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Abstract

The effect of repeated multicycle gonadotropin-releasing hormone antagonist (GnRH-ant) protocols on oxidative stress (OS)
in follicular fluid (FF) and ovarian granulosa cells (GCs) remains unclear. This study investigated the effects of repeated mul-
ticycle GnRH-ant protocols on OS markers of FF and ovarian GCs. A total of 145 patients were enrolled and divided into four
groups: 1 cycle group (n=42), 2 cycles group (n=237), 3 cycles group (n=45), and 4-5 cycles group (n=21). The FF and
ovarian GCs of the patients were collected on the day of last oocyte retrieval and the levels of 8-hydroxy-2-deoxyguanosine
(8-OHdG), malondialdehyde (MDA), superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-Px)
were tested by ELISA. The results showed that the serum estradiol levels on hCG injection day in the 3 and 4-5 cycles were
significantly (P <0.05) lower than in the 1 and 2 cycles. The number of retrieved oocytes (12.1+3.3 incycle 1, 11.7+3.1
in cycle 2, 10.4+2.4 in cycle 3, and 9.4+ 2.4 in cycles 4-5), embryos with two pronuclei (7.6 +3.0 in cycle 1, 7.0+2.5 in
cycle 2, 6.2+2.6 in cycle 3, and 5.5 £2.1 in cycles 4-5), and the rates of high-quality embryos (52.2% in cycle 1, 47.9%
in cycle 2, 38.6% in cycle 3, and 36.5% in cycles 4-5), implantation (35.4% in cycle 1, 32.4% in cycle 2, 23.8% in cycle 3,
and 22.9% in cycles 4-5) and clinical pregnancy (50.0% in cycle 1, 43.2% in cycle 2, 33.3% in cycle 3, and 23.8% in cycles
4-5) in cycles 3 and 4-5 were significantly (P <0.05) lower than those in cycles 1 and 2. Compared with 1 and 2 cycles,
the 8-OHdG and SOD were significantly increased in the 3-5 cycles, while the CAT and GSH-Px levels were significantly
decreased. Together, this study reveals repeated COS with the use of GnRH-ant protocols results in OS and changes the fol-
licle microenvironment of FF and GCs, possibly leading to poor IVF outcomes in patients with 3—5 cycles of COS.
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Introduction

Controlled ovarian stimulation (COS) is the use of exog-
enous gonadotropin to promote the growth of multiple fol-
licles in in vitro fertilization (IVF) procedures. Although
the technology continues to improve, the average pregnancy
rate per cycle in assisted reproduction is about 30-40% [1],
and some patients even need repeated COS for successful
pregnancy. Furthermore, clinical evidence has suggested that
fertilization, implantation, and pregnancy rates decline with
increase of repeated COS cycles [2—4]. Repeated COS has
been shown to induce oxidative stress (OS) and increase the
levels of DNA damage marker 8-hydroxy-2-deoxyguanosine
(8-OHdG) and lipid peroxidation marker 4-hydroxynonenal
(4-HNE) in the mice ovaries and poor-quality oocytes [5, 6].
However, the effect of repeated COS, especially the gonad-
otropin-releasing hormone antagonist (GnRH-ant) protocol,
on the OS markers in follicular fluid (FF) and ovarian granu-
losa cells (GCs) of IVF patients was largely unclear.

GnRH-ant protocol is one of the commonly used proto-
cols in assisted reproduction. It has the advantages of short
ovulation induction time, low gonadotropins hormone (Gn)
dosage, and low risk of ovarian hyperstimulation [7-9].
However, the effect of the antagonist protocol on pregnancy
outcomes remains controversial. Studies have shown no
difference between antagonist and flare-up protocols [10].
Lainas et al. believed that antagonist protocol has a higher
sustained pregnancy rate [11], while Demirol et al. sug-
gested that the flare-up protocol is more suitable for patients
with low ovarian response [12]. A study confirmed that dif-
ferent COS protocols had different effects on the follicular
microenvironment [13], and the GnRH-ant protocol was
associated with an increase in OS compared with the GnRH
agonist protocol [14]. However, it was not clear whether an
increase of the COS cycle in the GnRH-ant protocol would
aggravate OS. Furthermore, whether the OS is associated
with the pregnancy outcome of multiple COS cycles with
GnRH-ant protocol was unclear.

