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Abstract:

BACKGROUND: Disruption of testicular function and arrest of
spermatogenesis are the consequence of cryptorchidism in
responsetoelevatedtemperature. OBJECTIVES: Thisinvestigation
was set to clarify the possible ghrelin efficacy in atering some
sperm quality parameters upon experimentally-induced cryptor-
chidism. METHODS: Thirty male adult ratswere scheduled for the
study and were divided into three groups: group 1 was served as
control-saline(CS), group 2wasdesigned ascryptorchidism-saline
(CrS), and group 3 was defined as cryptorchidism-ghrelin (CrG).
After surgically inducing cryptorchidism in groups 2 and 3, the
researchers gave 10 nmol of ghrelin to CrG ratsfor 7 consecutive
days. Fiveanimalsin each group wereequally killed on days 3 and
7 after operation and their testes were taken for sperm evaluation.
RESULTS: Testicular weight, sperm forward progressive motility
(FPM), functional membraneintegrity (assessed by HOS-test), and
sperm concentration displayed slight changes after heating on day
3. However, abdominal position of the testes for 7 days caused a
significant reduction in the percentages of HOS-positive cells
(p<0.0001), FPM (p<0.0001), and sperm concentration (p<0.01).
Although a 30% decrease occurred in the testicular weight at this
point, however, this reduction was not statistically significant.
Interestingly, HOS-test and FPM percentages were significantly
higher in the ghrelin-exposed animals compared to the CrS group
onday 7 (p<0.05). However, ghrelintreatment had not considerable
influence on sperm parameters by day 3. Moreover, sperm
concentration and testicular weight did not exhibit any changes
either on day 3 or at day 7 upon ghrelin injection (p>0.05).
CONCL USIONS: Indeed, thisfunction of ghrelincould beattributed
to itsantioxidant propertiesand it may beimplicated asapotential
agent in attenuation of impaired spermatogenesis after cryptor-
chidism.

Introduction

It has been established that in mammals, lower
scrotal temperature is require for normal spermato-
genesis (Shikone et a., 1994). Failure in testicular
descending into the scrotum or cryptorchidism
induced by surgery in rats results in disruption of
spermatogenesis (Jegou et al., 1983). The spermato-
genesis disorder and subsequent male infertility is
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due to the germ cell loss in response to abdominal
elevated temperature (Liu et al., 2012). It has been
well shownthat anincreased level of reactiveoxygen
species (ROS) and lipid peroxidation, as sign of
oxidative stress, are associated with cryptorchid
testes which cause impaired spermatogenesis
(Peltolaet al., 1995; Kumagai et al., 2002). Changes
in the lipids containing polyunsaturated fatty acids
have aso been indicated (Furland et al., 2007).
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Therefore, it seems that antioxidant therapy may
attenuate the adverse effects of ROS on the
spermatogenesi sandinhibit thechangesinspermato-
zoamembranelipidsduring cryptorchidism.

It has been recently proposed that ghrelin is an
endogenous antioxidant and functions as a free
radical scavenger (Dong and Kaunitz, 2006). The
antioxidative properties of ghrelinviaincreasing the
antioxidant enzymes activities and reducing lipid
peroxidation have been newly reported in our
laboratory inthenormal rat testis(Kheradmand et al .,
2009a,b) and ovary (Kheradmand et al., 2010), as
well as in other tissues such as preadipocyte cell
culture (Zwirska-Korczala et al., 2007) and gastric
injuries (Iseri et a., 2005; El Eter et a., 2007). The
ghrelingeneisexpressedin stomach, small intestine,
brain, pituitary, salivary gland, adrenal, ovary, and
testis (Ghelardoni et a., 2006). Within the testis,
expression of ghrelin has been demonstrated in
mature Leydig cells of rats and humans. In addition,
expression of the functional ghrelin receptor, the
GHS-Rtypela, hasbeenshownin Sertoli and Leydig
cells (Tena-Sempere, 2005; Barreiro and Tena
Sempere, 2004). The expression of GHS-R lainthe
seminiferous tubules strongly suggests that the
seminiferousepithelium might beatarget for ghrelin
action and directly regulates seminiferous tubules
function (Barreiro and Tena-Sempere, 2004).

Thus, with regard to these literatures, this study
attempted to examinethe possible ghrelin protective
effects on rat sperm quality and membrane integrity
following experimentally induced cryptorchidism.

