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Abstract

The aim of this study was to evaluate the association between the follicular fluid (FF) malondialdehyde (MDA)
levels as a free radical marker and reduced glutathione (GSH) as antioxidant and pregnancy after intracytoplasmic
sperm injection (ICSI).
A total seventy-five infertile women aged between 22-45 years(31.43 + 5.38 years), referred to the fertility clinic in
Al-Sadder teaching hospital, , and undergone intracytoplasmic sperm injection throughout period from March 2013
to January 2014,were included in this study. follicular fluid (FF) malondialdehyde was measured by
spectrophotometer based on the calorimetric reaction with thiobarbituric acid (TBA) and follicular fluid glutathione
was measured by spectrophotometer depends on the action of sulfhydryl groups.
Out of the 75 included patients, 15 (20%) achieved pregnancy after ICSI. Pregnant women were associated with
significantly higher MDA level (P<0.05) and lower GSH (P<0.05) .There was a significant positive correlation
between MDA and the number of pronucleus ( r=0.326 ). The best cutoff value of FF.MDA and FF GSH associated
with pregnancy were 3.49 uM and 26.90 uM respectively. Higher FF MDA and lower FF GSH levels are associated
with pregnancy after ICSIL. Oxidative stress parameters may be markers of metabolic activity within the follicle.

Key words: follicular fluid, malondialdehyde , glutathione , intracytoplasmic sperm
injection.
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Introduction
nfertility is a major problem in
Ideveloping countries and causes
extensive social and psychological
suffering . It is an important health issue,

affecting approximately 10-15 % of
couples  worldwide[1]. Fortunately,
advances in  assistive  reproductive

technologies (ART) have made many
infertile couples to conceive [2]. There are
many factors that may affect outcome of
ICSI such as age, weight and stress [3].
The recent research in the field of
infertility is paying attention on the free
radicals, which is suspected to be one of
the major factors that affect ART success.
In a normal cell there is balance between
formation and removal of free radicals
(unstable and highly reactive species with
one or more unpaired electrons) [4].
However this balance was disturbed, the
condition called 'oxidative stress' & can
result is serious cell damage if the stress is
massive and prolonged [5].
Malondialdehyde (MDA) is generated
from lipid peroxidation, and it is one of
the most popular and reliable markers that
determine oxidative stress in clinical
situations [6]. On the other hand
Glutathione is responsible for protection
against ROS and RNS, and detoxification
of wvarious types of endogenous and
exogenous toxins [7]. Follicular fluid (FF)
is the net result of both the transport of
plasma constituents to follicles and the
secretary activity of granulosa and theca
cells [8]. The oocyte develops within the
FF environment and ROS in FF can

intimately affects the quality of oocytes
and their interaction with sperm, thus
affecting embryonic progress,
implantation, fertility outcomes, and
success of ICSI [9].

Materials and Methods

This prospective cohort study was
approved by approved by the Ethics
Committee of the University of Kufa and
informed consent was obtained from all
participants. A total of 75 patients were
enrolled in the study from March 2013 to
January 2014. All of them were recruited
according to the following criteria: Non-
smokers; Free from hepatitis and HIV (by
screening test); absence of any metabolic
or endocrine system-associated diseases,
or any other associated condition which
could alter the level of free radicals like
malignancy and antioxidant therapy. The
reasons for the couples’ infertility were
male factor infertility (n, 28), female
factor (n, 41) and unexplained infertility
(n, 6). All of these women underwent
ovulation induction with either long
(N=24) or short (N=51) protocols based on
timing, hormonal conditions and ovarian
reserve status of the women on the
discretion of the clinician. An hCG
injection was given to trigger the final
stages of oocyte maturation and
ultrasound-guided oocyte pick-up was
performed 34-36 h later. Fertilization and
cleavage was assessed daily and
fertilization rate (FR) and cleavage rate
was calculated according to following
equation respectively.

FR=( NO. of 2PN on day one / Whole NO. of oocytes injected )x100
CR =(NO. of cleaved embryos on day / Total NO. of 2PN)x100.

The embryos were classified according to
their morphology and percentage of
fragmentation.

