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Abstract

This study was conducted to evaluate the prophylactic effect of ginger extract on ethanol-induced reproductive toxicity in male
rats. Twenty-eight adult male Sprague-Dawley rats were randomly divided into 4 groups and treated daily for 28 days as follows:
control, control-ginger (I g/kg of body weight [BW]/day by gavage), ethanol group (ethanol 4 g/kg of BW/day by gavage), and
ginger-ethanol group. At the end of the experiment, all the rats were sacrificed and their testes were removed and used for
measurement of the total homocysteine (tHcy), trace elements, antioxidant enzymes activity, and malondialdehyde (MDA). The
results in the ethanol group indicate that ethanol decreased antioxidant enzymes activity and increased MDA and tHcy compared
with the control groups (P < .05). In ginger-ethanol group, ginger improved antioxidant enzymes activity and reduced tHcy and
MDA compared to ethanol group (P < .05). It can be concluded that ginger protects the ethanol-induced testicular damage

and improves the hormonal levels, trace elements, antioxidant enzymes activity, and decreases tHcy and MDA.

Keywords

Zingiber officinale Roscoe, ginger, oxidative stress, ethanol, testis, traditional medicine

Received July 23, 2016. Received revised November 5, 2016. Accepted for publication December 9, 2016.

Infertility is a major clinical problem in the realm of medicine
and psychiatry. About 5% to 15% of couples are infertile, and
the male factor is responsible for 50% of these causes.'™ Many
factors in men have been considered as potential causes, such as
trauma, obstructive lesions, varicocele, cryptorchidism, cystic
fibrosis, infections, and tumors; and an important cause has been
identified—oxidative stress.’> Oxidative stress is a result of a
discrepancy between the production of reactive oxygen species
(ROS) and antioxidant defense mechanism. Oxidative stress
affects the male fertility in many ways such as lipid peroxida-
tion,* crosslinking and inactivation of proteins,® fragmentation
of DNA,’ and impairment of sperm motility.® Lifestyle stressors
such as casting, welding, bakery, driving and lifestyle factors,
such as cigarette smoking and excessive alcohol consumption,
are known to affect the levels of free radicals and oxidative
stress.! Oxidative stress and ROS-mediated toxicity are consid-
ered as the main etiological origins of alcohol-induced ultra-
structural changes in the reproductive system. The role of
alcohol in the etiology of reproductive pathology has been
debated for several decades.®’ The effect of alcohol

consumption on the male fertility has been of great concern,
because its abuse impairs the reproductive function and sexual
behavior.® Consumption of alcohol has been popular in many
societies and it seems to continue to be so in the future. Accord-
ing to the World Health Organization,” alcohol consumption
represents the third largest risk factor for disease burden in
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high-income countries, just after smoking and hypertension.
Studies showed that both chronic and acute consumption of
alcohol cause fertility disturbances such as decreased sperm
count, low sperm motility, reduced serum testosterone level,
atrophy, and irregularity in the diameter of the seminiferous
tubules of the testes in human and animal models.®”' There
are several studies showing that excessive alcohol consumption
is associated with a decrease in the percentage of normal sperm,
semen production, and sperm quality®!" while better sperm mor-
phology in those who drink moderately has been observed.'*

Today people tend to use complementary and alternative
medicine,'® especially herbal drugs, because of fewer side
effects and in some cases lower cost.'*'> Plants are very useful
in curing many diseases and for hygiene via producing second-
ary metabolites like proteins, alkaloids, steroids, flavonoids,
and phenolic compounds.'®!”

Medicinal plants have attracted the attentions due to the
inherent antioxidant potential of the phytochemicals that
reduce the free-radical induced oxidative damage. Consump-
tion of plants parts that have high amounts of total phenolic and
antioxidant compounds is important in protecting against oxi-
dative damage.