M aterialsand M ethods

Animals: Thirty maleWistar ratsweighing 200to
220 gr were used for the experiment. The animals
were maintained under constant conditions of light
(12 h of light, from 07:00 h) in an animal room in
groups of fiverats per cage and controlled tempera-
ture (21-24°C) with free access to pelleted food and
tap water. Rat lyophilised acylated ghrelin (n-
octanoylated research grade) were purchased from
Tocris Cookson Ltd. (Bristol, UK).

Surgical technique: Theanimalswererandomly
divided into three equal groups (each containing 10
rats): group 1 was served as sham-operated or
control-saline (CS), group 2 was defined as cryptor-
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chidism-saline (CrS), and group 3 was assumed as
cryptorchidism-ghrelin (CrG) animals. Surgical pro-
cedurefor induction of bilateral cryptorchidism was
performed according to themethod of inguinoscrotal
approach as previously described by Dundar et al.
(2001). General anesthesia was achieved in-
traperitonealy by a combination of 70 mg kg.; of
ketamin and 5 mg kg.;, of xylazine hydrocholoride.
After anesthesia, the scrotal area was shaved and
prepared by povidoneiodinesolution. Ingroups2and
3, inguinoscrotal region was incised and guberna-
culum was separated where it protruded from the
abdominal wall, and then the external inguinal ring
was revealed. After pushing the gubernaculum into
the abdominal cavity, the external inguinal ring and
inguinoscrotal wall was closed by 2.0 simple silk
suture. During the sham operation, both testes were
brought through theincision and then replaced after a
few manipulations. Immediately after surgery, CrG
ratsweregivenghrelinsubcutaneously (10nmol/100
KL saline) for 7 consecutivedays. Fiveratsfromeach
group were killed upon diethyl ether anesthesia by
decapitation on days 3 and 7 after surgery for sperm
evaluation parameters.

Sperm collection and evaluation: Immediately
after rats were killed and the weight of each testicle
was measured, the right epididymis of three groups
were removed and trimmed of fat. Rat spermatozoa
were obtained using Cancel et al.'s (2000) method.
Briefly, 5 mm of right cauda epididymiswas minced
in2-ml of physiological salineand incubated at 37°C
for 30 min to allow dispersion of spermatozoa. The
obtained spermatozoafrom all groupswere assessed
forforward progressi vemovement, plasmamembrane
integrity, and sperm concentration.

The FPM percentage (of the motile spermatozoa
showing progressive movement) was assessed
according to the method as previously described by
Sonmez et a. (2005). Thefluid obtained from cauda
epididymiswasdiluted to 2 mL of PBSand analiquot
of thissuspensionwasplaced onthemicroscopeslide
covered with a coverdip and examined visualy
under alight microscope at the magnification of 400.
Motility estimations were performed from four
different fields in each sample and the mean of the
four estimationswas used asthefinal motility score.
Samplesfor motility evaluation werekept at 37°C.

Toevaluatethemembraneintegrity, hypoosmotic
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swelling (HOS) test was applied. Assessment of
functional integrity of sperm membrane was
determined by HOS-water test according to the
method asdescribed previously by Sliwaand Macura
(2005). In short, 10 pL of sperm was added into 0.4
mL of distilled water and incubated for 5 minutes at
37°C. The swelling reaction was measured by count-
ing of spermatozoa with curled tail using a light
microscope at magnification of 400. All of the
examinations above were performed by the same
person, counting at |east 100 sperms.

The concentration of spermatozoawas determin-
ed after adding 50 pL of sperm into the 1 mL of
formalin-saline to achieve the dilution rate of 1:20.
Approximately, 10 pL of the diluted sperm suspen-
sionwastransferred to each counting chamber of the
haemocytometer and the total number of spermato-
zoa per mL was counted with the help of light
microscope.

Satistical analysis: Resultswereanalyzed using
the SPSS/PC program. All data were tested for
normality and thereafter by Levene static test for
homogeneity of variance. When the variance was
homogenous, testicular weight, FPM, HOS-positive
percentage, and sperm concentration among the CS,
CrS, and CrG rats at different days were separately
analyzed using one-way ANOVA and Tukey test as
post hoc, in order to determine the difference among
groups (Petrieand Watson, 1999). Dataare presented
asmean+ SEM.