The biochemical pregnancies was confirm
on the fourteenth day of embryo transfer by
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measurement of serum B- HCG. The
pregnancy rate (PR) is calculated by
following equation:
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NO. of pregnant ladies after ICSI

PR =

x 100%

Total NO. of patients who underwent ICSI

Oxidative Stress Biomarkers

Follicular fluid (FF) samples were taken
from the aspirated FF of the patients during
the oocyte pick-up procedure, after removal
of oocytes from it.

Measurement of MDA, a secondary
product of lipid peroxidation, was based on
the calorimetric reaction with thiobarbituric
acid (TBA) to form pink color product,
which  could be measured by
spectrophotometer [10].

Determination of GSH depends on the
action of sulthydryl groups [11]. Sulthydryl
group of GSH could reduce disulfide
chromogen of 5, 5'-Dithiobis 2.
nitrobenzoic acid (DTNB) and change it to
an intensely yellow compound which could
measure its absorbance directly by
spectrophotometer at 412 nm and it was
directly proportional to the GSH
concentration [12] .

Statistical analysis

Statistical analysis was performed in this
study using SPSS (Statistical Package for
Social Science; Version 17) program.

independent t-test was used to estimate
differences between groups in continuous
variables . Pearson‘s correlation analysis
was used for correlation. The binary
logistic regression analysis used to
determine the odds ratio for pregnancy as
dependant variable. Receiver operating
characteristic (ROC) curves were generated
to investigate the predictability of OS
biomarkers for pregnancy. The sensitivity,
specificity were calculated for the optimal
OS cut-off levels determined by ROC curve
analysis. Results are reported as (mean =+
SD). P< 0.05, was considered statistically
significant [13].

Results

MDA and GSH were measured in FF of all
studied group.

FF.MDA was significantly higher in

pregnant women when compared with non
pregnant women (P<0.05) as shown in
(Table 1 ); and its levels was insignificantly
higher in pregnant women when compared
with non pregnant women in respect to
infertility cause (P>0.05).

Table 1: Follicular fluid malondialdehyde level in uMM in Pregnant and non pregnant women in
each cause of infertility

u F.MDA |

Causes Pregnant Non pregnant P value
(Mean = SD)uM (Mean += SD) uM
Male factors 3.80+1.03 3.29+£1.18 0.436
Female factors 4.50+2.17 3.25+1.48 0.166
Unexplained factors - 1.07 £0.74 -
Total 4.18+ 1.70 3.00 + 1.45 0.041%*
P value among groups 0.530 0.046*

In the other hand FF.GSH levels was
significantly lower in pregnant women
when compared with non pregnant women
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(P<0.05) Also its levels was significantly
lower in pregnant women with female
factor infertility when compared with non
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pregnant women (P<0.05) as shown in (Table 2).

Table 2: Follicular fluid glutathione level in MM in pregnant and not pregnant women in each infertility factor

E F.GSH [

Causes Pregnant Non Pregnant P Value
(Mean + SD) uMm (Mean + SD) uMm
Male Factors 26.96 £ 11.72 29.86 + 8.89 0.549
Female Factors 22.02 £4.64 31.35+7.30 0.021*
Unexplained Factors - 35.15+6.36 -
Total 2471 £9.16 30.86 + 7.97 0.046*
P value among groups 0.402 0.675
The best cut off point of F.MDA associated While the best cut off point of FF.GSH
with pregnancy was 3.49 uM which associated with pregnancy was 26.90 uM
detected from ROC curve which represent which detected from ROC curve as shown
point with best sensitivity and specificity as in figure 1-b.

shown in figure 1-a.

ROC Curve ROC Curve
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MDA Area point uM Sensitivity Specificity P value Lower T
Bound Bound
F.MDA .686 3.49 64% 62% .082 494 877
F.GSH .697 26.90 73% 63% .060 497 .897

Figure (1): ROC curve analysis of follicular fluid Malondialdehyde and glutathione in predicting pregnancy
outcome.
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Relation of Oxidative Biomarker with
ICSI Outcome

Correlation analyses between MDA and
ICSI parameters showed that FF MDA
level had a significant positive correlation

with the PN (p<0.05) while FF GSH had
insignificant positive correlation with all
ICSI parameters (p>0.05) as shown in
Table 2.