In the COS process, FF and GCs play an important role
in the development of follicles and maturation of oocytes
[15-17]. Under pathological conditions, OS can impair
FF microenvironment and ovarian GCs, thereby affecting
oocyte quality and pregnancy outcomes [18, 19]. 8-OHdG
is a sensitive indicator of DNA damage caused by OS. In
the process of assisted reproduction, excessive 8-OHdG in
ovarian GCs can reduce the fertilization rate and embryo
quality [20]. Malondialdehyde (MDA) is an aldehyde
substance produced during lipid peroxidation that can

indirectly reflect the severity of reactive oxygen species
(ROS) damage to cells. After COS, the MDA level was
significantly increased [21], and the level of MDA in the
FF of successful pregnant women undergoing IVF was
lower [22]. Superoxide dismutase (SOD), catalase (CAT),
and glutathione peroxidase (GSH-Px) are important anti-
oxidant enzymes in the body. Matos et al. [23] found that
a high level of SOD activity was related to successful IVF
pregnancy. Patients with good IVF outcomes had higher
CAT levels in endometrial secretions [24], and CAT activ-
ity in FF was correlated with fertilization rate and cleav-
age rate [25]. Cocchia et al. [26] have reported that the
cleavage rate of embryos cultured in vitro was significantly
increased after adding GSH-Px. Therefore, we speculated
that the 8-OHdG, MDA, SOD, CAT, and GSH-Px in FF
and ovarian GCs could reflect the changes in the micro-
environment during repeated COS process and affect the
pregnancy outcome.

In this study, we aimed to investigate the levels of OS
markers in FF and ovarian GCs of patients with one or
repeated COS cycles using GnRH-ant protocols, as well
as the relationship between OS and clinical pregnancy out-
comes, so as to provide an experimental basis for clinical
treatment selection.

Materials and methods
Experiment design

This study was approved by the Ethics Committee of Hebei
University of Chinese Medicine (Shijiazhuang, China),
and all enrolled IVF-ET patients had signed informed
consent to participate. All methods were performed in
accordance with the relevant guidelines and regulations.
In this study, 145 patients who met the inclusion criteria
were enrolled from January 2018 to August 2019. The
inclusion criteria were: (1) IVF-ET due to tubal factors
or male factors or both; (2) age < 38 years; (3) regular
menstruation; (4) basic follicular stimulating hormone
(FSH) < 10 ITU/L; and (5) COS with GnRH-ant protocols
for 1-5 cycles. The exclusion criteria were the same as in
the previous study [27]: (1) the uterus does not have preg-
nancy function or cannot bear pregnancy due to serious
physical disease, patients suffering from serious mental
disorders, urinary and reproductive system infection, sexu-
ally transmitted diseases, drug use and other serious bad
habits, and patients with exposure to teratogenic radiation
or poison and in the action period; (2) endometriosis, uter-
ine fibroids, tuberculosis, uterine adhesion, and endome-
trial lesions; and (3) polycystic ovary syndrome, ovarian
cyst, and hydrosalpinx.
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IVF process

All patients were treated with a GnRH-ant protocol. Recom-
binant gonadotropin (Gn, Gonal-F; Merck Serono; Merck
KGaA, Darmstadt, Germany) was used on the second day
of menstruation to promote follicular growth. Gn dosage
was adjusted according to B-ultrasound and serum estrogen
levels. GnRH-ant was added daily after the leading follicle
reached a diameter of 14 mm and carried on until the human
chorionic gonadotrophin (hCG) injection day. hCG (250 pg,
Merck Serono; Merck KGaA, Darmstadt, Germany) was
injected at night when the diameter of at least 2 or 3 fol-
licles reached 18 mm in both ovaries, and the number of
follicles above 14 mm matched the level of estrogen in the
serum. Oocytes were harvested 36 h after hCG injection
via ultrasound-guided transvaginal puncture oocyte retrieval
surgery. Oocytes were picked out and placed in incubators
for fertilization. The ratio of the number of 2PN and 2PB
to the number of COCs inseminated is the IVF fertilization
rate, whereas the ratio of the number 2PN and 2PB to the
number of MII oocytes injected is the ICSI fertilization rate.
The FF containing GCs was placed in sterile enzyme-free
centrifuge tubes for further separation and detection.

