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Abstract 
Spermatogenesis is the most important stage in male fertility. In 
the present study, many factors affecting spermatogenesis were 
evaluated in seminal plasma and homogenates of sperms from 
fertile and infertile males. The levels of some heavy metals, 
malondialdehyde (MDA) and reduced glutathione (GSH) as well 
as superoxide dismutase (SOD) activity were measured in both 
seminal plasma and homogenate supernatant of sperm from fertile 
and infertile males. Two hundred and sixteen human semen 
samples were collected and divided into five groups: group I (GI) 
included 70 semen samples as the control, and four infertile 
groups (GII - GV) according to WHO criteria. The levels of Fe2+, 
Cd2+ and MDA in seminal plasma and sperm homogenate 
supernatant of infertile groups were highly and significantly 
increased compared to their levels in control. However, GSH level 
and SOD activity in seminal plasma and sperm homogenate 
supernatant of infertile men were highly and significantly 
decreased compared to the control. In conclusion, the levels of 
heavy metals and oxidative stress were associated with human 
male spermatogenesis dysfunction and might be useful tools in 
predicting sperm density. 

Keywords: Spermatogenesis, Heavy Metals, Superoxide 
Dismutase, Reduced Glutathione. 

Introduction 

Reproductive health     is a branch of life (Moeini, et al., 2015). 

Infertility affects 15% of couples, and in 30% of these couples, 
the cause of infertility has been associated with aberrations found 
in the male partner, termed as male infertility. Defective sperm 
function has been the most common cause of male infertility 
(Naz, 2017; Naser and Alhabbash, 2016). One of the factors that 
can potentially cause spermatogenesis dysfunction is the 
oxidative stress (Ashok et al., 2014; Eisa et al., 2016) .Oxidative 
stress is a condition associated with an increase in the rate of 
cellular damage induced by oxygen and oxygen-derived oxidants. 
These oxidative molecules have been commonly known as 
reactive oxygen species (ROS), which have been produced 
primarily by the physiological metabolism of O2 in cells under 
aerobic conditions (Makker et al., 2009; Schieber and Chandel, 
2014) . Normally a balance is maintained between the amount of 
ROS produced and that scavenged by a set of different 
antioxidants. The disturbance of this equilibrium leads to 
oxidative stress (Desai et al., 2010; Moon et al., 2012).  Lipid 
peroxidation (LPO) of sperm membrane has been considered to 
be the key mechanism of ROS-induced sperm damage leading to 
loss of the germinating ability or infertility. Malondialdehyde 
(MDA) is an end product of LPO, and is considered as one of the 
important markers of oxidative stress. High levels of MDA have 
represented a high rate of cellular peroxidative damage (Makker 
et al., 2009). The protection against ROS is of critical importance, 
and can be provided by both enzymatic [e.g. superoxide 
dismutase (SOD)] and non-enzymatic [e.g. reduced glutathione 
(GSH)] antioxidants. GSH plays a central role in the defense 
against oxidative damage and toxins due to its ability to react 
directly with ROS by its free sulphydryl group (Eskiocak, et al., 
2005; Valko et al., 2016). SOD is an important antioxidant 
enzyme that involves in the inhibition of sperm membrane LPO 
(Ighodaro and Akinloye, 2017). 

It catalyzes the dis-mutation of the highly reactive superoxide 
anion radical (O2

-) to form O2 and H2O2 (Dorostghoal, et al., 
2017; Halliwell and Gutteridge, 2015; Carocho and Ferreira, 
2013). Another factor that may cause human infertility is the 
exposure to heavy metals either voluntarily through 
supplementation or involuntarily through the intake of 
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contaminated food and water or contact with contaminated soil, 
dust, or air. The sources of heavy metals that are released in the 
environment vary (Aljedani, 2017). Some of these metals get  

involved in the production of oxidants, and enhance the rate of 
oxidative stress leading to male infertility (Rui et al., 2017; 
Rodjana Chunhabundit, 2016).  

