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Abstract: Etoposide is an anticancer drug that belonging to topoisomerase II inhibitors, it used to treat various human
malignancies. Ginger (Zingiber officinale) is a medicinal plant belonging to the family Zingiberaceae. The present study
evaluated the possible protective potential of oral treatment of ginger oil (75&150 mg/kg body weight) three times
weekly for 21 days against the genotoxic effects of etoposide oral administration (1mg/kg body weight) three times
weekly for 21 days on bone marrow in male albino rat (Rattus norvegicus). Sixty adult male albino rats were used as the
following, 30 rats (5 for each group) were prepared for DNA, evaluated the oxidative status in liver tissue (they were
received the treatments for 21 days). The other 30 rats were used for chromosomal aberrations in bone marrow in
addition to mitotic index in bone marrow (they were received the treatments for 72 hours only). Animals treated with
etoposide showed DNA fragmentations on agarose gel electrophoresis and a significant increase in the percentage of
bone marrow total chromosomal aberrations (TCA: 183.3±2.7) with significant decrease (P<0.01) in mitotic index in
bone marrow (22.3± 2.25 ). Malondialdehyde and nitric oxide as indicators for oxidative stress showed an increase
(2.42 ±0.05, 24.25 ±0.41) respectively, in contrast superoxide dismutase, catalase and glutathione showed decrease
(P<0.01) with values (15.2 ±0.20, 5.42±0.31, 1.43±0.09) respectively, after etoposide treatment. While treatments with
ginger oil (either 75 or 150 mg/kg b. wt.) normalize the oxidative status in liver tissues. In conclusion, the results of the
present study indicated that ginger oil exerted a protective effect against genotoxicity and cytotoxicity induced by
etoposide that may be due to its antioxidant effects. Consequently, we recommended that ginger oil can be suggested to
be administrated as co-medicine in chemotherapeutic treatments of cancer.
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INTRODUCTION
Etoposide is a cytotoxic anticancer drug which
is generally used to treat human malignancy as
leukemia, lung cancer, testicular cancer, lymphocytic
and non lymphocytic cancer[1]. Etoposide is belonging
to topoisomerase inhibitor drug class that interferes with
the action of topoisomerase enzymes (topoisomerase I
and II). Topoisomerase enzymes control the
manipulation of the structure of DNA necessary for
replication, but etoposide caused cross-linking in DNA
double helix strands this lead to the strands unable to
uncoil and separate which is necessary in DNA
replication and inhibit DNA synthesis by forming
etoposide topoisomerase II DNA complex[1,2]. Also
treatment with etoposide was joined by numerous
symptoms such as bone marrow suppression, anemia,
leukopenia, neutropenia, low blood pressure, low
platelets counts, nausea, vomiting, fever, rash, hair loss,
acute myeloid leukemia and bleeding [3]. Steato
hepatitis is the more serious event, especially if
accompanied by an increase in bilirubin levels related to
administration of etoposide [4]. Treatment with
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etoposide induced fragmentation of centromeric DNA
in rats [5,6]. Mitotic index suppression and elevated
frequencies of centromeric hybridization signals and
chromosome fragmentation at centromeres were
recorded due to etoposide treatment [7]. Etoposide has
cytogenetic effect and increase the frequency
chromosomal abnormalities in peripheral blood
lymphocytes [8]. SCEs and chromosomal aberrations in
mouse bone marrow due to etoposide treatment [9,10].
Etoposide induced oxidative stress in hepatic tissue of
rats, were Glutathione, catalase and superoxide
dismutase levels were significantly decreased in
contrast nitric oxide and lipid peroxidation showed a
significant increase after treatment[11]. Etoposide
induced changes in Protein Content, decrease in liver
and kidney GSH levels of rat whereas, lipid
peroxidation showed significant increase compared to
control[12]. Etoposide caused hepatotoxicity in albino
rats after direct treatment by elevation of MDA and NO
in liver tissues as well as a decrease in GSH and the
activities of antioxidant enzymes, including SOD, CAT
in liver tissues [13]. Oxidative stress in non-small cell
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lung cancer patients after chemotherapy showed LPO
and NO were low, while GSH and SOD levels were
high compared to control [14,15]. Administration of
etoposide caused significantly higher kidney MDA and
NO levels and significantly lower kidney GSH, CAT
levels [16,17].
Etoposide induced mitochondrial
oxidative stress and increase in (ALT) and (AST). So it
caused hepatotoxicity [18].
Large numbers of plants are now used in
medicine and treatment of various diseases due to the