Embryos were transferred on the third day after ferti-
lization. Morphology and cell number of embryos were
observed before transplantation to determine embryo qual-
ity. According to the Istanbul Consensus [28] and Vienna
Consensus [29] when 7-9 cells of the third-day embryo
have uniform cell size and the fragmentation rate was less
than 10%, the embryo was classified as grade 1. The number
of blastomeres in grade 2 embryos was consistent with the
development stage, and the fragmentation rate was 11-25%.
The blastomeres were even without vacuoles or multinu-
cleation, and the zona pellucida was normal. The number of
blastomeres in grade 3 embryos was not consistent with the
development stage, and the fragmentation rate was 26-35%.
The blastomeres were uneven, with a few vacuoles, no mult-
inucleation, and abnormal zona pellucida. Grade 1 and 2
embryos are considered high-grade embryos. Implantation
rate was defined as the ratio of the number of gestational
sacs to the number of embryos transferred. Each patient was
transplanted with 1-2 embryos, and the gestational sac and
even fetal heart were observed under B-ultrasound 4 weeks
after transplantation, which was considered as a clinical
pregnancy.

Isolation and extraction of FF and ovarian GCs
The collected FF and GCs suspensions were centrifuged
at4 °C (433xg, 10 min). The supernatant, namely FF, was

absorbed and stored in a — 80 °C refrigerator for further
detection. PBS was added into the below sediment to 5 ml
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and mixed upside down. Human lymphocyte separation
fluid (Lympholyte-H, Cedarlane Laboratories, Canada)
was added to 5 ml in a 10 ml centrifuge tube with an
inclined angle of 45°. PBS suspension was slowly added
to the surface of the human lymphocyte separation solu-
tion before being centrifuged at 4 °C (680xg, 10 min). The
white floc in the middle layer was GCs. About 200-300 pl
of 0.2% hyaluronidase (H8030, Beijing Solarbio Science
& Technology, Beijing, China) was added to the extracted
GCs. After blowing and digestion for 3 min, 1 ml of PBS
was added to terminate digestion and centrifuged at 4 °C
(982X%g, 5 min). The supernatant was removed and PBS
was added to wash twice. The GCs were put into a — 80 °C
refrigerator for further detection.

Measurement of 8-OHdG, MDA, SOD, CAT,
and GSH-Px levels

The kits used for the detection of MDA, SOD, CAT, and
GSH-Px were purchased from Jiancheng Bioengineering
Institute (Nanjing, China), and 8-OHdG was tested using
8-hydroxy-2-deoxyguanosine ELISA kits (ab201734,
Abcam, USA). The FF and ovarian GCs sample lysis fluid
was diluted to the optimal concentration to meet the stand-
ard curve. Then, the operation was carried out accord-
ing to manual instructions. The absorbance values were
measured by the enzyme-linked immunoassay (VersaMax,
Molecular Devices, USA). Because different samples had
different numbers of GCs, the BCA protein concentration
assay kit (PC0020, Solarbio, China) was used to determine
the protein concentration in each GCs sample.

Statistical analysis

The SPSS 21.0 software (SPSS Inc., Chicago, IL, USA)
was used for data analysis. Continuous variables were
tested for normality using the Shapiro—Wilk test. Student
t test was used for data conforming to the normal distribu-
tion. For non-normally distributed data, Mann—Whitney
U test was used. The Pearson Chi-square test was used to
compare the rates between samples. The logical regression
analysis was used to predict the effect of COS cycles on
clinical pregnancy outcomes, and the OR value (95% CI)
indicated the degree of correlation. The Spearman cor-
relation coefficient was used to analyze the correlation
between OS markers and antioxidant enzymes, and the
r value represented the correlation coefficient. Statisti-
cal results were expressed as mean + standard deviation,
median (interquartile range [IQR]), and proportions. P val-
ues < 0.05 were considered statistically significant.
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Results
Basic characteristics of patients

145 patients were enrolled and divided into four groups:
1 cycle (n=42), 2 cycles (n=37), 3 cycles (n=45), and
4-5 cycles (n=21). No significant (P> 0.05) differences
existed in age, body mass index (BMI), duration of infer-
tility, primary infertility rate, infertility reasons, levels
of basic FSH, anti-mullerian hormone (AMH), endome-
trial thickness on hCG administration day, and days of
stimulation among the four groups (P > 0.05) (Table 1 and
Fig. la—c, f).

