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Abstract

Objective: Reactive oxygen species (ROS) such as the superoxide anion, hydroxyl radical and
hydrogen peroxide are highly toxic to cells. Cellular antioxidant enzymes and free radical
scavengers normally protect a cell from toxic effects of ROS. However when generation of ROS
overtakes the antioxidant defense then tissue damage is caused. The present study aims to find the
ascorbic acid levels in sperm cells of different parts of the epididymis and the relation of level of
ascorbic acid with motility status of cauda sperm cells considering goat sperm as a model system.
The antioxidant potential of motile cauda sperm cells was also revealed.

Methods: Ascorbic acid assay and antioxidant potential assay was done to measure the levels of
ascorbic acid and the levels of scavenging of free radicals. Sperm motility was determined by
microscopic and spectrophotometric methods.

Results: From the results of the present study it was revealed that the level of ascorbic acid is
significantly less in the sperm cells of the cauda epididymis. The level of total antioxidant
potential of the sperm cells of the cauda epididymis was tested. The sperms were found to be
having significant amount of antioxidants. No significant relation could be concluded regarding
the levels of ascorbic acid in the sperms of the cauda epididymis and their motility status.
Conclusions: Since the sperms of the cauda epididymis are mostly motile, so, less ascorbic acid
in cauda sperm may be due to the consumption of the antioxidant (ascorbic acid) by the sperm
cells to scavenge the free radicals produced during motility. Reduction of ROS or free radicals

Sperm motility

seems to be necessary for sperm motility.

© 2014 GESDAV

INTRODUCTION

Reactive oxygen species (ROS) such as the superoxide
anion radical (O,+"), hydrogen peroxide (H,0,) and the
hydroxyl radical («OH) are highly toxic to cells.
Cellular antioxidant enzymes and free radical
scavengers normally protect a cell from toxic effects of
ROS. However when generation of ROS overtakes the
antioxidant defense, tissue damage is caused. Oxidative
damage of the cellular macromolecules, i.e. lipids,
proteins and nucleic acids, occurs leading finally to
various pathological conditions [1, 2].

Oxygen is vital for aerobic processes, however 5% or
more of the inhaled O, is converted to ROS by
univalent reduction [3]. When the balance between the
ROS production and antioxidant defense is lost,
oxidative stress is caused, which through a series of
events, deregulates cellular functions leading to various
pathological conditions including cardiovascular and
gastroduodenal dysfunction, neurodegenerative disease,
cancer and premature aging [4]. The protective
antioxidant system in the semen is composed of
enzymes, as well as nonenzymatic substances, which
closely interact with each other to ensure optimal

protection against ROS. Non-enzymatic antioxidants
include vitamins A, E, C and B complex, glutathione,
pantothenic acid, coenzyme Q10 and carnitine, and
micronutrients such as zinc, selenium and copper. It
seems that a deficiency of any of them can cause a
decrease in total antioxidant status. In vitro and in vivo
studies demonstrate that many antioxidants possess a
beneficial effect on fertility [5]. A decreased seminal
plasma antioxidant capacity could have significant role
in the etiology of impaired sperm functions [6].
Oxidative stress negatively affects flagellar axonemal
structure with subsequent impairment of forward
progressive sperm motility [7].

Superoxide dismutase (SOD), catalase (CAT) and
peroxidases constitute a mutually supportive team of
defense against ROS [4, 8, 9]. Glutathione peroxidase
(GPx), horseradish peroxidase, lacto-peroxidase and
other mammalian peroxidases have been studied
extensively [10-13]. CAT, present in almost all the
mammalian cells, is localized in the peroxisomes. It
protects the cells from oxidative damage by scavenging
of H,0, and *OH [14]. Low levels of ROS exert critical
function in normal sperm physiology, such as
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fertilizing ability, i.e. acrosome reaction, hyper-
activation, capacitation and chemotaxis, and sperm
motility; while increased ROS generation and/or
decreased antioxidant capacity leads to the imbalance
between oxidation and reduction in living systems,
which is called sperm oxidative stress [15, 16]. The
secretion of seminal vesicles contains ascorbic acid
[17] vitamin C; ascorbic acid acts as an antioxidant,
and it participates in the detoxification reaction [18].

