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Vitamin E is one of the major membrane protectants against reactive oxygen species ( ROS) and
lipid peroxidation (LPO). The study aimed at determining the optimum dose of vitamin E to reverse
free radical-mediated oxidative damage on motility, viability and LPO of bulls’sperm. Fresh semen
of five local crossbred bulls was suspended in 2.9% sodium citrate, divided into equal fractions and
subjected to vitamin E treatment (0, 1, 2, 2.5 mM) in the presence or absence of oxidative stress
inducer, i.e ferrous ascorbate (FeAA, containing 150 pM FeSO, and 750 uM ascorbic acid). All
sperm suspensions were incubated at 37°C for 2 h. Treatment with FeAA reduced sperm motility
and viability, but increased the LPO. All doses of vitamin E increased sperm motility and viability,
but reduced LPO. However, 2 mM vitamin E was most effective. In conclusion, vitamin E reduced
the LPO caused by FeAA, and improved sperm motility and viability in vitro under induced
oxidative stress.
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Numerous factors affect male fertility, one of these being the oxidative stress (OS),
which has elicited an enormous interest in the recent years [Agarwal and Prabakaran
2005]. Oxidative stress is known to play a major role in the sperm malfunctions
via induction of lipid peroxidation (LPO) to biomembranes [Arabi et al. 2001].
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The sperm cells under aerobic conditions are always attacked by reactive oxygen
species (ROS). This ROS-induced damage leads to LPO due to high polyunsaturated
fatty acids (PUFAs) content in sperm plasma membrane which results in low
membrane fluidity and loss of sperm x oocyte interaction. LPO is known to have
an informative and diagnostic tool to evaluate the membrane integrity [Arabi et al.
2001] Supplementation of transition metal ions such as Fe*" to the sperm suspension
results in a sudden acceleration of LPO and loss of sperm functions such as motility
and viability [Sharma and Agarwal 1996].

Against ROS attack, sperm cells are well equipped with a powerful defense system
of antioxidants, but an imbalance between the production of ROS and the available
antioxidant-defenses result in oxidative stress [Sikka 1996]. Therefore, antioxidants
are supplemented extracellularly under in vitro conditions. Antioxidants are the main
defense factors against oxidative stress induced by free radicals [Agarwal et al. 2005].
Vitamin E is believed to be the primary component of the antioxidant system of the
spermatozoa and is one of the major membrane protectants against ROS and LPO attack
[Yousef et al. 2003]. It appears to be the first line of defense against the peroxidation
of PUFAs contained in the cellular and sub-cellular membrane phospholipids because
of its lipid solubility [Horton et al. 2002]. It is a major chain-breaking antioxidant in
membranes directly neutralizing superoxide anion (‘O,’), hydrogen peroxide (H,O,)
and hydroxyl radical (OH’) — Sharma and Agarwal [1996]. The present in vitro study
aimed at finding out the efficacy of vitamin E, a biological antioxidant, in reversing
the free radical-mediated oxidative damage on sperm motility, viability and lipid
peroxidation.

Material and methods

Reagents

All chemicals were purchased from SISCO RESEARCH LABORATORIES
(SRL) Private, Ltd., Mumbeai, India.

Sperm

Ejaculates showing more than 80% motility and 1.2 to 1.4x10° spermatozoa/mL
were collected with artificial vagina from five local crossbred bulls maintained at the
Dairy Farm, Guru Angad Dev, Veterinary and Animal Sciences University, Ludhiana,
India. The three subsamples of a single ejaculate from each of the five bulls were used
for the analysis of each indicator.

Fresh semen was centrifuged (800xg) at 37°C for 5 min, seminal plasma was
removed, the sperm pellet was washed two or three times with 2.9% sodium citrate
(pH 7.4), re-suspended in 2.9% sodium citrate, and divided into eight equal portions
in eight test tubes (120x10° spermatozoa/mL). To one tube (control) only 2.9%
sodium citrate was added and the remaining seven tubes (experimental portions) were
subjected to Mn?* treatment (0, 60, 100, or 200 uM) in the presence or absence of
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oxidative stress inducer, i.e. ferrous ascorbate (FeAA) containing 150 uM FeSO4
and 750 pM ascorbic acid — Bansal and Bilaspuri [2008]. All sperm suspensions were
incubated at 37°C for various periods.

