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Effect of Follicular Fluid Oxidative Stress
on Subsequent Oocyte Quality and
Embryo Development

Follikiiler Sivi Oksidatif Stresin Oosit Kalitesi ve
Embriyo Gelisimi Uzerine Etkisi

ABSTRACT Objective: The role of oxidative metabolism on in vitro fertilization (IVF) has not been
studied in detail. Our aim was to investigate the impact of oxidative stress markers on subsequent
oocyte and embryo quality. Material and Methods: A total of 214 oocytes and their corresponding
follicular fluid (FF) samples from 67 women undergoing intracytoplasmic sperm injection (ICSI)
were assessed. The relationship between FF levels of oxidative stress markers [malondialdehyde
(MDA), nitric oxide (NO) and protein carbonyl] levels and subsequent oocyte quality, fertilization
and embryo morphologies were evaluated. Results: The mean MDA levels were significantly higher
in FFs of fertilized oocytes. The mean NO levels were significantly lower in FFs of top-quality em-
bryos whereas mean protein carbonyl levels were significantly higher in FFs of top quality em-
bryos. Conclusion: FF oxidative stress seems to play an important role in fertilization and embryo
morphology. Different oxidative stres pathways might have different effects on oocyte develop-
ment, and also particular oxidative stress in FF might be needed for oocyte maturation.
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OZET Amag: Oksidatif metabolizmanin in vitro fertilizasyon (IVF) iizerindeki rolii ¢ok iyi aragtiril-
mamuigtir. Amacimiz oksidatif stres belirte¢lerinin miiteakip oosit ve embriyo kalitesine etkisini in-
celemektir. Gereg ve Yontemler: ICSI uygulanan 67 hastadan elde edilen toplam 214 follikiiler siv1
degerlendirildi. Follikiiler siv1 oksidatif stres belirteg diizeyleri ile [Malondialdehit (MDA), nitrik
oksit (NO) ve protein karbonil] takip eden oosit kalitesi, fertilizasyon ve embriyo morfolojileri
arasindaki iligki aragtirildi. Bulgular: Ortalama MDA seviyeleri fertilize olan oositlerin follikiiler
swvilarinda anlaml olarak yiiksekti. Ortalama NO seviyeleri yiiksek kaliteli embriyo gelisen oosit-
lerin follikiiler s1ivilarinda anlamli olarak diisiikken ortalama protein karbonil diizeyleri anlamli
olarak yiiksekti. Sonug: Follikiiler siv1 oksidatif stres, fertilizasyonda ve embriyo morfolojisinde
6nemli bir rol oynar gibi gériitnmektedir. Farkl oksidatif stres yolaklarinin oosit gelisimi tizerinde
farkl etkileri olabilir. Oosit matiirasyonu i¢in follikiiler sividaki belirli bir diizeyde oksidatif strese
ihtiyag olabilir.

Anahtar Kelimeler: Embriyonik yapilar; follikiiler sivi; oosit; oksidatif stres
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n vitro fertilization, an important assisted reproduction technique

(ART), is widely used in infertility clinics all over the world. The

sucess of this technique is strongly associated with oocyte and em-
bryo quality. Thus biochemical characteristics of follicular fluid sur-
rounding oocytes play an important role in oocyte maturation and
subsequent embryo quality.!
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Reactive oxygen species (ROS) and reactive ni-
trogen species (RNS) are produced beside main end
products during normal metabolic processes in all
aerobic organisms. The antioxidant defense systems
in the body try to eliminate the possible deleterious
effects of these species in normal physiological con-
ditions. If the generation of ROS/RNS exceed the
capacity of antioxidant defense systems, this im-
balance is defined as oxidative/nitrosative stress
which may cause damage to the living organism
and it’s constituents such as DNA, lipids, proteins
and carbohydrates.>® Oocyte and surrounding FF
contents, steroid hormones, growth factors, cy-
tokines, granulose cells, and leukocytes contribute
to the production of ROS and RNS during follicu-
logenesis.* Although the impact of ROS seems to
be hazardous for the oocyte development, the exact
relationship between oxidative stres markers and
subsequent embryo quality is not fully clarified.
Thus, some favorable and unfavorable reflections
of ROS and antioxidant systems have been shown
in female infertility so far.>®

The objective of the current study was to in-
vestigate the impact of oxidative stress on oocyte
quality, fertilization and embryo morphologies. To
determine the oxidative stres status we measured
the malondialdehyde (MDA), protein carbonyl and
nitrite/nitrate levels in FFs of preovulatory follicles
at the time of oocyte pick up (OPU) procedure of
women undergoing ICSI.

