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ABSTRACT
Diabetes is from metabolic diseases group and is a multifactorial disorder characterized by

increase of chronic hyperglycemia and is due to secretion disorder or insulin function or both. In
this study, the protective role of vitamin E and sodium selenite in prevention of adverse effects
of insulin resistant (type 2 Diabetes) on spermatogenesis were studied.

Adult male Wistar rats (180-200 gr) were divided into 5 groups of N=7 (control group, sham
group and 3 experimental groups). For 110 days, the rats daily received fructose 10% solution in
water and also 200 mg/kg vitamin E (gavage), 0.5 mg/kg sodium selenite (injected
intraperitoneally) or both. Sperm parameters, testosterone level, LH, daily sperm production
(DSP), testicular histopathology and the rate of malondialdehyde (MDA) in the testes were
examined. Sperm count, percent of sperm motility and viability and DSP decreased in rats
resistant to insulin significant decrease in the number of leydig cells, spermatogonia, spermatids,
and spermatozoa in testes of insulin-resistant animals was observed. MDA level and testosterone
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in testes of insulin resistant animals were increased. Vitamin E and sodium selenite decreased

MDA level, harmful effects of fructose on testicles, sperm parameters and testicular histology.

Receiving Vitamin E and sodium selenite created the most protective effect. These findings

indicate that prescribing vitamin E and sodium selenite protects the testes of rats against

oxidative stress induced by diabetes type 2.

Keywords: Diabetes type 2, Vitamin E, Sodium Selenite, Spermatogenesis

INTRODUCTION
Investigating causes of infertility in men and
how to prevent creation of infertility in men
in a community is a valuable aid to patients
who are suffering from infertility. Diabetes is
from metabolic diseases group and is a
multifactorial disorder characterized by
blood

hyperglycemia and results from secretion

increasing  chronic sugar  or
disorder or insulin function or both. In this
study, the protective role of vitamin E and
sodium selenite in preventing the harmful
effects of resistance to insulin (Diabetes type
2) on spermatogenesis were studied .At this
170  million

worldwide suffer from diabetes and it is

time, more than people
predicted that this number in 2025 will reach
300 million and by 2030, will effect366
million people. Epidemiological studies
indicate that the prevalence of mellitus
diabetes is increasing globally. Diabetes type
1, due to specific destruction of insulin
producing beta cells in pancreatic islands is
created by T Iron reactive cells and produces

mediated materials by these cells in

inflammation of these islands. Diabetes type 2
occurs because of the body’s resistance to
insulin action along with gradual disorder in
beta cells function which leads to progressive
loss of metabolic control. Resistance to
insulin is the first stage of diabetes type 2
(diabetes independent of insulin: NIDDM).

Resistant to insulin causes an increase in
insulin, disorders

serum in glucose and

hyperglycemia metabolism, and creates
diabetes type 2. Diabetes type 2 is associated
with many disorders including hypertension,
elevated blood lipids, kidney and reproductive
disorders. Up to now, many studies have been
done on the effect of diabetes type 1 on
spermatogenesis in human and laboratory
animals but there are few studies on diabetes
type 2 in human and laboratory animals. In
the only study accomplished on rats that were
resistant to insulin, it was shown that
resistance to insulin causes reduction in the
number of sperm, sperm motility and
testosterone hormone; however there is no

change in the amount of LH. One of the
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mechanisms that is resistant to insulin and can
have an effect on spermatogenesis is the
increase of free radicals and creating induced
oxidative stress [1]. Free radicals and reactive
oxygen species play an important role in
reducing the quantity and quality of semen
and causes loss of sperm life [2, 3]. Effect of
free radicals on spermatogenesis of rats
resistant to insulin has not been studied yet.
Vitamin E and selenium are antioxidant
compounds. Vitamin E is a fat soluble
vitamin that has Cleaner free radicals [4].
Selenium is a component of antioxidant
enzymes such as glutathione peroxidase that
neutralize free radicals and play a role in
removing oxidative stress. However, resistant
to insulin through the increase of free

radicals, it causes an effect on
spermatogenesis, and vitamin E consumption
and selenium must be able to prevent these
effects [5]. According to the above, the
purpose of this study is to investigate the
protective role of vitamin E and selenium on
the effects of resistance to insulin on
spermatogenesis in rats.

