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ABSTRACT 
 

Aims: The purpose of this study was to assess the Density Gradient Centrifugation (DGC) 
effectiveness in spermatozoa selection by analyzing the oxidative stress profile and in pregnancy 
prediction outcomes of In Vitro Fertilization (IVF). 
Study Design: This was a prospective study. 
Place and Duration of Study: Department of Biology, laboratory of Physiopathology Molecular 
Genetic and Biotechnology. Ain Chock Faculty of Sciences, Hassan II University, Casablanca. And 
Anfa Fertility Center Private Clinic of in vitro fertilization and Endoscopic Surgery, Casablanca. 
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Methodology: We included 101 men patients subdivided into three groups. Group A with normal 
sperm parameters and a positive pregnancy; Group B with normal sperm parameters and a 
negative pregnancy; Group C with abnormal sperm parameters and a negative pregnancy. After 
DGC, lipid peroxidation (MDA) level, as well as the antioxidant enzyme activities of superoxide 
dismutase (SOD), glutathione reductase (GR) and catalase (CAT), were evaluated. 
Results: Patients with normal and abnormal sperm parameters showed that MDA level, and 
antioxidant enzymes activities increased significantly from the pellet, to 80 %, and from 80% to 40% 
fractions. In addition, lipid peroxidation and enzymes activities levels were significantly lower in 
patients with positive pregnancy than in patients with negative pregnancy and especially those with 
abnormal spermatic parameters.  
Conclusion: The DGC would select sperm not only motile and viable but with less oxidative stress. 
Moreover, the rate of lipid peroxidation and antioxidant enzyme activities could differentiate between 
patients with normal and abnormal spermatic parameters and between patients with positive and 
negative pregnancy outcome. 
 

 

Keywords: DGC; semen; lipid peroxidation; antioxidant enzymes; pregnancy. 
 

1. INTRODUCTION   

 
Infertility is defined by the World health 
Organization (WHO) as the inability of a sexually 
active, non-contracepting couple to achieve 
pregnancy in one year [1].15% of couples in the 
world suffer from infertility [2], of which 20% 
infertility is strictly male and 40% is mixed [3]. 
Nowadays, medically assisted procreation (MAP) 
is an ideal therapeutic solution that resolves 
some infertility issues by the use of several 
methods, namely in vitro fertilization (IVF), 
intrauterine insemination (IUI) and 
intracytoplasmic sperm injection (ICSI) [4].  
 
The exploration of male infertility always begins 
with a clinical examination and a conventional 
sperm analysis. The latter is based on a 
microscopic evaluation that determines sperm 
quality via its count as well as sperm motility and 
morphology. 

 
Although these parameters are one of the key 
examinations in the diagnosis of infertility, some 
sperms may require further analysis, especially 
when conventional parameters are normal [5,6]. 
Indeed, 6 to 27% of infertile men have normal 
sperm tests, normal physical examination, 
normal endocrine pattern, and no identifiable 
female cause, this is called idiopathic infertility 
[7]. 

 
Among the causes of male infertility, oxidative 
stress (OS) has been considered as one factor 
that impacts fertility status and thus, has been 
subjected to a lot of recent studies [8,9]. OS is a 
consequence of an imbalance between the 
production of reactive oxygen species (ROS) and 
antioxidant defense mechanisms in the body 

[10,11]. Significant evidence indicates that a 
small amount of ROS is needed by spermatozoa 
to acquire fertilization capacity [12,13]. Several 
studies demonstrate that a low level of ROS is 
essential for hyperactivation, motility, acrosome 
reaction, and capacitation [14,15,16,17]. 
Nevertheless, increased ROS production levels 
by sperm or leukocytes can cause lipid 
peroxidation of sperm cell membrane, sperm 
DNA integrity impairment [18,19,20] and sperm 
immobilization [21]. 
 

ROS is an important factor in the etiology of 
fragmentation, poor sperm quality especially 
DNA damage, decondensation, and apoptosis. 
Various studies have demonstrated that infertile 
men have higher ROS levels than fertile men 
[22,23,24]. Furthermore, DNA damage in 
spermatozoa has been associated with high 
levels of ROS [25]. Moreover, seminal reactive 
oxygen species have been considered as 
predictors of fertilization, embryo quality, and 
pregnancy rates after conventional in vitro 
fertilization and intracytoplasmic sperm injection 
[26,27,28]. 
 

