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Introduction

Summary

Ghrelin has recently been reported to exert beneficial effects on various oxida-
tive stresses as a result of its antioxidant properties. Therefore, we designed this
study to explore the probable antioxidative effects of this peptide in the testis.
Twenty-eight male adult Wistar rats were divided into equal control and treat-
ment groups. In the treatment group, 1 nmol of ghrelin was administered as
subcutaneous injection for 10 consecutive days or vehicle (physiological saline)
to the control rats. The control and treated rats were killed on days 6 and 10
after beginning of ghrelin injection (n = 7 from each group on each day). The
testes were taken and measured for antioxidant enzyme activity and malondial-
dehyde (MDA) content. Glutathione peroxidase activity significantly increased
on day 10 in the treated animals compared with the control group (P < 0.05).
Although the mean activity of glutathione peroxidase was greater on day 6 in
the ghrelin-treated group than in the control animals, it was not statistically
significant. There were no significant differences in superoxide dismutase and
catalase activities between the groups. However, MDA level decreased by ghrelin
treatment on day 10 compared with the control rats (P < 0.05). The results
of this study indicate for the first time novel evidences for antioxidant properties
of ghrelin in the rat testis.

Tena-Sempere, 2004). On the other hand, expression of
GHS-Rla in the seminiferous tubules strongly suggests

It has been discovered that ghrelin is an endogenous
ligand for the growth hormone secretagogue receptor and
that it is predominantly produced in the stomach. It
potently stimulates growth hormone secretion and exerts
various central and peripheral actions, such as regulation
of food intake and control of energy balance (Kojima &
Kanagawa, 2005). Compelling evidence has demonstrated
the close connection between the systems governing
energy homoeostasis and reproductive function (Fernan-
dez-Fernandez et al,, 2005). Expression of ghrelin has
been demonstrated in mature Leydig cells of rat and
human. In addition, expression of the functional ghrelin
receptor, the GHS-R type la, has been shown in Sertoli
and Leydig cells (Tena-Sempere et al., 2002; Barreiro &
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that the seminiferous epithelium might be a target for
ghrelin action and directly regulates seminiferous tubule
functions (Barreiro & Tena-Sempere, 2004).

It has been recently proposed that ghrelin may be an
antioxidant and anti-inflammatory agent. For example, it
has been proven that ghrelin prevents lipid peroxidation
and reduction of antioxidant enzyme activities and gluta-
thione level against pentylenetetrazole-induced oxidative
stress in the erythrocytes, liver and brain of rats (Obay
et al., 2008). Zwirska-Korczala et al. (2007) demonstrated
that ghrelin significantly increases the activity of antioxi-
dant enzymes such as glutathione peroxidase (GPx),
superoxide dismutase (SOD) and catalase (CAT) and that
it decreases the concentration of malondialdehyde
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(MDA), an end product of lipid peroxidation, in pre-
adipocyte cell culture. Likewise, Iseri et al. (2005) showed
that ghrelin treatment significantly increased GPx activi-
ties and reduced MDA levels in the alendronate-induced
gastric tissue injury in rats. This same study found that
ghrelin decreased formation of reactive oxygen species
(ROS). Ghrelin has also been shown to inhibit vascular
superoxide production and oxidative stress in hyperten-
sive rats by inhibition of vascular NADPH oxidase
(Kawczynska-Drozdz et al., 2006) and to increase mRNA
levels of SOD in trout phagocytic leucocytes (Yada et al.,
2006). Additional studies have echoed the proposal that
ghrelin attenuates the oxidative stress response (Dong &
Kaunitz, 2006).

Testicular cell membranes are rich in polyunsaturated
fatty acids and thus susceptible to peroxidation injury,
which leads the spermatozoa to infertility due to defective
sperm function (Aitken ef al., 1989; Peltola et al., 1992).
Therefore, production of ROS in testicular tissue and
control of these phenomena may have important physio-
logical consequences. Various observations indicate that
spermatozoa may be more exposed and vulnerable to oxi-
dative stress than germ cells. First, epididymal spermato-
zoa are not protected, like pachytene spermatocytes (PS)
and round spermatids (RS), by the microenvironment
provided by the Sertoli cell barrier. Second, the mem-
branes of spermatozoa may be particularly susceptible to
free radical attack because of their high level of polyun-
saturated fatty acids (Aitken et al., 1989). Third, several
groups have demonstrated that, in contrast to spermato-
gonia, PS and RS, elongated spermatids and spermatozoa
have a reduced capability or are even unable to repair
DNA damage caused by ROS (Van Loon et al, 1991). It
means that protection of spermatozoa by the antioxidant
factors is necessary against free oxygen radicals.

