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bstract

The aims of this study were to investigate the effects of homocysteine (Hcy) on epididymal sperm characteristics, plasma testosterone level and
iochemical changes related to oxidative stress and to examine the effects of melatonin (Mlt) or Vitamin E (VE) administration on these parameters
n Hcy-treated male rats. In this study, 32 adult male albino rats of Wistar strain were used. The rats were randomly divided into four groups.
he first group of rats received only Hcy (0.71 mg/kg/day) intraperitonially (ip) for 6 weeks. The second group of rats was given Hcy along with
imultaneous administration of Mlt (1 mg/kg/day) subcutaneously. The third group of rats received Hcy along with simultaneous administration of
E (125 mg/kg/day, ip). The fourth group of rats served as control during 6 weeks and was daily given 0.1 mL of physiological saline (NaCl, 0.9%)

p. While the plasma malondialdehyde level significantly (p < 0.05) increased, the plasma superoxide dismutase, glutathione peroxidase and catalase
ctivities significantly (p < 0.05) decreased in Hcy-treated rats when compared to control rats. Furthermore, the epididymal sperm concentration,
he percentage of progressive sperm motility and plasma testosterone level were significantly (p < 0.05) lower in Hcy-treated rats than those of
he control rats. The simultaneous administration of Mlt or VE to Hcy-treated animals impeded the decrease in the plasma antioxidant enzyme

ctivities, testosterone level, the epididymal sperm concentration and motility. In conclusion, this study indicates that chronic administration of
cy has the harmful effect on the epididymal sperm characteristics of male rats. The administration of Mlt or VE can prevent adverse effects of
cy on the plasma antioxidant enzyme activities, testosterone level, epididymal sperm count and motility in male rats.
2006 Elsevier Inc. All rights reserved.
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. Introduction

Homocysteine (Hcy) is a sulfur-containing amino acid that
s generated from metabolism of methionine. Hcy is not
resent in the diet but it is an essential intermediate prod-
ct in normal metabolism of methionine. Hcy metabolism
onsists of the intersection of two metabolic pathways; transsul-
uration and remethylation. The cellular levels of Hcy are

egulated by transsulfuration of Hcy to cysteine and remethy-
ation of Hcy to methionine. While transsulfuration pathway
ontributes the maintenance of normal Hcy concentration, the
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emethylation pathway maintains normal fasting concentrations
1,2].

The plasma Hcy concentration is higher in males than
emales. It is affected by genetic and dietary factors [3]. There
s a relationship plasma Hcy level and cardiovascular disease.
he increase in plasma Hcy level has several toxic effects and, in
articularly, it is considered as a risk factor for arteriosclerosis
4].

Although the effect of Hcy on male reproductive system is
nknown, it is reported that there may be a positive correlation
etween the increase in plasma Hcy level and reduction of semen
arameters [5]. The increase in Hcy concentration also alters

egulatory proteins associated with cell membrane, which results
nhibition of sperm motility [6]. However, there is no published
ecord about the effect of Hcy administration on sperm function
f male rats.

mailto:msonmezvet@yahoo.com
mailto:msonmezvet@hotmail.com
dx.doi.org/10.1016/j.reprotox.2006.11.003
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Table 1
The composition of standard commercial rat chow

Contents Percent

Wheat 10.0
Corn 24.0
Barley 16.0
Bran 9.0
Soybean 26.0
Fish flour 3.2
Meat-bone flour 2.6
Molasses 5.0
Salt 2.3
Calcium phosphate 1.7
Vitamin compounda 0.1
Inorganic substancesb 0.1

a Vitamin mixture (in kg−1): Vit A (12,000,000 IU), Vit C (50 g), Vit D3

(2,400,000 IU), Vit E (30 g), Vit K3 (2.5 g), Vit B1 (3.0 g), Vit B2 (7.0 g), Vit B6
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There is a significant relationship between the plasma Hcy
evel and lipid peroxidation. The high plasma Hcy concentra-
ion leads to oxidative stress. The highly reactive thiol group of
cy is readily oxidized in plasma and it causes the generation of

eactive oxygen species (ROS) [7]. ROS are free radicals such
s the hydroxyl radical (−OH) and the superoxide anion (O2

