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Effect of Ginger and L-Carnitine on the
Reproductive Performance of Male Rats

Ismail I. Abo-Ghanema, El-Nasharty M.A., El-FarlA., and Hanan A.Ghonium

Abstract—In this study, we investigated the effects of ginaed
L-carnitine on the reproductive performance of nrals with respect
to semen parameters, male sex hormones and theulast
antioxidant system. A total of sixty mature maléimb rats were
divided into four groups of fifteen rats. The camtgroup received
saline, whereas the other three groups receivepegifl00mg kg™ d°
'), L-carnitine (150mg kg™ d™.) or a combination of both ginger
(100 mg kg™ d™.) and L-carnitine (150ng kg d™.) via a stomach
tube daily for one month. At the end of the treattrgeriod, the rats
were sacrificed, and their sperm characteristicsirft, motility and
viability), antioxidant enzyme factors levels (redd glutathione,
catalase, superoxide dismutase and total antiokizigpacity) and sex
hormone levels (testosterone, Follicle stimulatiegmone(FSH) and
luteinizing hormone (LH) were analysed. Our ressliswed that the
three experimental treatments improved sperm pdexse
antioxidant enzyme activity and testosterone hoentevels; the
most pronounced positive effects were observechéngroup that
received a combination of both ginger and L-caneitiTherefore, the
administration of a combination of ginger and Lridne may be
beneficial for improving male sexual performance.
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|. INTRODUCTION

HE use of ginger (Zingiber officinale Roscoe), ancyv

specifically its medicinally active rhizome, hasirgal
popularity among modern physicians in recent y¢afsThe
pharmacological effects of ginger and its fresh afied
rhizome, including its anti-platelet, antioxidarinti-tumour,
anti-rhinoviral, anti-hepatotoxic and anti-arthritiactivities,
have been demonstrated [2]. Ginger extracts hase laden
reported to have a potent androgenic activity itermats [3]
L-carnitine is a conditionally essential amino attidt plays
an important role as a cofactor in cellular engygyduction in
the mitochondrial matrix. L-carnitine aids in tharnsport of
activated acyl groups across
membrane, and it is needed for the oxidation ofjiohain
fatty acids in the mitochondria of all cells [4].
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L-carnitine exhibits a wide range of biological isittes
including anti-inflammatory [5], cardioprotective 6][
gastroprotective [7], antiapoptotic and neuropritec
properties [8].

In several experimental and clinical studies onugso of
patients with idiopathic oligoasthenospermia, thetalt
carnitine level in their seminal plasma was fouadbe low,
and oral L-carnitine supplementation resulted irprioved
sperm motility [9].

Il. MATERIALS AND METHODS

A. Experimental Animals

A total of sixty apparently healthy adult male albirats that
initially weighed approximately 85 g were used liiststudy.
The animals were purchased from a laboratory anfawiity
in Tanta, Egypt, and were housed at the Departnoént
Physiology in the Faculty of Veterinary Medicine at
Damanhour University. The rats were acclimatised doe
week. They were kept in cages with five rats pegecan a
controlled environment that was maintained unddr2shour
light/dark cycle, a temperature of 24°C (x3°C) &@70%
umidity. The rats were supplied with a standaret dind
ater ad-libitum.

B. Plants andChemicals:

1. Ginger

Ginger was purchased from MEPACO-MEDIFOOD, which
is an Arab company that supplies pharmaceuticald an
medicinal plants (Enshas, Sharkey, Egypt), in tmenfof 30
tablets that each contained 400 mg of ginger (fioevder).
The ginger was dissolved in a physiological satiokitionand
was orally administered each day via a stomach atitzedose

the mitochondrial rinne@f 100 mg/kg body weight [10].

2. L-Carnitine

L-Carnitine was also purchased from MEPACO-
MEDIFOOD in the form of syrup (300 mg/ml L-carnign
The L-carnitine syrup was diluted in a physiologisaline
solution and was orally administrated each dayavitomach
tube at a dose of 150 mg/kg body weight [11].

C. Preparation of Ginger and L-carnitine Solutions
All rats were weighed once per week to calculate th
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determine the required amount of ginger or L-caraiand the
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volume of saline solution. The doses were then gmeap
according to the following procedures.