In MAP, density gradient centrifugation (DGC) is 
one of the methods used to improve sperm 
quality for artificial insemination or in vitro 
fertilization [29]. The goal of this technique is to 
select morphologically normal motile sperm, 
eliminate seminal plasma, cell debris, blood cells 
(such as leukocytes) as well as dead 
spermatozoa [30] that have significant ROS 
sources [31], causing a decrease in sperm 
function including mobility [32]. However, could 
the DGC go beyond conventional sperm 
selection, and give us an idea of the profile of 
oxidative stress in infertile patients particularly in 
those with idiopathic infertility?  



 
 
 
 

Debbarh et al.; ARRB, 35(12): 173-182, 2020; Article no.ARRB.64352 
 
 

 
175 

 

The purpose of this study was first to assess the 
DGC effectiveness in spermatozoa selection by 
analysis of the oxidative stress profile, and 
secondly to evaluate the oxidative stress profile 
after DGC as a predictor of pregnancy outcomes. 
 

2. MATERIALS AND METHODS 
 

2.1 Patients’ Selection 
 

This was a prospective study, approved by Anfa 
Fertility Center and physiopathology molecular 
genetics and biotechnology laboratory of Hassan 
II University, Casablanca (Morocco) informing 
the selected patients with consent. This study 
included 101 male patients with normal and 
abnormal sperm parameters whose ages were 
between 31 and 63 years. All patients underwent 
an analysis of sperm parameters which included 
mobility, morphology, counting according to 
WHO standards [1]. This analysis allowed us to 
distinguish three groups: Group A included 25 
patients with normal sperm parameters and with 
a positive pregnancy, Group B contained 36 
patients with normal sperm parameters and 
negative pregnancy and Group C included 40 
patients with abnormal sperm parameters and 
negative pregnancy (Table 1). A pregnancy test 
was performed two weeks after the embryo 
transfer and pregnancy was positive when fetal 
heart activity was detected on transvaginal 
ultrasound four weeks after embryo transfer.  
 

2.2 Semen Collection and Preparation 
 

Semen samples were collected by masturbation 
after 3–5 days of sexual abstinence. Semen 
samples were firstly evaluated for spermogram 
analysis using a Makler chamber (Sefi Medical 
Instruments, Haifa, Israel) where it was analyzed 
for concentration, and motility and smears of the 
fresh semen were stained using the Diff- Quik kit 
(Baxter Healthcare Corporation, Inc., Mc Gaw 
Park, IL, USA) for assessment of sperm 
morphology. The smears were stained, rinsed in 
distilled water, air-dried and scored using 
Kruger’s strict criteria [33]. 
 

Liquefaction was allowed to occur over at least 
30 min before the spermatozoa were fractionated 
on a discontinuous two-step Pursperm gradient 
(80%/40%) as described by Aboulmaouahib et 
al. (2016) [34]. Then, the pellet, 80% and 40% 
fractions were lysed with lysis buffer pH = 7.5 (10 
mM EDTA, 1% Glycerol, 1 mM PMSF, 50 mM 
Tris HCl, 10 mM Mercaptoethanol) followed by 
sonication (80W 60s). After centrifugation at 
12000 g for 15 min at 4°C, the supernatants 
protein content was measured according to 
Bradford (1976) using bovine serum albumin 
(BSA) as standard [35]. 
 

2.3 Enzymatic Antioxidant Activity 
Analysis and Lipid Peroxidation 
Evaluation 

 

Lipid peroxidation was estimated by thiobarbituric 
acid reactive substances (TBARS) reaction with 
malondialdehyde (MDA) as described by 
Samokyszyn and Marnett (1990) [36]. Briefly, 
100 µl of supernatant was added to 10% 
trichloroacetic (TCA) and 0.67% TBA. The tubes 
were placed in boiling water for 30 minutes and 
then cooled in ice to stop the reaction. Then a 
centrifugation at 8000 g for 10 min was 
performed. The MDA level was expressed as 
mmol/min/µg protein. 
 