−)
r molecules like hydrogen peroxide (H2O2). The production of
OS is a normal physiological event in various organs including

he testis. However, the overproduction of ROS causes structural
amage of sperm membranes, which results in the formation of
ytotoxic secondary products such as malondialdehyde (MDA)
8,9]. Antioxidants have an important role in maintaining the
otility and the genetic integrity of sperm cells against oxida-

ive damage [10]. Superoxide dismutase (SOD), catalase (CAT)
nd glutathione peroxidase (GSH-Px) are natural antioxidant
nzymes, which eliminate ROS. Besides, a number of non-
nzymatic antioxidants exist in the intracellular and extracellular
edium [11].
Melatonin (Mlt), secretory product of the pineal gland, is an

ffective antioxidant. It is the most potent physiological scav-
nger of hydroxyl radical and blocks its devastating actions
12]. Vitamin E (VE), chain-breaking antioxidant, is also one
f the primary components of the antioxidant system. It inter-
epts peroxyl and alkoxyl radicals, which are generated during
he conversion of lipid hydroperoxides that have an important
ole in the peroxidative chain reaction [13,14]. There is rela-
ionship between plasma Hcy level and these antioxidants. The
dministration of both VE [15] and Mlt [16,17] decreases the
lasma MDA level and, protects cells against oxidative damage.
n addition, it was reported that plasma Hcy level significantly
ecreased both Mlt [18] and VE [19] treated rats.

The aims of this study were to investigate the effect of Hcy
dministration on epididymal sperm count and motility, plasma
estosterone level and biochemical changes related to oxidative
tress and to examine the effects of Mlt or VE administration on
hese parameters in Hcy-treated male rats.

. Materials and methods

.1. Chemicals

Mlt (C13H16N2O2) was obtained from MERCK (Darmstadt, GERMANY).
E (dl-�-tocopheryl acetate, Rovimix® E-50 Adsorbate) was purchased from
OCHE (Roche Inc., Istanbul, Turkey). dl-Hcy (2-amino-4-mercoptobutyric
cid, C4H9NO2S) and the other chemicals were purchased from Sigma–Aldrich
o.

.2. Animals and treatment

All protocols for animal care and use in the present study were approved by
he National Institutes of Health and Local Committee on Animal Research.
hirty-two adult male albino rats of Wistar strain, 6–7 months of age and
eighting 350–400 g were used in this study. The animals were obtained from
xperimental Research Centre, University of Fırat, Elazığ, Turkey. The rats were
ndividually housed in plastic cages and kept under standard laboratory condi-
ions (12 h light:12 h dark and 24 ± 3 ◦C) during experimental period. The rats
ere fed standard commercial laboratory chow (pellet form, Elazığ Food Com-
any). The composition of rat chow is given in Table 1. Feed and water were
rovided ad libitum.

(
d
fl
s
w

4.0 g), Vit B12 (15 mg), nicotinamide (4 g), folic acid (1 g) and biotine (45 mg).
b Inorganic mixture (in kg−1): Manganese (80 g), iron (40 g), zinc (60 g),
opper (5 g), iodine (0.5 g), cobalt (0.2 g) and selenium (0.15 g).

The rats were randomly divided into four groups of eight rats each. The
rst group of rats intraperitonally (ip) received only Hcy (0.71 mg/kg/day) for 6
eeks. The dose of homocysteine was chosen based on the study of Chen et al.

20]. The second group of rats was given Hcy (0.71 mg/kg/day, ip) along with
imultaneous administration of Mlt subcutaneously at a dose of 1 mg/kg/day for
weeks. The third group of rats received Hcy (0.71 mg/kg/day, ip) along with

imultaneous administration of VE ip at a dose of 125 mg/kg/day for 6 weeks.
he fourth group of rats served as control during 6 weeks and was daily given
.1 mL of physiological saline (NaCl, 0.9%) ip.

