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ABSTRACT Activated leukocytes in both of monocytes and granulocytes, generate excess reactive oxygen speciese 
(ROS) resulting in oxidative stress which may affect oocyte quality and ultimately affect ART success. The 

objectives of this study were to evaluate the association between the different leukocyte types and Malondialdehyde 
(MDA) levels as a free radical marker; reduced glutathione (GSH) and Catalase enzyme as antioxidant in patients un-
dergo intracytoplasmic sperm injection (ICSI).To carry this aim  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. MDA, GSH and 
CAT were measured by spectrophotometer. The results of this study showed that there was significant positive correla-
tion between S.MDA level and WBC count, lymphocyte count and neutrophil count.There was insignificant negative 
correlation between WBC count, lymphocyte count , neutrophil count and neutrophil / lymphocyte ratio with FF.GSH 
.While S.CAThad significant negative correlation with Eosinophil count at p<0.05.

Introduction 
Innate immunity is being detected as powerful force 
for the regulation of tissue disintegration and integ-
rity through sterile inflammation (Medzhitov, 2010). 
The ovary is a site with controlled tissue damage and 
restore, which have been judged as footmarks of in-
nate immunity (Spanel-Borowski, 2010).Segmented 
leukocytes heavily populate the follicle wall being neu-
trophils or eosinophilsclearly in dependence of the 
species and of the early or late ovulation phase, in hu-
man follicles in the transition to a corpus luteum (CL), 
Eosinophil leukocytes pool relate to 90%. Eosinophils 
are concerned in immunoregulation, angiogenesis and 
tissue repair(Blanchard and Rothenberg, 2009). Activa-
tion ofleukocyte produces an inflammatory response, 
which is associated with increased production of ROS 
(Holtheet al.,2004).The follicular fluid contains leuko-
cytes, macrophages, and cytokines, all of which are 
known  of ROS. Activated leukocytes, both monocytes 
and granulocytes, generate excess reactive oxygen 
specieses resulting in oxidative stress which may influ-
ence oocyte quality and ultimatelyeffectof assisted re-
productive techniques (ART) success (Levente, 2012).
ROS may play a role in the regulation of the expression 
of genes encoding some immunoregulators, cytokines, 
and cell adhesion molecules which are implicated in 
the pathogenesis of some diseases like endometriosis 
(Sharma etal.,2013). An increase in the manufacture of 
ROS in endometriosis is attributed to the activation 
of the immune system.Of interest, catalase activity as 
antioxidant-defense system is amplified in the follicular 
fluid of women treated Cytokine granulosa cell cultures 
(Bausenweinet al., 2010). Thus, Catalase activity could 
become a parameter of oxidative stress in assisted re-
productive treatment. Hence, the objectives of this 
study were to evaluate the association between the dif-
ferent leukocyte types and Malondialdehyde (MDA) lev-
els as a free radical marker, reduced glutathione (GSH) 
and Catalase enzyme as antioxidant in patients under-
go intracytoplasmic sperm injection (ICSI).

MATERIALS AND METHODS
Study Population
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 intracyto-
plasmic sperm injection throughout period  from March 
2013  to January 2014. Measurement of MDA was based 
on the calorimetric reaction with thiobarbituric acid (TBA) 
to form pink color product,which could be measured by 
spectrophotometer(Lunec,1990).Determination of GSH 
depends on the action of sulfhydryl groups(Boyer,2000).
Sulfhydryl group of GSH could reduce disulfide chro-
mogen 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 (Burtis and Ashwood,1999). Catalase activ-
ity was determined by the decrease in absorbance due 
to H2O2conception (Abi,1974).Total WBC and differential 
white blood cell count were measured with an auto ana-
lyzer (Germany).Statistical analysis was performed in this 
study using SPSS (Statistical Package for Social Science; 
Version 17) program. One sample t-test was used to es-
timate mean and stander deviation. Results are reported 
as (mean±SD). Pearson‘s correlation analysis was used for 
correlation. P<0.05 was considered statistically significant 
(Daniel,1999).

Results 
The hematological tests of infertile women who undergo 
ICSI with reference range are. The mean± SD of WBC, 
Neutrophils and lymphocytes are 8.106.22 ± 2.242.86, 
5.166.32 ± 1.638.85 and 2215.32 ± 525.39 respectively. All 
tests of infertile women had located within reference range 
(Table 1).