The aim of this work was to study the role of heavy metals in 
oxidative stress production, and consequently their effects on 
human spermatogenesis. Additionally, this paper aimed at 
illustration of the role of seminal plasma in sperm protection.  

Subjects and Methods 

Semen collection: 

Semen samples were collected by masturbation after 3 days of 
sexual abstinence. Sperm density was analyzed by a computer 
assisted sperm analyzer (CASA, Cell Soft 3000, Cryo Resources 
Co., U.S.A.). The samples with leukocyte counting more than 
5/H.P.F were excluded. The semen samples were preserved at -
180 °C until assay (Murawski, M., et al., 2007). 

Study design: 

Two hundred and sixteen  human semen samples were classified 
into five groups based on WHO criteria (Rowe and Comhaire, 
2000). 
Group I (GI): 70 normozoospermic samples as control.  
Group II (GII): 48 asthenozoospermic(A) samples.  
Group III (GIII): 18 oligo-asthenozoospermic(OA) samples.  
Group IV (GIV): 41 oligo-astheno-teratozoospermic(OAT) 
samples.  
Group V (GV): 39 azoospermic(Azoo) samples. 

Semen preparation 

The semen samples were centrifuged at 5000 r.p.m. for 15 
minutes to separate spermatozoa from seminal plasma. The 
supernatant seminal plasma was then carefully removed, and 
transferred to test tubes. The spermatozoa sediment was washed 
twice with physiological saline solution to remove the remained 
seminal plasma. The separated spermatozoa pellet was 
homogenized by a variable speed homogenizer for 5 minutes in 
ice bath using 2ml homogenizing buffer (pH 7.4) consisting of 

mannitol, sucrose and EDTA mixed together with tris-base and 
0.1 % tritonX-100. The homogenate of the pellet was then 
centrifuged for 10 minutes at 5000 r.p.m. in a cooling centrifuge 
to discard debris, if any. The supernatant was then used for all the 
measurements (Dandekar et al., 2002). 

Biochemical analysis 

Protein content in the seminal plasma was determined by the 
Biuret reaction according to the method of Gornall et al. (1949). 
LPO was measured by the reaction of thiobarbituric acid with 
MDA according to the method of Storey (1997). GSH level was 
determined by the method of Beutler et al. (1963). SOD activity 
was assayed by the modified method of Dechatelet et al. (1974). 
Heavy metals were determined by Atomic Absorption 
Spectrophotometery (Rosner and Gorfien, 1968). Protein 
electrophoresis was carried out using polyacrylamide gel 
electrophoresis (Keith and John, 1994). 

Statistical analysis 

The statistical analysis was performed using Instate® program 
(version 2.03; from GraphPad software, U.S.A.). The correlations 
between parameters were assessed using the MicrocalTM Origin® 
program`s coefficient (r- value) (version 0.6; from GraphPad 
software, U.S.A.). All parameters were expressed as mean ± 
standard deviation.  

RESULTS 

The levels of Fe and Cd in sperm homogenate of GII-GIV were 
highly increased compared to the corresponding controls. Also, 
the levels of Fe and Cd in seminal plasma of all infertile groups 
(GII-GV) were highly increased compared to the control (Table 1).  
In seminal plasma, the levels of MDA in GII-GV were highly 
increased compared to the control. However, the levels of GSH 
and the activity of SOD in seminal plasma of GII-GV showed 
highly decreases when compared to the control (Table 2).  

The level of GSH in sperm homogenate supernatant of GII-GIV 
was highly decreased compared to the control. However, MDA 
level in sperm homogenate of GII-GIV was highly increased 
compared to the control. Also, the activity of SOD in sperm 
homogenate of GII was lower than GI (Table 3).  