The antioxidant ascorbic acid plays important role in
various physiological processes in the body including
detoxification of different toxic compounds [19]. The
production of ROS by sperm was reduced by
supplementation in vitro with ascorbate and alpha-
tocopherol [20]. Ascorbic acid in concentrations below
1000 uM protects spermatozoa from free radical
damage as evidenced from improvement in their
motility and viability [21]. Supplementation with
vitamin E and/or C reduced ROS generation, prevented
loss of motility and capacity of oocyte penetration in
lead (Pb)-exposed rats [22]. When vitamin C is added
to the capacitation medium, a significant decrease in
the percentage of capacitated spermatozoa was
observed [23, 24].

Ascorbic acid deficiency reduced both sperm
concentration and motility, and thus fertility, of
rainbow trout. These results indicate that vitamin C is
important for male fish reproduction [25]. Treatment
with ascorbic acid increased ejaculate volume, sperm
concentration, total sperm output, sperm motility index,
total motile sperm, packed sperm volume, initial
hydrogen ion concentration (pH) and semen initial
fructose concentration. Abnormal and dead sperm were
significantly decreased in ascorbic acid treated animals.
The activities of aspartate aminotransferase, alanine
aminotransferase and lactate dehydrogenase were
significantly decreased, whereas glutathione S-
transferase showed a significant increase in seminal
plasma of treated animals compared with the controls.
These reports indicated that supplementation of
drinking water with antioxidant ascorbic acid, vitamin
E and their combination reduced the production of free
radicals and can improve rabbit semen quality [26]. In
vitro ascorbic acid supplementation during teratozoo-
spermic semen processing for assisted reproductive
technology (ART) could protect against oxidative
stress, and could improve ART outcome [27]. Low
intake of folic acid, zinc and vitamin E were related to
poor sperm concentration and motility [28].
Antioxidants generally were not beneficial except
improving the percentage of motile sperm by 6-11%
[29]. Co-administration with vitamin C reversed the
effect of bisphenol A or methoxychlor induced
oxidative stress in epididymal sperm and epididymis
[30, 31].

Taken together, the present study aims to determine the
ascorbic acid levels in sperm cells of different parts of
the epididymis and the relation of level of ascorbic acid
with motility status of cauda sperm cells considering
goat sperm as a model system. The antioxidant
potential of motile cauda sperm cells was also
investigated.

MATERIALS AND METHODS
Chemicals

Ringer phosphate buffer, Ficoll, Folin reagent, copper
sulfate, sodium potassium tartarate, sodium carbonate,
sodium hydroxide, Bradford reagent, bovine serum
albumin (BSA), sodium tungstate, disodium hydrogen
phosphate, L-ascorbic acid, H,SO,, NaOH, toluene:
butanol (3:1), butanol saturated with H,SO,4, Na-acetate
buffer, chloroform, Fast blue BB salt, butanol saturated
with water, pyridine, glacial acetic acid, phosphate
buffer, dimethylsulfoxide (DMSO), ascorbic acid.

All the analytical grade reagents were purchased from
Sigma (St. Louis, MO, USA). Goat sperm was taken as
the model system because of its stability in synthetic
medium and the capability to withstand several
treatments and centrifuge without any damage to its
structure or function. Moreover, goat testis is easily
available from meat shops as food material and does
not require any ethical clearance for its use.

Collection of goat epididymal tissue

Goat epididymal tissue was collected from the nearby
slaughterhouses. The tissue samples were taken to the
research laboratory in a plastic container at the
atmospheric temperature. Spermatozoa were extracted
from the epididymides within 2-3 h of slaughtering
[32]. The tissues were washed with RPS solution to
remove the blood vessels. Then the tissues cut into
small pieces with the help of scissors and kept in the
ringer phosphate solution to prevent the dryness of the
tissue.

