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ABSTRACT
Background: In recent years, the use of chemicals in agriculture, industry, and public health
has become so common that the environment is continuously contaminated by the toxic
substance-like metals. Aluminum released due to anthropogenic activities such as mining and
industrial uses. Aluminium has several industrial uses. The present study was designed to
investigate the effect of aluminium chloride (AlCl3) on enzymatic and non-enzymatic
antioxidants in the testis and epididymis of rats.
Methods: Adult male rats were administered with aluminium chloride at two different doses, 50
mg and 100 mg/kg body weight, orally, daily for 45 days. At the end of the experimental period,
the animals were sacrificed and their testis and the epididymis were removed. Antioxidant
enzymes like catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx),
glutathione reductase (GR), and glutathione-s-transferase (GST) were assayed. Lipid
peroxidation (LPO), vitamin C, and vitamin E levels were also determined.
Results: Aluminium chloride administration had no effect on the bodyweight of the animals but
the weight of the testis and epididymis was decreased. Almost all the antioxidant enzymes
studied markedly diminished in the testis and epididymis of aluminium chloride treated animals.
The non-enzymatic antioxidants, vitamin C and vitamin E, also declined. Lipid peroxidation, on
the other hand, significantly increased. The influence was found to be more in 100 mg treated rats
when compared to 50 mg treated rats.
Conclusions: The present study suggests the reproductive toxicity of aluminium by inducing the
oxidative stress in the testis and epididymis and possible interference in sperm production and
further maturational processes.
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INTRODUCTION
Aluminum (Al) is one of the highly
abundant elements in the environment and the
most common metal and the third most
elements in the earth crust [1]. The wide
distribution of this element ensures the
potential for causing human exposure and
harm [2]. Al compounds are widely used in
medicines
as
antacid,
vaccines,
antidiarrhoeals, phosphate binders and
allergen injections [3], food additives and
tooth paste [4], and water purification agents
[5]. It is still a metal of choice in making
various kinds of household cookware and
storage utensils.
Al contributes to a variety of cognitive
impairments in mice, rabbits, and rat pups [6,

7]. Epidemiological studies have indicated a
link between Al in drinking water and
Alzheimer’s disease and a variety of human
and animal studies have implicated learning
and memory deficits after Al exposure [8, 9].
Aluminium chloride is able to generate
reactive oxygen species (ROS) [10]. Chinoy
et al. [11] reported Al induced toxicity in
epididymis, vas deferens, seminal vesicle, and
ventral prostrate of mice. AlCl3-induced free
radicals and inhibited antioxidant enzymes in
blood and seminal plasma, liver, testes,
kidney, lung, and brain of rabbits [10, 12].
Oxidative stress has been shown to play
an important role in causing male infertility
by inducing defects in sperm functions.
Excessive production of ROS causes
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oxidative stress in spermatozoa [13]. ROS are
central to a host of pathologies, including
inflammation, toxicity, and
endocrine
disruption by environmental chemicals. ROS
damage almost all macromolecules of the cell
causing impairment of cellular functions.
ROS, such as hydrogen peroxide
(H2O2), appear to be a key agents causing
cytotoxicity in spermatozoa to produce
oxidative stress by decreasing the enzymatic
defenses [14]. ROS are degraded by the
organized
system
of
antioxidants.
Antioxidants have been described as
substances that either directly or indirectly
protect cells against adverse effects of
xenobiotics, carcinogens, drugs, and toxic
agents. Since both spermatogenesis and
leydig steroidogenesis are vulnerable to
oxidative stress, the low oxygen tension that
characterizes this issue may be an important
component of the mechanisms by which the
testis protects itself from free radical
mediated damage [15].
The present study was done to delineate
the influence of aluminium chloride on
enzymatic
antioxidants,
superoxide
dismutase, catalase, glutathione peroxidase,
glutathione
reductase,
glutathione-stransferase, and non-enzymatic antioxidants,
vitamin C and vitamin E, as well as lipid
peroxidation in the testis and epididymis of
adult rats.
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±1ºC), humidity (50% ± 5%) and lighting (12
hrs light and 12 hrs dark). The rats were fed
with standard rat pellet diet (Raghavendra
Enterprises, India) and drinking water ad
libitum. After 15 days of adaptation period,
the rats were divided into three groups of 10
animals each.