Ginger (Zingiber officinale Roscoe) contains flavonoids and
polyphenolic constituents that have antioxidant,'® anti-inflam-
matory,'? antidiabetic and hypolipidemic properties,?® and
anti-carcinogenic activity.”'? The antioxidant activity of
ginger has been attributed to its major ingredients, namely
zingerone, gingerdiol, zingiberene, gingerols, and shogoals (23).
Ginger-free phenolic and also ginger hydrolyzed phenolic
fractions of ginger extract exhibited free radical scavenging
properties and also demonstrated inhibition of lipid peroxida-
tion, protection of DNA and reduction of power abilities,
indicating strong antioxidant properties.?>** Also, ginger
rhizome can inhibit nuclear factor-kB (NF-kB) activation
induced by a variety of agents,>>*® and has been shown to
downregulate NF-kB regulated gene products involved in
cellular proliferation and angiogenesis, including interleukin-8
(IL-8)?” and angiogenesis®® Ginger extract has a potential
remedy against cardiovascular disease® and also improves the
testicular function.*®*! It is reported that oral administration of
ginger extract significantly increased the number, viability, and
motility of the sperms and also serum total testosterones in rats.
Ginger rhizome was found to overcome reproductive toxicity
of cyclophosphamide®? and gentamicin.>®

Ginger has been traditionally used as a male reproductive
organs enhancer through the world for a long time.>*>> As a hot
remedy, ginger has been mentioned in traditional Persian med-
icine resources such as Avicenna’s (980-1037 AD)*° Canon of
Medicine and The Storehouse of Medicaments (written in 1772
AD)*” by Aghili Shirazi***° to increase sexual energy, semen
volume, and ejections.*>*! It is also popular among western
Ugandans to take ginger in tea for impotence.*? Its use as
moxibustion is known in traditional Chinese medicine for the
same indication.*® In contrast to ginger, excessive alcohol con-
sumption is known to decrease the semen production and sex-
ual desire according to traditional Persian medicine.** The

present study was designed to evaluate the protective effects
of Zingiber officinale Roscoe extract against ethanol-induced
reproductive toxicity in male rats.

Materials and Methods
Plant Material and Extraction

The fresh ginger rhizome was purchased from herbal market, Shiraz,
Iran. Identification was made by the herbalist of Shiraz University
of Medical Sciences and a voucher specimen was deposited in the
university herbarium (voucher number: PM-948). The ginger was
dried and powdered in the air temperature. Two hundred and fifty
grams of dried powder of ginger was moved to a sterile Erlenmeyer
flask and ethyl alcohol was added until the mix turned into a sus-
pension. It was shaken by a shaker for 48 hours and then the solution
was filtered using filter paper. The obtained liquid was heated in
oven at 40°C to evaporate the alcohol. The residual was extracted.
By adding definite amounts of corn oil, the dose of the extract was
prepared for oral administration.

Phytochemical Analysis

Determination of Total Phenolic Content. The total phenolic content
(TPC) of the plant extract was evaluated according to the modified
Folin-Ciocalteu spectrophotometric method described previously by
Waterhouse.*>**® The method involves the reduction of Folin-
Ciocalteau reagent by phenolic compounds. An aliquot of 40 pL
solution of the extract was added to 3.16 mL water and 200 pL
Folin-Ciocalteure agents. The mixture was mixed well for 8 minutes.
To this solution, 600 pL of a 0.25% sodium carbonate solution was
added. The above solution was further incubated at room tempera-
ture for 2 hours in the dark and its absorbance was measured at
765 nm against the blank using an ultraviolet-visible spectrophot-
ometer. The same procedure was repeated for the standard solution
of gallic acid and the calibration standard curve was construed. The
measurement was compared to a standard curve prepared with gallic
acid solution. The concentration of the total phenols was expressed
as milligrams of gallic acid equivalents per gram of dry extract
(mg of GAE/g of dE).*’

The TPC in the 80% hydroethanolic extract was calculated from
equation of calibration curve and it was 89.84 as mg GAE/g dE.

Total Antioxidant Activity Assay. 2,2-Diphenyl-1-picrylhydrazyl
(DPPH) is a stable free radical that accepts an electron or hydrogen
radical and converts into yellow-colored diphenylpicyl hydrazine.
The reduction capacity of DPPH is estimated by the decrease in the
absorbance at 517 nm induced by antioxidants. DPPH scavenging
activity was measured by the spectrophotometric method. A solution
of DPPH (0.3 mM) in methanol was prepared freshly. Three-milliliter
aliquot of this solution was mixed with 0.1 mL of the samples. The
solution in the test tubes was shaken well and incubated in the dark for
30 minutes at room temperature. The absorbance was measured at 517
nm against methanol as blank. Control tube containing 1.0 mL metha-
nol and 3.0 mL DPPH reagent was also measured for absorbance.*®

Animal Ethics

This experiment was performed under the approval of the state com-
mittee on animal ethics, Shiraz University, Shiraz, Iran. Also, the
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recommendations of European Council Directive (86/609/EC) of
November 24, 1986, regarding the standards in the protection of
animals used for experimental purposes were followed.