Preparation of spermatozoa

Spermatozoa were obtained from goat cauda-
epididymis by the procedure as standardized in the
laboratory [33]. Spermatozoa were extracted at room
temperature from the epididymis in a modified
Ringer’s solution (RPS medium: 119 mM NaCl 5 mM
KCI, 1 mM CaCl,, 1.2 mM MgSO,, 10 mM glucose,
16.3 mM potassium phosphate, pH 6.9, 50 units/ml
penicillin). Numbers of spermatozoa in the sample
were determined with a hemocytometer. Freshly
extracted sperm preparation contains 10-20 x 10’
cells/ml and nearly 60-80% of these cells showed form
of flagellar motility. The sperm preparation should be
used immediately (within 15 min) for motility assay.
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Preparation of epididymal plasma

Goat epididymal plasma (EP) was prepared by the
procedure standardized in our laboratory [33]. Freshly
extracted sperm suspensions were first centrifuged at
800g for 10 min, so that most of the spermatozoa were
removed as a pellet. The resulting slightly turbid
solution was spun at 14000g for 30 min to obtain cell-
free EP. The pooled sample of EP get concentrated at
4-6°C Dby the treatment of polyethylene glycol
(12 mg/ml); after that this is preserved at -10°C for the
further use and studies.

Sperm motility assays

Microscopic method: Plasma membrane and its
fractions were estimated by evaluating forward motility
(FM) of spermatozoa using hemocytometer as the
counting chamber. To eliminate the possibility of
artifact due to sperm adhesion to glass, motility assays
were carried out in presence of EP (1.2 mg-protein/ml)
that contained adequate anti-sticking activity to cause
nearly 100% inhibition of sperm adhesion to glass
surface [34]. Spermatozoa (0.5 x 10°cells) were
incubated with EP (0.6 mg-protein/ml) in the absence
or presence of specified amounts of test samples (cauda
sperm plasma membrane) at room temperature
(32 £ 1°C) for 2 min in a total volume of 0.5 ml of RPS
medium. A portion of the cell suspension was then
placed in the hemocytometer and the FM sperm and
total number of sperm cells were counted under phase
contrast microscope at 400x magnification. The
percentage of FM sperm was then calculated [35]. The
calculated percentages of FM cells are given as the
mean = SEM of at least three experiments.

Spectrophotometric method: FM of spermatozoa was
estimated quantitatively. The microscopic method of
motility assay described above takes into consideration
only the numbers of cells with forward progression but
not their velocity whereas the spectrophotometric
method is based not only on the motile cell numbers
but also their velocity. The method consists of layering
50 ul of freshly extracted cauda-epididymal sperma-
tozoa (7 x10°cells) suspended in RPS medium
(1.3 ml) containing 1% Ficoll-400 at the bottom of a
standard optical cuvette (3 ml capacity), which was
sufficient to cover the entire width of the light beam.
Vigorously motile spermatozoa that moved upwards
into the light beam were registered continuously as an
increase of absorbance at 545 nm with a spectronic
spectrophotometer equipped with a recorder [36]. After
reaching maximal absorbance or absorbance at
equilibrium (Agg) the contents of the cuvette were
mixed and the absorbance for all the cells or total
absorbance (A7) was noted. The percentage of cells
that showed vigorous FM was calculated as
Agq/Ar x 100 (Fig.1).

Protein estimation

Unless otherwise specified, the protein contents of the
samples were estimated according to Lowry et al [37],
using bovine serum albumin (BSA) as standard.

Ascorbic acid assay

A simple method has been developed for determination
of ascorbic acid by using acid phosphotungstate. The
reagent has been found to be specific and sensitive to
ascorbic acid. At first the spermatozoa from different
segments of epididymis were collected in RPS medium
and epididymal plasma was discarded by
centrifugation. The forward and total motility of the
cauda spermatozoa was counted under microscope by
the procedure developed earlier in our laboratory [35].
The sperm was diluted to 200 x 10%/ml in such a way so
that with 500 ul volume 100 x 10°cells could be
applied in the assay system.