Table (2) : Relation of follicular fluid malondialdehyde and glutathione with ICSI outcome

ICSI Characteristics

GV
3 MI
No. of retrieved oocytes MII
Total
PN
Fertilization rate (%)
Cleavage rate
Total embryo
Grad 1
Embryo grading Grad2
Grad 3
Grad4

FF.MDA FF.GSH !

r p r p
217 259 138 453
124 521 .085 645
0.074  0.682 245 138
0.076  0.718 135 470
326" .040 .105 529
247 124 0.1 408
024 .892 .083 742
107 547 072 673
249 155 030 .862
0.048 794 025 886
-.249- 170 046 791
-339- .058 066 701

r: Correlation coefficient; p: Significance

To examine the relationship of measured
factors with the positive pregnancy, a
binary logistic regression analysis was
performed.

In this analysis, FF.GSH was significantly
associated with the positive pregnancy.
Increased FF.GSH were associated with

decreased odds ratio for the positive
pregnancy (OR 0.891, [0.803-0.988]
Table (3 ).While Increased FF MDA was
associated with increased odds ratio for the
positive pregnancy (OR = 1.471, [0.928-
2.330].

Table (3) Binary logistic regression analysis for positive pregnancy as the dependent variable

95% Confidence Interval for Odds
OS Parameters P value  Odds Ratio Ratio
Lower Bound Upper Bound
Positive F.MDA .100 1.471 928 2.330
Pregnanc F.GSH .029* 0.891 .803 988
Discussion In a study by Appasamy et al., it was found

FF.MDA was significantly higher in
pregnant women when compared with non
pregnant women (P<0.05) as shown in
(Table 1); and its levels was insignificantly
higher in pregnant women when compared
with non pregnant women in respect to
infertility cause (P>0.05). This result agrees
with Appasamy et al. 2008.
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that follicular fluid ROS levels had a
positive correlation with the pregnancy rate
in IVF patients [14]. This observation made
researchers think that a restricted amount of
oxidative stress may be essential for
embryonic development since it is an
indicator of metabolic activity.
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Yalgmmkaya et al., 2013, found that the
follicular fluid MDA levels in pregnant
women were significantly higher than those
in non-pregnant women. This might be
explained by the weak positive correlation
of MDA with the number of grade I
embryos and total number of embryo and
PN, which are important predictors of
successful IVF outcome [15].

In contrast, Borowiecka et al., who studied
the role of proteins carbonyls in FF on IVF
outcome and found that non-pregnant
women had twice the amount compared to
pregnant females [16].

FF.GSH levels was significantly lower in
pregnant women when compared with non
pregnant women (P<0.05) Also its levels
was significantly lower in pregnant women
with female factor infertility when compared
with non pregnant women (P<0.05) as
shown in Table 2. This result agrees with
Gupta, et al., who showed that a higher
amount of oxidative stress during ovarian
stimulation associated with a concomitant
reduction in antioxidant proteins [17].
Gowda et al., demonstrate that the increase
in FF ROS is overcome by subsequent
increase in antioxidants (GSH) as an
adjustment to overcome the damage caused
and signify a potent antioxidant environment
in and around developing follicle thus
decreasing their amount [18].

In contrast to Yalginkaya et al., who found
that there was no significant difference
between pregnant and non-pregnant women
in terms of follicular fluid GSH levels. This
result may reveal the inefficiency of
relatively low GSH levels in follicular fluid
as an antioxidant compared to intracellular
levels [15].

Yal¢inkaya et al. 2013, found that ROC
curve analysis indicated that the follicular
fluid MDA concentration is a good marker
for pregnancy with an AUC of 0.746 (it
showed 60% sensitivity and 64% specificity.
Oral, et al., found that the most helpful
parameters for predicting the probability to
conceive using follicular MDA levels, age,
3rd day FSH levels, E2 levels on HCG
administration day was follicular fluid MDA
levels. The cut-off value for follicular fluid
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MDA was 5.25 umol/L, it showed 60%
sensitivity and 64% specificity (AUC: Area
Under Curve = 0.673) [19].

It is suggested that a certain threshold level
of ROS in FF is essential for several
reproductive events and may be necessary
for a better reproductive outcome in
IVF/ICSI cycles [20].

While some studies suggest optimum level
of follicular fluid ROS to be a marker for
predicting success in IVF cycles [21].

While the best cut off point of F.GSH
associated with pregnancy was 26.90 uM
which detected from ROC curve as shown in
figure 1-b.