MATERIALS AND METHODS

In the current experimental study, 35 adult
male Wistar rats with approximate weight 180
to 230g were used. The animals were
Jahrom animal’s

maintained in house,

located at the Islamic Azad University

Branch, Jahrom in standard conditions (12
hours light, 12 hours dark and 22+2°C). These
animals were randomly divided into 5 groups
as follow:

Control group (A): They did not receive any
medication.

Sham Group: They received no drug and
drinking water containing fructose 10%. Dose
was chosen based on a previous study that

investigated fructose effects on induced
sterility oxidative stress.

First Experimental Group (C;)

Received Sodium selenite injected
intraperitoneally — and  drinking  water
containing fructose 10%.

Second Experimental Group (C,)

Received Vitamin E as gavage, sodium

selenite  injected intraperitoneally and
drinking water containing fructose 10%.
Third Experimental Group (Cs)

Vitamin E as gavage and drinking water
10%. The

mentioned materials were fed to animals daily

containing  fructose above-
in the morning between 10-11am and for 110
days through gavage or intraperitoneal
injection. It should be mentioned that during
this study all rooting behavior treatment of
animals based on rules of protecting animals
(SPCA) approved in America in 2006 was

considered.
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Body Weight and Proportion of Testis
Weight to Body Weight

Rat’s weight on the first day before gavage
and injection was measured using a digital
scale. On the last day, rats were weighed
again. Then by anesthetizing the animal
directly, a 5 cc syringe blood sample was
collected from heart, and after centrifuging
blood (10 min and 3500 rpm), the serum was
separated and maintained at -
20°C.Aseptically, by creating fissure in the
lower abdomen, the left and right testis and
right epididymis were removed. Testis were
weighted by use of Sartorius scale separately,
with /0001 carefully. To

possible effect of the drug on testicular

investigate the

weight, gained weight was divided by animal
body weight and the resulting number was
multiplied by 100. Right testicle until starting
experiment, was frozen at -20° C for daily
sperm production and malondialdehyde

enzyme, the left testis for histological
examination was placed in Bouin fixative
solution.

Viability

One centimeter distal epididymis,
immediately after removal from the body was
cut with sterile scissors and placed in the
isotonic solution (4ml phosphate-buffered
saline) and with homogenizer machinethis

tissue was homogenized and put for 5 minutes

at a room temperature of 37°C. This time is
for complete removal of sperm from duct.
Sample preparation was done using eosin-
negruzyn dye and a drop of sperm suspension
in the above steps. According to dye uptake
by dead cytoplasmic cells, the produced was
examined using light microscope and
magnification ofx40, and percentage of live
sperms in comparison with total number of
available sperms over the of view in 10 times
field was calculated [4].

Evaluate Percentage of Sperm Motility

A drop of sperm suspension that had been
obtained in the previous step was put on a
slide, then by light
binoculars made by America LABOMED

company equipped with a camera filmed 5

microscope, two

field microscope with a magnification of 40x
and, in a review of the film on computer, the
movement of sperm was checked and the
average movement was recorded as motility
percent.