Ascorbic acid was estimated by a spectrophotometric
method as described earlier [38]. Color reagent was
prepared by dissolving 20 g sodium tungstate and 10 g
disodium hydrogen phosphate in 30 ml water with
warming. To this warm solution a mixture of 15 ml
water and 5ml H,SO, was added slowly and the
mixture was boiled gently for 2 h under reflux to avoid
evaporation. Then the golden yellow colored solution
was cooled to room temperature to get the final color
reagent. For standard, 1 mg/100 ml ascorbic acid was
dissolved in the modified Ringer phosphate buffer.
Water was taken as blank. 500 ul of blank, standard
and samples with duplicates were taken in separate
tubes and 500 pl of color reagent was added to them.
Then the tubes were incubated at room temperature (in
dark) for 30 min and after that centrifuged at 3000 rpm
for 15 min. Then the optical density (OD) was taken at
700 nm. The result obtained was expressed as uM of
ascorbic acid.
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Figure 1. Increase in absorbance at 545 nm with time as the

sperm cells move upward from the bottom of the optical
cuvette into the light beam of the spectrophotometer.

http://www.oamsjournal.com

197



Saha et al: Sperm antioxidant potential

Assay of antioxidant potential of sperm cells from
cauda epididymis

The cauda epididymal sperm cells were diluted to
1000 x 10%ml so that 50 x 10° cells and 100 x 10° cells
could be applied in the assay system with 50 pl and
100 pl. Water was taken as blank and DMSO as
standard for the assay. The antioxidant potential of the
sperm cells is estimated in competition with DMSO
that is added to the sample test tubes also. 50 ul of 1 M
PO, buffer, 200 ul of DMSO, 100 ul of 10 mM
ascorbic acid and 20 pl of 10 mM Cu®* were added to
all the tubes except the DMSO is not added in the
blank. Then, in the sample tubes, 50 and 100 ul of
sperm solution were added. The volume was made upto
1 ml with water in all the tubes. Then all the tubes were
vortexed and incubated for 1 h at 37°C.

Color reagent was prepared by dissolving 40 mg Fast
blue BB salt in 2 ml water (50 mM), then 2 ml of
chloroform was added to it. The tube was vortexed for
1 min wrapped in aluminum foil and the upper golden
yellow colored layer is taken as the final color reagent.

To each tube 1 ml of distilled water was added, then
0.2ml 10N H,SO, was added and after that 2 ml
(toluene:butanol, 3:1) was added; then all the tubes
were vortexed for 1 min and all the tubes were
centrifuged at 1000 rpm for 5 min; after centrifugation
upper layer was discarded. To the lower layer 4 ml of
butanol saturated with 1 M H,SO, was added and all
the tubes were vortexed for 1 min. Then all the tubes
were centrifuged at 1000 rpm for 5 min. Fresh glass
tubes were taken into which 1 ml fresh 1 M sodium
acetate and 1 ml distilled water was added. The upper
layer of the previous centrifuged tubes are poured in to
the sodium acetate containing tubes and all these tubes
were vortexed for 1 min and the centrifugation is done
at 1000 rpm for 5 min. After centrifugation the upper
layer was discarded and to the lower layer 0.1 ml of
colour reagent was added; these are kept in dark for 15-
20 min. Then 1.5 ml of toluene:butanol was added and
all the tubes were vortexed for 1 min, then centrifuged
at 1000 rpm for 5 min. Lower layer was discarded and
to the upper layer 2 ml butanol saturated with water
was added. All the tubes were vortexed for 1 min and
centrifuged at 1000 rpm for 5 min. After centrifugation,
the upper layer was collected and to that 0.1 ml of
pyridine-glacial acetic acid solution was added and
vortexed for 15 seconds. Then OD was read at 425 nm
[39].

Statistical analysis

All experiments were repeated at least three times or
more. The data are presented as the mean + SEM.

Significance of difference (wherever required) was
analyzed by Student’s t-test.