1. Ginger

A ginger tablet was ground in a porcelain mortad an

dissolved in the appropriate volume of saline tdawbthe
calculated dose.

2. L-Carnitine
The required volume of L-carnitine was diluted imet
appropriate volume of saline to obtain the cal@datose.

D. Experimental Design

A total of sixty rats were designated into four gpe (15
rats each). The control group received saline, gdeerthe
other three groups received ginger (100 mg/kg/ddy),
carnitine (150 mg/kg/day) or a combination of bafimger
(100 mg/kg/day) and L-carnitine (150 mg/kg/day)lylaia a
stomach tube for one month. All rats were sacrifiaethe end
of the treatment period.

E. Blood Sampling

Immediately after sacrificing, the blood from eamhimal
was collected into a clean centrifuge tube. Thetlwas left
to coagulate and was then centrifuged at 3000 rpm360
minutes to separate the serum. The separated seaarstored

prepared and stained by hematoxylin and eosin ataiarding
to [20].

J. Satistical Analyses

The data were analysed using an analysis of varianc

(ANOVA) with the general linear model proceduretlod SAS
program [19].

Ill. RESULTS

As shown in Table I, the average testis weight elzsed in
all experimental groups, including the ginger-tegbgroup, L-
carnitine-treated group and ginger + L-carnitireated group,
compared with the control group; however, this dase was
not statistically significant. There was a highligrsficant
increase (p<0.01) in the gonadosomatic index of
experimental groups (without significant differeadeetween
these groups) compared with the control group. dditaon,
the results shown in Table | indicate that the spepunts
increased in all experimental groups relative te tontrol
group, although this increase was not statisticsiyificant.
However, there were highly significant increases0Q(p1) in
sperm motility and viability in all treated groug®ithout
significant differences between these groups) coetbavith
the control group. As shown in Table IlI, the admstirdtion of
ginger and L-carnitine, either separately or in baration, for

at -20°C for subsequent biochemical and hormonal analys€§€ month increased the TAC in these groups cordpaith

(i.e., total antioxidant capacity [TAC], testosteep follicle-
stimulating hormone [FSH] and luteinising hormoneH]).
The circulating levels of testosterone, FSH and wdre
determined using radioimmunoassay kits supplied Lap
Service Co. (Egypt) according to the method of [TAC was
determined according to [13].

F. Determination of the Gonadosomatic Index

the control group; however, these differences wer
statistically significant. Catalase enzyme activitcreased
after the administration of ginger and L-carnitineither
separately or in combination, for one month, altitouhese
differences were not statistically significant. Hoxer, after
one month of treatment, there was a significantreiase
(p<0.05) in the level of reduced glutathione in thearnitine-
treated group; to a lesser extent, the gingeredegtoup and

The body weight of each rat was determined immebjiat the combination group also showed significant iases
before sacrificing. After sacrifice and dissectidhe testes (yjithout significant differences between the twougps).

were removed, and individual testes were weighed 10 The gadministration of ginger, L-carnitine or a conation

determine the gonadosomatic index:

G. Tissue Sampling for Biochemical Analysis
Immediately after weighing the genitalia, each isestas
homogenised for the biochemical analysis of antiamt
enzymes, including superoxide dismutase, reducat@tione
and catalase. Superoxide dismutase activity wasrmeted
according to [14], the reduced glutathione

level swa’

of ginger and L-carnitine for one month resultedairighly
significant increase (p<0.01) in the activity lewélsuperoxide
dismutase in these groups compared with the cogtoaip.

As shown in Table Ill, the levels of FSH and testosne
increased in all treated groups relative to thetrobrgroup,
whereas LH levels increased in the ginger-treatedig and
decreased in the L-carnitine-treated group and auetibn

determined according to the method of [15] and laaea 9roup compared with the control group; however, enai

activity was determined according to [16], [17].

H. Semen Analysis

Immediately after weighing the genitalia, one egbydnis
from each rat was used to assess sperm motiliyntcand
viability according to [18].