I MATERIAL AND METHODS
PARTICIPANTS

This prospective study was carried out in the In
Vitro Fertilization (IVF) Unite, Department of Ob-
stetrics and Gynecology, Dokuz Eylul University
Hospital, between January 2008 and August 2008.
Sixty seven infertile couples, who underwent ICSI
cycle due to unexplained infertility and male factor
were enrolled into the study. All the women were
non-smokers. All of the subjects were free of sys-
temic diseases such as thyroid function disorders,
diabetes mellitus and hyperprolactinemia, and
were on their first IVF treatment cycle. Women
with a history of ovarian surgery, polycystic ovary

syndrome (PCOS) or PCO and ovulatory disorders
were not included. Institutional ethics committee
approved the study protocol, and written informed
consent was obtained from each couple.

OVARIAN STIMULATION, FOLLICULAR FLUID SAMPLING,
AND OOCYTE COLLECTION

All women underwent a long protocol with a go-
nadotropin-releasing hormone (GnRH. Ovarian
stimulation with recombinant follicle-stimulating
hormone (FSH) was begun after pituitary supression
was confirmed. Human chorionic gonadotropin
(hCG) was administered when there were at least
two follicles of 218 mm diameter. Oocyte pick up
was performed under transvaginal ultrasound guid-
ance 36 h after the hCG injection. FF was aspirated
separately from each follicle with a cannula of 15 to
20 mm in diameter and collected in individual tubes.
After each aspiration procedure, to prevent the con-
tamination of subsequent FF, the aspiration conduits
were cleaned and a new collecting tube was used. FF
that contained more than one oocyte or no oocyte or
contaminated with culture medium or significant
amount of blood cells were excluded from the study.
One to five follicles were aspirated separately from
each patient. After oocyte isolation under stereo-mi-
croscope examination, the FF from each follicle was
collected separately into the sterile individual tube.

ASSESSMENT OF 00CYTE MORPHOLOGY AND
00CYTE MATURATION

Oocytes isolated from samples of FF were evalu-
ated separately from the other oocytes. The cumu-
lus oophorus and corona radiata were removed
from oocytes by mechanical and chemical
(hyaluronidase) methods. Nuclear maturation of
oocytes was determined by the identification of
first polar body. Morphological evaluation of each
oocyte was also performed and was based on mor-
phology of cytoplasm, extracytoplasmic structures
such as zona pellucida, the first polar body, and
perivitelline space.” Oocyte was considered as nor-
mal when it had a round clear zona pellucida, small
perivitelline space, containing single unfragmanted
first polar body, and a pale moderately granular cy-
toplasm that did not contain inclusions. Other
forms of oocytes were considered as abnormal.
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INTRACYTOPLASMIC SPERM INJECTION (ICSI) AND
SPERM PREPARATION

All retrieved oocytes were incubated for 2 to 4 h
until ICSI was performed. All oocytes taken in the
study group underwent ICSI procedure to stan-
dardize the study. Semen samples from the male
partners were obtained by masturbation. When no
sperm was present in the sample, testicular sperm
extraction (TESE) was performed. Spermatozoa
were prepared first by density gradient centrifuga-
tion and then swim up. The ICSI procedure was
carried out only on mature (Metaphase-II, MII)
oocytes as defined by van Steirteghem et al.?

FERTILIZATION, CLEAVAGE AND EMBRYO EVALUATION

Fertilization was confirmed 18h after the ICSI pro-
cedures by visualization of two distinct pronuclei
and two polar bodies under the inverted micro-
scope (Olympus IX70, Olympus, Melville, NY,
USA). Embryo quality was assessed on the third
day of insemination and graded on the basis of
morphologic appearance and fragmentation ac-
cording to modified criteria of Veeck. The embryos
were scored as follows: grade I, symmetric blas-
tomers and no fragmentation, grade II, different
blastomers in size and shape with-, <25% fragmen-
tation; and grade III: different blastomers in size
and shape with-, >25% fragmentation.’ To simplify
the analysis, the graded embryos were divided into
two groups: Group A (top quality, grade I) and
group B embryos (subquality, grade II, grade III).
Biochemical pregnancy was diagnosed when the f3-
hCG level >25 mIU/ml 14 days after the embryo
transfer. Cinical pregnancy was defined by the vi-
sualization of a heart beat belong to one or more
embryos by transvaginal ultrasound three weeks
after the embryo transfer.

MEASUREMENT OF OXIDATIVE STRESS MARKERS IN
FOLLICULAR FLUID

Lipid peroxides, derived from polyunsaturated fatty
acids, are unstable and decompose to form reactive
carbonyl compounds. The most abundant one is
MDA which is widely used as an indicator of lipid
peroxidation.’” MDA in the FFs was analyzed by a
commercial MDA kit (MDA-586, Biotech, OxisRe-

search, Portland, USA). Nitric oxide was measured
in the FF by detecting the total levels of stable ox-
idation products of NO metabolism (Nitrite/Ni-
trate, NO2/NO3) by Griess reaction with the
commercial kit (Nitrate/Nitrite Colorimetric
Assay Kit 780001, Cayman Chemical, Michigan,
USA). To measure oxidized protein (protein car-
bonyl) in the FF protein carbonyl assay kit (Pro-
tein Carbonyl Colorimetric Assay Kit, Cayman
Chemical, Michigan, USA) was used.