RESULTS

The main objective of the ascorbic acid assay
experiment was to find the levels of ascorbic acid in the
sperm cells of different parts of the epididymis and also
to find out if there is any correlation between ascorbic
acid (antioxidant) level of the sperm cells and sperm
motility.

Four sets of experiments were done with each set
containing three tissues (combined). From these
experiments it was found that the levels of ascorbic
acid in the sperms of caput and corpus section of the
epididymis were more or less same with no significant
difference. But the sperm cells of the cauda section
contain significantly less ascorbic acid levels, in spite
of having higher motility status than the other two
sections (Fig.2).

The experiments regarding the motility status of the
cauda sperm cells in correlation with ascorbic acid
levels did not reveal any significant correlation. Both
the FM and total motility (TM) were measured along
with the ascorbic acid levels in four groups of tissues
with each group containing three tissues. But the
ascorbic acid levels did not go hand in hand with the
motility status (Fig.3)

Experiments were performed to assay the antioxidant
potential of the cauda epididymis sperm cells by
assaying the amount of methyl sulfenic acid formed.
DMSO standard (i.e. in absence of sperm cells) gave
around 0.27 absorbance at 425 nm, but when competed
with sperm cells, the absorbance was reduced showing
that the antioxidants of sperm cells are scavenging the
hydroxyl radicals in competition with DMSO and thus
reducing the level of methane sulfinic acid formation.
Application of 50 million cells reduced the absorbance
by about 50% and application of 100 million cells
further reduced the absorbance by around 66% (Fig.4).
These experiments reveal that the mature sperm cells
do have antioxidant potential.
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Figure 2. Ascorbic acid levels in the sperm cells isolated
from caput, corpus and cauda parts of the epididymis
expressed in uM/10" cells. Data shows mean + SEM of four
experiments. *P < 0.05 compared to caput and/or corpus.
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Figure 3. Motility status given as forward motility (FM) and
total motility (TM) percentage along with ascorbic acid levels
(uM/10" cells). Data showing mean = SEM of three motility
counting experiments for each sample.
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Figure 4. Estimation of the antioxidant potential of cauda
sperm cells by estimation of methane sulfinic acid formation
using DMSO as the molecular probe for 50 and 100 million
cells. Data showing mean = SEM of three experiments.
*P < 0.05 compared to 0.

DISCUSSION

Cellular antioxidant enzymes and free radical
scavengers normally protect a cell from toxic effects of
ROS. But when generation of ROS overtakes the
antioxidant defense and the balance between the ROS
production and antioxidant defense is lost, then a series
of events deregulate cellular functions and oxidative
stress is caused. Thus there is tissue damage, leading
finally to various pathological conditions [1, 4]. Small
amounts of ROS are required for normal sperm
functioning; however, disproportionate levels can
negatively impact the quality of spermatozoa and
impair their overall fertilizing capacity [40].

It is known that the secretion of seminal vesicles
combines ascorbic acid (vitamin C) [17]. Vitamin C
acts as an antioxidant and participates in the
detoxification reactions; in concentrations below
100 mM, it protects spermatozoa from free radical
damage as evidenced from improvement in their
motility and viability [22]. It has been evidenced that
treatment with ascorbic acid increases ejaculate
volume, sperm concentration, total sperm output, total
motile sperm, sperm motility index, packed sperm
volume, initial pH, and semen initial fructose
concentration. Abnormal and dead sperm were
significantly decreased in ascorbic acid-treated animals
[26].

Thus from the results of the present study it is revealed
that the level of ascorbic acid is significantly less in the
sperms of the cauda part of the epididymis. As the
sperms of the cauda epididymis are mostly motile, so,
this may be due to the consumption of the antioxidant
(ascorbic acid) by the sperm cells to scavenge the free
radicals produced during motility. From the four sets of
experiments performed, no significant relation could be
concluded regarding the levels of ascorbic acid in the
sperms of the cauda epididymis and their motility
status. The level of total antioxidant potential of the
sperm cells of the cauda epididymis has been tested by
our experiments. The sperm cells were found to be
having significant amount of antioxidants as evidenced
in their antioxidant potential results.