Animal Groups

MATERIALS AND METHODS

Group I- Control group: The rats were
given distilled water as vehicle orally, daily
for 45 days.
Group II- Experimental group I: The
rats were given aluminum chloride 50 mg/kg
body weight (in 0.5 ml distilled water) orally,
daily for 45 days.
Group III- Experimental group II: The
rats were given aluminium chloride 100
mg/kg body weight (in 0.5 ml distilled water)
orally, daily for 45 days.
Before starting the treatment, the food
intake was measured daily and the body
weight was recorded. In the treatment period,
the food consumed every day was recorded.
The body weight was measured every five
days and the percent changes were calculated.
The animals were treated between 8
AM and 9 AM and 24 hours after the last
treatment the rats were weighed and
sacrificed by decapitation. Testis and
epididymis were removed from the adhering
connective tissues, washed in cold
physiological saline and weighed accurately.

Animals

Biochemical Estimations

Healthy adult male rats (90 days) of
Wistar strain (Rattus norvegicus) obtained
from the Central Animal House, Jawaharlal
Institute of Postgraduate Medical Education
and Research (JIPMER), Pondicherry,
weighing 190-200g were used for the present
investigation. The animals were maintained
and handled as per the guidelines given by the
Committee for the Purpose of Control and
Supervision of Experiments on Animals
(CPCSEA), Government of India and
approval was obtained from Institutional
Animal
Ethical
Committee
(IAEC845/GO/ac/04/CPCSEA).
The animals
were housed
in
polypropylene cages lined with paddy husk,
in a room with controlled temperature (25ºC

Testis and epididymis tissues were
homogenized in 0.1 mmol/L Tris-Hcl buffer,
pH 7.4 and used for the biochemical
estimations.
Total
protein
[16],
superoxide
dismutase activity [17], catalase [18],
glutathione peroxidase [19], glutathione
reductase [20],
glutathione-s-transferase
activity [21], vitamin C [22], vitamin E [23],
and lipid peroxidation [24] were measured by
the standard spectrophotometric methods.

Statistical Analysis
All the data were analyzed using one
way ANOVA and the data were expressed as
mean± SEM. The P- value of <0.05 was
considered as significant against control.
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RESULTS
In testis (Table 1) the specific activities
of superoxide dismutase, catalase, and
glutathione peroxidase significantly decreased
in 50 mg as well as 100 mg aluminium
chloride treated rats. However, the decrease
was more significant in 100 mg treated
animals. The activities of glutathione
reductase did not change significantly in 50
mg treated animals, but significantly
decreased in animals treated with 100 mg
aluminium chloride. The activities of
glutathione-s-transferase were not altered
significantly in both experimental groups.
In epididymis (Table 2), the specific
activities of superoxide dismutase, catalase,
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and glutathione peroxidase significantly
decreased in 50 mg as well as 100 mg
aluminium chloride treated rats. The decrease
was more significant in 100 mg treated
animals. The activities of glutathione
reductase did not change significantly in
animals treated with 50 mg of aluminum
chloride, but significantly decreased in
animals treated with 100 mg aluminum
chloride.
However,
the
activity
of
glutathione-s-transferase was not altered
significantly in both experimental groups. In
100 mg treated group, the activity of
glutathione-s-transferase slightly decreased
but it was not significant.

Table 1. Effect of aluminum chloride on antioxidant system in the testis of rats.
E2

E1

Control

Parameter

4.12 ± 0.284 **

5.15 ± 0.348 *

6.82 ± 0.467

SOD

6.24 ± 0.487***

8.39 ± 0.548 *

10.85 ± 0.609

CAT

8.47 ± 0.649 **

10.15 ± 0.729 *

13.45 ± 0.894

GPX

7.49 ± 0.548* *

10.29 ± 0.714 NS

10.67 ± 0.674

GR

7.84 ± 0.624 NS

8.95 ± 0.614 NS

9.43 ± 0.584

GST

1.15 ± 0.082 **

1.34 ± 0.068 **

1.82 ± 0.081

V-C

0.61 ± 0.041 ***

0.72 ± 0.057 ***

1.24 ± 0.052

V-E

24.54 ± 1.175***

21.15 ± 0.947 *

16.72 ± 0.984

LPO

Table 2. Effect of aluminum chloride on antioxidant system in the epididymis of rats1.
E2