The SOD activity was measured according to 
Paoletti et al. (1986) [37]. The reaction medium 
contained: 5 mM EDTA, 2.5 mM MnCl, 0.27 mM 
NADH, 3.9 mM 2-mercaptoethanol, 50 mM 
phosphate buffer pH = 7 and 50 μl of the lysate. 
The enzyme activity was expressed as millimoles 
of NADH consumed/min/µg of protein. 
 

To estimate the GR activity, the method of DI Llio 
et al. (1983) was used [38]. The reaction medium 
was  composed of 1 mM EDTA, 25 μM GSSG, 
1.5 μM NADPH, 50 μM phosphate buffer pH = 
7.4 and 50 μL of lysate and the reading of the 
absorbance was carried out at 340 nm after the 
addition of 1.6 μM of NADPH. The enzyme 
activity was expressed in millimoles of NADPH 
consumed/minute/µg of protein.  

Table 1. Characteristics of the studied population results are expressed as mean or 
percentage ± standard deviation (SD) 

 
 Group A 

(n=25) 
Group B 
(n=36) 

Group C 
(n=40) 

Sperm parameters Normal Normal Abnormal 
Pregnancy Positive negative negative 
Numeration in ml 60,1 ± 27,7 50,2 ± 17,8 31,7± 18,2 
Mobility % 50,5 % ± 0,31 51,8 % ± 0,27 31,4 %± 0,23 
Morphology % 45,5 % ± 0,20 43,6 %± 0,14 25,7 %± 0,33 
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The catalase activity was measured according to 
Aebi, (1984) [39]. The reaction medium was 
composed of 50 mM phosphate buffer, pH 7 and 
30 μl of lysate. The specific activity was given as 
millimoles of consumed H2O2/min/µg of protein. 
 

2.4 Statistical Analysis 
 

The results are expressed as the mean or 
percentage of the total ± standard deviation (SD) 
or SEM. Data was obtained with the Student’s t-
test for comparison of Malondialdehyde (MDA) 
levels and antioxidant enzymes activities in three 
fractions (Pellet, 80%and 40%) and ANOVA test 
for comparison of lipid peroxidation level (MDA) 
and antioxidant enzymes activities (SOD, GR, 
CAT) in pellets sperm of group A, group B and 
group C, using SPSS (Statistical Package for the 
Social Sciences) statistical significance was 
defined as p < 0.05. 
 

3. RESULTS  
 

Our study was performed on semen from three 
groups: Group A included 40 patients with 
abnormal sperm parameters with negative 
pregnancy, Group B contained 36 patients with 
normal sperm parameters without pregnancy and 
Group C included 25 patients with normal sperm 
parameters and positive pregnancy. Sperm 
samples were centrifuged by density gradient 
(DGC) to select morphologically normal motile 
spermatozoa. Then, lipid peroxidation (MDA) 
levels, as well as superoxide dismutase (SOD), 
glutathione reductase (GR) and catalase (CAT) 
activities, were analyzed in the pellet, 40% and 
80% fractions of each sperm. 
 

3.1 Assessment of the DGC Effectiveness 
in the Selection of Spermatozoa by 
Analyzing Oxidative Stress Profile  

 

The results of Fig. 1 show that MDA levels 
increase both in patients with normal and 
abnormal sperm parameters, significantly and 
respectively from pellet to 80% fraction, and 80% 
to the 40% fractions (p= 0.0004; p= 0.03)/ 
(p=0,01; p=0.03). 
 

In addition, lipid peroxidation level was 
significantly higher in patients with abnormal 
sperm parameters compared to patients with 
normal sperm parameters in pelleted fraction 
(P=0.02); 80% fractions (p=0.02); 40% fractions 
(p=0.03).  
 

We also noted concomitantly that the activities of 
the three ROS scavenging enzymes studied 

(SOD, GR, CAT) increased both in patients with 
normal and abnormal sperm parameters from the 
pelletized fraction to 80% fraction, and 80% to 
the 40% fraction. Likewise, the activity of these 
enzymes was significantly higher in patients with 
abnormal sperm parameters compared to 
patients with normal parameters in pelleted 
fraction (p=0.007; p=0.0006; p=0.03); 80% 
fractions (p=0.03; p=0.0008; p=0.02); 40% 
fractions (p=0.05; p=0.004; p=0.01) (Fig. 1). 