Compared with the 1 cycle group (12.6 +2.6 and
3271.6 +1229.3, respectively), the antral follicular count
(AFC) and serum estradiol levels on hCG day were sig-
nificantly (P <0.05) decreased in 3 cycles (11.3 +£2.4 and
2783.8+766.2, P=0.017 and 0.031, respectively) and 4-5
cycles group (10.8 +3.1 and 2490.8 +1055.5, P=0.019
and 0.016, respectively), whereas total gonadotropin hor-
mone (Gn) dosage was significantly increased in 3 cycles
(2674.2 £557.1 vs 2399.1 £502.3, P=0.018) compared
with 1 cycle group (Table 1 and Fig. 1d, e, g).

The AFC was significantly decreased in the 3 cycles
(11.3+2.4, P=0.031) and 4-5 cycles (10.8 +3.1,

Table 1 Basic characteristic data of infertility patients

P=0.028) group compared with the 2 cycles group
(12.5+2.5). The serum estradiol levels on hCG day
were significantly (P=0.030) decreased in the 4-5
cycles (2490.8 +1055.5) compared with the 2 cycles
(3154.9+£1110.0) group (Table 1). These data sug-
gested that 3 and more cycles of GnRH-ant protocol COS
decrease the number of basal antral follicles and serum
estradiol levels on hCG day, but increase the total Gn dos-
age in these patients (Table 1 and Fig. 1d, e, g).

Laboratory indicators and pregnancy outcomes

Compared to the 1 cycle group, the number of retrieved
oocytes and 2PN, and high-grade embryo rate (12.1 3.3,
7.6+3.0, and 52.2% in cycle 1) (Table 2 and Fig. 1h, i)
were significantly lower in the 3 cycle (10.4+2.4,6.2+2.6,
and 38.6%, with P=0.006, 0.027, and 0.001, respectively)
and 4-5 cycles group (9.4 +2.4,5.5+2.1, and 36.5%, with
P=0.000, 0.006, and 0.004, respectively). The rates of
implantation and clinical pregnancy were significantly lower
in the 4-5 cycles (22.9% and 23.8%, respectively, P <0.05)
than in the 1 cycle (35.4% and 50%) group.

The number of retrieved oocytes and high-grade
embryos rate were significantly lower in the 3 cycles
(10.4 +£2.4 and 38.6%, with P=0.032 and 0.029, respec-
tively) and 4-5 cycles group (9.4 +2.4 and 36.5%, with

Characteristics 1 cycle 2 cycles 3 cycles 4-5 cycles
(n=42) (n=37) (n=45) (n=21)
Age (years) 30.2+3.7 30.9+3.3 304+3.1 31.9+2.7
BMI (kg/m?) 242428 239+29 24.0+2.3 24.5+2.3
Duration of infertility (years) 3(3-4) 3(2-4) 4 (3-5) 3 (3-4.5)
Primary infertility rate (%) 59.5 (25/42) 45.9 (17/37) 48.9 (22/45) 42.9 (9/21)
Infertility reasons
Tubal factors (%) 73.8 (31/45) 78.4 (29/37) 80.0 (36/45) 71.4 (15/21)
Male factors (%) 16.7 (7/45) 13.5 (5/37) 13.3 (6/45) 14.3 (3/21)
Both (%) 9.5 (4/45) 8.1(3/37) 6.7 (3/45) 14.3 (3/21)
Basal FSH level (mIU/ml) 63+1.3 64+1.2 63+1.2 65+1.3
AMH (ng/ml) 2.7(1.9-3.2) 2.3(1.8-3.2) 22 (1.7-2.7) 2.0(1.8-2.8)
Antral follicle count in both ovaries 12.6+2.6 12.5+2.5 11.3+2.4% 10.8+3.1%®
Serum estradiol levels on hCG day (mIU/ml) 3271.6+1229.3 3154.9+1110.0 2783.8+766.2° 2490.8 +1055.5"
Endometrial thickness on hCG day (mm) 11.2+15 11.1+1.6 109+1.4 10.8+1.8
Total Gn dosage (IU) 2399.1+502.3 2549.0+568.7 2674.2+557.1* 2640.5+471.8°
Days of stimulation 10 (9-10.25) 10 (9-11) 10 (9-11) 10 (9-11)

Student ¢ test and Mann—Whitney U test were used for comparison between the two groups, and the Pearson Chi-square test was used to compare
the proportions. The data are presented as mean + standard deviation, median (interquartile range), and n (%)