Animals

Twenty-four adult male Sprague-Dawley rats (220 + 15 g) colony-
bred in the Animal House Center, Iran, were housed (6 rats per cage)
in the animal room under controlled lighting (12-hour light:12-hour
darkness) and temperature (20°C + 2°C) conditions and had free
access to laboratory food and tap water. All the experimental
procedures were carried out between 09:00 am and 09:15 am.

Experimental Design and Protocol

The effect of ethanol on the oxidative stress biomarkers, trace ele-
ments, and hormonal levels in the testes of male rat and the role of
ginger extract were studied by dividing the animals into four groups,
each cage included 6 animals and were treated orally as follows:

Group I: Control rats or vehicle group, which was assigned to
receive 2 mL/d of corn oil as vehicle by oral administration.
Group II: Ethanol group was assigned to receive ethanol (4 g/kg of
body weight [BW]/d) by oral administration.

Group III: Ginger group was given ginger rhizome extract (1 g/kg of
BW/d) by oral administration.

Group IV: As the ginger-ethanol group, this group received ginger
(1 g/kg of BW/d) by oral administration before administration of
ethanol (4 g/kg of BW/d).

The extract and the vehicle were orally administered
between the 09:00 am and 09:15 am daily for 28 days. Alcohol
(ethanol 96%) was purchased from Razi Chemical Company
(Tehran, Iran).

Sampling and Tissue and Blood Preparation
for Biochemical Assay

On the final day of experiment, the animals of all groups were sacri-
ficed under ether anesthesia, by whole blood collection through heart
puncture. Blood samples were drawn into blood-collecting tubes.
After blood clotting, the sera were collected and stored at —20°C until
analysis. The left testis was quickly removed and carefully dissected
from the surrounding fat and tissue and immediately rinsed in ice
saline. It was rapidly homogenized manually in cold phosphate buffer
(pH 7.4), and the debris was removed by centrifugation at 3000 x g for
10 minutes. The upper clear supernatants were then recovered and
stored at —70°C for later enzymes activity and protein assays.

Biochemical Analysis

Measurement of Superoxide Dismutase Activity. Total superoxide
dismutase (SOD) activity was evaluated with SOD detection kit
(RANSOD kit produced by RANDOX Company, Northern Ireland
Antrim, UK) according to the manufacturer’s instructions. The role
of SOD is to accelerate the dismutation of the toxic superoxide pro-
duced during oxidative energy processes to hydrogen peroxide and
molecular oxygen. This method employs xanthine and xanthine oxi-
dase to generate superoxide radicals which react with 2-(4-iodophe-
nyl)-3-(4- nitrophenol)-5-phenyltetrazolium chloride (INT) to form a

red formazan dye. The SOD activity is then measured by the degree of
inhibition of this reaction. One unit of SOD causes 50% inhibition in
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 milligram of tissue protein (U/mg protein).

Measurement of Glutathione Peroxidase (GPx) Activity. The activity
of glutathione peroxidase (GPx) was evaluated with GPx detection kit
(RANSEL kit; RANDOX Company) according to the manufacturer’s
instructions. GPx catalyzes the oxidation of glutathione (GSH) by
cumene hydroperoxide. In the presence of glutathione reductase and
NADPH, the oxidized glutathione is immediately converted into the
reduced form with aconcomitant oxidation of NADPH to NADP™.
The decrease in absorbance at 340 nm against blank was measured
spectrophotometrically. One unit (U) of GPx activity was defined as
the amount of enzyme that converts 1 mmol of NADPH into NADP™
per minute. The GPx activity was expressed as the unit per milligram
of tissue protein (U/mg protein).

Measurement of Catalase Activity. Tissue catalase (CAT) activity
was assayed spectrophotometrically by monitoring the decomposition
of H,0, using the procedure proposed by Aebi.*’ Briefly, 0.5 mL of
30 mmol/L H,O, solution in 50 mmol/L phosphate buffer (pH 7.0),
1 mL of 1:10 diluted testis supernatant, was added and the consumption
of H,O, was followed spectrophotometrically at 240 nm for 2 minutes
at 25°C. The molar extinction coefficient was 43.6 L/mol per cm for
H,0,. CAT activity was expressed as the unit that is defined as mmol
H,0, consumed/min per mg tissue protein.