Results

Testicular weight: Abdominal position of the
testeswas associated with not significant decreasein
testicular weight particularly on day 7. However, the
changes were negligible after 3 days of exposure to
heat. Asindicated in figure 1, ghrelin treatment was
not able to enhance testicular weight to its normal
valueuptoday 7 (p>0.05).

Assessment of sperm motility: Theresultsof the
FPM analysis are depicted in Figure 2. Testicular
hyperthermia resulted in a drastic decrease in the
percentages of FPM in both CrSand CrG animalson
day 7 (p<0.0001). Notably, ghrelin administration
significantly promoted FPM rate compared to the
CrSrats(19.80+ 1.85% versus4.40 + 2.11%) onday
7(p<0.01). However, it wasstill lower thanthat of the
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control group at thispoint (p<0.001).

Plasma membrane integrity: Exposure to
abdominal heat for threedaysdid not affect themean
values of HOS-reactive spermatozoaamong groups.
In contrast, examining the data revealed that the
spermatozoa with functionally intact membrane
were reduced by day 7 after surgery in both CrSand
CrG animals (p<0.01, Figure 3). Ghrelin exposure
could enhance the percentage of HOS-positive cells
compared to the CrS group at day 7 (38.80 £ 3.78%
versus22.40 + 4.38%, p<0.05).

Sperm concentration: Abdominal testicular
temperaturecaused amarked reductioninthenumber
of spermatozoa on day 7 (p<0.01). However, the
comparison of the data on day 3 did not exhibit
significant differences among groups. In addition,
ghrelinfailed to alter the sperm number compared to
the CrSratsonday 7 (p>0.05, Figure4.).

Discussion

The results of the present study are probably the
firstwhich clearly demonstrated theghrelinability in
promotionof mainspermquality parameters, progres-
sive motility, and functiona membrane integrity
following experimentally-induced cryptorchidsmin
therat testis. However, it failed to change the sperm
concentration and testi cular weight upon treatment.

The expression of functional ghrelin receptor in
the seminiferous tubules strongly suggests that the
seminiferousepithelium might beatarget for ghrelin
action and might directly regulate seminiferous
tubules functions (Barreiro and Tena-Sempere,
2004). In human, a positive correlation between the
percentageof swollen sperm andthat of motilesperm
was seen (Chan et a., 1985). Likewise, the high
correlation (r=0.90) betweenthepercentageof sperm
insemensamplethat werecapabl eof swellingandthe
percentage of zona-free hamster oocytes that were
penetrated by sperms from the same semen samples
werefound (Jeyendran et a., 1984). Thismay bethe
reason of why the spermmotility rateisgreater inthe
treated animalswhen the HOS percentage was high.
Becauseinthecurrentwork, theincreaseintheHOS-
positive cells in the ghrelin-exposed animals was
associated with the simultaneous and significant
improvement in the FPM rate by day 7.

The sperm plasma membrane contains a high
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Figure 1. Mean + SEM of testicular weight on 3Mand 7 days
after induction of cryptorchidism in three experimental groups.
Thedatadid not represent significant differencesamong groups.
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Figure 3. Mean + SEM of HOS test percentages on 3" and 7"
days after induction of cryptorchidism in three experimental
groups. All means marked with *(p<0.05), **(p<0.01) and
***(p<0.001) aresignificantly different from each other.
OControl-saline E Cryptorchidism-saline
M Cryptorchidism-ghrelin

amount of unsaturated fatty acids which can be
attacked by ROS and therefore is particularly
susceptibl eto peroxidativedamageswith subsequent
loss of membrane integrity, impaired cell function
and decreased motility of spermatozoa. This oxid-
ative stress is one of the factors associated with
decline in fertility of spermatozoa (Aitken et a.,
1989; Tramer et a., 1998). Furthermore, the high
level of polyunsaturated fatty acids in mammalian
testes previously reported (Aitken et al., 1989;
Robinson et a., 1992) suggests that the plasma
membranes of most testicular cells may be greatly
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Figure2. Mean + SEM of FPM percentages on 3Mand 71" days
after induction of cryptorchidism in three experimental groups.
All means marked with *(p<0.05), **(p<0.01) and
***(p<0.001) aresignificantly different from each other.
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Figure4. Mean+ SEM of spermconcentrationon 3" and 7" days

after induction of cryptorchidism in three experimental groups.