Evaluation of sperm motility and viability

Every 30 min, sperm motility was estimated (37°C) by examination of a wet
mount under bright-field microscope (400 X). Sperm viability (at hour 0 and 2) was
determined by preparing an eosin-nigrosin smear (37°C) and assessing at least 100
sperms under bright-field microscopy (1000 X) — Blom [1950].

Determination of lipid peroxidation (LPO)

At the end of hour 2 of incubation, the level of malondialdehyde (MDA) in
control and experimental portions was measured by determining the thiobarbituric
acid reactive substances (TBARS) according to Buege and Steven [1978]. For this
assay, a known volume of sperm suspension was incubated with 0.1 ml of 150 mM
Tris-HCI (pH 7.1) for 20 min at 37°C. Subsequently, 1ml of 10% trichloroacetic acid
and 2 ml of 0.375% thiobarbituric acid were added followed by keeping in boiling
water bath for 30 min. Thereafter, it was centrifuged for 15 min at 3000 rpm. In the
blank tube, sample was replaced by 2.9% sodium citrate (pH 7.4). The absorbance
was read at 532 nm. The molar extinction coefficient for MDA is 1.56 x 10° M'.cm™.
The results were expressed as n moles MDA/ug protein.

Determination of total protein

Total protein in the control and experimental portions was determined
spectrophotometrically according to Lees and Paxman [1972]. Accordingly, 0.9 ml
of 5% SDS in 0.5N NaOH was added to 0.1 ml of the sample (sperm suspension) in
the test tube, kept at room temperature for at least 3 h before agitating 2-3 times in
a vortex mixer to make sure that sample was dissolved thoroughly. To it, 2.5 ml of
copper carbonate solution was added and tube was allowed to stand for further 15-20
min. Next, 0.25 ml of Folin-phenol reagent was added; sample was mixed immediately
and allowed to stand for 45 min. The absorbance was read at 740 nm. Twenty to 100
pg/mL of bovine serum albumin (BSA) standard was used as a reference.

Statistical

‘Analysis of Factorial Experiment in CRD’ (software programme made by
Department of Mathematics, Statistics and Physics, College of Basic Sciences and
Humanities, Punjab Agricultural University, Ludhiana, India.) or ‘One Way Variance
Analysis’ were used to evaluate the significance levels between the parameters studied.
The critical differences (CD) of three factors — A (incubation period), B (FeAA and
vitamin E treatments) and AxB interactions were used to find the level of significance.
A P value of 0.05 was selected as a criterion for statistically significant differences.
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Results and discussion
Percentage sperm motility

A gradual and significant (P<0.05) decrease in sperm motility was observed after
0.5 1 and 2 h of incubation (Tab. 1). Supplementation of vitamin E in FeAA-untreated
samples significantly increased (P<0.05) the sperm motility with vit. E doses II and
111, but non-significantly with dose I. Among the three doses of vitamin E, increase
in motility was significant between dose I and II as well as between I and III, but non-
significant between dose II and III. Maximum increase in motility occurred when
dose II was applied (Tab. 1).

Treatment of spermatozoa with ferrous ascorbate (FeAA — 150 uM FeSO,, 750
UM ascorbic acid) resulted in significant (P<0.05) and sudden reduction in motility
as compared to the control (Tab. 1). Subsequently, as compared to vitamin E-
unsupplemented (control) samples, supplementation of vitamin E improved the motility
significantly with dose II, but non-significantly with doses I and III in FeAA-treated
samples. Among the three doses of vitamin E, sperm motility increased significantly
from dose I to dose II as well as from dose II to dose III, but non-significantly from
dose I to III in FeAA-treated samples.

Percentage sperm viability

The morphology of viable and non-viable spermatozoa remained unaffected
with various doses of vitamin E. Corresponding to incubation period, % viability
dropped (P<0.05) from hour 0 to hour 2 (Tab. 2). Supplementation with all the doses
of vitamin E improved the per cent viability non-significantly as compared to the
control. Upon treating with FeAA, viability of spermatozoa decreased (P<0.05).
Subsequently, as compared to vitamin E-unsupplemented / FeAA-treated samples,
vitamin E supplementation improved % viability non-significantly with doses I, 11
and III. Non-significant increase in per cent viability was observed when all the three
doses of vitamin E were applied (Tab. 2).