Counting of Sperm

A 10 microliter drop of sperm suspension was
obtained during previous steps was taken and
put on a slide and the total number of
spermatozoa in four large slides (four slides
white blood cells count) were counted and
the average sperm count was obtained on one
slide. Finally, the total number of voided
of distal

sperms from one centimeter

1JBPAS, March, 2014, 3(3)

307



Kargar Jahromi H et al

Research Article

epididymal duct were obtained from the

following formula,
A =BC+D
Where; A= total number of voided sperms from one
centimeter of epididymal duct; B= number of

counted sperms in 0/1 cubic millimeter of solution

(big home consists of 1mm long , 1 mm wide and 0/1

mm depth, as a consequence, volume of solution

filling one large home is 0/1 cubic millimeter); C=
factor of depth 10; D= the dilution factor is 4000,
because the sperm were placed in 4 ml of solution

with saline pherphosphate

Daily Sperm Production (DSP)

After removing the right testis from the
freezer and deleting capsule, a piece of
testicular parenchyma was homogenized for 4
minutes in 2 ml of normal saline in a
homogenizer machine at low rate. From the
fluid of homogenized testis a dilution of 0/1
was prepared and a drop of the resulting
solution was placed on a slide. Then, by using
a light microscope and with magnification of
40x the number of sperms was counted.
Since in rats spermatozoons growth takes
almost 6/3 day during spermatogenesis, after
counting total number of spermatozoons it
was split up on 6/3 number to achieve
production in one day [4].

Investigating Amount of Malondialdehyde
Enzyme in Testis Tissue
With  spectrophotometer
UNICO making America) and Hadley and

Darper method, and based on the reaction

device (model

with thiobarbituric acid, malondialdehyde
enzyme was measured. The remaining piece
of testis tissue was placed in 6 cc buffer
phosphate homogeny and then placed in a
homogenizer machine with low rpm for 4
minutes. The tube containing the suspension
(first examination tube) was then placed in
centrifuge machine at 1000 rpm for 5
minutes. Next, 5 cc of this solution was
placed in the second tube and 2/5 cc
trichloroacetic acid solution was added. Test
tube number 2 was placed in boiling water for
15 minutes. After cooling the was tube
centrifuged at 1000 rpm again and 2 cc of
supernatant solution was removed. Tube
number 3, with 1 cc thiobarbituric acid
solution at a concentration of 6/7 grams per
liter was added and this tube was then placed
in boiling water for 15 minutes. After cooling
the tube at a wave length of 532 nm. A
concentration of malondialdehyde enzyme
was obtained using a spectrophotometer
machine. Concentration of the above enzyme
by absorption coefficient of complex of
malondialdehyd ethiobarbituric acid equal
t01/56x10 “as Nano gram per milligram of
protein was calculated.

Method of

Testosterone and LH

Measurement Hormones

Testosterone and LH were measured using
ELISA kit (DRG German Company). In brief,
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the samples were dumped in a well and
solution was added, it was incubated for 90
minutes at 37°C. The wells were then washed
with deionized water and the substrate was
added to each well and incubated for 20
minutes. Reaction was obtained by adding
stop solution, the reaction was stopped and
absorbance at wavelength of 450 nanometer
was measured.

Histological Examination of Testis

Left testicle placed in bouin fixative solution
was extracted from solution and the tissue
molded with paraffin, then using cut slice
thickness of 5 microns was produced and
stained with hematoxylin-eosin  method.
Stained slides were investigated using light
microscope and by a person who did not
know about group: Number of cells of
spermatogonia,  primary  spermatocytes,
sertoli, leydig, spermatids, and spermatozoa.
In each sample 12 seminiferous tubes with
magnificationx100 under light microscope
were examined. Obtained values were
expressed as mean number of cells per tube.
Statistical Analysis

For data analysis SPSS software version 16
was used, and one way ANOVA and Duncan
test were used to compare groups. Based on
Duncan test, if in each group there is a
there is no

common goal, significant

difference. P<0.05was considered significant.

The means and standard deviations of data
were calculated.

RESULTS

Body Weight and Proportion of Testis
Weight to Body Weight

Findings related to body weight and
proportion of testis weight to body weight is
shown in Table 1. Based on these findings
and comparing body weight average and also
average of weight changes of right and left
testis in comparison with body weight
indicates that resistance to insulin, vitamin E,
sodium selenite, causes a decrease in weight
in different groups, but this decline does not
show significant difference.