STATISTICAL ANALYSIS

Statistical analyses were performed by SPSS (Sta-
tistical Package for Social Sciences, version
11,0,SPSS Inc-, Chicago, IL). One-way analysis of
variance (one-way ANOVA) with Bonferroni’s
post hoc correction, Kruskal-Wallis, Mann—Whit-
ney U-test with Bonferroni correction, t test and
chi-squared test were used as appropriate. All data
were presented as mean = standard error, P<0.05
was considered statistically significant.

I RESULTS

In the present study, 214 FF samples from 67
women were analyzed. The average number of
the retrieved oocytes for the first 1-5 punctures
was 3.3x1.2 (range, 1-5). Of 214 oocytes, 192
were MII. However 13 MII oocytes, obtained
from three male factor infertility patients, were
not inseminated because no sperm was found
from TESE on the day of oocyte collection. 179
ICSI procedures were performed to the remaining
oocytes. Afterwards 141 of these 179 mature
oocytes were fertilized and 135 embryos were ob-

TABLE 1: Clinical characteristics of patients grouped by
outcome of the procedure.

Fertilized Unfertilized
(n=141) (n=38) p value|
Age (years) 32.59+0.44 31.24+0.76 0.15

Gonadotropin dose (IU) 3049.5+214.6  3196.2+233.0 0.75

Induction length (d) 11.45+0.57 11.04+0.78 0.92
Number of follicles>14 mm  16.32+1.12 15.71£1.43 0.32
Number of oocytes 13.52+0.78 12.62+1.04 0.90
Number of embryos 8.62+0.53 7.74+0.85 0.17
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tained. The characteristics and treatment of ICSI
according to the result of fertilization were sum-
marized in (Table 1).

We initially compared the levels of three ox-
idative stres markers in FF of abnormal and normal
oocytes according to morphological evaluation.
Mean MDA levels were 9.02+1.99 and 5.43+0.39
mml/L in the normal (n= 32) and abnormal oocyte
(n=182) group respectively. The difference was sta-
tistically significant (p<0.05). We did not detect sig-
nificant difference between the levels of NO,
protein carbonyl levels in FF according to oocyte
morphology.

According to fertilization, the mean FF MDA
levels of the fertilized group (n=141) were signifi-
cantly higher than that of the unfertilized group
(n=38) (p<0.05) (Table 2). There was no association
between levels of NO and protein carbonyl in FF
and fertilization.

Forty two embryos were transferred on second
day of insemination. Ninty three embryos were
evaluated on third day of insemination. Mean NO
levels were 45.62+1.40 in subquality embryo group
(n=50) and 40.85+1.79 nmol in topquality embryo
group (n=43). The difference was statistically sig-
nificant (p<0.05). Moreover mean protein carbonyl
levels were significantly higher in FFs of top qual-
ity embryos (p<0.05) (Table 3). We did not detect
significant difference between MDA levels accord-
ing to embryo quality. MDA levels were signifi-
cantly higher in conceived patients compared to
not- conceived patients (Table 4).

I DISCUSSION

Trials conducted within the past decades have
shown that oxidative stress increases embryo frag-
mentation by inducing apoptosis, decreases hatch-

TABLE 2: Comparison of the levels of oxidative stress
markers according to fertilization.

Fertilized Unfertilized
(n=141) (n=38) p value|
MDA {umoliL) 5.24+0.35 3.69£0.34 0.027
Nitrite/Nitrate (NO) 43.93+ 0.88 4234212 0.491
(nmol NO/mg protein)
Protein carbonyl (nmol/ml) 14.47 +0.62 15.99+1.26 0285

TABLE 3: Comparisons of the levels of the oxidative
stress markers according to embryo quality on third day
after ICSI procedure

Group A Group B
(n=43) (n=50) p value|
MDA (umol/L) 6.17+0.80 5.43+0.60 0.469
Nitrite/Nitrate (NO) 40.85+1.79 45.62+1.40  0.039
(nmol NO/mg protein)
Protein carbonyl (nmol/ml) 17.94+2.31 13.58+0.63  0.032

Group A: Top quality embryos; Group B: Subquality embryos.

ing rate of the embryo, have deleterious effects on
the embryo, decreases implantation rate, and also
causes luteal phase defect.!""* However, some stud-
ies found a positive correlation between FF ROS
levels and oocyte maturation parameters.'"'? Inter-
estingly we also found a positive correlation be-
tween mean MDA levels in FF and normal oocyte
morphology. In this manner, we think that opti-
mal levels of oxidative stress might be necessary for
oocyte development and subsequent embryo qual-
ity.