.3. Necropsy

The rats were sacrificed using ether anesthesia at the end of 6 weeks. Blood
amples were collected into glass tubes containing EDTA and centrifuged at
000 rpm for 10 min. Plasma was separated and then stored at −20 ◦C until
nalysis. Testes, epididymides, seminal vesicles and prostate were removed.
hey were carefully cleaned from adhering connective tissue and weighed.

.4. Epididymal sperm concentration and motility

The epididymal sperm concentration was determined with a hemocytometer
Improved Neubauer, Weber, UK) using a modification of the method described
y Yokoi et al. [21]. Briefly, the right epididymis was finely minced by anatom-
cal scissors in 1 mL of physiological saline (NaCl, 0.9%) in Petri dish. It was
ompletely squashed by a tweezers for 2 min. Then, it was incubated at room
emperature for 5 min to provide the migration of all spermatozoa from epididy-

al tissue to fluid. After incubation, the epididymal tissue-fluid mixture was
ltered via strainer to separate the supernatant from tissue particles. The super-
atant fluid was drawn into the capillary tube up to 0.5 lines of the pipette which
esigned for counting red blood cell The solution containing 5 g sodium bicar-
onate, 1 mL formalin (35%, v/v) and 25 mg eosin per 100 mL distilled water
as pulled up to 101 lines of the pipette. Approximately 10 �L of the diluted

perm suspension was transferred to counting chambers of hemocytometer and
llowed to stand for 5 min. The sperm cells in both chambers were counted with
he help of light microscope at the magnification of 200×.

The percentage of progressive sperm motility was evaluated using a light
icroscope with heater table as described in our previous study [22]. For this

rocess, a slide was placed on microscope stage and, allowed to warm a tem-
erature of 35 ◦C by heater table. Several droplets of Tris buffer solution [Tris

hydroxymethyl) aminomethane 3.63 g, glucose 0.50 g, citric acid 1.99 g and
istilled water 100 mL] were dropped on the slide, and a very small droplet of
uid obtained from left cauda epididymis with a pipette was added on the this
olution and mixed by a cover-slip. The percentage of progressive sperm motility
as visually evaluated using a score ranging from 0 to 100% at a magnification
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f 400× [23]. Motility estimations were performed from three different fields
n each sample. The mean value of three successive estimations was used as the
nal motility score.

.5. Biochemical studies

.5.1. Testosterone
The plasma testosterone level was assayed using Coat-a-Count Radioim-

unoassay kit (Active Testosterone RIA DSL-4000, Diagnostic System
aboratories Inc., Texas, USA) and expressed as ng/mL.

.5.2. Lipid peroxidation
The plasma lipid peroxidation level was measured according to the concen-

ration of thiobarbituric acid reactive species [24]. The amount of produced MDA
as used as an index of lipid peroxidation. Briefly, one volume of the test sample

nd two volume of stock reagent (15%, w/v trichloroacetic acid in 0.25N HCl
nd 0.375%, w/v thiobarbituric acid in 0.25N HCl) were mixed in a centrifuge
ube. The solution was heated for 15 min in boiling water. After cooling, the pre-
ipitate was removed by centrifugation at 2500 rpm 10 min. Then, absorbance of
he supernatant was measured at 532 nm against a blank containing all reagents
xcept test sample on a spectrophotometer (Shimadzu 2R/UV-visible, Tokyo,
apan). The plasma MDA level was expressed as nmol/mL.

.5.3. Superoxide dismutase
The plasma SOD activity was measured using xanthine and xanthine oxidase

o generate superoxide radicals, which react with nitroblue tetrazolium (NBT)
25]. Briefly, each sample was diluted 1:10 with phosphate buffer (50 mM, pH
.5). The assay solution containing sodium-carbonate buffer (50 mM, pH 10),
.1 mM xanthine, 0.025 mM NBT, 0.1 mM EDTA, xanthine oxidase (0.1 U/mL
n ammonium sulfate 2 M) and sample were mixed in a cuvette. One unit of
OD activity was defined as the amount of enzyme, which required to inhi-
ition of NBT. The plasma SOD activity was measured at 560 nm by the
egree of inhibition of this reaction on a spectrophotometer and expressed
s U/mL.