Average of Sperm Count

Insulin resistance causes significant decrease
in the number of sperms, but vitamin E and
sodium selenite both alone and also together
could cause significant increase in number of
sperms in comparison with control group
(Table 2).

Viability, Daily Sperm Production (Dsp)
Insulin resistance causes significant decreased
percent of live spermatozoa and DSP, but
vitamin E and sodium selenite together could
cause significant increase in percent of live
spermatozoa and DSP in comparison with
control group (Table 2). Also, statistical
analysis shows significant decrease in the

percentage of live sperms compared with total
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number of available sperms in visual field
(Table 2).

Percentage of Sperm Motility

Based on Table 2, resistance to insulin causes

significant decrease, but vitamin E and

sodium selenite together cause significant
increase in the percentage of sperm motility
compared with control group.

Average Tissue Concentration of
Malondialdehyde Enzyme

Insulin resistance causes significant increase in
tissue concentration of malondialdehyde enzyme,
while a significant decrease in enzyme
concentration of fructose group in combination
with vitamin E seen sodium selenite (Figure 1).
Mean Serum Concentration of Hormones
Testosterone and LH

Based on Figure 1, significant change in serum

concentration of testosterone hormone and in

hormone LH was pointless.

Histological Examination of Testis
According to Table 3, it can be seen that
insulin resistance causes significant decrease
in number of spermatogonia cells, sertoli and
leydig, but vitamin E and sodium selenite
together could cause significant increase in
the number of spermatogonia, sertoli and
leydig cells in comparison with control group.
Also, it is observed that insulin resistance
causes significant decrease in the number of
primary spermatocytes, spermatids, and
spermatozoa cells, but vitamin E and sodium
selenite both alone and also together could
increase  the  number  of  primary
spermatocytes, spermatids, and spermatozoa
cells compared with control group (Figures

2-6).

Table 1: The Values (Mean + SEM, n=7 Each) of Body and Testes Weights of Control Rats, and Rat Streated
with Fructosel0 % (Sham), Sodium Selenite, Sodium Selenite + Vitamin E, or Vitamin E

Treatment Initial Body Weight (g) Final Body Testis Weight Testis Weight
Weight (g) Left/ Body Right/ Body
Weight (%) Weight (%)

Control 205+2.2 269+2.3 1.38+0.02 1.36+0.02
Sham 188+10.5 220+12.1 1.38+0.03 1.33+0/03
Sodiu 224+3.4 259+7.2 1.47+0.04 1.38+0.05
Sodiu+ vit E 170+3.0 196+5.5 1.28+0.00 1.28+0.00
Vit E 195+4.5 226+6.0 1.31+0.00 1.30+0.00

NOTE: Sodiu:Sodium selenite; vit E: vitamin E

Table 2: The Values (Mean + SEM, n=7each) of Sperm Parameters of Control Rats, and Rats Treated With Fructose
10% (Sham), Sodium Selenite, Sodiumselenite+Vitamin E, or Vitamin E

treatment Sperm Count(%bo) Viability (%) | DSP (No.x10%gr testis) Sperm motility
(%)
Control 32.5+0/66 77/57+1.75 115.57+2.60 28.71+0.97
Sham 24.84+1.2* 63.57+1.55* 89.71+£1.01* 24.46+1.42*
Sodiu 35.19+0.57# 120.85+2.95# 112.85+2.63# 27.90+1,02#
Sodiu +vit E 35.91+0.72# 176.14+3.19# 205.14+4.29# 27.07+0.50#
Vit E 32.97+1.11# 99.28+2.47# 139.85+3.63# 26.23+1.00#

NOTE: Sodiu:Sodium Selenite; Vit E: Vitamin E; DSP: Daily Sperm Production;*Indicate Significant Difference From
the Control Group; #Indicate Significant Difference From Treated With Sham Alone
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Table 3: The Values (Mean + SEM, n=7 Each) of Testes Cells of Control Rats, and Rats Treated With Fructose 10