I. Histological Examinations
Samples from the testes of the four groups weregased

histologically for paraffin sections. 5-pim sections were

these differences were statistically significantchse of male
rat treated with a combination of ginger and L-d&wa daily
for one month the lumen of the seminiferous tubsleswed a

all

great increase in the number of spermatozoa (FB) 1

compared to that observed in control group (Fig). Mhile

those treated with ginger only showed a signifigaotease in
the luminal spermatozoa (Fig. 2A) the testis ofenal treated
with L-carnitine only there was a moderate increasehe

number of spermatozoa (Fig. 2B) although lower it was
observed in case of treating with ginger only.
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TABLE |
EFFECTS OFGINGER, L-CARNITINE AND THEIR COMBINATION ON THE AVERAGE TESTISWEIGHT(G), GONADOSOMATIC INDEX(%), SPERM COUNT(10%/ML ), SPERM
MOTILITY (%) AND SPERM VIABILITY (%)

Parameter Control Ginger L-Carnitine Ginger + L-Carnitine
Testis weight 1.2440.2 1.09+0.26 1.11+0.14 1.170.12
Gonadosomatic index 0.58+0.07° 0.73+0.07* 0.71+0.06" 0.73t0.11*
Sperm number x £0 34.25+18.01 57.5+14.29 56.25+15.01 59.33+24.09
Sperm motility 0.68+0.12° 0.88+0.14" 0.9+0.07* 0.88+0.06"
Sperm viability 0.78+0.08° 0.97+0.02"* 0.97+0.02* 0.93+0.06"

TABLE Il
EFFECTS OFGINGER< L-CARNITINE AND THEIR COMBINATION ON THE TOTAL ANTIOXIDANT (MILLIMOLES/L) CAPACITY, CATALASE ACTIVITY (U/MG ) REDUCED
GLUTATHIONE ACTIVITY (MG/MG PROTEIN AND SUPEROXIDASEDISMUTASE ACTIVITY (U/MG

Parameter Control Ginger L-Carnitine Ginger + L-Carnitine
Total antioxidant 1.540.1 3.16+1.89 5.89-2.34 5.61+2.24
capacity
Catalase 5.3940.6 8.2+0.73 8.8+0.47 6.29+0.59
Reduced glutathione 0.10+0.0P 0.15+0.0 0.18+0.03 0.13+0.02°
Superoxide dismutase 0.670.12° 2.4340.4% 2+0.68"° 1.21+0.07%¢
TABLE Ill
EFFECTS OFGINGER< L-CARNITINE AND THEIR COMBINATION ON MALE SEX HORMONESFSH,LH AND TESTOSTERONE
Parameter Control Ginger L-carnitine Ginger+ L-Carntine
FSH 0.11+0.06 0.25+0.26 0.12+0.04 0.18+0.14
LH 0.14+0.03 0.16+0.07 0.12+0.02 0.13+0.02
Testosterone 0.36+0.14 1.66+0.94 0.83+0.52 1.65+0.76

139



International Journal of Biological, Life and Agricultural Sciences
ISSN: 2415-6612
Vol:6, No:4, 2012

Means in Tables (L,ILIII) within the same row oar

different capital superscripts are highly signifidg (p<0.01)
different and those carry different small supegssriare
significantly (p< 0.05) different.

Fig. 1 representshe control group (A) the seminiferous tuulesdine
with seminiferous epithelium (SE) with spermato£8p) in their
lumen and interstitial cells (ISC) in between thémrat treated with
a combination of ginger and L-carnitine (B) the fu@mof
spermatozoa increase greatly

Fig. 2 represents the ginger treated group (Altminiferous tuules
lined with seminiferous epithelium (SE) with a sfgrant increase in
the number of spermatozoa (Sp) in their lumeniatadstitial cells
(ISC) in between them. In rat treated with L-can@tonly (B) the

number of spermatozoa increase moderately

IV. DISCUSSION

The medicinal use of ginger dates back to anci&imaand
India. Ginger and its constituents have been repotio
possess antiemetic, antithrombotic, antihepatofoanti-
inflammatory and cholagogic properties. Ginger alsas
antioxidative and androgenic activities. As an @tant,
ginger has a useful effect on treating spermatagiemisorder
and poor sperm function [10].

Concerning the effect of L-carnitine on male reprcttbn,
in several experimental and clinical studies onugeo of
infertile patients, the total L-carnitine level $s@minal plasma
was found to be low, and L-carnitine supplementatiesulted
in improved reproductive function [21], [22].