Measurement of Lipid Peroxidation. To evaluate lipid peroxidation in
the testis, we used a modified high-performance liquid chromatography
(HPLC) method, which is based on the reaction of malondialdehyde
(MDA) with thiobarbituric acid (TBA) to form a colored MDA-TBA
adduct.>® Briefly, 0.5 mL testis supernatant was added to 2 mL TBA
reagent containing 0.375% TBA, 15% trichloroacetic acid, and
0.25 mol/L HCI; the mixture was immediately heated (60 minutes at
958°C) and cooled with running water and thereafter butanol-pyridine
(15:1, v/v) (1 mL) was added and the final volume was adjusted to
2 mL with distilled water. After vigorous mixing, the organic layer
was separated by centrifugation (16 000 x g, 3 minutes, at room
temperature). The supernatant was analyzed on an ultraviolet-visible
spectrophotometer fitted with an 80-mL flow cell.’! The absorbance
was measured at 532 nm (the mobile phase consisted of 300 mL/L
methanol in 50 mM KH,PO,, pH 7.0). 1,1,3,3-Tetracthoxypropane
was used as the standard, and MDA-TBA reactive substances values
were expressed as nanomoles per milligram of tissue protein
(nmol/mg protein). The HPLC system consisted of a solvent delivery
pump (980-PU, Jasco, Tokyo, Japan), a reversed-phase column (Luna
C18, 250 mm X 4.6 mm; Phenomenex, Torrance, CA, USA), and an
ultraviolet-visible detector (UV-975, Jasco) operating at 532 nm.

Protein Content. The total protein concentration of tissue homoge-
nates was determined according to Lowry et al.>

Measurement of Total Homocysteine Concentration. Total homocys-
teine (tHcy) of the testis serum, which refers to the sum of protein-
bound, free-oxidized and reduced species of homocysteine, was deter-
mined by the Axis Homocysteine EIA kit. The sample volume used
was 25 pL. Absorbance was measured at a wavelength of 450 nm
using an enzyme-linked immunosorbent assay (ELISA) reader (STAT
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Table I. The Mean + Standard Error of the Mean for Body Weight (g) in Different Groups.*

Group
Day Control Ginger Ethanol Ginger + Ethanol
Day 0 260.57 + 7.14" 265.77 + 4.60°* 262.17 + 3.16" 274.17 + 436
Day 7 278.73 + 7.284 273.48 + 4.67*4 248.34 + 3.37*4 254.33 + 4.42°A
Day 14 286.47 + 7.59°°* 283.23 + 4.58°° 232.73 + 3.16™B 264.33 + 4.2°4
Day 21 296.80 + 7.79°4 299.91 + 6.80°4 216.87 + 3.11° 271.89 + 4214
Day 28 32117 + 7.614 32627 + 6.74A 199.79 + 2.99°%® 279.25 + 3.90°¢

*Different uppercase letters show significant differences between groups. Different lowercase letters show significant differences between days of evaluation

(P < .05).

FAX 2100, USA). All estimations were performed in duplicate and the
intra-assay coefficient of variation was <10%.

Measurement of Trace Elements. Serum trace elements were mea-
sured by atomic absorption spectrophotometry (ShimadzuAA-670,
Kyoto, Japan). One milliliter of the serum was mixed with the same
volume of a solution of hydrochloric acid and nitric acid and digested
at 80°C in a water bath for 16 hours. The samples were then diluted
with deionized water to 1 mL. Working standard solutions of Zn, Mg,
Cu, and Fe were prepared by dilution of 1000 ppm certified standard
solutions (Merck; Darmstadt, Germany).

Hormonal Measurements. The serum levels of total testosterone, sex
hormone-binding globulin (SHBG), and dehydroepiandrosterone sul-
fate (DHEAs) were measured using commercially available ELISA
kits according to the manufacturer’s instructions.

Statistical Analysis

The results were expressed as means + standard error of the mean
(mean + SEM). All data were recorded with the Statistical Package
for Social Sciences (SPSS 16.0). The variables for between groups
comparison were analyzed using 1-way analysis of variance
(ANOVA). Where a significant difference was found with ANOVA,
the source of difference was located followed by post hoc multiple
comparisons Tukey test for comparison. Statistical significance was
set at P < .05.