E1

Control

Parameter

13.48 ± 0.927 **

16.31± 1.074 NS

19.35 ± 1.243

SOD

13.23 ± 0.927***

16.65 ± 0.714 *

20.15 ± 0.947

CAT

9.28 ± 0.698** *

12.15 ± 0.846 *

16.24 ± 1.014

GPX

8.17 ± 0.697 ***

11.85 ± 0.846 NS

12.54 ± 0.082

GR

9.87 ± 0.514 NS

10.56 ± 0.642 NS

11.19 ± 0.638

GST

1.56 ± 0.092 **

1.68 ± 0.087 **

2.17 ± 0.094

V-C

1.56 ± 0.092 ***
21.42 ± 0.874 ***

1.68 ± 0.087 ***
19.65 ± 0.979 * *

2.76 ± 0.079
14.24 ± 0.867

V-E
LPO

1. The results are expressed as Mean ± SEM (n = 10) per treatment and respective control groups. Levels of
significance values are
*P<0.05,
**P<0.01,
***P<0.001
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In both organs, vitamin C and vitamin E
levels significantly decreased while the level
of lipid peroxidation significantly increased.
This change was observed in both
experimental groups in the testis as well as in
the epididymis.
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DISCUSSION
Cells are equipped with antioxidant
defense system to counter the effect of ROS.
Environmental contaminants are known to
induce reproductive toxicity by perturbing the
pro-oxidant and antioxidant balance leading
to oxidative stress [25].
In the present study, aluminium
chloride treatment decreased the activities of
antioxidant
enzymes
like
superoxide
dismutase, catalase, glutathione peroxidase,
glutathione
reductase
and
glucose-stransferase as well as the non-enzymatic
antioxidants, vitamin C and Vitamin E. At the
same time, the level of lipid peroxidation was
increased by the aluminium chloride
administration. This clearly indicates an
imbalance
between
pro-oxidant
and
antioxidant system, which could induce
oxidative stress. The reduction in the
activities of antioxidant enzymes could reflect
the adverse effect of aluminium chloride on
antioxidant system in the testis and
epididymis of rats.
The reduction in the activity of SOD
causes a rise in the level of superoxide anion,
which inactivates CAT activity [26]. SOD is
considered as the first line of defense against
deleterious effects of oxyradicals in the cell
by catalyzing the dismutation of superoxide
radicals to hydrogen peroxide and molecular
oxygen [27].
The decreased activity of CAT in the
testis and epididymis of aluminium chloride
treated animals observed in the present study
may reflect the inability of these organs to
eliminate H2O2 produced by the influence of
aluminium chloride. The antioxidant enzymes
CAT and peroxidase protect SOD against
inactivation by hydrogen peroxide. In turn,
SOD protects the CAT and peroxidase against
inhibition by superoxide anion [27].
Significant decreases were observed in the
plasma and testicular CAT activities in
animals treated with lead. The decreased CAT
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activity results in the augmentation of H2O2
generation [15].
Decreased activity of CAT could be
associated with the oxidative stress in testis
and epididymis. CAT is the main scavenger
of hydrogen peroxide at high concentrations
[28]. CAT activity is also linked to SOD
activity. The decrease in SOD activity in
animals exposed to high dose of metals may
result in more accumulation of O2- which has
been shown to inhibit CAT [26]. Along with
CAT, GPx is also involved in the scavenging
of hydrogen peroxide [29]. It is evident that
ROS induced the tissue damage by initiating
the self propagating lipid peroxidation
reaction [30]. The increase in lipid
peroxidation in the testis and epididymis, as
observed in the present study, could be due to
the concomitant increase in the generation of
free radicals like hydrogen peroxide and
hydroxyl radicals in these organs of
aluminium chloride treated rats.
GPx is involved in catalyzing the
reduction of H2O2 at the expense of reduced
GSH [31]. GR can interact directly with
certain ROS (hydroxyl radical) to detoxify
them, as well as performing other critical
activities in the cell. Balasai Chaitanya et al.
reported that the significant decrease in GSH
level was observed in liver of aluminumexposed rats [32].
Increased
lipid
peroxidation
in
biological membrane can lead to impairment
of membrane functions. This is evident from
the previous study in our laboratory showing
the adverse effect of mercuric chloride on
plasma membrane enzymes which may have
an impact on the physico-chemical properties
of testicular membranes [33]. It has been
reported that ROS, such as hydrogen
peroxide, appear to be a key agent causing
cytotoxicity in spermatozoa to produce
oxidative stress by decreasing enzymatic
defenses [14]. An increase in H2O2 generation
reflects on the ROS produced by metal-like
mercury is not eliminated by the antioxidant
enzymes which
could
induce
lipid
peroxidation [34]. Other studies have reported
that ROS induce lipid peroxidation and the
toxicity of lipid peroxides play a key role in
the inhibition of sperm functions and the
pathophysiology of male infertility [35]. The
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reduction in the activities of antioxidant
enzymes in the testis and epididymis could
reflect the adverse effects of aluminum
chloride on the antioxidant system of
spermatozoa as well.
It is shown that Al reduces antioxidants
and increases lipid peroxidation [36].
Khattab [37] reported that the Al-induced
oxidative damage and the ability of Al to
cross the blood-testis barrier after inducing
oxidative stress and lipid peroxidation that
damages the biological membrane of the
testes.
The observed reduction in vitamin C
and vitamin E indicates the subnormal
scavenging of lipid peroxidation in the testis
and epididymis of aluminium chloride treated
rats. The reduction in vitamin E
concentration,
as
a
chain
breaking
antioxidant, in these organs of aluminiumtreated rats indicates a state of uncontrolled
lipid peroxidation.
Many enzymatic functions of Vitamin
C are essential for the normal integrity and
function of the testis, i.e. the synthesis,
development, and maintenance. Low or
deficient ascorbate levels have been
associated with low sperm counts, increased
number of abnormal sperm, reduced motility,
and agglutination [38]. Castellini et al. found
that Vitamin C inhibited the oxidative
processes and improved the characteristics of
fresh and stored rabbit semen [39]. Vitamin E
neutralizes lipid peroxidation and unsaturated
membrane lipids because of its oxygen
scavenging effect [40].
Metal toxicity is considered to be one of
the pro-oxidants that induce oxidative stress.
ROS are important mediators of normal
sperm function and are involved in the
induction and development of sperm
hyperactivation, capacitation, and acrosome
reaction [41]. However, excessive production
of ROS above normal levels results in lipid
peroxidation and membrane damage leading
to loss of motility [42], damage to the
acrosomal membranes and DNA oxidation,
which render the sperm cell unable to fertilize
the oocyte [43].
From the results obtained in the present
study, it is evident that the toxic impact of
AlCl3 over the antioxidant system is more in
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the epididymis than the testis. This clearly
shows that the adverse effect of Al is not only
affecting
the
testis
impairing
spermatogenesis, but it may also have severe
impacts
on
sperm
maturation
and
capacitation. It may also be assumed that
though the spermatogenesis may be normal,
the maturational events may be affected if the
observed influence of Al is more in
epididymis. However, it needs further studies
at the level of sperm morphology and
physiology.