ACKNOWLEDGEMENTS

This work was supported in part by the CSIR-Indian Institute
of Chemical Biology, Kolkata, India and research fellowship
from Lady Tata Memorial Trust, Mumbai, India. The authors
wish to express their hearty thanks to the summer trainee Mr.
Pattabhi Rama Rao Bhogineni for his help during the
experiments.

COMPETING INTERESTS
The authors declare that they have no conflict of interest.

http://www.oamsjournal.com

199



Saha et al: Sperm antioxidant potential

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Pham-Huy LA, He H, Pham-Huy C. Free radicals, antioxidants
in disease and health. Int J Biomed Sci 2008; 4:89-96.

Celep GS, Marotta F. Oxidants and antioxidants in health and
disease. Oxid Antioxid Med Sci 2014; 3:5-8.

Harman D. Free radical involvement in aging. Pathophysiology
and therapeutic implications. Drug Aging 1993; 3:60-8.

Fridovich I. Superoxide radical: an endogenous toxicant. Annu
Pharmacol Toxicol 1983; 23:239-57.

Walczak-Jedrzejowska R, Wolski JK, Slowikowska-Hilczer J.
The role of oxidative stress and antioxidants in male fertility.
Cent European J Urol. 2013; 66:60-7.

Pahune PP, Choudhari AR, Muley PA. The total antioxidant
power of semen and its correlation with the fertility potential of
human male subjects. J Clin Diagn Res 2013; 7:991-5.

El-Taieb MA, Herwig R, Nada EA, Greilberger J, Marberger M.
Oxidative stress and epididymal sperm transport, motility and
morphological defects. Eur J Obstet Gynecol Reprod Biol 2009;
144:5199-203.

Bandyopadhyay U, Das D, Banerjee RK. Reactive oxygen
species: oxidative damage and pathogenesis. Curr Sci 1999;
77:658-66.

Fridovich I. Biological effects of the superoxide radical. Arch
Biochem Biophys 1986; 247:1-11.

Meister A, Anderson ME. Glutathione. Ann Rev Biochem 1983;
52:711-60.

Freeman BA, Carpo JD. Biology of disease: free radicals and
tissue injury. Lab Invest 1982; 47:412-20.

Yamazaki 1. Peroxidase. In: Hayaishi O (ed) Molecular
Mechanism of O, activation, Academic Press, New York, NY,
pp. 535-558, 1974.

Banerjee RK. Membrane peroxidises. Mol Cell Biochem 1988;
83:105-28.

Deisseroth A, Doume AL. Catalase: physical and chemical
properties, mechanism of catalysis, and physiological role.
Physiol Rev 1970; 50:319-75.

Chen SJ, Allam JP, Duan YG, Haidl G. Influence of reactive
oxygen species on human sperm functions and fertilizing
capacity including therapeutical approaches. Arch Gynecol
Obstet 2013; 288:191-9.

Tvrda E, Knazicka Z, Bardos L, Massanyi P, Lukac N. Impact of
oxidative stress on male fertility - a review. Acta Vet Hung 2011,
59:465-84.

Chatterjee CC. Human Physiology. Medical Allied Agency,
Calcutta, Volume 2, p 139, 1980.

Nelson DL, Cox MM. Lehninger Principles of Biochemistry. 3"
edition, Worth Publishers, New York, NY, p 743, 2000.

Salem MH, Kamel KI, Yousef MI, Hassan GA, Nouty FD.
Protective role of ascorbic acid to enhance semen quality of
rabbits treated with sublethal doses of aflatoxin B(1). Toxicology
2001; 162:209-18.

Donnelly ET, McClure N, Lewis SE. Antioxidant
supplementation in vitro does not improve human sperm
motility. Fertil Steril 1999; 72:484-95.
Verma A, Kanwar KC. Human sperm motility and lipid
peroxidation in different ascorbic acid concentrations: an in vitro
analysis. Andrologia 1998; 30:325-9.