.5.4. Catalase

The plasma CAT activity was measured as previously described by Goth

26]. Briefly, 0.2 mL of plasma samples was incubated in 1.0 mL substrate
65 �mol/mL hydrogen peroxide in 50 mM phosphate buffer, pH 7.0) at 37 ◦C for
0 s. The enzymatic reaction was terminated with 1.0 mL of 32.4 mM ammo-
ium molybdate. Hydrogen peroxide was measured at 405 nm against blank

e

t

able 2
he weights of testes, epididymides, seminal vesicles and prostate in all groups

Control Hcy

ody weight (g) 377.0 ± 4.3 368.8
estis weight (mg) 2364.1 ± 72.6 2200.8
pididymis (mg) 632.9 ± 31.5 593.3
eminal Vesicles (mg) 383.8 ± 12.8 346.3
rostate (mg) 178.6 ± 3.2 185.1

he data are expressed in mean ± S.E.M. for eight animals per group. No significant

able 3
he plasma MDA, SOD, GSH-Px, CAT activities and testosterone level in all groups

lasma Control Hcy

DA (nmol/mL) 1.42 ± 0.06 a 1.72
OD (U/mL) 2.94 ± 0.08 a 2.67
SH-Px (IU/g protein) 2.55 ± 0.09 a 2.22
AT (KU/L) 18.92 ± 0.60 a 14.81
estosterone (ng/mL) 2.78 ± 0.15 a 1.47

he data are expressed in mean ± S.E.M. for eight animals per group. Different let
roups.
xicology 23 (2007) 226–231

ontaining all the components except the enzyme on a spectrophotometer. The
lasma catalase activity was expressed as KU/L.

.5.5. Glutathione peroxidase
The plasma GSH-Px activity was determined according to the method of

awrence and Burk [27]. The reaction mixture consisted of 50 mM potassium
hosphate buffer (pH 7.0), 1 mM EDTA, 1 mM sodium azide (NaN3), 0.2 mM
educed nicotinamide adenine dinucleotide phosphate (NADPH), 1 EU/mL oxi-
ized glutathione (GSSG)-reductase, 1 mM GSH, and 0.25 mM H2O2. Enzyme
ource (0.1 mL) was added to 0.8 mL of the above mixture and incubated for
min at 25 ◦C before initiation of the reaction with the addition of 0.1 mL
f peroxide solution. The absorbance at 340 nm was recorded for 5 min on a
pectrophotometer. The activity was calculated from the slope of the lines as
icromoles of NADPH oxidized per minute. The blank value (the enzyme was

eplaced with distilled water) was subtracted from each value. The protein con-
entration was also measured by the method of Lowry et al. [28]. The results
ere expressed as IU/g protein.

.6. Statistical analyses

All values are presented as mean ± standard error of means (S.E.M.). The
ifferences were considered to be significant at p < 0.05. Statistical analyses
ere performed using analysis of variance (One-way ANOVA) and post hoc
ukey test using the SPSS/PC (Version 10.0) software program.

. Results

.1. Organ weights

The values of organ weights are shown in Table 2. There
as no significant difference among groups relative to aver-

ge weights of the testes, epididymides, seminal vesicles and
rostate.

.2. Testosterone, lipid peroxidation and antioxidant

nzyme activities

The plasma SOD, GSH-Px, CAT activities, MDA and testos-
erone level are shown in Table 3. While the plasma MDA

Hcy + Mlt Hcy + VE

± 4.3 365.8 ± 3.2 372.1 ± 4.9
± 45.6 2389.4 ± 90.8 2176.9 ± 59.8
± 27.7 585.3 ± 31.8 621.5 ± 29.7
± 16.3 353.3 ± 14.1 374.5 ± 16.4
± 2.6 184.6 ± 2.9 182.8 ± 4.7

changes were observed among any of groups.