CONCLUSION
The present study suggests that the
exposure to aluminum chloride induces the
depletion of defense systems differentially in
the testis and epididymis. This effect may
lead to disruption in the functional integrity of
these organs and thus adverse effects on the
male reproduction.

ACKNOWLEDGEMENTS
The authors acknowledge the director
of K.M. Centre for Post Graduate Studies,
Puducherry, and head of the Department of
Zoology, K.M. Centre for Post Graduate
Studies, Puducherry for providing necessary
lab facilities to carry out this study
successfully. Kalaiselvi is thankful to the
staff members of the Department of
Reproductive Biomedicine, National Institute
of Health and Family Welfare, New Delhi, for
their kind help.

REFERENCES
1. Camargo MM, Fernandes MN, Martinez CB.
How
aluminium
exposure
promotes
osmoregulatory
disturbances
in
the
neotropical freshwater fish Prochilus lineatus.
Aquatic Toxicology. 2009;94(1):40-6.
2. Zhang K, Zhou Q. Toxic effects of Al-based
coagulants on Brassica chinensis and
Raphanus sativus growing in acid and neutral
conditions.
Environmental
toxicology.
2005;20(2):179-87.
3. Lione A. Aluminum toxicology and the
aluminum-containing
medications.
Pharmacology
&
therapeutics.
1985;29(2):255-85.
4. Abbasali K, Zhila T, Farshad N.
Developmental toxicity of aluminum from
high doses of AlCl3 in mice. The Journal of
Applied Research. 2005;5:575-9.