In the light of these literatures one could hypothesise
that ghrelin may affect the antioxidative enzyme activities
or lipid peroxidation in the testis. To clarify the possible
antioxidative properties of ghrelin, the activities of GPx,
SOD and CAT as well as lipid peroxidation (MDA con-
centration) were measured following chronic administra-
tion of ghrelin in the rat testis.

Materials and methods
Drugs and chemicals

Rat lyophilised acylated ghrelin (n-octanoylated research
grade) was purchased from Tocris Cookson Ltd (Bristol,
UK). Ghrelin was dissolved in sterile physiological saline
solution before injection. The kits used in the measure-
ment of antioxidant enzyme activities were provided from
Randox Laboratories Ltd (Antrim, UK).
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Animals

All investigations were conducted in accordance with the
Guiding Principles for the Care and Use of Research Ani-
mals. All animals were treated humanely and in compli-
ance with the recommendations of Animal Care
Committee for the Lorestan University of Medical Sci-
ences (Khorram Abad, Iran). Experiment was carried out
on 60-day adult male Wistar rats (n = 28) bred in the
vivarium of the Pasture Institute in Iran. All animals were
allowed free access to standard rat food and tap water
ad libitum. All of rats were housed under standard condi-
tions in a room in groups of seven rats per cage at tem-
perature of 21-24 °C and constant 12 h light/dark cycle.
All of experimental procedures were carried out between
08.00 hours and 11.00 hours.

Experimental design

The animals were divided into four groups (n =7 per
group) as two control and treatment groups. To verify
the hypothesis that ghrelin treatment might alter the anti-
oxidant enzyme activities, a general protocol of subcuta-
neous (S.C.) injection of ghrelin (1 nmol per 100 pul
saline) or 100 ul vehicle (physiological saline) to the con-
trol group was applied once a day for 10 consecutive
days. The dose of ghrelin used in our in vivo experiment
was comparable with amounts of ghrelin secreted into the
blood during starvation: exogenous administration of
1 nmol of ghrelin is able to induce a significant elevation
(2.4-2.6 fold increase) in serum level of total ghrelin 1 h
after injection (Fernandez-Fernandez et al., 2005), whose
magnitude is in the range of that induced by fasting
(Wren et al., 2001). The animals were injected under con-
scious conditions after careful handling to avoid any
stressful influence. The rats from both groups were killed
upon diethyl ether anaesthesia (May & Baker Ltd, Dagen-
ham, UK) by decapitation 3 h after injection on days 6
(n=14) and 10 (n = 14) from the first day of ghrelin
injection respectively.

Sampling

Immediately after rat killing on days 6 and 10, both testes
were removed and carefully cleaned of fat and adhering,
then stored at liquid nitrogen prior to analysis for testicu-
lar antioxidant enzyme activity and MDA content.

Analysis and measurement

Tissue preparation for enzyme assay
Rat testes were rapidly thawed and manually homogen-
ised in cold phosphate buffer (pH 7.4) and debris
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removed by centrifugation at 3500 g for 10 min (Centri-
fuge 5415 R; Eppendorf AG, Hamburg, Germany). Super-
natants were recovered and used for enzyme activity and
protein assays.

Determination of GPx activity

The activity of GPx was evaluated with GPx detection kit
according to the manufacturer’s instructions. GPx cataly-
ses the oxidation of glutathione (GSH) by cumene hydro-
peroxide. In the presence of glutathione reductase (GR)
and NADPH, the oxidised glutathione (GSSG) is immedi-
ately converted to the reduced form with a concomitant
oxidation of NADPH to NADP". The decrease in absor-
bance was measured spectrophotometrically (52000 UV
model; WPA, Cambridge, UK) against blank at 340 nm.
One unit (U) of GPx was defined as pumol of oxidised
NADPH per min per milligramme of tissue protein. The
GPx activity was expressed as milliunit per milligramme
of protein (mU mg~" protein).

