Only material
from the first aspirated follicle (diameter 20.7 +
2.3 mm) was used in order to avoid contamina-
tion with blood. No contaminated samples were
used for further analysis.

IVF procedure

The methods for sperm preparation, IVF and
embryo culture have been described previously
[18]. Briefly, oocytes and embryos were cul-
tured in sequential embryo culture media.
Fertilization check was performed 16-18 h
after intracytoplasmic sperm injection. The
presence of two pronuclei was defined as nor-
mal fertilization and normally fertilized oocytes
were continuously cultured in G1 medium
(Vitrolife, Sweden) for two more days.
Morphological evaluation of the embryos was
performed on day 2 (48 h) and day 3 (72 h)
based on number of blastomeres, rate of frag-
mentation, multinucleation of the blastomeres
and early compaction [19]. Day 2 or 3 embryos
were scored on a scale of 1 (high grade) to 4
(low grade) [20].

DPPH radical scavenging assay

The free-radical scavenging capacity of FF was
determined using DPPH according to the proce-
dure described by published method with slight
modifications [21]. 0.4 mL FF sample was
mixed with 3.6 mL 0.2 mM DPPH in methanol.
The mixture was centrifuged at 1000xg for 10
min. The absorbance of clear supernatant was
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measured at 517 nm. Radical scavenging activ-
ity was calculated as the following percentage:
[(Apey = A/ALee] X100 (A, = absorbance of
DPPH alone and A = absorbance of DPPH in the
presence of different FF sample). A concentra-
tion of V¢, gallic acid and BHT (100 yg/mL) that
were identical to the experimental samples

were used as reference.
Reducing power assay

The reducing power of FF sample was mea-
sured by the method of Oyaizu [22]. Briefly, FF
sample was mixed with 2.5 mL potassiumferri-
cyanide (1%), 2.5 mL sodium phosphate buffer
(0.2 M, pH 6.6) and 2.5 mL trichloroacetic acid
(10%). Mixture was centrifuged at 1000xg for
10 min. 2.5 mL Distilled water and 0.5 mL ferric
chloride (0.1%) were mixed with 2.5 mL upper
layer, and absorbance was determined at 700
nm. Increased absorbance of the sample indi-
cated increased reducing power. A concentra-
tion of V¢, gallic acid and BHT (100 pg/mL) were
used as positive comparison.

Superoxide radical scavenging assay

The activity of FF to scavenge superoxide radi-
cals was determined by a pyrogallol auto-oxida-
tion system [23] with slight modifications.
Reaction mixtures containing 0.5 mL FF sample
in 4.50 mL Tris-HCI buffer, and then 150 uL of
pyrogallic acid (3 mM) was added. The absor-
bance of the sample at 325 nm was deter-
mined immediately, and then at 30 s intervals
thereafter. The auto-oxidation rate constant
(Kb) was calculated from the curve of A_ . vs
time. The control did not contain FF sample and
a concentration of Ve, gallic acid and BHT (200
ug/mL) identical to the samples was used as a
standard.

B-Carotene bleaching assay

Antioxidant capacity of FF was evaluated
according to the B-carotene bleaching method
[24] with slight modifications. Four mililitres of
B-carotene solution were pipetted into a round-
bottom flask. After chloroform was removed
under vacuum, 80 mg of purified linoleic acid,
800 mg of Tween 80 emulsifier, and 200 mL of
aerated distilled water were added to the flask
with vigorous shaking. 3.0 mL of this emulsion
were added into different tubes containing 0.2
mL FF. Ve, gallic acid and BHT (200 ug/mL)
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were used for comparative purposes. The zero
time absorbance was measured at 470 nm
when the emulsion was added into tubes and
then recorded absorbance at 30-min intervals
in 2 h. Lipid peroxidation (LPO) inhibition was
calculated by the equation: LPO inhibition = [(As
- Ai)/ As] x100 (As = absorbance of contorl of
assay; Ai = absorbance of 2 h later of assay).