% (Sham), Sodium Selenite, Sodium Selenite+Vitamin E, or Vitamin E

Treatment Spermatogonia Primary sertoli spermatids spermatozoa leydig
spermatocytes

Control 87.85+1.80 189.00+4.30 40.14+0.91 118.28+1.30 77.57+1.75 34.42+1.23

Sham 73.57+1.81* 68.14+3.88* 39.71+1.5* 99.28+2.36* 63.57+1.55* 33.28+1.30*

Sodiu 80.28+0.83# 186.67+1.10# 40.42+2.43# | 133.00+0.92# | 120.85+2.95# 35.42+0.94#

Sodiu+ vit E 94.57+1.44# 08.14+2.06# 43.42+1.97# 265.43+2.76# 176.14+3.19# 38.28+0.71#

Vit E 84.14+1.40# 187.85+1.58# 41.42+1.26# 165.28+3.21# 99.28+2.47# 34.85+1.10#

NOTE: Sodiu:Sodium Selenite; Vit E: Vitamin E;*Indicate Significant Difference From The Control Group; #Indicate
Significant Difference From Treated With Sham Alone
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Figure 1: Concentrations (mean+SEM, n=7 of Malondialdehyde (MDA) (A), Serum Testosterone (B), Lutein

Hormone (LH) (c) in the Control Rats and Rats Treated With Fructose10% (Sham), Sodium Selenite,
Sodiumselenite + Vitamin E, or Vitamin E.*Indicate Significant Difference From the Control Group;
#Indicate Significant Difference From the Group Receiving Sham Alone

Figure 2: Photo Micrograph of the Seminiferous Tubul in Control Group, Staining With Hemotoxylin- Eosin,

Magnification of x100, Wave Mode and the Reproductive Corrugated Epithelium of the Tubes 4 to 8 Cell Layer
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0% (Sham) Group, Hematoxylin and Eosin Staining,

Magnification x100, Spermatogenesis is Stopped at the Stage of Primary Spermatocytes, Thickening of the Interstitial
Space is Visible Due to Fluid Retention (Edema)
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Figure 3: Photo Micrograph Seminifero bul in the Fructose 1

Figure 4: Photo Micrograph Seminiferous Tubular in Sodium selenite (Experiment 1), Stained with Hematoxylin and
Eosin, Magnification of x100, Most of the Tubes are Rich in Reproductive Epithelium and Sperm Cells

Figure 5: Photo Micrograph Seminiferous Tubular in Sodium Selenite+ Vitamin E (Experimental 2 ), Hematoxylin and
Eosin Staining, magnification x100 , about of 7 Tubes Seminiferous, Perfectly Normal Epithelium in About 6 to 8 Layers

Figure 6: Photo Micrograph of Seminiferous Tubula
Magnification of x100, Most Tubes Contains Multiple Layers of Reproductive Epithelium, Maturity Until the Final Stage

of Sperm Production Continues so That all tubes Containing the Slides of the Lumen are Filled by These Cells
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DISCUSSION AND CONCLUSION

According to studies, insulin resistance and
increase in oxidative stress [6], and
consequently, increase in malondialdehyde
enzyme is the final product of lipid
proxidation by reactive oxygen species ROS
[7] It can be concluded that production of
ROS causes the cell cycle to stop and an
increase in apoptosis process, thus causing a
decrease in daily sperm production and also a
decrease in total number of sperm [8-10].
According to this research and the fact that
insulin resistance can cause the production of
free radicals (ROS) in cells [11], it can be a
reason why productions of free radicals in
testis cells that are so sensitive cause their
loss and a decrease in testis weight.
Furthermore, one of the possible causes in
atrophy of testes is unknown factors that may
interfere in spermatogenesis, consequently,
with reducing number of sexual cells, testes
weight will decrease. In addition, other
studies have found that production of ROS
causes reduction in the quantity and quality of
semen [11, 12], and by increasing penetration
of cell cause loss of sperm life [13-14]. Other
studies found that ROS is produced from two
different sources in sperm liquid called
damaged spermatozoa cells and active white
leukocytes, the high amount of which causes

disorder in DNA structure, reducing the

percentage of live sperms, and non-sperm
binding to the egg surface causes infertility in
men [15, 16]. Kobayashi et al., 2001, showed
that a progressive reduction in the number of
live sperm cells is associated with increase in
ROS [17].
malondialdehyde (MDA)increased enzyme

