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Summary

This study investigated the ameliorative effects of kolaviron (a biflavonoid from
the seed of Garcinia kola) and vitamin C on ethylene glycol monoethyl ether
(EGEE)-induced oxidative damage in boar spermatozoa in vitro. EGEE
(1.0 mm) was incubated with boar spermatozoa for 3 h with or without either
kolaviron (50 and 100 pm) or vitamin C (1.0 mm). Spermatozoa parameters
were determined hourly during the incubation period, whereas aminotransfe-
rases and alkaline phosphatase activities and oxidative stress indices were
assessed after the incubation period. Results showed a time-dependent decline
in spermatozoa motility and viability with significant elevation in total abnor-
malities in EGEE-treated spermatozoa. Exposure to EGEE resulted in signifi-
cant increase in aminotransferases, alkaline phosphatase and superoxide
dismutase (SOD) activities, whereas it markedly decreased glutathione (GSH)
level, catalase (CAT) and glutathione S-transferase (GST) activities with con-
comitant increase in hydrogen peroxide (H,O,) and malondialdehyde (MDA)
levels. Pre-treatment of spermatozoa with kolaviron or vitamin C significantly
decreased H,O, and MDA levels, improved spermatozoa characteristics and
ameliorated oxidative damage in EGEE-treated spermatozoa. Taken together,
EGEE exhibited its spermatotoxicity via induction of oxidative stress. The pro-
tective effects by kolaviron and vitamin C against EGEE-induced oxidative

damage may be due to their intrinsic antioxidative potentials.

Introduction

Exposure of humans to environmental contaminants that
negatively affect the male reproductive system is increas-
ing (Sharpe, 1993; Chia, 2000). Ethylene glycol monoethyl
ether (EGEE) is one of such chemicals that are used in a
variety of industrial and household products. EGEE is a
widely used solvent for nitrocellulose, dyes, inks, resins,
lacquers, paints and varnishes (HSDB, 1996). It is also a
component of many cleaning agents, epoxy coatings,
paints and hydraulic fluid and is an anti-icing fuel addi-
tive in aviation. Animal and human studies have shown
that EGEE can cause reproductive, developmental and
haematological effects through inhalation, dermal absorp-
tion and ingestion (Cullen ef al, 1983; Vincent et al.,
1994; Yoon et al., 2001; Starek et al., 2008). EGEE signifi-
cantly decreased total and progressive motility of sperma-
tozoa in both the cauda epididymidis and sperm ducts of
rats (Wang et al., 2006). Previous studies from our labo-
ratory demonstrated induction of oxidative damage in the
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testes and spermatozoa in rats exposed to multiple doses
of ethylene glycol monoethyl ether (Adedara & Farombi,
2010).

It is undeniable that good quality semen is essential for
reproductive success. This quality appears to have been
directly affected in recent years, and evidently, there are
now unfavourable trends in male reproductive health
(Guillette & Crain, 2000). Some environmental chemicals
exert their toxicity through generation of ROS (Sikka
et al., 1995; Saradha & Mathur, 2006). Reactive oxygen
species (ROS) are highly reactive oxidising agents in bio-
logical systems. The functional implications of oxidative
damage and its role in the development of male infertility
have been reported (Aitken, 1995; Kumar et al., 2002).
The sperm plasma membrane contains a high amount of
unsaturated fatty acids. Therefore, it is particularly sus-
ceptible to peroxidative damage. The lipid peroxidation
destroys the structure of the lipid matrix in the mem-
branes of spermatozoa, and it is associated with loss of
motility and the defects of membrane integrity (de
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Lamirande ef al., 1997; Sanocka & Kurpisz, 2004; Henkel,
2005). Antioxidants play a major role by continuously
inactivating ROS to keep only a small amount necessary
to maintain normal cell function (Oyagbemi et al., 2010).
Enzymatic antioxidant defences include superoxide
dismutase (SOD), glutathione peroxidase, glutathione
reductase, glutathione-S-transferase and catalase (CAT).
Nonenzymatic antioxidants are represented by ascorbic
acid (vitamin C), reduced glutathione (GSH), a-tocoph-
erol, carotenoids and other antioxidants. Excessive ROS
generation that overcomes the scavenging of ROS by
human spermatozoa appears to be related to male
infertility (Iwasaki & Gagnon, 1992).