Statistical analysis showed non-significant interaction incubation periods x
treatments. Thus, increase or decrease in motility (%) and viability (%) with different
treatments is not affected by the incubation periods or vice versa.

Lipid peroxidation

Three doses of vitamin E were applied to reduce the production of malondialdehyde
(MDA is the end product of LPO) in FeAA-treated and untreated samples. FeAA
treatment increased the MDA production significantly as compared to the control
(Tab. 3).

Supplement of vitamin E reduced the LPO (P<0.05) as compared to vitamin
E-unsupplemented samples treated or untreated with FeAA. Non-significant drop
was observed in the production of MDA when all the three doses of vitamin E were



Antioxidant effect of vit. E on cattle spermatozoa

“00UROYTUSIS JO [9AD] %G 18 JUAISJIIP AppueolyIugts are s)dLrosiodns JUaIo TP SUIARY UWIN[OO JO MOI € UL SUBIWI OM],..q,
‘S[BEWIUE QAIJ JSBI] JB JO SUONBAIISQO UYIJ JO HS F UBdW S)uasa1dar anjea yoey
"PIoe 01qI09sE + ey d[ns snoLdy — Vo

UBAW 10J0k}

65°€9 a£9°L9 16°€9 8PS 61LY 46969 £9€9  ,61°C9 N
co'ce S8l S8l 96T 0€'SF LTY 86T L1 9t ES z
P 8€HS 88'19 8€¥S 00°0% €1°8S ST'99 SL'8S STIS ueow
Z0'19 543 wLTF €T 0L°€ ov'1 ¥$°0 91 85T ES I
° SL'8S SL'€9 8€°6S SL'8Y §T'99 €189 88'99 ST9S ueow
08'99 08°CF S6EF €T¢ 0LT ¥$°0 vSl 96T STl as <0
a 0S°L9 00°0L €1°89 88°96 €9°0L €9°0L €1°€9 0S°L9 ugow
i) we LT we LT we we we we as 0
v SL'EL SL'EL SL'EL SL'EL SLEL SLEL SL'EL SL'EL ugaw
UEal 10158 WweIn (Nwgm ONw I WweI Nwn ONw )1
one } o,w 9SOp H "MA 9sop H ‘HA 3SOp H "MA vVved 9SOp H 'MA  3SOPp H 'HA 3SOp H A [onuo) Q,C UOC@Q uoneqnouy
HONBHIAMOD VVod (A pajeal] VVod (A pajeanin
VVoq yim

PajeDI) "SA PAjeanUN ‘g UIUEBIIA JO SOsOp 221y} £q pajoafje se (24) eozojeurrads [[nq Jo Ayfnow 10} (FS) IO pIepue)s IIoy) pue SUesJA *[ dqeL



A.K. Bansal, G.S. Bilaspuri

"00UBDITUTIS JO [0AJ] %G 1€ JUAIOFIIP APueoyIusis are s)diosiodns JUsIofJIP SUIARY UWIN[OO 10 MO B UT SUBdW 0M) AUV,

‘S[RUITU. SATJ JSBI[IE JO SUONIBAIISQO USdYTJ JO S F Uedw sjuasardar anjea yoey
"PIOE J1qI0JSE + deyd[ns SnoIdy — Vo

ueawl 103oej

WI6'LL  5gSYLL SSIL O8'1L 6€°€8 L1998 L1098  LLOES .
ccel L8'1 LY'T 88t $9°C L8°€ 61 €8'C 8Y'¢ ER z
a S0°CL 6l ¢EL 0819 9L°€9 68°LL €808 1728 9L ueow
16€8 9%'S 18°0 SS'1 LEO LO'T 0S'T 8T 96T as 0
v 98°¢8 11es 0618 S6'6L 88'88 0S'16 $8°68 1L°68 ueow
NweIm (Nwg I (AW )1 NweIm (AW (AW )]

ueauwl 103oej

asop g A
UonBUIqUIO)) paH

9sop g 1A 9SOp T JA

VVd (A Pajeai]

VALE 9SOp J A 9SOp J A 9s0p J ‘UA  [onuo)  (y) pouad uoneqnoug
Va4 Yim pajeanuny

PaJeaI) "SA PAjEAnUN “F UTWE)IA JO SISOP 01y} Aq Pajoojje

Vvod yim
se (9,) rozojewdds [[nq Jo AJN[IqeIA 0] (dS) SIOLS pIepue)s JIoy) pue SUBdA "7 dqe L