Hcy + Mlt Hcy + VE

± 0.08 b 1.34 ± 0.11 a 1.39 ± 0.06 a

± 0.07 b 3.15 ± 0.04 c 3.01 ± 0.07 a

± 0.06 b 3.17 ± 0.02 c 2.76 ± 0.04 d

± 0.48 b 22.25 ± 0.63 c 20.82 ± 0.73 d

± 0.17 b 2.46 ± 0.16 a 2.58 ± 0.19 a

ters (a–d) within same line show significant (p < 0.05) differences among the
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Fig. 1. Epididymal sperm concentrations in all groups (*p < 0.05; vs. control).
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Fig. 2. Sperm motility in all groups (*p < 0.05; vs. control).

evel significantly (p < 0.05) increased, the plasma SOD, GSH-
x, CAT activities and testosterone level significantly (p < 0.05)
ecreased in Hcy-treated rats when compared to control rats. On
he other hand, the simultaneous administration of Mlt or VE
o Hcy-treated rats significantly (p < 0.05) reduced the plasma

DA level and prevented the decrease in the plasma testosterone
evel and activities of antioxidant enzymes.

.3. The epididymal sperm count and motility

The epididymal sperm count and the percentage of progres-
ive sperm motility for all groups are presented in Figs. 1 and 2,
espectively. The epididymal sperm count and motility were sig-
ificantly (p < 0.05) lower in Hcy-treated animals than those of
he control animals. However, the simultaneous administration
f Mlt or VE to Hcy-treated animals significantly (p < 0.05)
mpeded the decrease in the epididymal sperm count and the
ercentage of progressive sperm motility.
. Discussion

Hcy is an essential intermediate product in normal
etabolism of methionine. The increase in plasma Hcy level

o
i
m

xicology 23 (2007) 226–231 229

as several toxic effects although its exact mechanism of action
s not fully understood [4]. Chen et al. [20] reported that the
ntraperitoneal infusion of Hcy is an effective method to increase
lasma Hcy level in rats. The fasting homocysteine metabolism
auses generation of ROS because the reactive thiol group of
cy is readily oxidized in plasma [7]. In the present study,
hile the plasma MDA level significantly (p < 0.05) increased,

he plasma SOD, GSH-Px, and CAT activities significantly
p < 0.05) decreased in Hcy-treated group when compared to
ontrol group. This is in agreement with the findings of Venture
t al. [29] who demonstrated that the increase in plasma Hcy
evel caused the decrease in antioxidant enzyme activities. In
ddition, it was reported that Hcy promoted the formation of
OS [30,31] and, it caused inhibition of antioxidant enzymes
uch as SOD [32] and GSH-Px [33].

Mlt acts as a regulatory agent on Hcy metabolism. The
dministration of melatonin prevented the increase in plasma
cy concentration which caused oxidative damage [34]. It was
bserved that while the simultaneous administration of Mlt
o Hcy-treated rats significantly (p < 0.05) reduced the plasma

DA level, it increased in the plasma enzyme activities in the
resent study. This is confirmed by results of Baydas et al. [18]
ho reported that plasma MDA level significantly decreased in
lt-treated animals, and administration of Mlt had a beneficial

ffect on decrease in plasma Hcy levels. On the other hand, Mlt
as a very efficient neutralizer of the hydroxyl radical (•OH),
hich arises from auto-oxidation of Hcy [35]. Reiter et al. [36]

tated that Mlt stimulates GSH-Px activity which metabolizes
educed glutathione to its oxidized form and, this enzyme has
n important role that it converts H2O2 to H2O.

VE is the primary components of the antioxidant system.
t is particularly important in protecting cells against oxidative
amage by induced ROS [15]. The simultaneous administra-
ion of VE to Hcy-treated rats significantly (p < 0.05) reduced
he plasma MDA level, and increased in the plasma enzyme
ctivities in the present study. These results are supported by the
ndings of Can et al. [19] who reported that the administration of
E significantly decreased the serum Hcy levels by preventing

he folate depletion. The folate is essential for the remethyla-
ion of Hcy to methionine and a low folate status is associated
ith high plasma level of Hcy [37]. The chronic administration
f Hcy develops progressive folate deficiency and it causes an
mpairment of Hcy metabolism [38].