In our study, the daily administration of gingercarnitine
or a combination of both for one month decreasedatlerage
testis weight, as shown in Table I. In the gingeeted group,
the decrease in testis weight may be attributedth®e
antilipidemic and hypocholesterolemic effects afggr, which
results from the inhibition of cellular cholestesynthesis with
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the subsequent augmentation of LDL receptor agtiaind

elimination of LDL from the plasma [23], [24]. Inootrast,

other studies have reported that ginger eitherrfmadffect on
testis weight [3], [10] or led to an increase isti® weight [2],

[25]. In the L-carnitine-treated group, the deceeas the

average testis weight may have been due to thelipigemic

effect of L-carnitine [26], [27]. L-carnitine wasported to
increase the influx of fatty acids in the form alykarnitine

into the mitochondria for energy production witlsibsequent
reduction in substrate availability for the synibef

triglycerides in the liver. However, other studies/e reported
that L-carnitine had no effect on the averagegessight [27],

[28].

The decreased testis weights observed in the cetityin
group may be attributed to the synergistic effe€tginger and
L-carnitine on testis weight.

In our study, as is shown in Table I, the gonadaam
index (average testis weight relative to the bodgigim)
increased significantly after the administration gifiger, L-
carnitine or a combination of both for one monttifedences
between the groups were not observed. This incremsebe
attributed to the fact that the antilipidemic
hypocholesterolemic effects of both treatments traye been
more effective in decreasing the body weights redato the
increased testis weights in these groups.

Our study showed that all treatments resulted aneiased
spermatozoa number, semen counts, motility andilitiatdin
the ginger-treated group, the observed increasesperm
count, motility and viability were in agreement hibther
published studies [23], [24], [25]. These studiesndnstrated
that ginger increases these sperm parameters maiygh
its antioxidant effect, which is reflected in timeieased levels
of antioxidant enzymes (i.e., catalase, superoxidenutase
and reduced glutathione) and the TAC, as well esuthh its
androgenic activity, which is indicated by an irased
testosterone level that promotes spermatogenicvigcti
However, other studies have reported that
administration had no effect on sperm count [129][

In the L-carnitine-treated group, our results adredth
those of other studies that showed an increasedpérm
parameters (sperm count, motility and viability)teaf the
administration of L-carnitine [30], [31], [32]. The studies
also reported that L-carnitine affects these sppamameters
mainly by increasing the activity of antioxidant zgmes,
which is reflected in the increased levels of caal
superoxide dismutase, reduced glutathione and TRt&se
increased levels of antioxidants lead to reducedldeof free
radicals available for lipid peroxidation. In ccadt, other
studies have reported that L-carnitine had no effecthese
sperm parameters [27].

In this study, the increased sperm count, motikiyd
viability found in the combination group, as shoinnTable |
and Fig. (1B), may have been due to a highly sysecgeffect
between ginger and L-carnitine.

[33] reported that a sophisticated antioxidant esysexists
in the testes, and the main role of this systenolires the
rapid conversion of superoxide anions to hydrogenoxide in
the presence of superoxide dismutase. This prasdésbowed
by the rapid elimination of hydrogen peroxide, nhaiby
glutathione peroxidase as well as catalase [38], [® prevent
the oxidative damage of lipids, proteins and DNA1 @e
other hand, [36] showed that glutathione-s-tramster
catalyses the conjugation of reduced glutathioselshydryl
group to electrophilic centres on various substateegemove
them from the cell; this process aids in the ddimedion of
lipids and the metabolism of xenobiotics. [37] rapd that
catalase is of limited importance in the testeswéler, there
are several isoforms of glutathione peroxidase e t
mitochondria, nucleus and acrosomal domain of @ifféating
spermatozoa that use reduced glutathione as a esaafrc
electrons to reduce hydrogen peroxide to water.

In our study, the administration of ginger, L-céme and a
combination of both substances increased the levklthe
antioxidant enzymes (i.e., catalase, reduced gliata¢ and
superoxide dismutase) and increased the TAC, awrshio

andable (2).