biological effects of these substances which have
antioxidant properties. Ginger (Zingibe officinale) is an
example of botanicals which play an important role in
pharmacology and treatment of various diseases [19].
Ginger improved the liver function and prevents
hepatotoxicity against lamotrigine [20]. It also has a
protective effect against carbon tetrachloride and
acetaminophen-induced hepatotoxicity in rats [21].
Ginger
has
antigenotoxic
effect
against
Benzo(a)pyrene induced DNA damage [22]. and
ameliorated the genotoxicity that induced by
carbimazole which increased the chromosomal
aberrations, DNA damage in albino rats [23]. Ginger
extract has protective effect against cyclophosphamide
which causes induction of chromosomal abnormalitis in
somatic cells of mice [24]. and it has anti-mutagenic
action against the anti-cancer drug Taxol genotoxicicty
[25].
Ginger has the antioxidant potential to
ameliorate lead-induced hepatic injury by increase of
superoxide dismutase (SOD), GSH activity [26,27].
Ginger
has antioxidant effect against Carbon
Tetrachloride induced- liver fibrosis in rats, it caused
decreased
malondialdhyde (MDA) content but
increased glutathione (GSH), superoxide dismutase
(SOD) and hydroxyproline in liver tissues [28,29].
Ginger extract improved ALT and AST activity,
reduced the level of malondialdehyde and increased the
activity of superoxide dismutase against adriamycininduced hepatotoxicity in albino rats [30]. Choline
deficient diet (CDE) induced the formation of liver
nodules in rats and ethionine induced rat
hepatocarcinogenesis in contrast treatment with ginger
showed reduced levels of SOD and MDA, increased
catalase activity [31,32]. DMBA induced genotoxicity
in albino rats and caused increase MDA, NO but
treatment with ginger lead to increase in MDA, NO and
increase in CAT, SOD, and GSH in liver [33]. Ginger
treatment exerts a therapeutic protective effect in
diabetes by decreasing oxidative stress, and hepatic and
renal damage [34]. Ginger has effect on hepatic
antioxidant enzymes system in rats treated with ethanol
which
induced
hepatotoxicity
by
decrease
malondialdehyde (MDA) levels in the hepatic tissue
[35,36]. The Protective effect of ginger extract against
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bromobenzene-induced hepatotoxicity in male rats is
cleared by decrease in the activities of MAD, NO [37].
MATERIAL AND METHODS
Materials
1Etoposide
(etopophos),
C29H32O13,
(4'Demethylepipodophyllotoxin9-[4,6-O-(R)-ethylidene-βD glucopyranosi- de], 4'-(dihydrogen phosphate) was
purchased from a local pharmacy.
2- Ginger oil (Zingiber officinale) belongs to family
Zingiberaceae. Ginger oil was obtained from Andalos
Import And Export Company.
Experimental animals:
Housing of the animal:
Healthy adult male albino rats (Rattus
norvegicus) weighting 130±10 g were obtained from
the Serum and Antigen Laboratories, Helwan, Egypt.
Animals were kept under constant condition of
temperature (25±2ºC) for at least two weeks before
and throughout the experimental work. They were
maintained on a stander rodent diet composed of 20%
casein, corn oil, 55% corn starch, 5% salt mixture and
5% vitaminized starch obtained from
Egyptian
Company for Oils and Soup Kafr- Elzayat, Egypt.
Water
was available ad libitum. The experimental
protocol and animal care ethics was approved by
Zoology Department, Faculty of Science, Menoufia
University.
Groups of animals under investigation:
In the present study 60 adult male albino rats
were equally divided in to 6 groups used as the
following: Group(1) animals were served as negative
control(untreated).Group(2) animals were treated orally
with etoposide (1mg/kg b. wt.) by stomach tube three
times weekly. Group(3) animals were orally given
(75mg/kg b. wt.) ginger oil three times weekly as low
dose. Group(4) animals were orally given (150mg/kg b.
wt.) ginger oil three times weekly as high dose.
Group(5), Group(6) simultaneously, animals were
orally given etoposide (1mg/kg b. wt.) and (75 and 150
mg/kg b. wt.) ginger oil respectively, three times
weekly.
Thirty rats (5 for each group) that were
prepared for DNA and oxidative status, received the
treatments for 21 days. While the other 30 rats (5 for
each
group) that were specified for chromosomal
aberrations and mitotic index in bone marrow,
received the treatments for only 72 hours.
Methods
Molecular investigations
Total genomic DNA extraction and apoptosis
detection.
Nucleic acid extraction was done according to
extraction method of [38] with some modifications had
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been introduced by [39]. in which the direct staining
of DNA sample was done. Apoptotic bands of DNA
fragmentation appeared and located at 180 bp and its
multiples 360, 540 and 720 bp against therteen bands of
DNA marker (100–3000 bp, Fermentas) [40]. The
intensity of released DNA fragments was measured by