Much attention has been focused on the protective
effects of antioxidants and naturally occurring substances
against oxidative damage that results from excessive gen-
eration of free radicals in the body. The importance of
antioxidants such as vitamins in protecting living organ-
ism against the toxic effects of environmental chemicals
has been reported (Alpsoy et al, 2009). Kolaviron
(Fig. 1a), a bioflavonoid isolated from the seeds of Garci-
nia kola has been reported to possess anti-inflammatory,
antioxidant, antigenotoxic and hepatoprotective activities
in model systems via multiple biochemical mechanisms
(Farombi et al,, 2000, 2004, 2005; Olaleye et al., 2000;
Terashima et al., 2002). Moreover, we have demonstrated
in vitro the ability of kolaviron to inhibit hydroxyl and
superoxide anion radicals, which are known to play an
important role in the process of lipid peroxidation (Far-
ombi & Nwaokeafor, 2005). We have also demonstrated
the ameliorative effect of kolaviron on di-n-butylphtha-
late-induced testicular damage in rats and attributed its
intrinsic antioxidant properties to be responsible for this
effect (Farombi et al,, 2007). Vitamin C (Fig. 1b) is a
low-molecular-weight antioxidant that defends the
cellular compartment against water-soluble oxygen and
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Fig. 1 Chemical structures of tested compounds: (a) kolaviron and
(b) vitamin C.

400

I. A. Adedara and E. O. Farombi

nitrogen radicals. It is an effective antioxidant of the
hydrophilic phase (Jurczuk et al., 2007).

To get a better insight into the mechanism(s)
involved in EGEE-induced spermatotoxicity in vitro and
the possible role of exogenous antioxidant in ameliorat-
ing the toxicity, we used boar spermatozoa and kolavi-
ron, an isolated antioxidant from commonly consumed
Garcinia kola seed, which till date has not been carried
out.

Materials and methods

Chemicals

Ethylene glycol monoethyl ether (EGEE), epinephrine,
glutathione, 5, 5'-dithio-bis-2-nitrobenzoic acid, hydrogen
peroxide, thiobarbituric acid and 1-chloro-2,4-dinitroben-
zene (CDNB) were purchased from Sigma Chemical Co.
(St. Louis, MO, USA). All other reagents were of analyti-
cal grade and were obtained from the British Drug
Houses (Poole, Dorset, UK).

Isolation of kolaviron

Kolaviron was isolated according to published procedure
(Iwu, 1985). Briefly, the powdered seeds were extracted
with light petroleum ether (bp 40-60 °C) in a soxhlet for
24 h. The defatted dried marc was repacked and
extracted with acetone. The extract was concentrated and
diluted twice its volume with water and extracted with
ethylacetate (6 x 300 ml). The concentrated ethylacetate
yielded a golden yellow solid termed kolaviron. Kolaviron
was identified by direct comparison of the 1H nuclear
magnetic resonance (NMR), 13C NMR and electron ioni-
sation (EI)-mass spectral results with previously pub-
lished data (Iwu, 1985). The purity of isolated kolaviron
was 96%.

Incubation medium: Tris-citric-fructose extender

Semen incubation medium consisted of tris-(hydroxym-
ethyl)-aminomethane (37.85 g 17"), citric acid anhydrous
(2115 g 1Y) and D(—)fructose (10 g 1Y (Roca et al.,
2000). Kolaviron was dissolved in dimethyl sulphoxide
(DMSO) to produce stock solution of 100 mm. The
DMSO was used after dilution to give a concentration of
0.2% that had no effect on the cell function. Stock solu-
tions of EGEE (100 mm) and vitamin C (50 mMm) were
prepared with incubation medium. All stock solutions
were freshly prepared at the beginning of the experiment.
The preventive effect of kolaviron on EGEE-induced sper-
matotoxicity was compared with vitamin C as a standard
antioxidant.
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Animals and collection of epididymal spermatozoa

Six healthy and sexually matured large white boars,
14-16 months old, obtained from Bodija Abattoir close to
the University of Ibadan campus, were used for the study.
The right and left epididymis were trimmed off the testes,
and spermatozoa samples were collected as described by
(Oyeyemi & Ubiogoro, 2005). Briefly, 1.0 cm incision was
made with scalpel blade on the cauda epididymis and the
spermatozoa flushed with 2-3 drops of the incubation med-
ium kept at body temperature. Aliquots of spermatozoa
from each epididymis were initially evaluated under a light
microscope for concentration and motility. Sperm samples
with highest motility (>70%) were applied in this study.

Ethylene glycol monoethyl ether and kolaviron
treatments

The experiments were performed on eight groups consist-
ing of the control, 50 um kolaviron alone (KV1), 100 pm
kolaviron alone (KV2), 1.0 mm Vitamin C alone, 1.0 mMm
EGEE alone, EGEE + KV1, EGEE + KV2, EGEE + Vita-
min C. The concentrations of EGEE and kolaviron were
selected based on the preliminary experiments carried out
in our laboratory with various doses. The lowest concen-
tration of EGEE that cause significant changes in stress
parameter within 3 h of incubation were selected. The
concentration of vitamins C was adopted from the study
by Verma & Kanwar (1998). Kolaviron and vitamin C
were added prior to the addition of EGEE. The pH was
adjusted to 7.0 for all treatments at the beginning of
incubation. All the experiments were repeated five times
under the same conditions. The spermatozoa samples
were incubated at 37 °C for 3 h. Motility, viability and
morphological characteristics were estimated at 0, 1 and
3 h. Time zero for the study is approximately 1-2 min
after the addition of EGEE.