Reactive oxygen species and

activity in the cell membrane is impaired and
order so that the concentration gradient of the
ion transport processes in the membrane is
disturbed, as well as transfer chemical
messenger

[16, 18]. Sperm is sensitive to oxygen of lipid
peroxidation and can damage the membrane
and reduce its fertility [15, 19]. Studies show
that reactive oxygen species produced by
leukocytes and spermatozoa in infertile men
have a lethal effect on sperm activity. Lipid
peroxidation causes abnormality in central
part of sperm and loss of acrosome capacity
in  fertilization [20]. Malondialdehyde
molecules with intrusion in membrane
structures of the cell causes asymmetry in the
distribution of the lipid components, and in
addition to creating a strong bond to the DNA
of cells, causes damage and breakage of the
chromosome [18]. The inverse relationship
between serum MDA levels and sperm
adhesion to has been
established in 1992 by Letken et al., [21]. So

ROS and malondialdehyde cause reduction of

the oocyte cell
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sperm quality which has been observed with
insulin resistance and oxidative stress [15,
18]. According to these researches and also
publications published by The Center of
Disease Control and Protection, and the
expressed chemical materials disruption of
endocrine system (EDC), by producing free
radicals (ROS) are capable of oxidative
damage to biomolecules such as DNA and
likely that

proteins [11]. It is insulin

resistance caused free radicals (ROS) and an

increase in mutation of testis tissue,
especially  sensitive  cells such as
spermatigonia, primary  spermatocytes,

spermatids, and spermatozoa, causing serious
injury and loss of these cells. However, given
that in this research insulin resistance causes a
decrease of testosterone hormone (it is not
significant decrease), the possibility of loss of
germ cells exists, so there is a risk of damage
and loss of interstitial cells and sertoli in this
way. Also, leydig cells function is affected by

sertoli cells [10]. Vitamin E or alpha-
tocopherol due to lipid solubility can prevent
destructive effects of ROS on sperm

parameters [20]. Because alfa-tocopherol
molecules as a breaking antioxidant of chain
can inhibit two lipid proxils, it inhibits two
potential reactions of peroxidation [22].
Selenium is a component of antioxidant

enzymes such as glutathione peroxidase that

play a role in neutralizing free radicals and
removing oxidative stress
ACKNOWLEDGEMENT

This work was financially supported by the
Vice Chancellor for Research of Jahrom
University of Medical Science

REFERENCES
[1] John S, Kale M, Rathore N and
Bhatnagar D, Protective effect of

vitamin E in dimethoate and malathion

stress in rat
erythrocytes, J. Nutri. Biochem., 12,
2001, 500-504.

[2] Fujii J, luchi Y, Matsuki S and Ishii T,

Cooperative function of antioxidant

induced oxidative

and redox systems against oxidative
stress in male reproductive tissues,
Asian J. Androl., 5, 2003, 231-42.

[3] Ohkawa H, Ohishi N and Yagi K,
Assay for lipid peroxides in animal
tissues by thiobarbituric acid reaction,
Anal. Biochem., 95, 1979, 351-8.

[4] Aldana L, Tsutsumi V, Craigmill A,
Silveira MI and De Mejia G,
Tocopherol modulates liver toxicity of
the prethroidcypermethrin, Toxicol.
Lett. 125, 2001, 107-116.

[5] Kathleen L, Sylvia E .Krauses food,
nutrition &diet therapy, WB Saunders
Company, 2000.