Table 1: Mean values of Fe and Cd in spermatozoa homogenate supernatant and seminal plasma of groups I-V. 
Seminal plasma Cd 

µg/mg  protein 
Spermatozoa homogenate Cd 

/mg  protein2µg x 10 
Seminal plasma Fe 

µg/mg  protein 
Spermatozoa homogenate Fe 

µg x 102/mg  protein 
           Parameter 

     Group          
 

0.015 ± 0.005 
16 

 
0.021 ± 0.005 

23 

 
0.68 ± 0.13 

17 

 
1.7 ± 0.54 

18 

GI(Control) 
M ± S.D. 

n. 
 

0.065 ± 0.017** 
11 

 
**0.02±  0.061 

12 

 
0.95 ± 0.19** 

11 

 
**0.76±  2.6 

9 

(A)IIG 
M ± S.D. 

n. 
 

0.114 ± 0.018** 
6 

 
**0.03±  0.14 

5 

 
1 ± 0.17 ** 

6 

 
2.56 ± 0.72 ** 

5 

(OA)IIIG 
M ± S.D. 

n. 
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0.072 ± 0.013** 

17 

 
**0.1±  0.29 

16 

 
1.36 ± 0.29** 

15 

 
**1.08±  3.78 

18 

(OAT)IVG 
M ± S.D. 

n. 
 

0.083 ± 0.028** 
16 

 
 

1.50 ± 0.39** 
17 

 
(Azoo)VG 

M ± S.D. 
n. 

* significant              ** highly significant               - (n) number of cases 

 Table 2: Mean values of MDA and GSH and activity of SOD in seminal plasma of groups I-V. 
SOD 

% inhibition 
GSH 

nMole/mg  protein 
MDA 

/gm protein7-Mole x 10 
          Parameter 

    Group 
  

74.5 ± 11.61 
47 

 
97.8 ± 22.3 

48 

 
0.55 ± 0. 19 

36 

GI(Control) 
M ± S.D. 

n. 
 

**4.39±  65.74 
30 

 
68.1 ± 15.8 ** 

33 

 
**0.84±  1.9 

44 

(A)IIG 
M ± S.D. 

n. 
 

61.29 ± 4.16** 
11 

 
32.4 ± 11** 

15 

 
**0.72±  2.31 

17 

(OA)IIIG 
M ± S.D. 

n. 
 

44.2 ± 4.97 ** 
17 

 
31 ± 9.7 ** 

30 

 
3.64 ± 0.77 ** 

21 

(OAT)IVG 
M ± S.D. 

n. 
 

59.28 ± 13.61** 
26 

 
24.3 ± 6.7** 

36- 

 
2.24 ± 0.66** 

27 

(Azoo)VG 
M ± S.D. 

n. 

Table 3: The mean values of MDA, GSH and SOD activity in sperm homogenate of groups I - IV. 

SOD 
% inhibition 

GSH 
nMole/mg  protein 

MDA 
/gm  protein5-Mole x10 

             Parameter 
     Group 

 
41.56 ± 8.8 

39 

 
20.06 ± 4.79 

20 

 
1.19 ± 0.44 

32 

GI(Control) 
M ± S.D. 

n. 
 

37.42 ± 10.15* 
25 

 
16.51 ± 2.71 ** 

18 

 
2.51 ± 0.53** 

30 

(A)IIG 
M ± S.D. 

n. 
 

40.63 ± 7.03 
16 

 
4.5 ± 1.2** 

6 

 
3.64 ± 0.87** 

10 

(OA)IIIG 
M ± S.D. 

n. 
 

50.23 ±13.09** 
32 

 
0.85 ± 0.25** 

7 

 
5.72 ± 1.37** 

18 

(OAT)IVG 
M ± S.D. 

n. 
 
In Table 4, no variation was observed in semen volume and 
seminal plasma protein of all groups, while, the sperm density of 
GIII and GIV was highly and significantly decreased compared to 
GI. 

Electrophotogram of seminal plasma protein of different groups 
by PAGE was observed in Figure 1. The gel pro analysis of this 

electrophotogram can be seen in Figures 2a,2b,2c and 2d. In 
Figure 2a, comparing to group I ( control) and group II a 
similarity has been demonestrated between the two groups. 
However, in Figures 2b, 2c and 2d, there are clear differences in 
gel pro-analysis of the control and groups III, IV aand V. In the 
other three groups, more bands were observed. 