10



Antioxidant effect of vit. E on cattle spermatozoa

Table 3. Effects of various concentrations of vitamin E (mM) on lipid
peroxidation (LPO) on FeAA-untreated vs. -treated bull spermatozoa

n moles MDA/pg protein
Vit. E concentration untreated with  treated with combination
FeAA (control) FeAA factor mean
mean 3.23 5.51 a
0 mM SE 0.36 0.60 437
mean 2.94 4.07 b
1 mM (dose I) SE 038 036 3.51
mean 2.77 3.16 b
2 mM ( dose II) SE 035 0.10 2.96
mean 2.59 3.267 b
2.5 mM (dose III) SE 039 015 2.91
Combination 588" 4.00°

factor mean

FeAA — ferrous sulphate + ascorbic acid.

Each value represents mean + SE of fifteen observations of at least five animals.
®Any two means in a row or column having different superscripts are
significantly different at 5% level of significance.

compared (Tab. 3).

A non-significant interaction was found of FeAA treatment x vitamin E
supplementation. Thus, the effect of increase or decrease in LPO level on vitamin E
supplementation is not affected by FeAA treatment or vice versa.

In the present study, ROS-mediated damage to sperm cell could be reduced by
the supplementation of various doses of vitamin E. ROS are generally produced
under oxidative stress conditions (induced by FeAA promoter system). Supplying
of antioxidants to sperm samples can protect against the damaging effects of ROS
on sperm movement and may be of clinical value in assisted conception procedure
[Baker et al. 1996].

The present study on bull spermatozoa indicates that vitamin E improves the per
cent sperm motility under normal and oxidative stress conditions. Inducing oxidative
stress to spermatozoa with the treatment of FeA A causes a significant reduction in their
motility. But, supplementing the incubation medium with all doses of vitamin E, i.e.
ImM, 2mM and 2.5 mM (treated/untreated with FeAA) increased the motility from
hour 0 to hour 2 of incubation. Thus, it is suggested that vitamin E may be effective
in preventing the rapid loss of motility that normally occurs during incubation of
spermatozoa and maintains the motility under oxidative stress conditions.

This study shows that all doses of vitamin E improve the motility of cattle
sperm, but the dose of 2 mM vitamin improves it significantly under both normal
and oxidative stress conditions. These results may be explained based on the fact that
vitamin E protects the spermatozoa by preventing from endogenous oxidative DNA
and membrane damages, thereby helping the sperm to overcome the oxidative attack
induced by FeAA (promoter system). Thus, by maintaining the membrane integrity
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and optimum functioning of cattle sperm, vitamin E improves the per cent sperm
motility. Supplementing the freezing medium with vitamin E improved the sperm
motility in humans [Askari et al.1994] and in rabbits [ Yousef et al. 2003].

All concentrations of vitamin E increased the % viability of sperm samples
significantly in FeAA-treated, but non-significantly in FeAA-untreated samples. It
may be explained based on the fact that vitamin E reduces the FeAA-induced oxidative
damage in sperm cell membranes by disrupting the oxidative chain reaction (chain of
LPO). Thus, vitamin E promotes sperm membrane integrity and increases the live
sperm per cent. Similar observations have been made on humans [Verma and Kanwar
1999], buffalo [Singh ef al. 1989] and boar [Slebodzinska et al. 1995].

Figures presented in Table 1 show a significant decrease in MDA production (n
moles MDA/ug protein/ml) — from 4.367 to 2.925 — upon supplying various doses of
vitamin E (ImM, 2mM and 2.5 mM) to sperm samples treated/untreated with FeAA
(optimum dose). The data indicate that vitamin E addition inhibited the peroxidative
damage in sperm as it does in other tissues. Singh et al. [1989] reported a drop
(P<0.05) in MDA production (nM/10° spermatozoa) from 35.2 to 29.3 upon addition
of 2.5 uM vitamin E to buffalo sperm treated with 0.025 mM FeSO, / 0.125 mM
ascorbic acid. Thus, this study confirms that vitamin E supplement inhibits the FeAA-
induced lipid peroxidation in cattle sperm.