In the ginger-treated group, these results weezdordance
with other published studies [22], [38], [39] in izh ginger
was demonstrated to be a strong antioxidant. It®xddant
activity has been attributed to its major activeemdlic
ingredients (e.g., zingerone, gingerdiol, zingileregingerols
and shogaols). In addition, the administration ofggr has
been shown to improve oxidative stress by decrgalgd
peroxidation and protein oxidation as free radgmherating
sources and elevating the levels of enzymes imglican the
antioxidant defence system.

In the L-carnitine-treated group, as shown in tal2lg the
increase in the level of antioxidant enzymes waagreement
with other studies [11], [40]. The antioxidant effeof L-
carnitine may have been due to the role of L-camitn the

gingehelation of free Fé ions with a subsequent reduction in free

radical generation [41] or its ability to enhanceTRA
production, which improves the overall level andivdty of
antioxidant enzymes in the cell [42].

The increased level of testicular antioxidant enegrand
the higher TAC in the combination group may haverbe
caused by a synergistic effect of ginger and L-tian on
these enzymes.

In our study, the levels of FSH and LH increasedha
ginger-treated group, as shown in Table IlI; thésult is in
agreement with [39]. The primary hormonal contras
spermatogenesis involve the actions of FSH andstsbne
on Sertoli cells. FSH acts on Sertoli cells by @aging the
levels of cyclic adenosine monophosphate (cAMPYsth
increasing protein synthesis and estradiol prodoct{43].
However, a previous study reported that ginger aghtnation
had no effect on FSH and LH [10]. Ginger adminisbtraalso
increased the level of testosterone, as shown likeTd. This
result corroborates previous studies in which wstone
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levels were shown to increase after the administrabf

ginger [24], [25], [39]. Ginger was also found tosgess a
strong androgenic activity, which is reflected creased
testosterone levels. [44] reported that testosteisnequired
for the maintenance of spermatogenesis and théiiidm of

germ cell apoptosis.

In the L-carnitine-treated group, the levels of F&Hd
testosterone increased and the level of LH decdeaBkis
change in testosterone levels is consistent witbnts by [11]
and [45] in which testosterone levels increasederatft-
carnitine administration. The administration of aetdry
supplement containing acetyl-L-carnitine has beleows to
cause an increase in testosterone levels by inngeastric

oxide (NO) and cyclic guanosine monophosphate (clEMP

levels via enhanced acetylcholine levels. NO atgiwathe
release of luteinising hormone-releasing hormonklRH),
which reaches the pituitary and activates the seleaf
luteinising hormone (LH) via the activation of nallNO
synthase (NOS) in the pituitary gland. When cGMRelg are
elevated, it serves as an intermediate in the Biggaascade
that begins with LH binding and results in testomte
production and an increase in the phosphorylatibrthe
steroidogenic acute regulatory protein (StAR), gdig cell
cholesterol transfer protein that provides the ding blocks
for testosterone synthesis. In addition, LH worksthw
receptors located on the surface of Leydig cellsantrol the
production and secretion of testosterone. The spulese
binding of LH to its receptor allows signalling tlugh the
cAMP pathway via guanosine triphosphate bindingtgins.
Signal transduction occurs through the protein $énad
pathway, which ultimately causes the release dbsesrone
after 30-60 minutes of LH stimulation [46]. Howeyen
previous study reported that the inhibition of Litine
biosynthesis had no effect on testosterone levigl [4

The administration of a combination of both ginged L-
carnitine resulted in increased levels of FSH, thislincrease
may have been due to a synergistic effect of giraget L-
carnitine on FSH. On the other hand, the levelsLbif
decreased in this group, which may have been cdugdte
effect of L-carnitne on LH. The increased
testosterone in this group may have been the rexula
synergistic effect of ginger and L-carnitine orsthbrmone.

V. CONCLUSION

The daily oral administration of ginger at a do$el60
mg/kg, L-carnitine at a dose of 150 mg/kg or a cimation of
both ginger and L-carnitine for one month increaspdrm
parameters, testicular antioxidant enzyme and gtsione
hormone levels, with more pronounced positive é$féc the
group that received a combination of both ginged &n
carnitine. Therefore, this study suggests thaatheinistration
of a combination of ginger and L-carnitine may lendficial
for improving male sexual performance.
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