Yal¢inkaya et al.,, found that ROC curve
analysis indicated that the follicular fluid
glutathione concentration showed less
sensitivity in estimating pregnancy status
[15].

The free radical activity is also associated
with parameters of ovarian responsiveness
and in vitro fertilization (IVF) outcome [22].
Oral, et al. found positive insignificant

association  between  follicular  fluid
malondialdehyde levels and fertilization
rates [19]. In contrast to Das, et al

indicated that high FF ROS levels tend to
decrease the fertilization potential of
oocytes; besides, a higher percentage of
good quality embryos was observed
corresponding to ROS levels <100 cps[23].
Song et al., showed protein OS is present in
FF of women on IVF-ET and proved that
high level of oxidation protein products
have adverse effects on the outcome of IVF-
ET[24]. Fujimoto et al. stated that lipid
perioxidation products and antioxidant
enzyme activities in FF were not associated
with the quality of embryos [25].
Pasqualotto, et al., who observed lipid
peroxidation as a good marker of metabolic
activity within the follicle, suggesting some
amounts of LPO is necessary to establish
pregnancy [26]. Yalginkaya et al., found that
no significant association was found
between follicular fluid GSH levels and
fertilization rate and embryo quality [15]. So
certain levels of ROS are required for
normal fertilization and a fine balance
between ROS and antioxidants for
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successful  reproductive  outcome  is
fundamental both in vitro and in vivo.

In our study, patients who became pregnant
had higher levels of MDA than those who
did not. Therefore, we conclude that
elevated levels of MDA in the follicular
fluid do not impair oocyte and embryo
development and quality and may reflect the
metabolically active ovaries.

References

1. Olooto, W.; Amballi, A.; and Banjo, T.
(2012). A review of Female Infertility;
important etiological factors and
management. J. Microbiol. Biotech. Res.; 2
(3): 379-385.

2. Levy. M. (2011). Reproductive
physiology. Britannica Educational
Publishing (a trademark of Encyclopadia
Britannica, Inc.) in association with Rosen
Educational Services, LLC 29 East 21st
Street, New York, NY 10010. 1 * Edition
The reproductive system / edited by Kara
Rogers. p. cm. — (The human body).

3. NCC WHC (National Collaborating
Centre for Women’s and Children’s Health).
(2004). Fertility assessment and treatment
for people with fertility problems. London:
Royal College of Obstetrician and
Gynecologists.

4. Sharma, K.; Reynolds, N.; Rakhit M. and
Agarwal, A. (2013). Methods for Detection
of ROS in the Female Reproductive System.
Studies on Women’s Health, Oxidative
Stress in Applied Basic Research and
Clinical Practice. pg 33-60.

5. Kamarzaman, S. ; Abdul Wahab, A. and
Abdul Rahman, S. (2014). Effects of
Thymoquinone Supplementation on
Cyclophosphamide Toxicity of Mouse
Embryo In vitro. Global Veterinaria 12 (1):
80-9.

6. Ayala, A. Mario, F. and Argielles, S.
(2014). Lipid Peroxidation: Production,
Metabolism, and Signaling Mechanisms of
Malondialdehyde and 4-Hydroxy-2-
Nonenal. oxidative Medicine and Cellular
Longevity; Article ID 360438: 31.

7. Lushchak, V.I. (2011). Adaptive response
to oxidative stress: bacteria, fungi, plants

299

and animals, Comparative Biochemistry and
Physiology; 153 (2): pp. 175-190.

8. Revelli, A.; Delle Piane, L.; Casano, S.;
Molinari, E.; Massobrio, M. and Rinaudo, P.
(2009). Follicular fluid content and oocyte
quality: from single biochemical markers to
metabolomics. Reprod Biol Endocrinol.;7:
40.

9. Jana ,S.; Chattopadhyay, R.; Chakravarty,
B. and Chaudhury K. (2010). Upper control
limit of reactive oxygen species in follicular
fluid beyond which viable embryo formation
is not favorable. ReprodToxicol.; 29 (4):
447-51.