 
Table 4: Total semen volume (ml), sperm density (million/ml), and total protein in seminal plasma of 
groups I-V. 

            Parameter 
    Group 

Volume                                       
(ml) 

Sperm density                                       
(million/ml) 

T. Protein 
(g/100 ml seminal plasma) 

GI(Control) 
M ± S.D. 

n. 

 
3.1 ± 1.6 

70 

 
67.4 ± 44.1 

70 

 
5.71 ± 1.28 

70 
GII(A) 

M ± S.D. 
n. 

 
2.9 ± 1.3 

48 

 
64.4 ± 37.6 

48 

 
5.51 ± 1.25 

48 
GIII(OA) 
M ± S.D. 

n. 

 
3.8 ± 2.2 

18 

 
10.6 ± 5.1*** 

18 

 
*1.54±  5.05 

18 
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GIV(OAT) 
M ± S.D. 

n. 

 
3.7 ± 1.3 

41 

 
4.1 ± 3.5*** 

41 

 
5.44 ± 1.12 

41 
GV(Azoo) 
M ± S.D. 

n. 

 
3.4 ± 1.8 

39 
- 

 
6.23 ± 1.51* 

39 
 

 
Figure 1: Electrophotogram of seminal plasma protein by PAGE. Lane 1 represents the control (GI), lane 2 represents 

asthenozoospermic group (GII), lane 3 represents oligo-asthenozoospermic group (GIII), lane 4 represents oligo-astheno-teratozoospermic 
group (GIV) and lane 5 represents azoospermic group (GV). 

 
Figure 2a: Gel-pro analysis of different proteins in the seminal plasma of asthenozoospermic male (GII) compared to the control. 
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Figure 2b: Gel-pro analysis of different proteins in the seminal plasma of oligo-asthenozoospermic male (GIII) compared to the control. 

 
Figure 2c: Gel-pro analysis of different proteins in the seminal plasma of oligo-astheno-teratozoospermic male (GIV) compared to the 

control. 
 

 
Figure 2d: Gel-pro analysis of different proteins in the seminal plasma of azoospermicmale (GV) compared to the control.
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In figure 3, there is a highly positive correlation between 
glutathione content and sperm density (A), while, 

malondialdehyde level and sperm density are highly and 
negatively correlated (B). 

 

 
Figure 3: a- Correlation between glutathione content and sperm density.  b- Correlation between malondialdehyde level and sperm 

density. 

Discussion 
 

The major causative factor of male infertility is the presence of 
oxidative stress which induces lipid peroxidation of sperm 
membrane (Ashok et al., 2014). The over load of many trace 
heavy metals’ (discharged as environmental pollutants) impact 
increased the oxidative stress in the biological cells.  

In this work, the obtained data illustrated that, the levels of Fe and 
Cd, were highly and significantly increased in sperm homogenate 
and seminal plasma of groups (GII - GV) compared to their 
corresponding controls. These increases were highly associated 
with the decrease in sperm density. Wirth and Mijal, (2010) and 
Aydemir  et al. (2006) suggested that, Fe and Cd might have a 
strong toxic effect on spermatogenesis via producing excessive 
oxidants and inducing apoptosis, a process which can deplete the 
sperm concentration, and lead to male infertility. In addition, 
Demuynck et al. (2004) reported that, Pb and Cd were found to be 
responsible for different types of chromosomal aberrations. 