Determination of SOD activity

The activity of SOD was evaluated with SOD detection
kit according to the manufacturer’s instructions. The role
of SOD is to accelerate the dismutation of the toxic
superoxide (O,") produced during oxidative energy pro-
cesses to hydrogen peroxide and molecular oxygen. This
method employs xanthine and xanthine oxidase to gener-
ate superoxide radicals which react with 2-(4-iodo-
phenyl)-3-(4-nitrophenol)-5-phenyltetrazolium chloride
(IN.T.) to form a red formazan dye. The SOD activity is
then measured by degree of inhibition of this reaction.
One unit of SOD is that which causes 50% inhibition of
the rate of reduction of INT under the conditions of the
assay. SOD levels were recorded at 505 nm and through a
standard curve and expressed as unit per milligramme of
protein (U mg™" protein).

Determination of CAT activity

Tissue catalase activity was measured according to the
method of Aebi (1984). Briefly, tissue sections were
homogenised in triton X-100 1% (Merck, Darmstadt,
Germany) and the homogenates were diluted with
phosphate buffer (pH 7.0). The reaction was initiated by
the addition of hydrogen peroxide to the reaction mixture
and the level of enzyme activity was quantitated according
to the ability of the tissue catalase to decompensate
hydrogen peroxide by monitoring the decrease in
absorbance at 240 nm against a blank contains phosphate
buffer instead of substrate. The value of log A1/A2 for a
measured interval was used for unit definition owing to
the first-order reaction of enzyme. One unit of CAT is
the amount of enzyme that decomposes 1.0 mmole of
hydrogen peroxide per minute at pH 7.0 and 25 °C.
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Measurement of lipid peroxidation

The level of lipid peroxidation was indicated by the con-
tent of MDA in testis. Tissue MDA was determined using
the thiobarbituric acid reactive substance assay, as
described by Buege & Aust (1978) with slight modifica-
tions. Briefly, a tissue specimen of 0.1 g was homogenised
in 0.15mol I"! KCI at a ratio of 1-9 ml with a glass
homogeniser. One volume of homogenate was mixed
thoroughly with two volumes of a stock solution of 15%
w/v trichloroacetic acid, 0.375% w/v thiobarbituric acid
and 0.25 mol I™' hydrochloric acid. The solution was
heated for 15 min in a boiling water bath. After cooling,
the precipitate was removed by centrifugation at 1000 g
for 10 min. The absorbance of the clear supernatant was
determined at 535 nm and MDA concentration calculated

1
as molar absorbance coeffi-

using 1.56 x 10°> mol™' cm™
cient. MDA results were expressed as nmol per gram of

wet tissue.

Protein assay

Protein content of supernatants for enzyme analysis was
determined using a colorimetric method of Lowry with
bovine serum albumin as standard (Lowry et al., 1951).

Statistical analysis

Results were analysed using the spss/pc computer pro-
gram version 12.0 (SPSS Inc, Chicago, IL, USA). All data
were subjected to Levene’s test for homogeneity of vari-
ances. The activity of GPx, SOD, CAT as well as MDA
level on days 6 and 10 between the control and treated
groups were compared using independent sample t-test
(Petrie & Watson, 1999). Data are presented as the
mean = SEM. Values were considered to be statistically
significant at P < 0.05.

Results

Changes in biochemical parameters including GPx, SOD
and CAT activities as well as MDA level on days 6 and 10
in the rat testicular tissue are shown in Tables 1 and 2.
Chronic administration of ghrelin had a considerable
influence on GPx activity and MDA content. The mean
activity of testicular GPx was significantly (P < 0.05)
higher in the treated group on day 10 compared with that
in the control animals. The mean activity of this enzyme
was 343.00 + 72.75 versus 129.80 + 37.40 mU mg " of tis-
sue protein on day 10 in the treated and control groups,
respectively. Although there was a tendency for the mean
activity of GPx to be greater (P = 0.08) on day 6 in the
ghrelin group (249.00 + 54.58 versus 112.14 + 49.44), the
difference was not statistically significant.
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Table 1 Mean + SEM of testicular antioxidative enzyme activity (GPx, SOD and CAT) as well as MDA level on day 6 after the beginning of ghrelin