Antioxidant activity in a linoleic acid system
using ferrothiocyanate (FTC) and thiobarbituric
acid (TBA)

The FTC method was adapted from Osawa and
Namiki [25]. 1 mL FF was mixed with 1 mL 2.5%
linoleic acid, 2 mL phosphate buffer (50 mM),
and 1 mL distilled water. 0.1 mL Aliquots were
mixed with 9.7 mL ethanol and 0.1 mL ammo-
nium thiocyanate. 0.1 mL ferrous chloride (20
mM) was added to each sample, and absor-
bance was measured at 500 nm. Aliquots were
withdrawn and assayed in an identical fashion
at 24 h intervals until a constant maximum
value was reached. Controls without sample
and standard containing Vc, gallic acid and BHT
(100 pg/mL) in place of FF sample were sub-
jected to the same procedure.

The method of Kikuzaki and Nakatani [26]
using TBA was also employed to determine the
antioxidant capacity of FF. 1 mL TBA and 1 mL
trichloroacetic acid were added to 0.5 mL of
reaction solution that was prepared as
described in the FTC method. The mixture was
placed in a boiling water bath for 15 min and
centrifuged at 1500xg for 20 min. Absorbance
of the supernatant was determined at 532 nm.
The inhibition rate was calculated by the follow-
ing equation: [(Ac - As)/Ac]c x100 (Ac = absor-
bance of control; As = absorbance of sample).

Antioxidant scores of FF samples

The score of each antioxidant assay was calcu-
lated using the following equation: Vs/Vmin (Vs
= sample value of single antioxidant assay,
Vmin = minimum value of single antioxidant
assay). The antioxidant scores of FF samples
were the total scores of five antioxidant assays.

Pregnancy
Serum human chorionic gonadotrophin was

measured for diagnosis of pregnancy 2 weeks
after embryo transfer and then was tested seri-

Int J Clin Exp Pathol 2014;7(5):2273-2282



Antioxidant activity of follicular fluid in infertile patients

DPPH radical inhibition (%) >

40 .88+7. 93+

30 A ‘ , .

20 A : :
DPPH radical scavenging

10 1 percentage, there were no

0 significant differences in

in DPPH radical scavenging
percentage from 22.08% to
47.82% (mean, 33.82 +
6.56%). The DPPH radical
scavenging ability of pati-
ents with TO, PCOS and
EMT were 34.11 + 6.45%,
33.88 £+ 7.14% and 32.93 +
6.39%, respectively. Althou-
gh EMT group had lower

PCOS  EMT

m
—
[}

J

0.6 1

Reducing power
Absorbance at 700n

three groups and standard
antioxidants (BHT and Vc).
In addition, the DPPH radi-
cal scavenging ability of GA
(81.51 + 1.38%) was signifi-
cant higher than others.

As indicated in Figure 1B,
all the FF samples showed
different reducing capabili-
ty with the absorbance
from 0.308t0 0.532 (mean,
0.399 + 0.070). The reduc-
ing power of patients with

PCOS EMT

Figure 1. Antioxidant activities of follicular fluid (FF) and reference standards.
A. DPPH radical scavenging capacity of FF; B. Reducing power of FF. TO, tubal
occlusion; PCOS, polycystic ovary syndrome; EMT, endometriosis; DPPH, o,a-
diphenyl-B-picrylhydrazyl; Ve, ascorbic acid; GA, gallic acid; BHT, butylated hy-

droxytoluene.

ally to monitor the rise in its titre. Clinical preg-
nancy was defined as the presence of a gesta-
tional sac with fetal heart activity on ultrasound
examination 5 weeks after oocyte retrieval.

Statistics

All data analysis was performed using Sta-
tistical Package for Social Sciences (SPSS) ver-
sion 13.0. Between-groups data was analysed
using either the nonparametric Mann-Whitney
U-test (for two groups) or one-way ANOVA (for
more than two groups). The clinical pregnancy
rates of different groups were analysed by Chi-
squared test. Statistical significance was deter-
mined at P < 0.05.