An extensive study demonstrated that, phospholipids peroxidation 
causes sperm membrane damage. This damage led to the loss of 
the sperm quality and the membrane integrity (Tavilani et al., 
2008). In the present study, high increases in the levels of MDA 
were observed in both seminal plasma and sperm homogenate of 
infertile males compared to the control. In azoospermic males 
(GV), the seminal plasma level of MDA was higher than that of 
(GI) (307.3 %). This result suggested that MDA levels in seminal 
plasma was not entirely derived from the abnormal spermatozoa 
but, at least in part, was originated from the existence of LPO in 
the accessory glands as seminal vesicles, prostate and epididymis 
indicating that such organelles were also exposed to oxidative 
damage in the infertile men, and subsequently spermatogenesis 
dysfunction. This suggestion was confirmed by the negative 
correlation between sperm density and MDA levels. The level of 
MDA in sperm homogenate was higher than its level in seminal 

plasma in all groups. This result illustrated the higher 
susceptibility of spermatozoa to peroxidative damage and 
suggested that, the spermatozoa might be the main source of 
oxidative stress in semen. This might be due to the presence of 
high density of mitochondria in their midpiece which might lead 
to the excessive oxygen radicals in cytoplasm with a simultaneous 
lack in their cytoplasmic antioxidant enzymes. This imbalance 
made the ability of spermatozoa antioxidants in scavenging the 
oxidants become limited, and increased the rate of oxidative 
stress. The present results of MDA were in agreement with the 
results of the other authors (Tavilani et al., 2008; Ben Abdallah et 
al., 2009; Huang et al., 2000). 

In the present work, high decreases in the levels of GSH were 
found in both seminal plasma and sperm homogenate of infertile 
males when compared to the control. These results provided an 
evidence that the GSH seemed to play an important role in male 
fertility, sperm density and sperm quality,  as was reported by the 
other investigators (Chaudhari and Singh, 2008; Agarwal and 
Sekhon, 2010), in addition to the positive correlation between 
GSH content and the sperm density.  The present results indicated 
that, the seminal plasma might be the main source of GSH in 
semen, and also they emphasized on the role of seminal plasma in 
spermatozoa protection against the oxidative stress.  

Murawski et al. (2007) showed that, SOD activity in seminal 
plasma of infertile males was significantly lowered compared to 
its activity in spermatozoa of normal men . The results of this 
study were in agreement with the results of Murawski et al.(2007), 
suggesting that the decrease in seminal plasma SOD activity 
might be one of the factors which are responsible for male 
infertility and low sperm density and quality. Moreover, the 
obtained results showed a highly significant elevation in SOD 
activity only in sperm homogenate supernatant of GIV compared 
to the control. The males of this group might be at a greater risk of 
developing pathogenic levels of  ROS, a phenomenon which can 

http://informahealthcare.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Wirth%252C%2BJulia%2BJ.)
http://informahealthcare.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Mijal%252C%2BRen%25C3%25A9e%2BS.)
http://informahealthcare.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Mijal%252C%2BRen%25C3%25A9e%2BS.)
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Aydemir%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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cause the stimulation of SOD enzyme in spermatozoa to 
antagonist LPO (Shamsi et al., 2010). Based on the previous data, 
it can be suggested that SOD in spermatozoa seemed to be the 
most relevant enzyme in the protection of spermatozoa from LPO 
as was reported by Garrido et al. (2004). Also, gel pro analysis of 
the seminal plasma protein indicated the differences between 
proteins of normal group and the abnormal groups which might 
contain many abnormal proteins that might be produced as a result 
of the effect of the oxidative stress, affecting the semen quality. 
These abnormal proteins might affect the spermatogenesis and 
subsequently decrease the sperm density. 

Finally, the high concentrations of Fe and Cd have been highly 
correlated with the increase in the oxidative stress and the 
decrease in the antioxidant in seminal plasma and sperm 
homogenates of the infertile groups which subsequently led to the 
strong toxic effect on spermatogenesis via producing excessive 
oxidants and inducing apoptosis. 

Conclusion 

The human male infertility was highly affected by the increase in 
heavy metals that impacted on the elevation of the oxidative stress 
in the semen, and were highly correlated with the decrease in the 
antioxidants. This disturbance in oxidants and antioxidants 
balance could lead to a strong toxic effect on spermatogenesis via 
producing excessive oxidants and male infertility.  Also, these 
parameters can be used as tools in predicting semen quality. 