995
http://www.ijt.ir; Volume 8, No 24, Spring 2014

Downloaded from ijt.arakmu.ac.ir at 11:04 +0430 on Saturday June 23rd 2018

Iranian Journal of Toxicology
5. Newairy A-SA, Salama AF, Hussien HM,
Yousef MI. Propolis alleviates aluminiuminduced lipid peroxidation and biochemical
parameters in male rats. Food and Chemical
Toxicology. 2009;47(6):1093-8.
6. Bilkei-Gorzo A. Neurotoxic effect of enteral
aluminium. Food and Chemical Toxicology.
1993;31(5):357-61.
7. Golub MS, Germann SL. Long-term
consequences of developmental exposure to
aluminum in a suboptimal diet for growth and
behavior
of
Swiss
Webster
mice.
Neurotoxicology
and
teratology.
2001;23(4):365-72.
8. Exley C. The aluminium-amyloid cascade
hypothesis
and
Alzheimer’s
disease.
Alzheimer’s Disease: Springer; 2005. p. 22534.
9. Buraimoh A, Ojo S, Hambolu J, Adebisi S.
Effects of oral administration of aluminium
chloride on the histology of the hippocampus
of wistar rats. Curr Res J Biol Sci.
2011;3:509-15.
10. Yousef MI. Aluminium-induced changes in
hemato-biochemical
parameters,
lipid
peroxidation and enzyme activities of male
rabbits: protective role of ascorbic acid.
Toxicology. 2004;199(1):47-57.
11. Chinoy N, Momin R, Sorathia H, Jhala D.
Recovery from fluoride+ aluminium toxicity
in vas deferens, seminal vesicle, and ventral
prostate of mice by vitamin C. Fluoride.
2005;38(2):122-6.
12. Yousef MI, El-Morsy A, Hassan MS.
Aluminium-induced
deterioration
in
reproductive performance and seminal plasma
biochemistry of male rabbits: protective role
of ascorbic acid. Toxicology. 2005;215(1):97107.
13. Ochsendorf F. Infections in the male genital
tract and reactive oxygen species. Human
Reproduction Update. 1999;5(5):399-420.
14. Griveau J, Lannou D. Reactive oxygen
species and human spermatozoa: physiology
and pathology. International journal of
andrology. 1997;20(2):61-9.
15. Aitken RJ, Roman SD. Antioxidant systems
and oxidative stress in the testes. Oxidative
medicine
and
cellular
longevity.
2008;1(1):15-24.
16. Classics Lowry O, Rosebrough N, Farr A,
Randall R. Protein measurement with the
Folin phenol reagent. J biol Chem.
1951;193:265-75.
17. Marklund S, Marklund G. Involvement of the
superoxide anion radical in the autoxidation
of pyrogallol and a convenient assay for

Arumugam Kalaiselvi et al

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

superoxide dismutase. European Journal of
Biochemistry. 1974;47(3):469-74.
Sinha AK. Colorimetric assay of catalase.
Analytical biochemistry. 1972;47(2):389-94.
Rotruck J, Pope A, Ganther H, Swanson A,
Hafeman DG, Hoekstra W. Selenium:
biochemical role as a component of
glutathione
peroxidase.
Science.
1973;179(4073):588-90.
Staal GE, Visser J, Veeger C. Purification and
properties of glutathione reductase of human
erythrocytes. Biochimica et Biophysica Acta
(BBA)-Enzymology. 1969;185(1):39-48.
Habig WH, Pabst MJ, Jakoby WB.
Glutathione S-transferases the first enzymatic
step in mercapturic acid formation. Journal of
Biological Chemistry. 1974;249(22):7130-9.
Omaye ST, David Turnbull J, Sauberlich HE.
[1] Selected methods for the determination of
ascorbic acid in animal cells, tissues, and
fluids. Methods in enzymology. 1979;62:311.
Desai ID. Vitamin E analysis methods for
animal tissues. Methods in enzymology.
1984;105:138-47.
Devasagayam T, Tarachand U. Decreased
lipid peroxidation in the rat kidney during
gestation. Biochemical and biophysical
research communications. 1987;145(1):134-8.
Sikka SC, Rajasekaran M, Hellstorm WJ.
Role of oxidative stress and antioxidants in
male infertility. Journal of andrology.
1995;16(6):464-8.
Kono Y, Fridovich I. Superoxide radical
inhibits catalase. Journal of Biological
Chemistry. 1982;257(10):5751-4.
Krishnamoorthy G, Murugesan P, Muthuvel
R, Gunadharini D, Vijayababu M, Arunkumar
A, et al. Effect of Aroclor 1254 on Sertoli
cellular antioxidant system, androgen binding
protein and lactate in adult rat in vitro.
Toxicology. 2005;212(2):195-205.
Yu M-LM, Hsu C-C, Guo YL, Lai T-J, Chen
S-J, Luo J-M. Disordered behavior in the
early-born
Taiwan
Yucheng
children.
Chemosphere. 1994;29(9):2413-22.
Venkataraman P, Sridhar M, Dhanammal S,
Vijayababu M, Srinivasan N, Arunakaran J.
Antioxidant role of zinc in PCB (Aroclor
1254) exposed ventral prostate of albino rats.
The Journal of nutritional biochemistry.
2004;15(10):608-13.
Mylonas C, Kouretas D. Lipid peroxidation
and tissue damage. In vivo (Athens, Greece).
1998;13(3):295-309.