BMI body mass index, FSH follicular stimulating hormone, AMH anti-Miillerian hormone, Gn gonadotropin hormone

4P <0.05 compared with 1 cycle group
°P <0.05 compared with 2 cycles group
°P=0.072 compared with 1 cycle group
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Fig. 1 Comparison of characteristics and laboratory indicators in four
groups. *P<0.05 compared with group cycle 1; 5P <0.05 compared

with group cycle 2; “P=0.072 compared with group cycle 1. BMI

Table 2 Laboratory indicators
and pregnancy outcomes

P=0.005 and 0.041, respectively) compared with the 2
cycles (11.7 £ 3.1 and 47.9%) group. The number of 2PN
embryos was significantly (P =0.022) lower in the 4-5
cycles (5.5 +2.1) than in the 2 cycles (7.0 +2.5) group,

body mass index, FSH follicular stimulating hormone, Gn gonadotro-
pin hormone, 2PN embryos with two pronuclei

Characteristics 1 cycle 2 cycles 3 cycles 4-5 cycles
(n=42) (n=37) (n=45) (n=21)

No. of retrieved oocytes 12.1+3.3 11.7+3.1 10.4 +2.4% 9.4+2.4%

No. of 2PN embryos 7.6+3.0 7.0+2.5 6.2+2.6 55+2.1%
Fertilization rate (%) 79.9 (386/483)  75.8 (317/418)  75.3 (338/449) 73.9 (139/188)
High-grade embryo rate (%) 522 (166/318)  47.9 (124/259)  38.6 (108/280)  36.5 (42/115)*
Implantation rate (%) 35.4 (28/79) 32.4 (22/68) 23.8 (19/80) 22.9 (6/35)*
Clinical pregnancy rate (%)  50.0 (21/42) 43.2 (16/37) 33.3 (15/45) 23.8 (5/21)*

Student ¢ test and Pearson Chi-square test was used for comparison between the two groups. The data are

presented as mean + standard deviation and n (%)

4P <0.05 compared with 1 cycle group

P <0.05 compared with 2 cycles group

with no significant (P =0.252) differences detected in
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the 3 cycles (6.2 +2.6) compared with the 2 cycles group
(5.5+2.1) (Table 2 and Fig. 1h, i). These results con-
firmed that repeated GnRH-ant protocol cycles of COS can
affect IVF outcomes and decrease the number of retrieved
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Table 3 Correlation analysis of COS cycles with the number of ferti-
lization and high-quality embryos

Related factors r P value

COS cycles with no. of fertiliza- — 0.295 0.000
tion

COS cycles with no. of high- —0.338 0.000

grade embryos

r Spearman correlation coefficients

Table 4 Regression analysis of COS cycles with clinical pregnancy
outcomes

Group OR 95% CI P value
1 cycle 1 - -

2 cycles 0.693 0.285-1.684 0.418

3 cycles 0.455 0.191-1.081 0.075
4-5 cycles 0.284 0.088-0.918 0.035
OR Odds ratio

oocytes and 2PN embryos, as well as the rates of high-
grade embryo, implantation, and clinical pregnancy.

Association of COS cycles with the number
of fertilization, high-grade embryos, and clinical
pregnancy

The Spearman correlation coefficient was used to analyze
the association, and a statistically significant (P <0.05)
negative correlation was found in the COS cycles with the
number of fertilization (r=— 0.295, P <0.000) and high-
quality embryos (r=— 0.338, P <0.000) (Table 3). The
logical regression approach was used to analyze the effect
of different COS cycles on clinical pregnancy outcomes.
The results showed that the number of COS cycles was sig-
nificantly (P <0.05) negatively correlated with the clinical
pregnancy outcome. Compared with the first cycle, COS in
the 4-5 cycles significantly reduced the clinical pregnancy
rate (OR 0.284, P=0.035, Table 4).