10. Lunec, J. (1990). Review Article, Ann
Clin. Biochem., 27:173.

11. Boyer, R.(2000). Modern Expermental
Biochemistry, 3% San Francisco, Addisoi.
Wesley Longman.

12. Burtis, C.A. and Ashwood, E.R. (1999).
Textbook of Clinical Chemistry, 31 ed,,
Philadelphia, W.B.Saunders Co.

13. Daniel, W.W. (1999). Probability and t
distribution biostatistics: A foundation for
analysis in health science.7™ ed.83-123.John
willey and Sons, INC-USA.

14. Appasamy M, Jauniaux E, Serhal P, Al-
Qahtani A, Groome NP, Muttukrishna S
(2008). Evaluation of the relationship
between follicular fluid oxidative stress,
ovarian hormones, and response to
gonadotropin stimulation. Fertil Steril 89:
912-921.

15. Yalgikaya, E, Cakiroglu, Y., Emek, D.,
Ozcan, B., Cekmen, M., Caliskan, E. (2013).
Effect of follicular fluid NO, MDA and
GSH levels on in vitro fertilization
outcomes. J Turkish-German Gynecol; 14:
136-41.

16. Borowiecka, M.; Wojsiat, J.; Polac, 1.;
Radwan, M.; Radwan, P. and Zbikowska, H.
(2012). Oxidative stress markers in
follicular fluid of women undergoing in
vitro fertilization and embryo transfer. Syst
Biol Reprod Med; 58 (6): 301-305.

17. Gupta S, Sekhon L, Agarwal A. (2010).
The role of oxidative stress and antioxidants
in assisted reproduction. Curr Wom Health
Rev.; 6: 227-238.

18. Gowda, S.; Upadhya, S.; Kumar, N;
Adiga, S.; Nagaiah, B. and Ambati,



Medical Journal of Babylon-Vol. 12- No. 1 -2015

Yoo o s amdl pde G alaal) Akl Sl Adaa

S.(2014). Evaluation of oxidative stress and
antioxidants in serum and follicular fluid of
women undergoing in vitro fertilization. Int.
J. Basic Life Sci., 2(2).

19. Oral, 0O., Kutlu, T. Aksoy, E.,
Ficicioglu, C., Uslu, H., Tugrul, S. (2006).
The effects of oxidative stress on outcomes
of assisted reproductive techniques. J Assist
Reprod Genet., 23 (2): 81-5

20. Yildirim, B.; Demir, S.; Temur, I;
Erdemir, R. and Kaleli, B. (2007). Lipid
peroxidation in follicular fluid of women
with polycystic ovary syndrome during
assisted reproduction cycles. J Reprod Med;
52:722-6.

21. Agrawal, L.; Louboutin, J. P.; Marusich,
E.; Reyes, B. A.; Van Bockstacle, E. J. and
Strayer, D. S. (2010). Dopaminergic
neurotoxicity of HIV-1 gp 120: reactive
oxygen species as signaling intermediates.
Brain Res. 1306C, 116-130.

22. Huang,B.; Zhou, L. and Zhang, H.
(2014). Antioxidant capacity of follicular
fluid from patients undergoing in vitro
fertilization. Int J Clin Exp Pathol.; 7(5):
2273-2282.

300

23. Das, S.; Chattopadhyay, R.; Ghosh, S.;
Ghosh, S.; Goswami, S. and Chakravarty, B.
(2006). Reactive oxygen species level in
follicular fluid-embryo quality marker in
IVF? Hum Reprod; 21:2403-7.

24. Song, Y., Quan, S., Tian, W., Li, H,,
Chen, S. and Xing, Q. (2009). Relationship
between protein oxidation levels in the
follicular fluid and the outcome parameters
of IVF-embryo transplantation. J. Southern
Med. Univ., 29 (1): 160-3.

25. Fujimoto, V.; Bloom, M.; Huddleston,
H.; Shelley W.; Ocque, A. and Browne, R.
(2011). Correlations of follicular fluid
oxidative stress biomarkers and enzyme
activities ~ with  embryo  morphology
parameters during in vitro fertilization.
Fertil Steril.; 96: 1357-1361.

26. Pasqualotto, E.; Agarwal, A.; Sharma,
R.; Izz. O.; Pinotti, J.; Joshi, N. and Rose, B.
(2004). Effect of oxidative stress in
follicular fluid on the outcome of artificial
reproductive procedure. Fertilsteril.; 81(4):
973-977.