Results

In this study, the antioxidant capacity of hydroalcoholic
extract of Zingiber officinale Roscoe (ginger) was evalu-
ated. The DPPH inhibition of the sample was expressed
as the percentage of inhibition. Hydroethanolic extract of
ginger roscoe possessed the reasonable DPPH scavenging
activity (ICso = 75.0% + 1.41% mg/mL inhibition of the
DPPH radical). The antioxidant activity of the hydroethano-
lic extract of ginger roscoe could be due to the presence of a
wide variety of bioactive compounds, such as phenolics,
flavonoids, carotenoids, and tannins in this plant. The poten-
tial medicinal use of ginger extract is supported by the
presence of the aforementioned antioxidants and polypheno-
lic compounds. This study indicates that ginger is one of the
most effective plants in terms of antioxidant properties and

Table 2. The Mean + Standard Error of the Mean for Testes

Weight (g) in Different Groups at the End of Treated Period.*

Group

Ginger +

Control Ginger Ethanol Ethanol

Day28 1.37 + 0.06* 1.42 + 0.07* 0.78 + 0.04° 1.32 + 0.09°

*Different lowercase letters show significant difference between groups
(P < .05).

can serve as natural sources to the free radical scavengers
and antioxidant agents.

The mean values (+ SEM) of body weight and testicular
weight are presented in Tables 1 and 2. Administration of
ethanol significantly decreased the body weight in the etha-
nol group compared with the control group, while admini-
strated ginger raised its weight to the normal level in the
ginger-ethanol group (P < .05) (Table 1). Administration of
ethanol also significantly decreased the testicular weight in
the ethanol group compared with other groups, while admin-
istration of ginger in the ginger-ethanol group could signifi-
cantly increase the testicular weight and bring it to the
normal level with no significant difference compared with
the control group (P > .05) (Table 2).

The mean values (+ SEM) of GPx, SOD, CAT, MDA activ-
ity, and tHcy level in the rat testes are presented in Figure 1.
Administration of ethanol significantly decreased the activity
of SOD in ethanol group compared with other groups, while
administration of ginger in the ginger-ethanol group could sig-
nificantly increase the activity of this enzyme and bring it to the
normal level with no significant difference compared with the
control group (P > .05) (Figure 1A). Consumption of ethanol
also in the ethanol group significantly decreased the activity of
GPx compared with control group and administrated ginger
raised its activity to the normal level in the ginger-ethanol
group (Figure 1B). CAT activity was significantly lower in the
ethanol group compared with the other groups (Figure 1C) and
pretreatment by ginger in the ginger-ethanol group could have
prevented this effect. Moreover, consumption of ethanol in the
ethanol group significantly increased lipid peroxidation prod-
ucts (MDA) and tHcy concentration as compared with the
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Figure |. Comparison of superoxide dismutase (SOD) (A), glutathione peroxidase (GPx) (B), catalase (CAT) (C), and malondialdehyde (MDA)
(D) activity and total homocysteine (tHcy) (E) among the control and treated rats (n = 6). Values represent mean + standard error of the mean
of enzyme activity (U/mg protein of testes tissue). Asterisk show significant difference with other groups (P < .05).

Table 3. The Mean + Standard Error of the Mean for Zinc, Copper, Iron, and Magnesium (ug/g) in Different Groups.*

Group
Element Control Ginger Ethanol Ginger + Ethanol
Zn 131.54 + 20.26° 71.94 + 1821° 90.45 + 18.46° 77.647 + 17.31°
Mg 2.866 + 0.13* 240 + 0.27° 2.52 + 0.15° 2.75 + 0.25%
Fe 640.86 + 20.37° 860.87 + 20.6° 584 + 21.61° 973 + 16.41¢
Cu 16.54 + 0.92° 1553 + 0.4° 13.09 + 0.31° 14.69 + 0.53¢
*Different lowercase letters show significant difference between groups (P < .05).
control group, while pretreatment of rats with ginger sup- . .

sroup P S8 P" Discussion

pressed the MDA and tHcy concentrations significantly in the

ginger-ethanol group (Figure 1D and E). The findings of the present study show the significant changes
The mean values (+ SEM) of trace elements (Zn, Mg, Fe, in the testicular weight of the test group following ethanol

and Cu) and hormonal levels (total testosterone, SHBG, and consumption, which is in agreement with other previous