The oxidative stress markers in serum and follicular fluid 
of infertile women who undergo ICSI showed the mean± 
SD of S.MDA, F. MDA, S.GSH, F.GSH .S.CAT and F.CAT 
are 3.13 ± 1.96, 3.37 ± 1.61, 27.29 ± 13.50, 29.08 ± 8.68, 
1.40  ±.85 and 1.81 ±1.11 respectively (Table 2).
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Table 1: Hematological tests of infertile women who un-
dergo ICSI

Reference valueAll PatientsTest

4000 -110008,106.22 ± 
2,242.86WBC cell/mm3

50-60% WBC5,166.32 ± 
1,638.85Neutrophil

1-4% WBC215.64 ± 166.06Eosinophil
0.5-2% WBC57.89 ± 39.86Basophil
2-9% WBC591.11 ± 210.66Monocytes
20-40% WBC2215.32 ± 525.39Lymphocyte

-2.39 ± 0.77Neutrophil / lympho-
cyte ratio

200,000 – 
400,000257.67 ± 55.04Platelets /mm3

11.5 – 16.512.34 ± 1.14Hemoglobin  gm/dl
(4.7 ± 0.30) *106(4.64 ± 0.49)*106RBC count/mm3

 
Table (2): Mean ±SD of Oxidative Stress Markers in se-
rum and follicular fluid of infertile women

(Mean  ±  SD)Oxidative Stress Markers

3.1344±1.96038S.MDA  µM
3.3708±1.61033F.MDA  µM

27.2897±13.50466S.GSH  µM

29.0816±8.68015F.GSH  µM
1.4025±.84710S.CAT U/ML
1.8136±1.10842F.CAT U/ML

Relation between Hematological Tests and Oxidative 
Stress 
Hematological Testsand MDA
There was significant positive correlation between S.MDA 
level and WBC count, lymphocyte count, neutrophil count 
and neutrophil/lymphocyte ratio (p<0.05) and insignifi-
cant positive correlation between FF.MDA level with WBC 
count, lymphocyte count, neutrophil count and neutrophil / 
lymphocyte ratio (p>0.05)(Table 3).

Table (3):Correlation between MDA and white blood 
cells

WBC N B E M L N/L 
ratio

S.MDA
r 0.332* 0.421* 0.103 0.214 0.188 0.346* 0.015
p S S NS NS NS S NS

FF.MDA
r 0.043 0.105 0.001 0.191 0.345 0.077 0.131
p NS NS NS NS NS NS NS

*S Correlation is significant at the 0.05 level (2-tailed), 
NS: No significant differences 
at P<0.05, r correlation coefficient
 
Hematological Tests and GSH 
There was insignificant negative correlation between WBC 
count, lymphocyte count, neutrophil count and neutrophil/
lymphocyte ratio with FF.GSH (p>0.05) (Table 4).

Table (4):Correlation between GSH and white blood 
cells

WBC N B E M L N/L 
ratio

S.GSH r 0.005 0.164 0.409 0.037- 0.415 0.193 0.010-
P NS NS NS NS NS NS NS

FF.GSH r 0.195 0.235 0.024 0.327 0.242 0.156 0.043
P NS NS NS NS NS NS NS

r correlation coefficient, NS: No significant differences 
at P<0.05

Hematological Tests and CAT 
There was significant negative correlation between Eo-
sinophil count and S.CAT (p<0.05) as shown in table (5).
Also, there was negative but insignificant correlation be-
tween WBC count, lymphocyte count, neutrophil count 
and neutrophil / lymphocyte ratio with S.CAT, FF.CAT level 
(p>0.05) (Table 5).

Table (5):Correlation between CAT and white blood cells

WBC N B E M L N/L 
ratio

S.CAT
r 0.206 0.387 0.279 0.548* 0.133 0.242 0.120

P NS NS NS S NS NS NS

FF.CAT
r 0.152 0.454 0.180 0.102 0.188 .008 0.336

P NS NS NS NS NS NS NS

*S Correlation is significant at the 0.05 level (2-tailed), 
NS: No significant differences at P<0.05,  r correlation 
coefficient