 
3.2 Evaluation of Oxidative Stress Profile 

after DGC in the Prediction of 
Pregnancy Outcomes 

    
In order to evaluate the impact of oxidative stress 
in the prediction of pregnancy, we performed a 
comparative analysis of the oxidative stress 
profile in sperm pellets commonly used in MAP 
of patients with positive and negative pregnancy. 
As shown in Table 2, we noted that MDA rate, as 
well as activity of antioxidant enzymes (SOD, 
GR, CAT),  were significantly higher in patients 
with negative pregnancy including patients with 
normal and abnormal sperm parameters 
compared to patients with normal sperm 
parameters and positive pregnancy, In addition, 
we noted that MDA and enzymes activities levels 
were significantly higher in patients with 
abnormal sperm parameters (negative 
pregnancy) than those with normal sperm 
parameters (negative pregnancy) considered as 
idiopathic. 
 

4. DISCUSSION  
 
In the present study, we performed density 
gradient centrifugation (DGC) in patients with 
normal and abnormal sperm parameters and with 
negative or positive pregnancy. This technique is 
one of the methods used to improve sperm 
quality in MAP to select morphologically normal 
mobile spermatozoa. It makes it possible to 
obtain three sperm fractions; the pellet containing 
normal sperm highly mobile and viable, the 80% 
fraction containing abnormal spermatozoa with 
poor motility, and the 40% fraction containing 
leukocytes and cell debris [40]. We evaluated the 
oxidative stress in these three fractions by 
evaluating lipid peroxidation rate, using 
Malondialdyde (MDA) as a marker, one of the 
products formed during the decomposition of 
polyunsaturated fatty acids by free radicals, and 
the activities of the main antioxidant enzymes; 
superoxide dismutase (SOD) glutathione 
reductase (GR) and catalase (CAT).   



Fig. 1. Malondialdehyde (MDA) levels and antioxidant enzymes activities in mmol/µg of proteins from normal sperm parameters; and abno

Data represent mean ± SEM. Statistical significance was defined as p < 0.05.
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Malondialdehyde (MDA) levels and antioxidant enzymes activities in mmol/µg of proteins from normal sperm parameters; and abno
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Data represent mean ± SEM. Statistical significance was defined as p < 0.05. MDA: malondialdehyde; SOD: superoxide dismutase; GR: Glutathione redu
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Table 2. Lipid peroxidation level (MDA) and antioxidant enzymes activities (SOD, GR, CAT) in pellets sperm of group A, group B and group C. 
Values are expressed in means ± standard deviation (SD) 

 
 
  

Group A 
Normal sperm 
parameters 
(positive pregnancy) 

 Group B 
Normal sperm 
parameters 
(negative pregnancy) 

Group C 
Abnormal sperm parameters 
(negative pregnancy) 

F 
value 

P -value 

MDA 
mmol /µg of protein 
(mean ± SD) 

0,03 ±0,03 0,06±0,11 0,10±0,10 3,92 0,02 

SOD mmol/min/µg of protein 
(mean ± SD) 

0,21±0,50 3,29±4,15 6,16±7,18 5,69 0,005 

GR 
mmol/min/µg of protein 
(mean ± SD) 

0,05±0,04 0,45±0,48 1,74±2,42 9,95 0,0001 

CAT mmol/min/µg of protein 
(mean ± SD) 