0S markers in FF and ovarian GCs
The OS markers in FF and GCs were tested. In the FF

(Table 5 and Fig. 2), the 8-OHdG content was signifi-
cantly increased in the 3 cycles (14.5+2.8, P=0.003)

Table 5 Comparison of OS

) . Free radicals and antioxidant enzymes 1 cycle 2 cycles 3 cycles 4-5 cycles
markers in FF and ovarian GCs (n=42) (n=37) (n=45) (n=21)
of the four groups
Follicular fluid
Free radical concentrations
8-OHdG (ng/ml) 12.7+2.5 13.2+3.0 14.5+2.8% 14.3+3.6"
MDA (nmol/ml) 23+0.7 2.0+0.6 23+0.7° 23+0.8
Antioxidant enzymes activities
SOD (U/ml) 35.8+5.0 35.0+4.5 36.1+4.7 38.6+5.2%
CAT (U/ml) 1.3+0.5 1.3+0.5 1.1+04% 1.2+0.5
GSH-Px (U/ml) 51.4+18.7 522+16.1 48.5+17.0 46.4+13.5
Granulosa cells
Free radical concentrations
8-OHdG (ng/mg protein) 229+5.3 23.1+54 25.0+7.3 26.8+7.8%
MDA (nmol/mg protein) 92+4.1 9.5+438 89+3.8 93+45
Antioxidant enzymes activities
SOD (U/mg protein) 66.6+18.6  69.4+21.1  76.8+28.7° 84.2+29.5%
CAT (U/mg protein) 18.6+5.6 18.4+5.6 18.1+6.3 17.3+6.3
GSH-Px (U/mg protein) 57.7+20.1 60.1+19.0 47.4+22.0° 50.4+20.19

Student ¢ test and Mann—Whitney U test were used for comparison between the two groups. The data are
presented as mean =+ standard deviation

OS oxidative stress, FF follicular fluid, GCs granulosa cells, 8-OHdG 8-hydroxy-2-deoxyguanosine, MDA
malondialdehyde, SOD superoxide dismutase, CAT catalase, GSH-Px glutathione peroxidase

4P <0.05 compared with the 1 cycle group

P <0.05 compared to the 2 cycles group

°P=0.053 compared to the 1 cycle group

4P=0.071 compared to the 2 cycles group
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Fig.2 Comparison of OS markers including a 8-OHdG, b MDA,
¢ SOD, d CAT and e GSH-Px levels in FF and ovarian GCs of the
four groups. *P<0.05 compared with the 1 cycle group; °P<0.05
compared to the 2 cycles group; “P=0.053 compared to the 1 cycle

and 4-5 cycles (14.3+3.6, P=0.047) compared with the
1 cycle (12.7+2.5) group. The SOD activity level was
also significantly increased in the 4-5 cycles (38.6 +5.2,
P=0.040) compared with the 1 cycle (35.8+5.0) group. The
CAT activity level was significantly lower in the 3 cycles
(1.1+0.4, P=0.033) than in the 1 cycle (1.3 +£0.5) group.
Compared to the 2 cycles group (2.0+0.6 and 13.2 +3.0,
respectively), the MDA and 8-OHdG content were signifi-
cantly increased in the 3 cycles (2.3+0.7 and 14.5+2.8,
with P=0.032 and 0.047, respectively). The SOD activity
level was significantly higher in the 4-5 cycles (38.6+5.2,
P=0.007) than in the 2 cycles (35.0 +£4.5) group. No signifi-
cant (P> 0.05) difference was found in the GSH-Px activity
level among the four groups.

In the GCs (Table 5 and Fig. 2), the 8-OHdG content
(26.8 +7.8) and the SOD activity level (84.2+29.5) were
significantly (P <0.05) higher in the 4-5 cycles than those
in the 1 cycle (22.9+5.3 and 66.6 + 18.6, respectively) and
2 cycles (23.1+5.4 and 69.4 +21.1, respectively) group. The
GSH-Px activity level was significantly lower in the 3 cycles
(47.4+22.0) than in the 1 cycle (57.7+20.1, P=0.026) and
2 cycles (60.1 +19.0, P=0.007) group. The GSH-Px activ-
ity level in the 4-5 cycles (50.4+20.1) group also showed
a downward trend compared with the 2 cycles (60.1 +19.0,
P=0.071) group. No significant (P >0.05) difference was
found among the four groups in MDA content and CAT
activity level. These data showed that repeated COS for 3
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group; 9P =0.071 compared to the 2 cycles group. FF follicular fluid,
GCs granulosa cells, 8-OHdG 8-hydroxy-2-deoxyguanosine, MDA
malondialdehyde, SOD superoxide dismutase, CAT catalase, GSH-Px
glutathione peroxidase

or more cycles can significantly change the levels of OS
markers, resulting in the oxidation—antioxidant imbalance.