Acknowledgment: 

The authors would like to express their thanks to Dr. Kristen Fay 
Gorman for the English editing of the text and her valuable 
comments. 

References 

Agarwal, A. and L.H. Sekhon, "The role of antioxidant therapy 
in the treatment of male infertility". Human Fertility, 
2010. 13(4): p. 217-225. 

 Aljedani, D.M. Determination of Some Heavy Metals and 
Elements in Honeybee and Honey Samples from Saudi 
Arabia, Entomol Appl Sci Lett, 2017, 4 (3), pp:1-11. 

Ashok Agarwal, Gurpriyam Virk, Chloe Ong, and Stefan S du 
Plessis, "Effect of Oxidative Stress on Male 
Reproduction" World J Mens Health. 2014 Apr; 32(1): 1–
17. 

Aydemir, B., et al., "Impact of Cu and Fe concentrations on 
oxidative damage in male infertility". Biological trace 
element research, 2006. 112(3): p. 193-203. 

Ben Abdallah, F., et al., "Lipid peroxidation and antioxidant 
enzyme activities in infertile men: correlation with semen 
parameter". Journal of clinical laboratory analysis, 2009. 
23(2): p. 99-104. 

Beutler, E., O. Duron, and B.M. Kelly, "Improved method for 
the determination of blood glutathione". The Journal of 
laboratory and clinical medicine, 1963. 61: p. 882-888. 

Carocho, M. and I.C. Ferreira, "A review on antioxidants, 
prooxidants and related controversy: natural and synthetic 
compounds, screening and analysis methodologies and 
future perspectives". Food and Chemical Toxicology, 
2013. 51: p. 15-25. 

Chaudhari, A., P. Das, and R. Singh, "Study of oxidative stress 
and reduced glutathione levels in seminal plasma of 
human subjects with different fertility potential". Biomed 
Res, 2008. 19(Suppl 3): p. 207-210. 

Dandekar, S., et al., "Lipid peroxidation and antioxidant 
enzymes in male infertility". Journal of postgraduate 
medicine, 2002. 48(3): p. 186. 

Dechatelet, L.R., et al., "Superoxide dismutase activity in 
leukocytes". Journal of Clinical Investigation, 1974. 
53(4): p. 1197. 

Demuynck, S., et al., "Stimulation by cadmium of 
myohemerythrin-like cells in the gut of the annelid Nereis 
diversicolor". Journal of experimental biology, 2004. 
207(7): p. 1101-1111. 

Desai, N.R., et al., "Reactive oxygen species levels are 
independent of sperm concentration, motility, and 
abstinence in a normal, healthy, proven fertile man: a 
longitudinal study". Fertility and sterility, 2010. 94(4): p. 
1541-1543. 

Dorostghoal, M., et al., "Oxidative stress status and sperm DNA 
fragmentation in fertile and infertile men". January 2017 
.Andrologia 49(10):e12762. 

Eisa Tahmasbpour Marzony, Mostafa Ghanei and Yunes 
Panahi, "Relationship of oxidative stress with male 
infertility in sulfur mustard-exposed injuries. Asian 
Pacific Journal of Reproduction".  Volume 5, Issue 1, 
March 2016, Pages 1-9 

Eskiocak, S., et al., "Glutathione and free sulphydryl content of 
seminal plasma in healthy medical students during and 
after exam stress". Human Reproduction, 2005. 20(9): p. 
2595-2600. 

F. Rosner and P. C. Gorfien, “Erythrocytes and Plasma Zinc and 
Magnesium Levels in Health and disease”. J Lab Clin 
Med. 1968 Aug;72(2):213-9. 

Garrido, N., et al., "Pro-oxidative and anti-oxidative imbalance 
in human semen and its relation with male fertility". 
Asian journal of andrology, 2004. 6(1): p. 59-66.  