DHEAs) are presented in Tables 3 and 4, respectively. Admin-  reports.'®>* In the treated group, administration of ginger could

istration of ethanol significantly decreased the total testoster- significantly increase the testicular weight and bring it to

one, SHBG, and DHEAs level in the ethanol group compared normal level.

with the other group, while administration of ginger in the Both in vivo and in vitro studies indicated that ethanol

ginger-ethanol group could significantly increase the level of consumption causes changes of morphology and testicular

their values (P < .05) (Table 4). atrophy.'®3® Reduction of testicular weight and atrophy of
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Table 4. The Mean + Standard Error of the Mean for Total Testosterone, SHBG, and DHEAs (nmol/L) in Different Groups.*

Group
Control Ginger Ethanol Ginger + Ethanol
Total testosterone 343 + 0.22° 2242 + 0.11° 0.822 + 0.10° 2.0874 + 0.38°
SHBG .51 + 0.12° 1.445 + 0.08* 1.184 + 0.10° .44 + 0217
DHEAs 0.17 + 0.012* 0.169 + 0.018° 0.162 + 0.009° 0.167 + 0.016°

Abbreviations: SHBG, sex hormone-binding globulin; DHEAs, dehydroepiandrosterone sulfate.
*Different lowercase letters show significant difference between groups (P < .05).

seminiferous tubules leads to reduction in seminiferous testicular
diameter.”** One of the effects of ethanol consumption on the
testes is a change in the structure of the mitochondria.>® These
alterations within the mitochondria may promote both apoptotic
and necrotic cell death, which causes degeneration of the germ-
inal epithelium and interstitial cells. In addition, ROS promotes
the inappropriate activation of the mitochondrial permeability
transition, leading the cells to pro-apoptotic pathways.’® Hence,
ethanol-induced elevation of germ cell apoptosis together with
necrosis and suppression of cell proliferation may contribute to
testicular atrophy’ and decrease the testicular weight.

In our study, oral administration of ginger could signifi-
cantly increase the testicular weight and bring it to normal
level, which is in agreement with Morakinyo et al’® and
Mohammadi et al.*> Morakinyo et al’® reported that ginger in
sodium arsenite—induced reproductive toxicity protects against
the adverse change reproductive organ weight and the decrease
in sperm function. Khaki et al** reported that administration of
ginger significantly increased sperm percentage, viability, and
motility and serum total testosterones in rats. The results of
Mohammadi et al*? indicated that ginger extract could cause
a significant increase testosterone and the number of germ cells
and sertoli cells in seminiferous tubules. The increase sertoli
cells and testosterone might be reasons for the significant
improvement of testicular weight and spermatogenesis by gin-
ger extract.

The results of this study also indicated that indices of oxi-
dative stress and trace elements exchanged in test group com-
pared with the control group, which agrees with previous
reports.®1%226%1 Many processes and factors are involved in
causing alcohol-induced oxidative stress. Alcohol abuse asso-
ciated with mitochondrial damage and increased microsomal
proliferation.®? Alcohol metabolism results in the formation of
NADH, which enhances activity of the respiratory chain,
including heightened O, use and ROS formation.®® One of the
byproducts of alcohol metabolism, acetaldehyde, interacts with
proteins and lipids to form ROS. When acetaldehyde is oxi-
dized, it produces superoxide free radicals that are able to react
with hydrogen peroxide to form other types of free radicals,
such as hydroxyl radicals.®* Alcohol also induces hypoxia,
which is as a cause ROS production.® It is well known that
ROS reacts with major cell macromolecules, such as lipids,
proteins, and nucleic acids, and causes tissue injury. ROS are
scavenged by antioxidant enzymes (SOD, CAT, and GPx),
vitamins, and sulfhydryl group donors, including glutathione.’