Data analysis shows that when sperm samples are incubated for 120 min, within
all doses, 2.5 mM vitamin E reduces the TBARS (indicator of LPO) production
maximum under control and oxidative stress (FeAA-induced) conditions (Tab. 1).
Verma and Kanwar [1999] observed that among 0.1, 1 and 2 mM vitamin E doses
the 2 mM dose reduced the MDA production maximum after hour 4 to hour 6 of
incubation. Hence, the present study confirms a dose-dependent reduction in MDA
production when various doses of vitamin E are added to sperm samples. Similar
results have been reported in humans [Agarwal et al. 2004].

The present study shows the effectiveness of vitamin E in protecting sperm
motility and viability by suppressing LPO. Similar observations have been made on
humans [Aitken et al. 1989, Agarwal et al. 2004], boar [Slebodzinska et al. 1995],
rabbit [ Yousef et al. 2003] and buffalo [Singh ef al. 1989].

Vitamin E has been shown to inhibit the free-radical-induced damage to sensitive
cell membranes as it is a major chain-breaking antioxidant [Sinclair 2000]. The present
study suggests that vitamin E may directly quench the free radicals such as peroxyl
and alkoxyl (ROO") generated during FeAA-induced LPO. Thus, by scavenging these
radicals, it breaks free-radical chain reaction and forms a relatively stable complex
such as tocopheroxyl radical. The present findings on LPO suggest that vitamin E
is a major chain-breaking antioxidant in cattle sperm. It not only scavenges oxygen
radicals from the membrane, but also intercepts peroxyl and alkoxyl radicals which
are generated during the conversion of lipid hydroperoxides that fuel the peroxidative
chain reaction, thereby, preventing this damaging process from propagating through
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plasma membrane. Similar suggestions concerning humans have been made by Verma
and Kanwar [1999].

Itis concluded that all doses of vitamin E increased the percentage of sperm motility
and viability, but reduced the lipid peroxidation (LPO) level. Most effective occurred
the 2mM dose, though differences among the doses were non-significant (P>0.05).
Thus, vitamin E protects the bull spermatozoa against the damages caused by reactive
oxygen species. Supplementing the samples with vitamin E could, therefore, be of
clinical importance for extending the time of spermatozoa storage before artificial
insemination (Al), in vitro fertilization (IVF) and intrauterine insemination (IUI).

REFERENCES

1. AGARWAL A., NALLELLA K.P., ALLAMANENI S.S.R., SAID T.M., 2004 — Role of antioxidants
in treatment of male infertility: an overview of the literature. Reproductive Medicine and Biology
8, 616-627.

2. AGARWALA.,PRABAKARAN S.A., 2005 — Mechanism, measurement and prevention of oxidative
stress in male reproductive physiology. Indian Journal of Experimental Biology 43, 963-974..

3. AGARWAL A., PRABAKARAN S.A., SAID T.M., 2005 — Prevention of oxidative stress injury to
sperm. Journal of Andrology 26, 654-660.

4. AITKEN R.J., CLARKSON J.S., FISHEL S.,1989 — Generation of reactive oxygen species, lipid
peroxidation and human sperm function. Biology of Reproduction 40, 183-197.

5. ARABI, M., ANAND, R.J.K., KANWAR, UK., 2001 — Analysis of the impact of caeffine on
membrane integrity, redox ratio and GST in human ejaculated sperm: Effectiveness of antioxidants.
Proceedings of VIIth International Congress of Andrology, Montreal, Quebec, Canada, pp. 365-69.

6. ASKARIH.A.,CHECKJ.H.,PEYMER N., BOLLENDORF A., 1994 — Effect of natural antioxidants
tocopherol and ascorbic acid in maintenance of sperm activity during freeze-thaw process. Archives
of Andrology 33, 11-15.

7. BAKER H.W.G., BRINDLE J., IRVINE D.S., AITKEN R.J.,1996 — Protective effect of antioxidants
on the impairment of sperm motility by activated polymorphonuclear leukocytes. Fertility and
Sterility 65,411-419.

8. BANSAL A.K., BILASPURI G.S., 2008 — Effect of ferrous sulphate and ascorbic acid on motility,
viability and lipid peroxidation of crossbred cattle bull spermatozoa .Animal: An International
Journal of Animal Bioscience 2,100-104.

9. BLOM E.,1950 — The evaluation of bull semen with special reference to its use in artificial
insemination. Animal Breeding Abstracts 19, 648.