In our study, MDA levels were significantly
higher in FFs of fertilized oocytes than unfertilized
oocytes in contrast to some studies.>'>!¢ There may
be two possible explanations of this relationship.
First, oxidative stress which leads to lipid peroxi-
dation may be necessary for fertilization. Second,

TABLE 4: The comparison of the levels of oxidative stress markers in conceived or not- conceived patients.

Conceived n=31

Embryo transferred patients n=62 Mean +SE
MDA (umol/L) 7.180.79
Nitrite/Nitrate (NO) (nmol NO/mg protein) 43.39+1.23
Protein carbonyl {(nmol/ml) 15.41£0.77

Not-conceived n=31

Mean +SE p value
4.70£0.60 0.005
44.04+0.80 0.658
14.04+0.65 0.175
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the increased fertilization capacity of oocytes may
require high energy levels, and therefore oocytes
may try to increase mitochondrial number and ac-
tivity to supply increased energy demand. As a re-
sult, ROS and subsequent lipid peroxidation may
be secondary to production of increased aerobic en-
ergy metabolism. However, there are also some
contradictory reports that found no correlation
between lipid peroxidation and fertilization.!"'” In
contrast to these studies, Biondin et al. found a pos-
itive relation between oocyte maturation and ox-
idative stress during in vitro maturation similar
with our findings."

The factors that effect the embryo develop-
ment are very important for the success of IVF. A
substantial body of evidence has revealed that ox-
idative stress has detrimental effects on embryo de-
velopment by different mechanisms such as
mitochondrial alterations, diminishing the divid-
ing of blastomeres, decreasing ATP levels, and in-
ducing apoptosis.’®!® Therefore, the effect of
oxidative stress on embryo development is a very
complex process. In the present study, there was a
negative correlation between NO concentrations
and embryo quality. Reactive nitrogen species are
formed in the organism as a result of aerobic me-
tabolism beside ROS.? Recent studies have shown
that the FFs of IVF patients have considerable
amount of NO, which is synthesized by the granu-
losa cells.'®!® Therefore, it is possible that NO is as-
sociated with follicular physiology. Although
Manau et al. could not find any correlation be-
tween NO and embryo quality, most of the studies
have concluded that the NO concentrations in FFs
were negatively correlated with embryo quality,

similar with our study results.?>

The oocyte protein synthesis is kept under
control by maternal mRNA along 48 h following
fertilization till the third division of the embryo.
The subsequent process is under control of embry-
onic genome.? Protein oxidation is one of the main
mechanisms of interaction of the oxidative stres
with proteins in the organism. Protein carbonyl is
produced as a result of protein oxidation. There-

fore, protein carbonyl is used to measure oxidized
protein levels in the organism.?*?® In our study, we
found that protein carbonyl levels in FFs were sig-
nificantly higher in FF of top quality embryos.
These results seem to support our results men-
tioned above concerning the relationship between
oxidative stress markers and fertilization.

There are some limitations of our study. Our
numerical data did not represent the whole oocyte
and FFs of each individual patient. In other words
we did not analyze and follow each FF and every
oocyte separately, therefore, it was not possible to
detect the individual pregnancy rate from each
oocyte. We also were not able to define the associ-
ated cut off values regarding sensitivity, specificity,
PPV, and NPV (Table 4). However, the mean num-
ber of oocytes in the study group was 3.3+1.2 and
the FF amounts did not represent each individual
woman. In the present study the mean FF MDA
levels in the successfully conceived were signifi-
cantly higher than non-conceived women (Table
4). Attaran et al. showed that ROS levels were
higher in follicles of successfully conceived women
compared with unsuccessful ones. They have sug-
gested that FF ROS levels may be used to predict
the IVF success especially when they were in low
concentrations.'® Wiener-Megnazi et al suggested a
certain threshold of oxidative stress may be re-
quired for successful IVF pregnancies.?

In conclusion, FF oxidative stress seems to play
an important role in oocyte quality, fertilization
and embryo morphology. Increased oxidative stress
does not always mean a detrimental effect on IVF
outcome. Although a negative correlation between
FF NO levels and embryo quality shows a poten-
tial deleterious effect of oxidative stress, a positive
correlation between FF protein carbonyl levels and
embryo quality points out to a contrast. Different
oxidative stres pathways might have different ef-
fects on oocyte development, and also particular
oxidative stress in FF might be needed for oocyte
maturation. To clarify these findings, further stud-
ies are needed.
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