Spermatozoa count and motility

Spermatozoa motility was assessed by the method
described by Zemjanis (1970). The data were expressed as
percentages. The spermatozoa were counted by haemocy-
tometer using the improved Neubauer (Deep 1/10 m,
LABART, Germany) chamber as described by Pant & Sri-
vastava (2003). A total of 400 spermatozoa from each rat
were examined for morphological examination.

Morphological abnormalities and percentage viability
assay

A portion of the sperm suspension placed on a slide glass
was smeared out with another slide and stained with
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Wells and Awa’s stain (0.2 g of eosin and 0.6 g of fast
green dissolved in distilled water and ethanol in the ratio
2 : 1) for morphological examination and 1% eosin and
5% nigrosine in 3% sodium citrate dehydrate solution for
live/dead ratio for according to the method described by
Wells & Awa (1970).

Biochemical assays

At the end of incubation, spermatozoa suspensions were
homogenised at 4 °C with a glass Teflon homogeniser for
10 s and centrifuged at 2000 g for 10 min. The superna-
tant was collected for the estimation of catalase (CAT)
activity using hydrogen peroxide as substrate according to
the method of Clairborne (1995). Superoxide dismutase
(SOD) was assayed by the method described by Misra &
Fridovich (1972). The activity of glutathione peroxidase
(GPx) was determined by the method of Rotruck et al.
(1973). Glutathione-S-transferase (GST) was assayed by
the method of Habig et al. (1974). Protein concentration
was determined by the method of Lowry et al. (1951).
Reduced glutathione (GSH) was determined at 412 nm
using the method described by Jollow et al. (1974).
Hydrogen peroxide generation was assessed by the
method of Wolff (1994). Lipid peroxidation was quanti-
fied as malondialdehyde (MDA) according to the method
described by Farombi et al. (2000) and expressed as
micromoles of MDA/g tissue. Activities of Aspartate ami-
notransferase (AST) and Alanine aminotransferase (ALT)
according to Reitmann & Frankel (1957) and Alkaline
phosphatase (ALP) according to Rec Gscc (1972) were all
determined using the Randox Kit (Randox Laboratories
Limited, UK).

Statistical analysis

Statistical analyses were carried out using one-way analy-
sis of variance (aNova) to compare the experimental
groups followed by the Student’s #-test using spss (student
version 17, SPSS Inc., UK) and values <0.05 were consid-
ered statistically significant.

Results

Sperm analysis

Figs 2—4 reveal the effects of EGEE alone and when coin-
cubated with either kolaviron or vitamin C on the epidid-
ymal spermatozoa motility, viability and abnormalities for
0, 1, 2 and 3 h respectively. Treatment of spermatozoa
with EGEE alone resulted in significant decrease in motil-
ity and viability with concomitant increase in abnormali-
ties compared with the control. The most frequent
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Fig. 2 Percentage motility of spermatozoa from boar after 3 h incu-
bation with kolaviron, vitamin C and EGEE. The data are expressed as
mean + SD. a: Values differ significantly from control (P < 0.05).
b: Values differ significantly from EGEE (P < 0.05).
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Fig. 3 Percentage viability of spermatozoa from boar after 3 h incu-
bation with kolaviron, vitamin C and EGEE. The data are expressed as
mean + SD. a: Values differ significantly from control (P < 0.05).
b: Values differ significantly from EGEE (P < 0.05).

abnormalities observed in EGEE-treated spermatozoa are
tailless heads, bent tails, curved mid-pieces and bent mid-
pieces, whereas rudimentary tails occurred less frequently.
While motility and viability significantly increase, there
was a significant decrease in sperm abnormalities on
simultaneous incubation with either kolaviron or vitamin
C compared with the EGEE-treated spermatozoa.

Activities of antioxidant enzymes in boar spermatozoa
after 3-hour incubation with EGEE, kolaviron and
vitamin C

The activities of antioxidant enzymes, SOD, CAT, GST
and GPx in the control and experimental groups are pre-
sented in Figs 5 and 6. EGEE-treatment significant
decreased the activities of CAT, GST and GPx, whereas it
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Fig. 4 Percentage morphological abnormalities of spermatozoa from
boar after 3 h incubation with kolaviron, vitamin C and EGEE. The
data are expressed as mean + SD. a: Values differ significantly from
control (P < 0.05). b: Values differ significantly from EGEE (P < 0.05).

increased SOD activity when compared with the control.
However, coincubation with either kolaviron or vitamin
C shows restoration of normalcy by significant increase in
the activities of CAT, GST and GPx as well as decrease in
SOD activity compared with the group treated EGEE
alone. Coincubation of either kolaviron alone or vitamin
C alone exhibited no significant effect on the antioxidant
enzymes compared with the control.