A statistically significant negative correlation between
8-OHdG and antioxidant enzyme CAT (r=- 0.178,
P <0.05) in FF, between MDA and SOD (r=-— 0.188,
P <0.05) in GCs, and between 8-OHdG and CAT
(r=-0.171, P<0.05) in GCs were observed in four groups
(Fig. 3). These results suggested that 8-OHdG, MDA, SOD,
and CAT may play a more important role in detecting OS
in follicles.

Discussion

This study was the first to assess OS markers in FF and ovar-
ian GC of patients with different GnRH-ant protocol COS
cycles, which found that with the increase of GnRH-ant pro-
tocol cycles, the serum estradiol levels on hCG day, number
of retrieved oocytes and 2PN embryos, and rates of high-
quality embryo, implantation, and clinical pregnancy were
all significantly decreased, whereas the Gn usage showed
an increasing trend. Compared with 1 or 2 cycles, the levels
of 8-OHdG, SOD, GSH-Px, and CAT in the FF and ovarian
GC of patients with 3—5 cycles were significantly changed,
suggesting that repeated COS with the GnRH-ant protocol
can result in OS and alter the follicle microenvironment,
which might be one of the reasons for poorer IVF outcomes
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GCs. The correlation coefficients and P values are shown. 8-OHdG

and decreased pregnancy rate in patients with 3-5 cycles
compared to those with 1 or 2 cycles.

Our results showed that the AFC in both ovaries and
the serum estradiol levels on hCG day decreased with the
increase of COS cycles, except for the 2 cycles, whereas the
use of total Gn dosage showed an increasing trend. Com-
pared with 1 cycle and 2 cycles, the IVF outcomes (includ-
ing the number of retrieved oocytes and 2PN embryos and
the rates of high-quality embryo, implantation, and clinical
pregnancy) were all significantly reduced in the 3-5 cycles.
Current literature is not consistent on the effect of repeated
COS on IVF outcomes. Most studies suggest that the suc-
cess rate of IVF-ET decreased with the increase in the COS
cycle [2-4, 30-33]. Rabinson et al. [4] studied the IVF data
of patients with 1-8 cycles of antagonist protocols and found
that, compared with 1-2 cycles, COS with 3—4 cycles and
over 4 cycles could significantly reduce the clinical preg-
nancy rate, with the Gn usage significantly higher than that
with 1-2 cycles. They also suggested that the COS protocols
should be adjusted for patients with two failed antagonists
[4]. Homburg et al. [33] applied all COS protocols into the
scope of the study and found that compared with 1-3 cycles,
the clinical pregnancy rate of 4-6 cycles and over was sig-
nificantly reduced, whereas the Gn usage was significantly
increased. Interestingly, there was no significant difference
in pregnancy rates between cycles 4 and 6, cycles 7 and 9,
cycles 10 and 12, and cycles 13 and 20 [33]. However, these
authors did not compare pregnancy rates at cycles 1, 2, and
3. Another study [3] suggested that the number of 2PN and
the rates of fertilization, implantations and pregnancy have
significant decreased from the second cycle. Moreover, an
analysis of data from 1177 patients with 1788 cycles showed
that the clinical pregnancy rate in cycles 2 and 3 was signifi-
cantly lower than that in cycle 1 [3].

However, Caligara et al. [34] showed that successive
long agonist protocol stimulation cycles do not impair
ovarian response, embryo quality, and pregnancy outcome.

1500 20 2600 1000 2000 ) aat0 s0m

8-OHdG (ng/mg protein)

8-hydroxy-2-deoxyguanosine, MDA malondialdehyde, SOD superox-
ide dismutase, CAT catalase, r Spearman correlation coefficients

Kolibianakis et al. [35] proposed that repeated cycles did not
exert a significant effect on the number of oocytes retrieved,
but were only related to the age of females. In our study
investigating patients with 1-5 cycles of COS, the results
were consistent with most studies, suggesting that repeated
COS had adverse effects on the patients’ pregnancy out-
come. However, no significant difference was found in the
pregnancy outcomes between 1 and 2 cycles, consistent with
Rabinson’s results [4].