Results

In the DPPH radical scavenging assay (Figure
1A), the FF from 191 patients had a wide range
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ﬂznull

TO, PCOS and EMT were
0.400 + 0.064, 0.406 +
0.067% and 0.389 +
0.054%, respectively. And
no significant difference
was obtained from these
three groups. The results of
comparison between FF
and standard antioxidants
(BHT, Vc and GA) had similar patterns to DPPH
radical scavenging assay.

In superoxide radical scavenging assay, the
scavenging effect of all FF sample on the super-
oxide anion radical was as effective as BHT as
an antioxidant, but less efficient than Vc and
GA (Table 1). The PCOS group had stronger
scavenging effect than TO and EMT groups, but
no significant difference between them (P >
0.05).

The results of B-Carotene bleaching assay
showed that FF was more efficient than Vc and
GA, but less efficient than BHT (Figure 2A). The
results of LPO also proved the antioxidant activ-
ity of FF samples (Figure 2B).

The antioxidant activity exhibited by FF accord-
ing to the FTC methods was shown in Figure

Int J Clin Exp Pathol 2014;7(5):2273-2282
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Table 1. Inhibition of pyrogallic acid auto-oxidation by the follicular fluid samples

Sample Control TO

PCOS

EMT BHT GA Ve

Kb value (x10*) 14.97 +0.22a  13.84 + 0.29b

13.77 £ 0.31b

14.05 £ 0.33b

13.82+0.18b  4.26+0.20c  1.46 +0.10d

TO, tubal occlusion; PCOS, polycystic ovary syndrome; EMT, endometriosis; BHT, butylated hydroxytoluene; GA, gallic acid; Vc, ascorbic acid. Different letters differed

significantly (P < 0.05).
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Of the enrolled patients,
144 had embryos trans-
ferred, resulting in a clinical
pregnancy rate of 47.9% (n
= 69) per embryo transfer.
No statistically significant
differences were shown for
all of the parameters (Table
2). Although the antioxidant
score of pregnant group
was higher than that of not
pregnant group, there was
no significant difference
between them (P > 0.05).
In different enrolled groups,
the antioxidant scores of
TO and PCOS group were
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acid; BHT, butylated hydroxytoluene.

3A. The results showed that all FF sample had
strong antioxidant activity, but less efficient
than BHT. The results in Figure 3B showed that
the antioxidant activity of TO group had signifi-
cantly stronger than EMT group (P < 0.05).

The comparison between a positive IVF out-
come and FF’s antioxidant activity was studied.
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b
a I
EMT BHT

Figure 2. Antioxidant activity of follicular fluid (FF) determined using B-Carotene
bleaching assay. TO, tubal occlusion; PCOS, polycystic ovary syndrome; EMT,
endometriosis; DPPH, o, a-diphenyl-B-picrylhydrazyl; Ve, ascorbic acid; GA, gallic

90

I

c
GA Ve

significant higher than EMT
120 5roup (P < 0.05) (Figure 4).

Discussion

In this work we determined,
for the first time, the sys-
temic antioxidant activity of
FF from patients undergo-
ing an IVF by five different
methods: DPPH radical sc-
avenging, reducing power,
superoxide radical scaven-
ging, P-Carotene bleach-
ing assay, ferrothiocyanate
and thiobarbituric acid as-
says. We found the FF from
patients undergoing an IVF
had strong antioxidant acti-
vity and patients with endo-
metriosis had less efficient
antioxidant activity in FF
than that of patients with tubal occlusion or
polycystic ovary syndrome.

DPPH was characterized as a stable free radi-
cal by virtue of the delocalisation of the spare
electron over the molecule as a whole, so that
the molecule does not dimerize, as would be
the case with most other free radicals. The

Int J Clin Exp Pathol 2014;7(5):2273-2282
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the FF samples. In our
study, the FF showed a cer-
tain activity of scavenging
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a The superoxide anion radi-
cal (0,) was the most com-
mon free radical generated
by endogenous metabo-
lism. Pyrogallic acid, as an
-0, generator, has been
often used to investigate
the role of ROS in the bio-
logical system [30]. There-
fore, the free radical scav-
engers in the FF may slow