1JBPAS, March, 2014, 3(3)

314



Kargar Jahromi H et al

Research Article

[6] Toth A, Male infertility due to
sulphasalazine, Lancet, 2, 1979, 904.

[7] Pascoe G, Olafs dottier F and Read D,
Vitamin E protection against chemical
induced cell injury.Maintenance of
cellular ~ protein  thiols as a
cytoprotective  mechanism,  Arch.
Biochem. Biophys., 256, 1987, 150-1

[8] Kobayashi H, Gill- Guzman E,
Mahran AM, et al., Quality control of
reactive oxygen species measurement
by luminal - dependent
chemiluminescence assay, J. Androl.,
2001, 22, 568-74.

[9] Fukushima T, Hamada Y, Komiyama
M, Matsuno Y, Mori C and Horii I,
Early changes in, sperm motility,
acrosome  reaction, and  gene
expression of reproductive organs in
rats treated with sulfasalazine, Reprod.
Toxicol., 23, 2007, 153-7.

[10] George FW, Johnson L and Wilson
JD, The Effect of a 5 alpha-reductase
inhibitor on androgen physiology in
the immature male rat, Endocrinol.,
125, 1989, 2434- 8.

[11] Choi SM, Yoo SD and Lee BM,
Toxocological  characteristics  of
endocrine  disrupting  chemicals:
Developmental toxicity,
Carcinogenicity and mutagenicity:

Tournal of  toxicology and
environmental health, Part B, 7,
2004, 1-32.

[12] Colborn T, Vom Saal FS and Soto
AM, Developmental effects of
endocrine-disrupting chemicals in
wildlife and humans, Environ. Health
Perspect., 1993, 101, 378- 84.

[13] Fukushima T, Kato M, Adachi T,
Hamada Y, Horimoto M, Komiyama
M, et al., Effects of sulfasalazine on
sperm acrosome reaction and gene
expression in the male reproductive
organs of rats, ToxicolSci., 85, 2005,
675-82.

[14] Hammerstedt RH, Maintenance of
biogenetic balance in sperm and
prevention of lipid peroxidation: A
review of the effect on design of
storage prevention systems, Repord.
Fertil. Dev., 5, 1993, 657-690.

[15]Ravie O and Lake PE, The
phospholipids-bound fatty acids of
fowl and turkey spermatozoa, Anim.
Report. Sci., 9, 1985, 189-192.

[16] Sharma RK and Agarwal A, Role of
reactive oxygen species in male
infertility, Urol., 48 (6), 1996, 835-
50.

[17] Levi AJ, Fisher AM, Hughes L and
Hendryb WF, Male infertility due to

1JBPAS, March, 2014, 3(3)

315



Kargar Jahromi H et al

Research Article

sulphasalazine, Lancet, 2, 1979, 276-
8.

[18] Ernster L, Lipid peroxidation in

biological membranes: mechanisms
and imp;ications, in: Active oxygen,
lipid peroxides and antioxidants,
Published by CRC Press, Boca
Raton., 1993, 1-38.

[19] Wishart GJ, Effects of lipid peroxide

formation in fowl semen on sperm
motility, ATP content and fertilizing
ability, J. Rep. Fertil., 71, 1984, 113-
118.

human ejaculate and its association
with semen quality, oxidative stress
and sperm function, J. Androl., 15,
1994, 343-352.

[21] Aitken RJ and Clarkson JS,

Significance of reactive oxygen
species and antioxidants in defining
the efficacy of  spermatozoa
preparation techniques, J. Androl., 9,
1988, 367-376.

[22] Wolf R, Wolf D and Ruocco V,

Vitamin E: the radical protector, J.
Eur. Acad. Dermatol. Venereol., 10,

[20] Aitken RJ, West K and Buckingham
D, Leukocytic infiltration into the

1998, 103-17.

316
1JBPAS, March, 2014, 3(3)