0,02±0,04 0,06±0,20 0,10±0,18 3,151 0,02 

P values were obtained by statistical comparison intergroups using ANOVA. Statistical significance was defined as p < 0.05. MDA: malondialdehyde; SOD: superoxide 
dismutase; GR: Glutathione reductase; CAT: catalase 
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The results of our study showed that the MDA 
level significantly decreases from the 40% 
fraction, 80% to the pellet fraction in both normal 
and abnormal sperm parameters patients. This 
finding demonstrates that the density gradient 
centrifugation method not only provides mobile 
and viable spermatozoa but also spermatozoa 
with less oxidative stress levels. These results 
are consistent with several studies that showed 
that ROS levels decrease using the density 
gradient centrifugation method, [41,14,42,43,44]. 
In addition, other authors explain that sperm 
selection by density gradient eliminates all 
sources of toxicity such as decapacitation 
factors, prostaglandin [28] and ROS [42] by 
eliminating white blood cells and immature 
spermatozoa that represent additional sources of 
oxidative stress. Otherwise, Enciso et al. [2011] 
reported that DGC was effective at removing 
sperm containing double-stranded DNA damage 
[43]. ROS have important consequences, not 
only in terms of peroxidation of sperm membrane 
and intracellular lipids and proteins but also as 
the major etiological factor resulting in DNA 
damage [44]. 
 

In addition, our study finds that idiopathic 
infertility patients with normal sperm parameters 
without pregnancy have high MDA levels 
compared to normal sperm parameters patients 
with positive pregnancy. This result is consistent 
with other studies [45,46,47], which concludes 
that the evaluation of ROS is clearly more useful 
in the diagnosis of infertility, as it is a much more 
relevant pre-indicator than conventional sperm 
analysis [48]. Otherwise, serval studies have 
deduced that more than 40% of infertile patients 
with no obvious cause have a high rate of free 
radicals [49,50]. Therefore, ROS measurement is 
particularly relevant as it may serve to identify a 
cause of infertility unexplained cases, which 
could not be identified by performing WHO 
semen analysis alone. Other studies have 
deduced that a significant number of men with 
normal semen parameters are infertile and have 
significantly higher seminal ROS levels 
compared to those with normal parameters who 
are fertile [45]. 
 

Indeed, it has been shown that high levels of 
ROS contribute to poor sperm parameters 
[51,52], impaired fertilization and sperm function 
[53,54]. 
 

Moreover, the results obtained in this study 
showed that lipid peroxidation (MDA) level is 
significantly higher in the abnormal sperm 

parameters patients with negative pregnancy 
compared to those with normal sperm 
parameters group with positive or negative 
pregnancy. So, density gradient centrifugation 
associated with oxidative stress profile analysis 
can play a decisive role in the success of 
pregnancy. Furthermore, it has been shown by 
Yuruma et al, 2009, that high rates of non-
centrifuged sperm ROS are detected in couples 
who have not reached pregnancy compared to 
couples who have already had a pregnancy [44]. 
In addition, our results showed enzymatic 
activities of superoxide dismutase (SOD), 
glutathione reductase (GR), and catalase (CAT) 
are significantly higher in normal and abnormal 
sperm parameters patients without pregnancy 
compared to normal sperm parameters patients 
with pregnancy. The rate of these antiradical 
enzymes activities decreased from the 40% 
fraction to the pelletized fraction. This last 
observation can be explained by the important 
presence of spermatids which shows that 
seminal plasma is an important source of 
antioxidants. Furthermore, several authors have 
suggested that lipid peroxidation is a 
consequence of an increase in the level of 
antiradical enzymes, [55,56,57,58,59]. On the 
other hand, the antioxidants would prevent or 
potentially repair oxidative damage. Unregulated 
supplementation of antioxidants can induce a 
pathological imbalance between oxidation and 
reduction. The antioxidant paradox describes 
how antioxidants can exacerbate damage 
through a loss of oxidative mechanisms, 
promotion of tissue lesion, and a paradoxical 
increase in ROS [60]. As discussed before, 
oxidation plays a material role in male 
reproduction and unregulated antioxidant 
supplementation can affect these mechanisms. 
Surplus CAT can inhibit capacitation by impeding 
local oxidation [61]. Similarly, excess SOD and 
CAT can prevent acrosome reaction occurrence 
[62]. 

 
5. CONCLUSION 
 
All of these results show that, on the one hand, 
DGC makes it possible to obtain a pellet 
containing spermatozoa that is both mobile and 
viable and that has less oxidative stress. On the 
other hand, the rate of lipid peroxidation allows 
not only to differentiate between normal and 
abnormal sperm parameters in infertile patients 
but also it enables to differentiate                    
between infertile patients with and without 
pregnancy. 
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