Control PCOS EMT BHT

Figure 3. Antioxidant activity monitored daily using the FTC and TBA method. A.
FTC assay; B. TBA assay. TO, tubal occlusion; PCOS, polycystic ovary syndrome;
EMT, endometriosis; DPPH, a,a-diphenyl-B3-picrylhydrazyl; Ve, ascorbic acid; GA,

gallic acid; BHT, butylated hydroxytoluene.

delocalization of electron also gives rise to the
deep violet color, characterized by an absorp-
tion band in ethanol solution centered at about
517 nm. When a solution of DPPH was mixed
with that of a substrate that can donate a
hydrogen atom, then this gives rise to the
reduced form with the loss of this violet color
[27]. Moreover, DPPH was the most easy, sim-
ple and reasonably costly method and hence it
might have been used mostly for the antioxi-
dant activity evaluation of a sample [28]. The
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down the rate of -0, gener-
ation. Our result showed
the scavenging effect of FF
on the superoxide anion
radical was as efficient as
BHT. It suggested that the
FF was capable of scaveng-
ing superoxide radicals,
and could help prevent or ameliorate oxidative
damage.

GA

The antioxidant activity of carotenoids was
based on the radical adducts of carotenoid
with free radicals from linoleic acid [24]. The lin-
oleic acid free radical attacks the highly unsat-
urated B-carotene models, causes the B-car-
otene to lose its chromophore and orange color
[31]. The antioxidants from FF can prevent this
process and decrease the extent of discolor-
ation, which was measured at 434 nm.

Int J Clin Exp Pathol 2014;7(5):2273-2282
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Table 2. Nonparametric Mann-Whitney U-test was used to
compare physiological parametersbetween the all patients

with different pregnancy outcome

All of these proved that FF from
patients undergoing an IVF had
strong antioxidant activity. We
believed the antioxidant com-

Pregnant (n Not pregnant
=69) (n=75) pounds in FF play an important
Mean + SD Mean + SD role in antioxidant activity. The
Age 305+ 4.1 30.0 + 4.0 results from many researches
No. of oocytes 112453  12.3+5.1 showed the FF had various antioxi-
Total Gn (IU) 2186+ 462 2199 + 405 ?nagnts ggr’ng‘e’é'gzna%’j’ rg(gl '[gC'luﬂ
Mature oocyte (%) 91.7+72 90.9+8.1 vitamins A, C, E [12, 13] and amino
Fertilization (%) 69.5+15.6 66.67 +14.8 acids [33]. Our results indicated
Day 2 grade 1 embryo (%) 37.8+19.2 33.33+18.9 the difference between TO and
Day 2 grade 1+2 embryo (%) 66.2 £ 20.2 65.8 + 18.6 PCOS group was not significant in
Day 3 grade 1 embryo (%) 30.1+15.7 25.00 +16.2 antioxidant activity. Similar to our
Day 3 grade 1+2 embryo (%) 64.1+20.3 579+185 results, Rodrigues, et al [34] found
No. of transferred embryos 2.01+021 1.97+0.19 there were no significant differ-
DPPH radical scavenging assay® 36.3+6.43 34.8+6.2 ences in oxidative stress markers
Reducing power assay® 0.43 £ 0.06 0.41 £ 0.06 levels in FF between the PCOS
Superoxide radical scavenging assay® 13.8 £ 0.33 13.7 £ 0.31 ﬁ?wugve?ntccj) t;tll;bt?(lastfi?tg;r E:}%ﬂﬁ
B-Carotene bleaching assay® 21.2+2.72 20.3+2.31 edge, fe\;v studies had tested the
TBA assay” 0.08:+0.03 0.08:0.04 antioxidant activity of FF by these

Antioxidant scores 8.16 + 1.10 8.01+1.17

aDPPH radical scavenging percentage (%); "Absorbance at 700 nm; “Auto-
oxidation rate constant of pyrogallic acid; “Lipid peroxidation inhibition
rate (%); ®Absorbance at 532 nm. Gn, gonadotropin; DPPH, a,a-diphenyl-3-

picrylhydrazyl; TBA, thiobarbituric acid.