Gornall, A.G., C.J. Bardawill, and M.M. David, "Determination 
of serum proteins by means of the biuretreaction". J. biol. 
Chem, 1949. 177(2): p. 751-766. 

Halliwell, B. and J.M. Gutteridge, "Free radicals in biology and 
medicine". 2015: Oxford University Press, USA. 

Huang, Y.-L., et al., "Trace elements and lipid peroxidation in 
human seminal plasma". Biological trace element 
research, 2000. 76(3): p. 207-215. 

Ighodaro O. M. and Akinloye, O. A. "First line defence 
antioxidants-superoxide dismutase (SOD), catalase 
(CAT) and glutathione peroxidase (GPX): Their 
fundamental role in the entire antioxidant defence grid". 



 8                                                                                                                                                                    J Biochem Tech (2018) 9(4): 1-8  
 

Alexandria Journal of Medicine Available online 13 
November 2017. Article in press. 

Makker K, Agarwal A, Sharma R. Oxidative stress & male 
infertility. Indian J Med Res. 2009;129:357–367. 

 Moeini, M. Mokhtari, N. & Vafaei,Z. (2017).Unwanted 
pregnancy after earthquake in bam city, Iran. 
Pharmacophore, 9(2), 80-84. 

Moon, H.-J., et al., "Antioxidants, like coenzyme Q10, selenite, 
and curcumin, inhibited osteoclast differentiation by 
suppressing reactive oxygen species generation". 
Biochemical and biophysical research communications, 
2012. 418(2): p. 247-253. 

Murawski, M., et al., "Evaluation of superoxide dismutase 
activity and its impact on semen quality parameters of 
infertile men". Folia Histochem Cytobiol, 2007. 45(Suppl 
1): p. 123-126. 

Naser, S.S.A. and M.I. Alhabbash, "Male Infertility Expert 
system Diagnosis and Treatment". American Journal of 
Innovative Research and Applied Sciences, 2016. 2(4). 
pp.181-192. 

Naz, R.K., "Treatment Modalities for Antisperm Antibodies-
Mediated Immune Infertility". Immune Infertility. 2017, 
Springer. p. 235-245. 

Rodjana Chunhabundit, "Cadmium Exposure and Potential 
Health Risk from Foods in Contaminated Area, 
Thailand". Toxicol Res. 2016 Jan; 32(1): 65–72. 

Rowe, P.J. and F.H. Comhaire, "WHO manual for the 
standardized investigation and diagnosis of the infertile 
male". 2000: Cambridge University Press. 

Rui, B.R., et al., "Impact of induced levels of specific free 
radicals and malondialdehyde on chicken semen quality 
and fertility". Theriogenology, 2017. 90: p. 11-19. 

Schieber, M. and N.S. Chandel, "ROS function in redox 
signaling and oxidative stress". Current Biology, 2014. 
24(10): p. R453-R462. 

Shamsi, M., et al., "Antioxidant levels in blood and seminal 
plasma and their impact on sperm parameters in infertile 
men".Indian Journal of biochemistry and biophysics 
V(47)  February 2010, p38-43. 

Storey, B.T., "Biochemistry of the induction and prevention of 
lipoperoxidative damagein human spermatozoa". 
Molecular Human Reproduction, 1997. 3(3): p. 203-213. 

Tavilani, H., et al., "Activity of antioxidant enzymes in seminal 
plasma and their relationship with lipid peroxidation of 
spermatozoa". International braz j urol, 2008. 34(4): p. 
485-491. 

Valko, M., et al., "Redox-and non-redox-metal-induced 
formation of free radicals and their role in human 
disease". Archives of toxicology, 2016. 90(1): p. 1-
37.161. 

W. Keith and W. John, “Principles and Techniques,” In: 
Practical Biochemistry, Cambridge University, Cam- 
bridge, 1994, p. 425.  

Wirth, J.J. and R.S. Mijal, "Adverse effects of low level heavy 
metal exposure on male reproductive function". Systems 
biology in reproductive medicine, 2010. 56(2): p. 147-
167. 

 
 
 