Levels of glutathione, hydrogen peroxide and lipid
peroxidation

The levels of GSH, H,0, and MDA in boar spermatozoa
after 3 h incubation with EGEE, Kolaviron and vitamin C
are presented in Figs 7 and 8. The levels of GSH drasti-
cally decreased, whereas H,O, and MDA levels signifi-
cantly increased in EGEE-treated spermatozoa. However,
the levels of these parameters were restored in groups
cotreated with either kolaviron or vitamin C compared
with the group-treated EGEE alone. Alone, neither kolavi-
ron nor vitamin C exhibited significant alterations in the
levels of GSH, H,0, and MDA levels compared with the
control.

Aminotransferases and alkaline phosphatase activities

In Figs 8 and 9, spermatozoa AST, ALT and ALP activi-
ties significantly increased following 3 h incubation with
EGEE compared with the control group. Alone, neither
kolaviron nor vitamin C had significant effect on the
activities of these enzymes. Interestingly, coincubation
with either kolaviron or vitamin C significantly decreased
the activities of these enzymes when compared with the
EGEE-treated group alone.

© 2013 Blackwell Verlag GmbH
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Fig. 5 Activities of SOD and CAT in boar spermatozoa after 3 h incu-
bation with kolaviron, vitamin C and EGEE. The data are expressed as
mean + SD. a: Values differ significantly from control (P < 0.05).
b: Values differ significantly from EGEE (P < 0.05).
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Fig. 6 Activities of GST and GPx in boar spermatozoa after 3 h incu-
bation with kolaviron, vitamin C and EGEE. The data are expressed as
mean £ SD. a: Values differ significantly from control (P < 0.05).
b: Values differ significantly from EGEE (P < 0.05).
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Fig. 7 Levels of GSH and H,0, in boar spermatozoa after 3 h incu-
bation with kolaviron, vitamin C and EGEE. The data are expressed as
mean £ SD. a: Values differ significantly from control (P < 0.05).
b: Values differ significantly from EGEE (P < 0.05).
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Fig. 8 Levels of LPO and ALT in boar spermatozoa after 3 h incuba-
tion with kolaviron, vitamin C and EGEE. The data are expressed as
mean + SD. a: Values differ significantly from control (P < 0.05).
b: Values differ significantly from EGEE (P < 0.05).

[ Control
[ Kv1

I Kv2

T vitc

[ EGEE

[ EGEE + KV1
[ EGEE + KV2
I EGEE + Vit C

Units mg~! protein

AST ALP

Fig. 9 Levels of AST and ALP in boar spermatozoa after 3 h incuba-
tion with kolaviron, vitamin C and EGEE. The data are expressed as
mean + SD. a: Values differ significantly from control (P < 0.05).
b: Values differ significantly from EGEE (P < 0.05).

Discussion

Substantial evidence has piled up portending the adverse
effects of environmental toxicants on male reproduction
(Aitken et al., 2004; Mathur et al., 2008). Free radicals
and reactive oxygen species are subject of research interest
because of their active roles in cellular physiology and
pathogenesis of number of diseases including infertility
(Mehta et al., 2009; Farombi et al., 2012). The existence
of a mutually supportive relationship between enzymatic
antioxidants, SOD and CAT, against accumulation of
ROS inactivates the superoxide anion and peroxide radi-
cals by converting them into water and oxygen. In the
present investigation, SOD activity significantly increased,
whereas activities of CAT declined drastically in EGEE-
treated spermatozoa. The increase in spermatozoa SOD

suggests a means of protecting spermatozoa from
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oxidative stress at a point when it can be particularly dis-
ruptive to their integrity. However, the decrease in the
activity of CAT may reflect enzyme inactivation resulting
from excessive generation of H,O, from SOD activity.
The restoration of SOD and CAT activities upon coincu-
bation of EGEE-treated spermatozoa with either kolaviron
or vitamin C demonstrates their potent antioxidative
effect. This corroborates with our earlier reports where
kolaviron and vitamin C pre-treatment improved the
di-n-butylphthalate- and tetracycline-induced testicular
toxicities in vivo respectively (Farombi et al., 2007, 2008).