The FTC assay was used to measure the lipid
peroxidation. In this study, results showed the
absorbance of the control showed a steady
increase and reached peak value in day 9. BHT
showed a high capacity to inhibit linoleic acid
peroxidation with almost constant absorbance.
The absorbance of FF increased slowly, which
indicates a strong potential for antioxidant abil-
ity. Lipid peroxidation with Vc and GA were infe-
rior to the FF and BHT, but stronger than that of
the control. Hence, FF had a stronger antioxi-
dant activity than Vc and GA but were less effi-
cient than BHT. During the boiling water treat-
ment, the lower molecular weight malon-
dialdehyde may be measured by the TBA assay,
providing a means to evaluate the extent of
lipid peroxidation [32]. The TBA results were in
agreement with those obtained by the FTC
method. In addition, the data obtained demon-
strated that the endometriosis group was lower
than others in inhibitory ability on lipid oxida-
tion, in agreement with data reported by Petean
et al [13]. Overall, these lipid peroxidation
results from both the FTC and TBA assays indi-
cated FF had stronge inhibitory ability on lipid
oxidation.
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assays. Therefore, we believed

that DPPH radical scavenging,
reducing power, superoxide radical
scavenging, B-Carotene bleaching
assay, ferrothiocyanate and thio-
barbituric acid assays were anoth-
er options to measure the antioxidant activity
of human FF.

The physiological parameters between the all
patients with different pregnancy outcome
were compared in present study. In spite of no
significant differences between two groups,
there were some information claimed our atten-
tion. Previously, with conflicting information,
Pasqualotto et al [35] found lipid peroxidation
and antioxidant capacity were positively corre-
lated with the pregnancy rate. Oral et al [36]
showed that pregnancy rates were found to be
decreasing in higher lipid peroxidation levels. In
current study, the results of five antioxidant
activity assays and antioxidant scores of preg-
nant groups had slightly better than not preg-
nant group, but no significant difference was
obtained between them. Similar results was
reported in Velthut et al’s research [16].
Therefore, the antioxidant activity of FF needs
to be better elucidated in studies on larger
series. The mechanism of how systemic antioxi-
dant activity influences folliculogenesis could
not be concluded.

Int J Clin Exp Pathol 2014;7(5):2273-2282
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Antioxidant scores
O
1
=

TO PCOS EMT

Figure 4. Antioxidant scores of different enrolled
groups. TO, tubal occlusion; PCOS, polycystic ovary
syndrome; EMT, endometriosis. Different letters dif-
fered significantly (P < 0.05).

For the issue of lower antioxidant scores of
endometriosis patients, just like Petean et al.
[13] said, the possible occurrence of more seri-
ous lipid peroxidation in infertile women with
endometriosis, which may contributed, at least
in part, to the worse oocyte quality that was
related to that disease. This also has been sup-
ported by Garrido et al [37]. In contrast, Attaran
et al [38] showed that patients with endome-
triosis and male factor infertility who became
pregnant after COH for embryo transfer after
IVF presented higher levels of lipid peroxidation
in FF than did those who did not get pregnant.
Therefore, further studies conducted on larger
series will be important for the elucidation of
the role of FF’s antioxidant activity in endo-
metriosis.

In conclusion, this primary study detected, as
far as was known for the first time, the systemic
antioxidant activity of FF from patients under-
going an IVF. The FF showed strong antioxidant
activity. Although we did not find a significant
difference in antioxidant activity of FF from
patients with different pregnancy outcome, we
observed a tendency to higher antioxidant
activity in the FF of patients with positive preg-
nancy outcome than in negative group. The FF's
antioxidant score of EMT patients was signifi-
cant lower than that of TO and PCOS patients.
The researches of antioxidant activity of FF in
patients undergoing IVF was still few, hence the
antioxidant compound of FF and mechanism of
how antioxidant activity influences folliculogen-
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esis needs to be better evaluated in our future
studies on larger series.
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