The plasma testosterone level was significantly lower in the
cy-treated animals than those of the control animals in this

tudy. This is agreement with finding of Papadopoulos et al.
39] who reported that the Hcy diminished directly testosterone
roduction. Similarly, Llanos et al. [40] demonstrated that the
igh level of Hcy has a role inhibition of testosterone synthesis
n rat Leydig cells. On the other hand, the hydrogen peroxide
s generated during oxidation of the sulfydryl groups of Hcy
41]. Hydrogen peroxide can directly act to reduce testosterone
roduction in rat Leydig cells [42].
VE plays an ameliorative role against adverse effects of
xidative stress on Leydig cell steroidogenesis, but this increase
n VE level does not change basal testosterone level in nor-

al rats [43]. Similarly, Mlt has no direct effect on testosterone
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roduction in Leydig cells [44]. In this study, the plasma testos-
erone level was increased to control levels by simultaneous
dministration of Mlt or VE to Hcy-treated animals. This result
ay explain that both Mlt and VE prevent the increase in plasma
cy concentration, which causes inhibition of testosterone syn-

hesis in Leydig cells. In addition, they protect normal Leydig
ell function against cellular damage, which induced by ROS
45].

The auto-oxidation of Hcy leads to the formation of
omocystine, homocysteine thiolactone and sulfydryl group.
omocysteine thiolactone is a highly reactive Hcy derivative that

an react easily with proteins. The increase in plasma level of
omocysteine thiolactone blocks intracellular protein-carboxyl
ethylation reaction, which results in the inhibition of sperm
otility [6,46]. Furthermore, ROS are generated during oxi-

ation of sulfydryl group of Hcy [7]. The cellular damage in
he semen is the result of an improper balance between ROS
eneration and antioxidant enzyme activities. The reduction in
he activities of antioxidant enzyme such as SOD, GSH-Px and
AT and the increase in the level of hydrogen peroxide cause

ailure of sperm function [47]. The sperm plasma membrane
ontains a high amount of unsaturated fatty acids, and so it
s particularly susceptible to peroxidative damage. The lipid
eroxidation destroys the structure of lipid matrix in the mem-
ranes of spermatozoa, and it is associated with loss of motility
nd impairment of spermatogenesis [9]. The percentage of pro-
ressive sperm motility significantly (p < 0.05) decreased in the
cy-treated animals when compared to the control animals in

he present study. This decrease may be explained with either
nhibition of enzymatic methylation or peroxidative damage by
OS.

There is a significant positive correlation between total sem-
nal plasma folate and sperm concentration [5]. Sauls et al. [38]
ound that the chronic administration of Hcy caused progressive
olate deficiency. The epididymal sperm concentration signifi-
antly (p < 0.05) decreased in the Hcy-treated animals compared
o the control animals in the present study. This reduction may be
epending on chronic administration of Hcy induced low semi-
al plasma folate concentration and/or adverse effect of ROS on
permatogenesis.

Previous studies reported that the administration of Mlt [48]
r VE [49] prevented ROS induced negative changes in sperm
ount and motility although they did not affect these sperm func-
ions in normal rats. VE is the most effective antioxidant, which
resents in the cell membranes; it is likely considered that it plays
major role in maintaining cell membrane integrity [14]. Mlt is
lso an effective antioxidant and, it protects mitochondrial func-
ion of sperm against oxidative damage [12,50]. Besides, both

lt [18] and VE [19] administration decreases directly plasma
cy level in rats. It was observed that the simultaneous admin-

stration of Mlt or VE to Hcy-treated rats impeded the reduction
n the epididymal sperm concentration and motility in this
tudy.
In conclusion, this study indicates that chronic administra-
ion of Hcy has the harmful effect on the epididymal sperm
haracteristics of male rats. The administration of Mlt or VE
an prevent adverse effects of Hcy on the plasma antioxidant

[

[

xicology 23 (2007) 226–231

nzyme activities, testosterone level, sperm count and motility
n male rats.

eferences

[1] Finkelstein JD, Martin JJ. Homocysteine. Int J Biochem Cell Biol
2000;32(4):385–9.