SOD, CAT, and some enzymes contain metal ions as an
integral part of their active sites to battle against toxic effects
of metal-induced free radicals.®® The biochemistry and mole-
cular structure of 3 SOD isoforms found in different body
compartments have been characterized in humans. Cu/Zn-
SOD or SOD1 is found in the cytoplasm, whereas EC-SOD
or SOD3 is extracellular. The 2 isoforms use copper and zinc
as cofactors. Manganese and Fe*" are the cofactor for SOD2
and CAT, respectively, which are found in mitochondria and
cytosol.®>*¢ 0?7 formed within the mitochondrion rapidly
converted in the matrix compartment to H,O, by Mn-SOD,
or in the intermembrane space and the cytosol space by
ZnCu-SOD.%® In turn, H,0, is decomposed by catalase to
H,0 and O, or reduced to H,O by glutathione peroxidases and
by glutathione.®® Because trace elements are cofactors of anti-
oxidant enzymes; their deficiency may be associated with
increased oxidative stress and increased lipid peroxidation. In
agreement with our study, Dreosti and Pitman®’ reported that
cellular metabolism of ethanol could lead to the generation of
damaging superoxide and hydroxyl radicals; trace elements,
notably zinc, manganese, selenium, and copper, may function
protectively as free radical scavengers and as antioxidants.

Ginger contains high level of total phenolic and flavonoid,
responsible for its high antioxidant activities.'® Also, the anti-
oxidant activity of ginger was attributed to its major ingredients
namely zingerone, gingerdiol, zingiberene, gingerols, and
shogoals.?**°%¢? Siddaraju and Dharmesh®*® elucidated that
ginger-free phenolic and ginger-hydrolyzed phenolic fractions
of ginger exhibited free radical scavenging, inhibited lipid
peroxidation, DNA protection and reduced power abilities
indicating strong antioxidant properties.

In our study, ethanol consumption caused significant
increase in MDA and tHcy concentration in the test group, and
oral administration of ginger restored them to normal level in
treated group. Many studies have evaluated the association
between homocysteine and alcohol consumption.”®’! Previous
studies showed that short-term and chronic ethanol consump-
tion of alcohol impairs methionine synthetase activity and
decreases S-adenosylmethionine (SAM) levels and increases
S-adenosyl Hcy (SAH) levels, which indicate interference with
homocysteine remethylation.”"”>

It is assumed that hyperhomocysteinemia and oxidative
stress may play a role in development of alcoholic patients.”
Previous studies suggest that chronic ethanol consumption
increases homocysteine accumulation in hepatocyte and high
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level of homocysteine induces oxidative stress via thiolactone
formation and disrupts endothelium integrity.”*"’* However,
lack of folate causes methylation cycle impairment. Bleich
et al”> showed that ethanol decreases liver ability in folate
maintenance and storage.”> Bree et al’® also explained an
inverse relation between folate and Hcy level.

MDA is the byproduct of the major chain reactions leading
to the oxidation of polyunsaturated fatty acids, and thus serves
as a marker of oxidative stress—mediated lipid peroxidation.
Increased MDA level in spermatozoa leads to impaired sperm
function and decreased sperm motility.> Testis is more vulner-
able to oxidative damage than other organs due to its low anti-
oxidant capacity and it also has a high content of
polyunsaturated fatty acids, which are easy targets to oxidative
damage by free radicals due to the unsaturated bonds. Use of
ginger was reported to improve antioxidant enzymes activity
and lipid proxidation in testis.>*>%**”” Morakinyo et al*® sug-
gested that ginger extract (500 and 1000 mg/kg) doses have a
beneficial effect on male reproductive functions in rats. The
authors observed an increased epididymal sperm count, moti-
lity, viability, and testosterone and a decreased MDA level
after ginger intake.’® Morakinyo et al*® showed that ginger
enhances plasma reproductive hormones level, antioxidants
activities and lipid peroxidation in sodium arsenite—induced
reproductive toxicity in male rats. Mohammadi et al** indi-
cated that ginger treatment increased the level of antioxidants
in serum. Because a higher level of testosterone has been
recorded after ginger extract administration in several studies,
including Morakinyo et al,*> Khaki et al,** and Mohammadi
et al,>® positive effects of ginger on reproductive functions
might be a consequence of both its potent antioxidant proper-
ties and androgenic activities.

Conclusion

The findings of this study indicated that oral administration of
ginger can improve the body weight, trace element, tHcy and
indices of oxidative stress in ethanol-induced reproductive
toxicity in the rat testis. This finding is consistent with other
traditional use of ginger for controlling antioxidant enzymes
activity, although further investigation with longer period or
higher dose may show clearer feature of this finding. In this
study, ethanol-induced toxicity was conducted by gavage; it is
suggested that future studies use self-administration method.
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