Glutathione (GSH) is a multifunctional intracellular
nonenzymatic antioxidant on which many of the thiol-
dependent enzymes rely. Glutathione peroxidase (GPx) is
the most important peroxidase for the detoxification of
hydroperoxides. It catalyses the glutathione-dependent
reduction of lipid hydroperoxides and of hydrogen perox-
ide (Jee & Kang, 2005). GST is a family of isoenzymes
that catalyse the conjugation of GSH with a wide variety
of organic peroxides (including lipid peroxides) to form
more water-soluble compounds products that are readily
excreted from the system. The decrease in GPx and GST
activities observed in EGEE-treated spermatozoa may be
due to the decrease in the availability of substrate (GSH)
and also alterations in their protein structure under oxi-
dative condition. The insufficiency of defence capacities
against ROS 1is characteristic of oxidative stress state.
Administration of kolaviron increases the activities of
GST and GPx as well as increased GSH level in EGEE-
treated spermatozoa and thus indicating the beneficial
action of kolaviron against oxidative stress caused by the
EGEE.

The decreased activities of antioxidant enzymes in
EGEE-treated spermatozoa was accompanied by increased
levels of H,O, and MDA, an end product of lipid peroxi-
dation. In addition, EGEE treatment resulted in decreased
spermatozoa motility and viability, whereas it significantly
increased spermatozoa abnormalities. Lipid peroxidation
is oxidative deterioration of polyunsaturated lipids, and it
involves ROS and transition metal ions (Bhatia & Jain,
2004). Peroxidation of spermatozoa lipids destroys the
structure of the lipid matrix in the membranes of sper-
matozoa, and it is associated with the rapid loss of intra-
cellular ATP leading to axonemal damage, decreased
sperm viability and increased mid-piece morphological
defects and may completely inhibits spermatogenesis in
extreme cases (Sikka, 1996; Sanocka & Kurpisz, 2004;
Vernet et al., 2004).

The present result demonstrates that kolaviron or vita-
min C treatment ameliorated EGEE-induced adverse
effects on sperm motility, viability and morphology as
well as protected against induction of oxidative stress evi-
denced by decreased H,O, generated and MDA level in
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the spermatozoa compared with the EGEE nontreated
group. Kolaviron has been reported to elicit its protective
action by acting as membrane stabiliser and thus
can break the chain reaction of the lipid peroxidation
initiated by hydroxyl radicals (Iwu et al., 1990).

Transminases and phosphatases in semen play an
important role in transamination and phosphorylation
processes in spermatozoa metabolism (Dhami et al,
1994). Alkaline phosphatase (ALP) hydrolyses 6-phospho-
glucose, a glycolytic intermediate, to give free glucose.
Spermatozoa AST, ALT and ALP activities significant
increased following incubation with EGEE. An increase in
transaminases activities suggests a depletion of amino acid
reservoir in the spermatozoa (Ikegwuonu et al., 1980).
Also, the increase in AST and ALT activities may be
attributed to some structural alterations in the mitochon-
dria in the mid-piece region, thereby causing leakage of
these enzymes in the medium (Strzegek, 1988). The
increase in ALP activity suggests a modification of the
role of the enzyme in the phosphorylative pathway of
spermatozoa re-utilisation of glucose following exposure
to EGEE. The reduction in the activities of AST and ALT
upon treatment with kolaviron or vitamin C reflects their
abilities to maintain the cellular integrity, thereby
preventing leakage of these marker enzymes in the
spermatozoa.

The observed protective effects of kolaviron and vita-
min C against EGEE-induced spermatotoxicity appear to
correlate with the structural variations in the two natural
antioxidants. In mechanistic term, the reduction potential
of vitamin C may be related to its ability to readily
donate electrons or hydrogen ions to regenerate other
antioxidants including glutathione, a major thiol-disulphide
redox buffer of the cell, as well as to reduce numerous
reactive oxygen and nitrogen species. Ascorbic acid also
acts to protect membranes against peroxidation by
enhancing the activity of a vitamin E, the chief lipid solu-
ble and chain-breaking antioxidant (Bhatia & Jain, 2004).
Early studies on the structure—activity relationships of
phenolic compounds related to kolaviron (Fig. la)
revealed that the presence of a hydroxyl group in the
position three (3-OH) of the C-ring can make it a potent
inhibitor of lipid peroxidation (Hudson & Lewis, 1983;
Cook & Samman, 1996; Mora et al., 1997). Furthermore,
antiperoxidative effect of kolaviron may be linked to the
presence of a C-4 carbonyl and C-5 and C-7 hydroxyl
groups of the A-ring (Farombi et al., 2007). These struc-
tural features confer on kolaviron the antioxidant activity
of radical scavenging utilising its many hydroxyl groups
on the dual B-rings and metal ion chelation utilising an
abundant availability of 3- or 5-hydroxyl and 4-ketosub-
stituents or hydroxyl groups in the ortho-position in the
B-ring (Farombi & Nwaokeafor, 2005). We therefore
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hypothesise that kolaviron and vitamin C, by way of
maintaining spermatozoa antioxidant capacity, are to able
combat EGEE-induced oxidative damage. Vitamin C does
not appear to afford a better protective effect than kolavi-
ron in its action against EGEE-induced toxicity in the
present investigation.