Hsu PC, Liu MY, Hsu CC, Chen LY, Guo YL. Toxicity in the
rat sperm. Toxicology 1998; 128:169-79.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

Sanchez-Partida LG, Setchell BP, Maxwell WM. Epididymal
compounds and antioxidants in diluents for the frozen storage of
ram spermatozoa. Reprod Fertil Dev 1997; 9:689-96.

O’Flaherty C, Beconi M, Beorlegui N. Effect of natural
antioxidants, superoxide dismutase and hydrogen peroxide on
capacitation of frozen-thawed bull spermatozoa. Andrologia
1997; 29:269-75.

Ciereszko A, Dabrowski K. Sperm quality and ascorbic acid
concentration in rainbow trout semen are affected by dietary
vitamin C: an across-season study. Biol Reprod 1995; 52:982-8.

Yousef MI, Abdallah GA, Kamel KI. Effect of ascorbic acid and
Vitamin E supplementation on semen quality and biochemical
parameters of male rabbits. Anim Reprod Sci 2003; 76:99-111.

Fanaei H, Khayat S, Halvaei |, Ramezani V, Azizi Y, Kasaeian
A, Mardaneh, J, Parvizi MR, Akrami M. Effects of ascorbic acid
on sperm motility, viability, acrosome reaction and DNA
integrity in teratozoospermic samples. Iran J Reprod Med 2014;
12:103-10.

Nadjarzadeh A, Mehrsai A, Mostafavi E, Gohari MR, Shidfar F.
The association between dietary antioxidant intake and semen
quality in infertile men. Med J Islam Repub Iran 2013; 27:204-9.

Foote RH, Brockett CC, Kaproth MT. Motility and fertility of
bull sperm in whole milk extender containing antioxidants. Anim
Reprod Sci 2002; 71:13-23.

Chitra KC, Rao KR, Mathur PP. Effect of experimental
varicocele on structure and function of epididymis in adolescent
rats: a histological and biochemical study. Asian J Androl 2003;
5:203-8.

Gangadharan B, Murugan MA, Mathur PP. Effect of
methoxychlor on antioxidant system of goat epididymal sperm in
vitro. Asian J Androl 2001; 3:285-8.

Majumder GC, Chakrabarti CK. A simple spectrophotometric
method of assay of forward motility of goat spermatozoa. J
Reprod Fertil 1984; 70:235-41.

Mandal M, Banerjee S, Majumder GC. Stimulation of forward
motility of goat cauda epididymal spermatozoa by a serum
glycoprotein factor. Biol Reprod 1989; 41:983-9.

Roy N, Majumder GC. A simple guantitative method for the
estimation of free ecto-sulfhydryl groups of spermatozoa. Exp
Cell Res 1986; 164:415-25.

Saha S, Das S, Bhoumik A, Ghosh P, Majumder GC, Dungdung
SR. ldentification of a novel sperm motility stimulating protein
from caprine serum: its characterization and functional
significance. Fertil Steril 2013; 100:269-79.

Mandal M, Banerjee S. Majumder GC. Stimulation of forward
motility of goat cauda epididymis spermatozoa by a sperm
glycoprotein factor. Biol Reprod 1989; 41:983-9.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein
measurement with the Folin phenol reagent. J Biol Chem 1951,
193:265-75.

Kyaw A. A simple colorimetric method for ascorbic acid
determination in blood plasma. Clin Chim Acta 1978; 86:153-7.

Babbs CF, Steiner MG. Detection and quantitation of hydroxy
radical using dimethyl sulfoxide as molecular probe. Methods
Enzymol 1990; 186:137-47.

Agarwal A, Virk G, Ong C, du Plessis SS. Effect of oxidative
stress on male reproduction. World J Mens Health 2014; 32:1-
17.

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License which permits
unrestricted, non-commercial use, distribution and reproduction in any medium, provided that the work is properly cited.

200

DOI 10.5455/0ams.290914.0r.075