All means marked with **(p<0.01) are significantly different

fromeach other. [ Control-saline [ Cryptorchidism-saline
H Cryptorchidism-ghrelin

susceptibleto freeradical attack. Inthissenseg, it has
been well documented that impaired detoxification
of ROS results in the oxidative stress and increased
peroxidation of cellular lipidsin abdominal position
of thetestes (A hotupaand Huhtaniemi, 1992; Peltola
etal., 1995; Furland et al., 2007).

Itisbelievedthat ghrelinisoneof theendogenous
antioxidants that attenuate the oxidative stress
responses (Dong and Kaunitz, 2006). Therefore,
enhancement of the HOS-reactive spermatozoa
following ghrelin administration is possibly due to
the antioxidant properties of this hormone which
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resultedinhigher motility index 7 day after operation.
Thismay bethe reason for greater sperm motility in
the treated animals simultaneous with increment in
the HOS percentage.

In most mammalian species, the testis is kept
approximately 4-5°C below body temperature. It is
well established that cryptorchidism induced by
surgery resultsindisruption of spermatogenesis(Liu
et a., 2012; Bargawi et a., 2004). Cryptorchidism
inducescompletearrest of spermatogenesisby 2days
(Kumar et al., 2012) or 4 days (Bargawi et al., 2004)
of post operation. In cryptorchid rats, spermatogenic
arrest is associated with the formation of multinu-
clear giant cellsleading to large scale apoptosis and
elimination of germ cells from the seminiferous
epithelium. Subsequently, many largeand small giant
cells populate the affected tubules (Kumar et al.,
2012; Bargawi et al., 2004). It wasindicated that the
percentage of motile spermatozoastarted to decrease
not significantly 1 day after surgery; however, it
decreased significantly and reached to 50% of the
control group level onday 5 of post operation (Ren et
a., 2006). In the present study, the percentages of
FPM were unchanged among groups until day 3;
however, there was a drastic reduction in the
spermatozoashowing progressive movement on day
7.However, themost surprising findinginthecurrent
study was the beneficial effects of ghrelin on sperm
kinematic parameter,to a point that it could signi-
ficantly elevatethe sperm motility in CrG animalson
day 7. Infact, it seems that the improvement in the
functional membrane integrity (HOS reaction) on 7
days after ghrelin administration resulted in the
greater sperm motility at this point. This action of
ghrelinisprobably mediated through its antioxidant
properties. We have demonstrated that ghrelin signi-
ficantly increases antioxidant enzyme activities and
reduces MDA level, aslipid peroxidation marker, in
the rat normal testis (Kheradmand et al., 2009a).
Likewise, very recently, we have shown that ghrelin
acts as a suppressor of testicular histopathological
damage following experimentally induced cryptor-
chidismintherat (Kheradmand et al ., 2014).

The sperm concentration was another parameter
that was investigated in our study. It was shown that
testicular sperm count beginstodeclinerapidly at day
7 after cryptorchidism induction (Bargawi et al.,
2004). Abdominal temperaturecaused amarked drop
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in the number of spermatozoain both CrSand CrG
groups on day 7. However, ghrelin was not able to
enhance sperm concentration prominently. The
action of ghrelin upon testicular stem cell factor
(SCF) mRNA expression may haveimplications not
only in Leydig cell proliferation, but aso in the
control of spermatogenesi s. SCF hasbeen pointed out
as the magjor paracrine stimulator of germ cell
development, and it also actsas a survival factor for
spermatogonia, spermatocytesand spermatidsin the
adult rat seminiferousepithelium (Budak etal ., 2006;
Hakovitra et al., 1999). In this sense, intratesticul ar
injection of ghrelin (15 pg for 2 day) in adult rats
inhibited expression of the gene encoding stem cell
factor (SCF), a key signal in spermatogenesis and
putative regulator of Leydig cell development. Thus
itwaslogical for ghrelinnot to be ableto alter sperm
count remarkably. A similar result was also obtained
inour earlier reportinwhichthe sperm concentration
was unchanged during ghrelin therapy in the normal
healthy rats (Kheradmand et al., 2009b).

In conclusion, this study indicated the ghrelin
efficacy inimprovement of rat spermquality, forward
progressive movement and functional membrane
integrity, following exposureto abdominal tempera-
ture induced by experimental cryptorchidism. This
may have potential implication that ghrelin could be
used as a promising agent for spermatogenesis
recovery inthe heat-inducedinfertility.
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