Discussion
The hematological tests of infertile women who under-
go ICSI with reference range. All tests of infertile women 
had located within reference range.This result disagreed 
with previous study that found that the total number of T 
lymphocytes increased significantly during superovulation 
also they found that stress was associated with elevated 
amounts of activated T cells (Gallinelli et al., 2001).There 
was significant positive correlation between S.MDA level 
and WBC count, lymphocytes, neutrophils count and neu-
trophil/ lymphocyte ratio (p<0.05) and insignificant positive 
correlation between FF.MDA level with WBC count, lym-
phocytes, neutrophils count and neutrophil/lymphocyte ra-
tio (p>0.05).The correlation of the free radicals with neutro-
phil counts was significant relative to the total WBC counts 
(although the difference in the correlation of the MDA with 
the neutrophil or WBC counts was not very high), and this 
suggests that neutrophils may be similarly or slightly but 
more concerned in the oxidative stress (OS) status, as as-
sessed by this test, in comparison to the overall WBCs, this 
result agreed with pervious study by Kotani and Sakane 
(2012). This is noteworthy because of the specific roles of 
neutrophils on the oxidative milieu in bloodstream and dif-
ferent tissues, including the vasculature. This is also useful 
as the basic information in considering the link between 
inflammation and oxidative stress in various pathophysi-
ologies using the free radicals test, a recently established 
marker to easily assess the oxidative burden in clinical set-
tings (Kotaniand Taniguchi, 2012). Although, the biologic 
mechanism(s) causal the correlation between neutrophils 
and free radicals remain unclear, there are possible expla-
nations. Neutrophils directly reflect the relevant pathophys-
iology as a WBC subpopulation in comparison to the total 
WBCs (Kotani andSakane,2012). Neutrophils might secrete 
different types of inflammatory chemokines and cytokines 
(eg, interluekin-6)(Kasamaet al.,2005) and the inflamma-
tion triggered by these molecules might both induce an 
oxidative stress response and further inflammation via cell 
dysfunction in systemic organs(Kotaniand Taniguchi, 2012). 
Neutrophils-released mediators, such as leukotriene B4 
that might cause Oxidative stress also activates the inflam-
matory pathway, however, this cycle of oxidative stress and 
inflammation in relation to neutrophils may partly explain 
the correlation between neutrophils and free radicals lev-
els (Kotani andSakane,2012).The relationship of WBC and 
its subpopulations with oxidative stress-related markers has 
not been thoroughly examined; for instance, a significant 
positive relationship between sputum 8-isoprostane and 
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neutrophil counts (Kinnulaet al., 2007) as well as between 
blood 3-chlorotyrosine and WBC counts(Chenget al., 2008) 
has been reported.

There was an independent, significant, and positive cor-
relation between neutrophil counts and free radicals lev-
els in asymptomatic female subjects (Kotaniand Taniguchi, 
2012). Oxidative stress, caused some hematological effects 
in the female Wister rat, these results are also steady with 
corresponding increase in the percentages of neutrophils 
and eosinophils especially in the OS induced group; all 
these have manifested in the high number of immature 
follicles in the OS induced group (Shugabaet al.,2012). 
Another study found that constant oxidative stress causes 
an increase of proinflammatory mechanisms provide a po-
tent feedback loop for sustained oxidant stress(Ivailoet al., 
2012)  .Leukocytes and other phagocyte tear down bacte-
ria, parasites and virus-infected cells with NO, O2, H2O2, 
and OCl, those are potent oxidants and protect humans 
from infection. However, they cause oxidative damage and 
mutation to DNA(Uttaraet al., 2009).

Damage induced by ROS occurs through the modulation 
of cytokine expression and pro-inflammatory substrates 
via activation of redox-sensitive transcription factors (Cin-
drova-Davies et al.,2007).Neutrophil modulation is a cen-
tral source of ROS, which cause cell damage especially to 
endothelial cell (Kolluruet al.,2012).ROS may play a part in 
the regulation of the expression of genes encoding some 
immunoregulators, cytokines, and cell adhesion molecules 
which are involved in the pathogenesis of endometriosis 
(Sharmaet al., 2013).
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There was insignificant negative correlation between WBC 
count, lymphocyte count, neutrophil count and neutro-
phil / lymphocyte ratio with FF.GSH (p>0.05).The non-
antioxidants prevent damage induced by ROS through 
the modulation of cytokine expression and pro-inflamma-
tory substrates by inhibiting the activation of NF-kappa B 
(Cindrova-Davieset al.,2007).There was significant negative 
correlation between Eosinophil count and S.CAT (p<0.05).
Also, there was negative but insignificant correlation be-
tween WBC count, lymphocyte count, neutrophil count 
and neutrophil/lymphocyte ratio with S.CAT, FF.CAT and 
C.CAT level (p>0.05). Reducing antioxidant enzymes re-
lated with are an increase in prostaglandin (PG) F2-alpha 
or macrophages (Agarwal et al.,2012).Heme oxygenase-1 is 
an antioxidant enzyme that has anti-inflammatory and cyto-
protective properties. Hypoxia stimulates the expression of 
HO-1, and is used to discover increased OS (Li et al, 2005 
and Agarwalet al.,2012).