injection in the control and treated rats

GPx (mU mg™" prot) SOD (U mg™" prot) CAT (U mg™" prot) MDA (nmol g™")
Control (n = 7) 112.14 + 49.44° 19.53 + 1.33° 336 +0.13% 33.60 + 3.58°
Treatment (n = 7) 249.00 + 54.58% 22.48 + 1.09? 2.96 + 0.24° 31.83 + 2.29%

Means with same superscript (a) in each column do not significantly differ (P < 0.05).

Table 2 Mean + SEM of testicular antioxidative enzyme activity (GPx, SOD and CAT) as well as MDA level on day 10 after the beginning of

ghrelin injection in the control and treated rats

GPx (mU mg™" prot) SOD (U mg™" prot) CAT (U mg™" prot) MDA (nmol g7")
Control (n = 7) 129.80 + 37.40° 16.92 + 1.73° 3.07 £ 0.172 36.44 + 2.88°
Treatment (n = 7) 343.00 + 72.75° 19.61 + 1.50° 278 £0.17°2 29.20 + 1.08°

Means with different superscripts (a, b) in each column are significantly different (P < 0.05).

Significant differences in the testicular activities of SOD
and CAT were neither observed at day 6 nor on day 10
between two experimental groups. By contrast, a marked
reduction had occurred in lipid peroxidation, as MDA
value, in the ghrelin-treated rats. The MDA level was
significantly (P < 0.05) lower in the ghrelin group on day
10, in which it reached to 29.20 + 1.08 nmol g~' com-
pared with 36.44 + 2.88 in the control animals. However,
ghrelin could not significantly affect MDA content on day
6 of the experiment.

Discussion

To our knowledge, this study examined for the first time,
the ability of ghrelin antioxidant properties in the rat tes-
ticular tissue. There was a remarkable increase in GPx
activity especially on day 10 in the treated rats. By con-
trast, ghrelin decreased MDA concentration of testis in
this group which means a significant reduction in lipid
peroxidation within the testis. However, in our in vivo
setting, chronic repeated injection of ghrelin failed to
induce overt changes in SOD or CAT activities.

It is well known that utilisation of oxygen represents
an efficient mechanism for aerobic organisms to generate
energy, but ROS are also produced within the biological
systems (Cutler, 1991). Under normal conditions to pro-
tect cells against oxidative damage, the potential harmful
effects of ROS and free radicals are effectively eliminated
by the antioxidant defence systems such as antioxidant
enzymes and nonenzymatic factors (Hu et al., 2005). Nor-
mally, cells possess a well developed biochemical defence
system, comprising low-molecular weight free radical
scavengers, i.e. glutathione (GSH), vitamin C, vitamin E
and complex enzymes, including GPx, SOD and CAT
(Yao et al., 2007). When the balance between the genera-
tion and elimination of ROS is broken, as a result of
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these events, biomacromolecules including DNA, mem-
brane lipids and proteins are damaged by ROS-mediated
oxidative stress (Tian et al., 1998; Qian et al., 2008).

The sperm plasma membrane contains a high amount
of unsaturated fatty acids which can be attacked by ROS
and are therefore particularly susceptible to peroxidative
damage with subsequent loss of membrane integrity,
impaired cell function and decreased motility of sperma-
tozoa. This oxidative stress is one of the factors associated
with decline in fertility of spermatozoa (Aitken et al.,
1989; Tramer ef al., 1998). Furthermore, the high level of
polyunsaturated fatty acids in mammalian testes previ-
ously reported (Aitken et al., 1989; Robinson et al., 1992)
suggests that the plasma membranes of most testicular
cells may be greatly susceptible to free radical attack. The
fact that germ cells, despite a high GSH level, are not well
equipped to combat oxidative stress or xenobiotic-medi-
ated injury probably explains the high sensitivity of these
cells to ionising radiation (Le Grande, 1970), to drugs
(Gomes, 1970) and also, the extremely limited viability
of isolated spermatogenetic cells in culture (Chapin &
Phelps, 1990).