Taken together, the present study indicates that kolavi-
ron and vitamin C were effective in protecting against
EGEE-induced oxidative damage in the spermatozoa by
replenishment of glutathione stores, as well as scavenging
of ROS and as such maintains spermatozoa quality. Kola-
viron supplementation may therefore be beneficial in
medicine for protection against EGEE-induced reproduc-
tive dysfunction. In addition, as part of livestock manage-
ment, kolaviron supplementation may be beneficial if pigs
are to be raised for commercial purposes (breeding, meat
production etc.).

Acknowledgements

The authors gratefully acknowledge the technical assistance
of Mr Omoko Ejiro of the Department of Veterinary Sur-
gery and Reproduction, University of Ibadan. This work
was supported by the Multidisciplinary Research Grants
under the Staff Training and Research Capacity Building
Programme of the John D. and Catherine T. MacArthur
Foundation Grant (USA) endowment from the University
of Ibadan, Nigeria, awarded to Professor E. O. Farombi
and The John D. and Catherine T. MacArthur Foundation
Fellowship (USA) endowment from the University of
Ibadan, Nigeria, awarded to Dr I. A. Adedara.

References

Adedara IA, Farombi EO (2010) Induction of oxidative
damage in the testes and spermatozoa and hematotoxicity in
rats exposed to multiple doses of ethylene glycol monoethyl
ether. Hum Exp Toxicol 29:801-812.

Aitken RJ (1995) Free radicals, lipid peroxidation and sperm
function. Fertil Dev 7:659—668.

Aitken RJ, Koopman P, Lewis SE (2004) Seeds of concern.
Nature 432:48-52.

Alpsoy L, Yildirim A, Agar G (2009) The antioxidant effects of
vitamin A, C, and E on aflatoxin B;-induced oxidative stress
in human lymphocytes. Toxicol Ind Health 25:121-127.

Bhatia AL, Jain M (2004) Spinacia oleracea L. protects against
gamma radiations: a study on glutathione and lipid
peroxidation in mouse liver. Phytomedicine 11:607—615.

Chia SE (2000) Endocrine disruptors and male reproductive
function- a short review. Int J Androl 23:45-46.

Clairborne A (1995) Catalase activity. In: Handbook of
Methods for Oxygen Radical Research. Greewald AR (ed).
CRC Press, Boca Raton, FL, pp 237-242.

© 2013 Blackwell Verlag GmbH
Andrologia 2014, 46, 399-407

Kolaviron protects from EGEE toxicity in boar sperm

Cook NS, Samman S (1996) Flavonoids: chemistry,
metabolism, cardioprotective effects, and dietary sources.
J Nutr Biochem 7:66-76.

Cullen MR, Rado T, Waldron JA, Sparer J, Welch LS (1983)
Bone marrow injury in lithographers exposed to glycol
ethers and organic solvents used in multicolour offset and
ultraviolet curing printing processes. Arch Environ Health
38:347-354.

Dhami AJ, Sahni KL, Mohan G, Tripathi RP (1994)
Comparative evaluation of initially static and motile semen
ejaculate from Frieesian and Murrah buffalo bulls for
physico-morphological, biochemical, enzymatic and mineral
constituents of seminal plasma. Indian ] Animal Sci
64:926-932.

Farombi EO, Nwaokeafor IA (2005) Anti-oxidant mechanisms
of kolaviron: studies on serum lipoprotein oxidation, metal
chelation and oxidative membrane damage in rats. Clin Exp
Pharmacol Phys 32:667—674.

Farombi EO, Tahnteng JG, Agboola AO, Nwankwo JO,
Emerole GO (2000) Chemoprevention of
2-acetylaminofluorene-induced hepatotoxicity and lipid
peroxidation in rats by kolaviron-a Garcinia kola seed
extract. Food Chem Toxicol 38:535-541.

Farombi EO, Moller P, Dragsted LO (2004) Ex-vivo and in
vitro protective effects of kolaviron against oxygen-derived
radical-induced DNA damage and oxidative stress in human
lymphocytes and rat liver cells. Cell Biol Toxicol 20:71-82.

Farombi EO, Adepoju BF, Ola-Davies OE, Emerole GO (2005)
Chemoprevention of aflatoxin B;-induced genotoxicity and
hepatic oxidative damage in rats by kolaviron, a natural
bioflavonoid of Garcinia kola seeds. Eur | Cancer Prev
14:207-214.