10. BUEGE J.A., STEVEN A.D., 1978. Microsomal Lipid Peroxidation. In: Biomembranes. Part C.
Biological Oxidants, Microsomal, Cytochone P-450 and other Hemoprotein Systems. (S. Fleisher
and L. Packer, Eds). New York: Academic Press. pp.302-310. (Methods in Enzymology, vol.52.
Edited by Colowick SP, Kalpan NO).

11. HORTON H.R., MORAN L.H., OCHS R.S., RAWN J.D., SCRIMGLOUR K.G., 2002 — Principles
of Biochemistry. 3™ Edition, Prentice Hall, Upper Saddle River, NJ 07458, pp 221-222.

12. LEES M., PAXMAN 8., 1972 — Modification of Lowry procedure for the analysis of proteolipid
protein. Analytical Biochemistry 47, 184-192.

13. SHARMA R.K., AGARWAL A., 1996 — Role of reactive oxygen species in male infertility. Journal
of Urology 48, 835-850.

14. SIKKA S.C., 1996 — Oxidative stress and role of antioxidants in normal and abnormal sperm function.
Frontier in Bioscience 1, 78-86.

13



A.K. Bansal, G.S. Bilaspuri

15. SINCLAIR S., 2000 — Male infertility: nutritional and environmental consideration. Alternative
Medicine Review 5, 28-38.

16. SINGH P., CHAND D., GEORGIE G.C., 1989 — Effect of vitamin E on lipid peroxidation in buffalo
Bubalus bubalis. Indian Journal of Experimental Biology 27, 14-16.

17. SLEBODZINSKAB.E., SLEBODZINSKIA.B., PIETRAS B., WIECZOREK G., 1995 — Antioxidant
effect of vitamin E and glutathione on lipid peroxidation in boar semen plasma. Biological Trace
Element Research 47, 69-74.

18. VERMA A., KANVAR K.C., 1999 — Effect of vitamin E on human sperm motility and lipid
peroxidation in vitro. Asian Journal of Andrology 1, 151-154.

19. YOUSEF M.I.,, ABDALLAH G.A., KAMEL K.I., 2003 — Effect of ascorbic acid and vitamin E
supplementation on semen quality and biochemical parameters of male rabbits. Animal Reproduction
Science 76, 99-111.

Amrit Kaur Bansal, Gurmail Singh Bilaspuri

Antyoksydacyjny wptyw witaminy E na ruchliwos¢,
zywotno$¢ 1 peroksydacje ttuszczu plemnikow buhajow
w warunkach oksydacyjnego stresu

Streszczenie

Witamina E jest jednym z gléwnych czynnikéw chroniacych btony komoérkowe zaréwno przed
dziataniem rekatywnych form tlenu, jak i przed peroksydacja lipidow (LPO). Celem badan byto
okreslenie optymalnej dawki witaminy E , ktora odwrocitaby szkodliwy wptyw oksydacji — wywotany
dziataniem wolnych rodnikéw — na zywotno$¢ i ruchliwo$¢ plemnikéw buhaja oraz na poziom
LPO. Swieze nasienie pobrane od pigciu lokalnych mieszancowych buhajow bylo zawieszone w 2.9%
roztworze cytrynianu sodu, a nastgpnie rozdzielone na rowne porcje i poddane dziataniu witaminy E (0,
1, 2, 2.5mM) w obecnosci lub braku induktora stresu oksydacyjnego, ktorym byt askorbinian Zelazawy
(FeAA), zawierajacy 150 pM FeSo, i 750uM kwasu askorbinowego. Wszystkie porcje nasienia byty
inkubowane przez 2 godz. w temperaturze 37°C. Dzialanie FEeAA obnizalo zywotno$¢ i ruchliwos¢
plemnikow przy jednoczesnym wzroscie LPO. Natomiast wszystkie dawki witaminy E powodowaty
wzrost zywotnosci 1 ruchliwosci plemnikéw, a jednocze$nie obnizenie poziomu LPO, przy czym
najbardziej efektywne okazalo si¢ st¢zenie 2mM witaminy E. Podsumowujac, dziatanie witaminy E
obniza poziom peroksydacji lipidow wywolanej dziataniem FeAA i podwyzsza zywotnos¢ i ruchliwo$é
plemnikow in vitro w warunkach indukowanego stresu oksydacyjnego.
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