In our study, it was demonstrated that with the increase of
COS cycle (3 cycles or more), the levels of oxidative damage
product 8-OHdG increased significantly in the FF and ovar-
ian GCs, suggesting repeated COS with antagonist protocol
can result in OS and alter the follicle microenvironment.
Park et al. [36] demonstrated that repeated superovulation
caused OS and damaged the reproductive ovary environ-
ment, with the ROS levels being positively correlated with
the number of ovulatory cycles [37]. Seino and Tamura et al.
[20, 38] also confirmed that the 8-OHdG levels were closely
related to the fertilization rate and embryo quality. Chao
et al. [5] found that more cycles of ovarian stimulation had
a higher content of oxidative damage, including 8-OHdG,
lipoperoxides, and carbonyl proteins in ovaries. Similarly,
Liu et al. [39] showed that after 1-6 cycles of continuous
superovulation induction, the level of 8-OHdG significantly
increased, the number of oocytes in stages MI and MII sig-
nificantly decreased, and the fragmentation rate and propor-
tion of unfertilized oocytes were significantly increased. In
our study, the 8-OHdG levels in 3-5 cycles were higher than
those 1-2 cycles, which were consistent with the results by
Chao et al. [5] and Liu et al. [39]. Our study confirmed that
repeated antagonist protocols did cause OS, and 8-OHdG
might be an important indicator to predict the correlation
between OS and pregnancy outcomes.

MDA is also a closely related indicator of pregnancy out-
comes. In our study, the MDA only in the FF was signifi-
cantly higher in cycle 3 than that in cycle 2, but no significant
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difference was found between other groups or in GCs. Some
authors have suggested that the serum MDA concentration
was increased after ovarian stimulation, with the MDA level
being significantly higher in patients treated with an antagonist
protocol than in those treated with an agonist protocol [21, 40].
However, others had an opposite finding [14]. But, no signifi-
cant differences were detected in the clinical pregnancy out-
comes. Our study did not find any correlation between MDA
and IVF outcomes either, indicating that the MDA level is not
closely related to repeated COS pregnancy outcomes.

SOD is a more important antioxidant enzyme than GSH-Px
and CAT [41], and a low level of SOD is closely related to the
low pregnancy rate [42]. However, in our study, it was found
that the SOD level was significantly higher, while the preg-
nancy rate was significantly lower in 3-5 cycles than in 1-2
cycles. OS and 8-OHdG may activate the antioxidant system
and increase the SOD level [43]. The increase of SOD might
affect the levels of ROS, and a certain concentration of ROS
is essential in promoting meiosis [44], consequently inhibiting
the oocyte maturation. Crick et al. [14] found that while the
GnRH-ant protocol increased the level of oxidative damage
products, the SOD level increased correspondingly.

In our study, it was found that GSH-Px levels in GCs
and CAT levels in FF were significantly reduced in patients
with 3-5 cycles compared with 1-2 cycles, which suggested
that the repeated antagonist protocol result in the reduction
of antioxidant enzyme CAT and GSH-Px levels. GSH-Px
increase was associated with the high-quality embryo and a
higher chance of pregnancy [45], whereas decreased GSH-
Px concentration had a negative impact on fertilization rate
[46]. Patients with high ROS levels in FF had lower CAT
levels [47]. Our results also confirmed that these two mark-
ers might be related to lower rates of high-quality embryo
and clinical pregnancy caused by continuous multicycle
ovulation induction, which can be used together with SOD
as indicators to evaluate pregnancy outcome. In brief, these
changes in the level of biochemical markers reflected that
repeated GnRH-ant protocol alters the follicular microenvi-
ronment in IVF patients, resulting in an imbalance between
oxidation and antioxidant.

Some limitations existed in this study, including a small
cohort of patients, one single center study, Chinese patients
enrolled only, investigation of COS of only 1-5 cycles with-
out more cycles, and only the GnRH-ant protocols, which
may all affect the publication bias. Future studies will have
to resolve these issues for better outcomes.

Conclusion
In summary, the increase of COS cycle in GnRH-ant proto-

cols has an adverse effect on pregnancy outcomes. Changes
in the OS markers levels in FF and ovarian GCs of the

@ Springer

patients with repeated COS may result in changes in the
microenvironment of oocyte growth, leading to poor clinical
pregnancy outcomes in repeated COS. This study provides
experimental evidence for fertility specialists to use GnRH-
ant drugs again and to adjust ovulation induction protocols
for patients with repeated COS failure.
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