Farombi EO, Abarikwu SO, Adedara IA, Oyeyemi MO (2007)
Curcumin and kolaviron ameliorate di-n-butylphthalate-
induced testicular damage in rats. Basic Clin Pharmacol
Toxicol 100:43—48.

Farombi EO, Ugwuezunmba MC, Ezenwadu TT, Oyeyemi
MO, Ekor M (2008) Tetracycline-induced reproductive
toxicity in male rats: effects of vitamin C and
N-acetylcysteine. Exp Toxicol Pathol 60:77—85.

Farombi EO, Adedara IA, Akinrinde SA, Ojo OO, Eboh AS
(2012) Protective effects of kolaviron and quercetin on
cadmium-induced testicular damage and endocrine
pathology in rat. Andrologia 44:273-284.

Guillette L] Jr, Crain DA (2000) Environmental Endocrine
Disrupters: An Evolutionary Perspective. Taylor & Francis,
New York.

Habig WH, Pabst M]J, Jakoby WB (1974) Glutathione
S- transferase. The first enzymatic step in mercapturic acid
formation. J Biol Chem 249:7130-7139.

Henkel R (2005) The impact of oxidants on sperm functions.
Andrologia 37:205-206.

HSDB (1996) Hazardous Substances Data Bank. National
Library of Medicine, Bethesda, Maryland (CD — ROM
Version). Micromedex Inc., Denver, CO.

405



Kolaviron protects from EGEE toxicity in boar sperm

Hudson BFJ, Lewis JT (1983) Polyhydroxy flavonoid
antioxidants for edible oils. Structural criteria for activity.
Food Chem 10:147-155.

Ikegwuonu FI, Egbunike GN, Emerole GO, Aire TA (1980)
The effects of Aflatoxin B; on some testicular and kidney
enzyme activity in rat. Toxicology 17:9-16.

Iwasaki A, Gagnon C (1992) Formation of reactive oxygen
species in spermatozoa in infertile men. Fertil Steril
57:409—418.

Iwu MM (1985) Antihepatoxic constituents of Garcinia kola
seed. Experientia 41:699-700.

Iwu MM, Igboko OA, Okunji CO, Tempesta S (1990)
Antidiabetic and aldose reductase activities of biflavanones
of Garcinia kola. | Pharm Pharmacol 42:290-292.

Jee JH, Kang JC (2005) Biochemical changes of enzymatic
defense system after phenanthrene exposure in olive
flounder, Paralichthys olivaceus. Physiol Res 54:585-591.

Jollow DJ, Mitchell JR, Zampaglione N, Gillette JR (1974)
Bromobenzene induced liver necrosis: protective role of
glutathione and evidence for 3, 4 bromobenzene oxide as
the hepatotoxic metabolite. Pharmacology 11:151-169.

Jurczuk M, Brzéska MM, Moniuszko-Jakoniuk J (2007)
Hepatic and renal concentrations of vitamins E and C in
lead- and ethanol-exposed rats. An assessment of their
involvement in the mechanisms of peroxidative damage.
Food Chem Toxicol 45:1478-1486.

Kumar TR, Doreswamy K, Shrilatha B, Muralidhara (2002)
Oxidative stress associated DNA damage in testis of mice:
induction of abnormal sperms and effects on fertility.
Mutation Res 513:103—111.

de Lamirande E, Jiang H, Zini A, Kodama H, Gagnon C
(1997) Reactive oxygen species and spermphysiology. Rev
Reprod 2:48-54.

Lowry OH, Rosenbrough NJ, Farr AL, Randall RJ (1951)
Protein measurement with folin phenol reagent. | Biol Chem
193:265-275.

Mathur PP, Saradha B, Vaithinathan S (2008) Impact of
environmental toxicants on testicular function. Immunol
Endocrine Metab Agents Med Chem 8:79-90.

Mehta A, Verma RS, Srivastava N (2009) Chlorpyrifos induced
alterations in the levels of hydrogen peroxide, nitrate and
nitrite in rat brain and liver. Pestic Biochem Physiol 94:55-59.

Misra HP, Fridovich I (1972) The role of superoxide anion in
the autooxidation of epinephrine and a simple assay for
superoxide dismutase. J Biol Chem 247:3170-3175.

Mora A, Paya M, Rios JL, Alcaraz MJ (1997) Structure activity
relationships of polymethoxyflavones and other flavonoids
as inhibitors of non-enzymes lipid peroxidation. Biochem
Pharmacol 40:793-797.

Olaleye SB, Farombi EO, Adewoye EA, Owoyele BV,
Onasanwo SA, Elegbe RA (2000) Analgesic and anti-
inflammatory effects of kolaviron (a Garcinia kola seed
extract). Afr J Biomed Res 3:171-174.