996
Volume 8, No 24, Spring 2014; http://www.ijt.ir

Downloaded from ijt.arakmu.ac.ir at 11:04 +0430 on Saturday June 23rd 2018

Influence of Aluminium Chloride on …
31. Sigalov AB, Stern LJ. Enzymatic repair of
oxidative damage to human apolipoprotein
AI. FEBS letters. 1998;433(3):196-200.
32. Chaitanya T, Mallipeddi K, Bondili J, Nayak
P. Effect of aluminum exposure on
superoxide and peroxide handling capacities
by liver, kidney, testis and temporal cortex in
rat. 2012; 49: 395-8.
33. Ramalingam V, Vimaladevi V. Effect of
mercuric chloride on membrane-bound
enzymes in rat testis. Asian journal of
andrology. 2002;4(4):309-11.
34. Rao MV, Gangadharan B. Antioxidative
potential of melatonin against mercury
induced intoxication in spermatozoa in vitro.
Toxicology In Vitro. 2008;22(4):935-42.
35. Alvarez JG, Storey BT. Spontaneous lipid
peroxidation
in
rabbit
epididymal
spermatozoa: its effect on sperm motility.
Biology of reproduction. 1982;27(5):1102-8.
36. Anane R, Creppy E. Lipid peroxidation as
pathway of aluminium cytotoxicity in human
skin fibroblast cultures: prevention by
superoxide dismutase catalase and vitamins E
and C. Human & experimental toxicology.
2001;20(9):477-81.
37. Khattab I, Khattab I. Histological and
ultrastructural studies on the testis of rat after
treatment with aluminium chloride. Aust J
Basic Appl Sci. 2007;1:63-72.

Iranian Journal of Toxicology
38. Dawson EB, Harris WA, Powell LC.
Relationship between ascorbic acid and male
fertility. World review of nutrition and
dietetics. 1990;62:1-26.
39. Castellini C, Lattaioli P, Bosco AD, Minelli
A, Mugnai C. Oxidative status and semen
characteristics of rabbit buck as affected by
dietary vitamin E, C and n-3 fatty acids.
Reproduction
Nutrition
Development.
2003;43(1):91-104.
40. Aldana L, Tsutsumi V, Craigmill A, Silveira
MI, Gonzalez de Mejia E. α-Tocopherol
modulates liver toxicity of the pyrethroid
cypermethrin.
Toxicology
letters.
2001;125(1):107-16.
41. Aitken RJ. Free radicals, lipid peroxidation
and sperm function. Reproduction, Fertility
and Development. 1995;7(4):659-68.
42. Alvarez JG, Storey BT. Assessment of cell
damage caused by spontaneous lipid
peroxidation in rabbit spermatozoa. Biology
of reproduction. 1984;30(2):323-31.
43. Gil-Guzman E, Ollero M, Lopez M, Sharma
R, Alvarez J, Thomas A, et al. Differential
production of reactive oxygen species by
subsets of human spermatozoa at different
stages of maturation. Human Reproduction.
2001;16(9):1922-30.

997
http://www.ijt.ir; Volume 8, No 24, Spring 2014