[2] Mudd SH, Matorin AI, Levy HL. Homocysteine thiolactone: failure to
detect in human serum or plasma. Res Commun Chem Pathol Pharmacol
1989;63(2):297–300.

[3] Jacobsen DW, Gatautis VJ, Green R, Robinson K, Savon SR, Secic M,
et al. Rapid HPLC determination of total homocysteine and other thiols
in serum and plasma: sex differences and correlation with cobalamin and
folate concentrations in healthy subjects. Clin Chem 1994;40(6):873–81.

[4] Clarke R, Daly L, Robinson K, Naughten E, Cahalane S, Fowler B, et al.
Hyperhomocysteinemia: an independent risk factor for vascular disease. N
Eng J Med 1991;324(17):1149–55.

[5] Wallock LM, Tamura T, Mayr CA, Johnston KE, Ames BN, Jacob RA. Low
seminal plasma folate concentrations are associated with low sperm density
and count in male smokers and nonsmokers. Fertil Steril 2001;75(2):252–9.

[6] Sastry BV, Janson VE. Depression of human sperm motility by inhibition
of enzymatic methylation. Biochem Pharmacol 1983;32(8):1423–32.

[7] Blom HJ, Kleinveld HA, Boers GH, Demacker PN, Hak-Lemmers HL,
Poele-Pothoff MT, et al. Lipid peroxidation and susceptibility of low-
density lipoprotein to in vitro oxidation in hyperhomocysteinemia. Eur
J Clin Invest 1995;25(3):149–54.

[8] De Lamirande E, Jiang H, Zini A, Kodama H, Gagnon C. Reactive oxygen
species and sperm physiology. Rev Reprod 1997;2(1):48–54.

[9] Sharma RK, Agarwal A. Role of reactive oxygen species in male infertility.
Urology 1996;48(6):835–50.

10] Hughes CM, Lewis SE, McKelvey-Martin VJ, Thompson W. The effects of
antioxidant supplementation during Percoll preparation on human sperm
DNA integrity. Hum Reprod 1998;13(5):1240–7.

11] Urso ML, Clarkson PM. Oxidative stress, exercise and antioxidant supple-
mentation. Toxicology 2003;189(1/2):41–54.

12] Hardeland R, Reiter RJ, Poeggeler B, Tan DX. The significance of
the metabolism of the neurohormone melatonin: antioxidative protec-
tion and formation of bioactive substances. Neurosci Biobehav Rev
1993;17(3):347–57.

13] Aitken RJ, Clarkson JS. Significance of reactive oxygen species and antiox-
idants in defining the efficacy of sperm preparation techniques. J Androl
1988;9(6):367–76.

14] Therond P, Auger J, Legrand A, Jouannet P. Alpha-tocopherol in human
spermatozoa and seminal plasma: relationships with motility, antioxidant
enzymes and leukocytes. Mol Hum Reprod 1996;2(10):739–44.

15] Naziroglu M, Kokcam I, Yilmaz S. Beneficial effects of intraperitoneally
administered alpha-tocopheryl acetate on the levels of lipid peroxide and
activity of glutathione peroxidase and superoxide dismutase in skin, blood
and liver of thermally injured guinea pigs. Skin Pharmacol Appl Physiol
2003;16(1):36–45.

16] Vural H, Sabuncu T, Arslan SO, Aksoy N. Melatonin inhibits lipid perox-
idation and stimulates the antioxidant status of diabetic rats. J Pineal Res
2001;31(3):193–8.

17] Baydas G, Canatan H, Turkoglu A. Comparative analysis of the protec-
tive effects of melatonin and vitamin E on streptozocin-induced diabetes
mellitus. J Pineal Res 2002;32(4):225–30.
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