Oyagbemi AA, Adedara IA, Saba AB, Farombi EO (2010) Role
of oxidative stress in reproductive toxicity induced by

406

I. A. Adedara and E. O. Farombi

co-administration of chloramphenicol and multivitamin-
haematinics complex in rats. Basic Clin Pharmacol Toxicol
107:703-708.

Oyeyemi MO, Ubiogoro O (2005) Spermiogram and
morphological characteristics in testicular and epididymal
spermatozoa of large white boar in Nigeria. Int ] Morphol
23:235-239.

Pant N, Srivastava SP (2003) Testicular and spermatotoxic
effects of quinalphos in rats. ] Appl Toxicol 23:271-274.

Rec Gsce (DGKC) (1972) Optimised standard colorimetric
methods. J Clin Chem Clin Biochem 10:182.

Reitmann S, Frankel S (1957) Colorirnetric method for the
determination of serum transaminase activity. Am J Clin
Pathol 28:56-68.

Roca J, Martinez S, V'azquez JM, Lucas X, Parrilla I, Martinez
EA (2000) Viability and fertility of rabbit spermatozoa
diluted in Tris-buffer extenders and stored at 15 °C. Animal
Reprod Sci 64:103—112.

Rotruck JT, Pope AL, Ganther HE, Swanson AB, Hafeman
DG, Hoekstra WG (1973) Selenium: biochemical role as a
component of glutathione peroxidase. Science 179:588-590.

Sanocka D, Kurpisz M (2004) Reactive oxygen species and
sperm cells. Reprod Biol Endocrinol 2:1-7.

Saradha B, Mathur PP (2006) Effect of environmental
contaminants on male reproduction. Environ Toxicol
Pharmacol 21:34-41.

Sharpe RM (1993) Decline sperm counts in men — is there an
endocrine cause? Endocrinology 136:357-360.

Sikka SC (1996) Oxidative stress and role of antioxidants in
normal and abnormal sperm function. Frontiers Biosci
1:78-86.

Sikka SC, Rajasekaran M, Hellstrom WJ (1995) Role of
oxidative stress and oxidants in male infertility. ] Androl
16:464—468.

Starek A, Szymczak W, Zapor L (2008) Hematological effects
of four ethylene glycol monoalkyl ethers in short — term
repeated exposure in rats. Arch Toxicol 82:125-136.

Strzegek J (1988) Morphological structures of spermatozoa
and their biological functions. Biul Inf ART (Akademia
Rolniczo- Techniczna) Olsztyn 25:67-72.

Terashima K, Takawa Y, Niwa M (2002) Powerful
antioxidative agents based on Garcinoic acid from Garcinia
kola. Bioorg Med Chem 10:1619-1625.

Verma A, Kanwar KC (1998) Human sperm motility and lipid
peroxidation in different ascorbic acid concentrations; an in
vitro analysis. Andrology 30:325-329.

Vernet P, Aitken RJ, Drevet JR (2004) Antioxidant strategies
in the epidydimis. Mol Cell Endocrinol 216:31-39.

Vincent R, Poirot P, Subra I, Rieger B, Cicolella A (1994)
Occupational exposure to organic solvents during paint
stripping and painting operations in the aeronautical
industry. Int Arch Occup Environ Health 65:377-380.

Wang RS, Ohtani K, Suda M, Nikajima T (2006) Inhibitory
effect of ethylene glycol monoethyl ether on rat spermatozoa
motion. Ind Health 44:665-668.

© 2013 Blackwell Verlag GmbH
Andrologia 2014, 46, 399-407



I. A. Adedara and E. O. Farombi

Wells ME, Awa OA (1970) New technique for assessing

acrosomal characteristics of spermatozoa. ] Dairy Sci 53:227.

Wolff SP (1994) Ferrous ion oxidation in the presence of
ferric ion indicator xylenol orange for measurement of
hydroperoxides. Methods Enzymol 233:182—189.

Yoon CY, Hong CM, Song JY, Cho YY, Choi KS, Lee BJ, Kim
CK (2001) Effect of ethylene monoethyl ether on the

© 2013 Blackwell Verlag GmbH
Andrologia 2014, 46, 399-407

Kolaviron protects from EGEE toxicity in boar sperm

spermatogenesis in pubertal and adult rats. J Vet Sci
2:47-51.

Zemjanis R (1970) Collection and evaluation of semen. In:
Diagnostic and Therapeutic Technique in Animal
Reproduction, 2nd edn. Zemjanis R (ed). William and
Wilkins Company, Waverly Press, Baltimore, Maryland,
USA, pp 139-153.

407