The results of this study demonstrated that ghrelin
markedly increases GPx activity, as one of the key anti-
oxidative enzymes against oxidative damage (Raes et al.,
1987; Mirault et al., 1991), in the testicular tissue of trea-
ted animals. In addition, MDA, which functions as a
marker of oxidative injury of cellular membranes (Husain
et al., 2001; Yao et al., 2006), significantly decreased fol-
lowing daily administration of ghrelin for 10 days. The
concentration of MDA is a direct evidence of toxic pro-
cesses caused by free radicals (Sieja & Talerczyk, 2004).
Therefore, it can be concluded that ghrelin preserves the
membrane of spermatozoa against oxidative stress and
lipid peroxidation. These findings support and are in
agreement with our new investigation, in which we
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proved that chronic administration of ghrelin increases
the functional membrane integrity of rat spermatozoa
(Kheradmand et al., Anim. Biol., article in press). Like-
wise, the antioxidant properties of ghrelin in the rat testis
are consistent with our other study, in which we have
shown that ghrelin enhances the viability of rat spermato-
zoa during incubation at 37 °C up to 5 h, because of its
antioxidative characteristics.

The presence of different antioxidative defence systems
is well documented in the rat testis. Bauche et al. (1994)
have shown a differential distribution of these enzymes
among rat testicular cells so that Sertoli and peritubular
cells had elevated SOD and GSH-dependent enzyme
activities associated with a high GSH content. Pachytene
spermatocytes and RS are characterised by higher SOD
activity and GSH content associated with very low GSH-
dependent enzyme activity. Spermatozoa exhibited the
same enzymatic system as PS and RS but were devoid of
GSH. Interstitial tissue displayed high GPx and GSH con-
tent and moderate SOD level. No detectable activity of
CAT has been reported in the testicular cells in this study.
It has been also indicated that the activity of CAT is low
in the different testicular cells, in which the activity of
CAT in the rat testis is very low (2-7%) compared with
the level in the liver (Peltola et al, 1992). A similar low
testicular activity of CAT has been reported in the rabbit
(Thrig et al., 1974). Thus, it was expectable to record a
low level of CAT activity in our study and this is proba-
bly the reason why we did not observe significant changes
in CAT activity in the treated animals.

Superoxide dismutase rapidly converts superoxide
anion (O,") to less dangerous hydrogen peroxide (H,0,).
GPx and CAT can decompose H,0, to water. H,O, is
not a particularly reactive product, but it may be reduced
to the highly reactive metabolites hydroxyl radicals (OH")
or single oxygen (Peltola et al., 1992). It has been clearly
indicated that the lipid peroxidation (evaluated by MDA
value) significantly increases by accumulation of H,O, in
a concentration-dependent manner (Garcia et al., 2005).
The principal mechanism of H,0, toxicity is thought to
involve the generation of highly reactive OH' radical
through its interaction with Fe* by the Fenton reaction
(Sewerynek et al., 1995). It seems that the increase of
GPx activity in this study causes more rapid conversion
of H,O, to H,O and preventing of H,O, accumulation
and availability to shift for lipid peroxide production.
This is further supported by the fact that we detected
lower MDA content in the rat testis following chronic
treatment by ghrelin. In addition, it is believed that GPx
functions in the detoxification of reactive lipid peroxides
(Peltola et al., 1992) and therefore, the reduction in MDA
concentration in this work can be justified. We did not
observe significant changes in SOD activity in our experi-
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ment. Likely, a prolonged treatment by ghrelin or higher
dose is needed to induce greater activity of SOD. Further
researches are necessary to confirm this hypothesis.

In conclusion, chronic administration of ghrelin pro-
motes the antioxidative defence system in the rat testis
by increase in GPx activity and reduction of lipid perox-
idation (MDA level). This finding confirms previous
reports concerning the antioxidative properties of ghrelin
in other tissues (Iseri et al, 2005; Kawczynska-Drozdz
et al., 2006; Zwirska-Korczala et al., 2007; Obay et al.,
2008).
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