image J software, as a mean of optical density values.
Cytogenetic investigation:
Chromosomal preparation in bone marrow:
The method was described by [41] Control and
treated animals were used for the evaluation of
chromosomal aberrations and mitotic index in bone
marrow[42].
Chromosomal aberrations in bone marrow:For each animal 100 metaphase spreads were
scored for chromosomal aberrations. Only cells with
well spread chromosomes were selected for scoring.
Slides were examined at (×1000) magnification by light
microscope (Olympus BX41, Japan) and the
representative photos were captured using digital
camera.
Mitotic index in bone marrow
The same slides of chromosomal aberrations
were used to evaluate the mitotic index in bone marrow.
For mitotic examination, 500 cells of each animal were
examined at (×200) magnification by light microscope
(Olympus BX41, Japan). And the representative photos
were captured using digital camera. Cells were
classified according to their division to resting cells
(non-dividing cells), prophase and metaphase. The
percentage of metaphase was calculated according to
this equation.
Mitotic index (%) = (metaphase) ×100 / (resting cells +
prophase+ metaphase)
Biochemical investigations
Preparation of liver homogenate
Liver tissues from each group were
homogenized in ice-cold 0.1 M phosphate buffered
saline (PBS) at pH 7.4 to prepare 10% w/v homogenate
then centrifuged at 4,000 rpm for 15 min at 4°C.
Oxidative stress biomarkers
The degree of lipid peroxidation in liver tissue
was estimated by measuring the concentration of
malondialdehyde (MDA) using thiobarbituric acid as
described by. [43] Absorbance was measured at 532 nm
and the results were expressed as nmol/mg protein.
Accumulation of the stable product of nitric oxide
(NO), nitrite, was measured colorimetrically in the
supernatant of liver homogenate using Griess
reagent.[44] The absorbance of the pink color developed
was measured at 540 nm. Nitrite level in test samples
was calculated from standard curve established using
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sodium nitrite and the results were expressed as
nmol/mg protein.
Liver tissue antioxidant status
The activities of the antioxidant enzymes and
GSH level were assessed in the supernatant of liver
homogenate. Catalase activity was estimated by
measuring the change in absorbance at 240 nm using
H2O2 as a substrate and expressed as nmol/ min/ mg
protein. [45] Superoxide dismutase (SOD) activity was
estimated according to the method of [46] by evaluating
its capacity to inhibit the reduction of nitroblue
tetrazolium (NBT) dye mediated by the anion
generating system (phenazine metholsulfate-NADH).
The change in absorbance at 560 nm was recorded and
the results were expressed as U/mg protein. Glutathione
level was determined by the method of [47] which is
based on the reduction of Ellman’s reagent [5,5′
dithiobis (2-nitrobenzoic acid) DTNB] with GSH. The
absorbance of the resulting yellow colored complex was
measured at 412 nm. The GSH level was calculated
from GSH standard curve and expressed as nmol/mg
protein.
Statistical Analysis:
In the present work, the result were represented
as Mean ± Stander Deviation. Comparisons were made
between the untreated and treated groups. All numerical
data were statistically analyzed using Statistical
Program of Social Science (SPSS) software for
windows, version 10. (P< 0.005) were considered
statistically significant with mitotic index of bone
marrow (P<0.00001) were considered statistically
significant with total released DNA fragmentation,
(P<0.01) total chromosomal aberrations and (P< 0.01)
were considered statistically significant with
biochemical assay.
RESULTS
Molecular investigations
Analysis of total genomic DNA damage
Etoposide induced a severe damage of DNA in
liver tissue as appeared in the form of DNA
fragmentation shape (apoptosis) after 21 days of
treatment (Fig. 1, 2), Optical density value of
fragmented DNA extracted from liver of etoposidetreated rats was (97.1±0.36) that showed significant
increase (P< 0.00001) when compared with control
(6.3±0.53). While animals treated with ginger oil low
and high doses (75, 150 mg/kg b. wt.) showed normal
appearance of intact DNA (optical denisity12.2±0.42,
13.8±0.62) respectively, that was non-significant when
compared with control (6.3±0.53) and significant (P<
0.001)when compared with etoposide released DNA
fragmentation (97.1±0.36). On the other hand,
combination of etoposide with ginger oil doses (75 or
150mg/kg b. wt.) showed an improvement in DNA
fragmentations (optical density 34.2±0.62, 46.8±1.16)
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respectively,

when

compared

with

etoposide

alone.

Fig-1: Digital photograph of DNA electrophoresis showing the effect of ginger oil on rat's liver tissues. Where
L1: control; L2 :G.O (75mg/kg); L3: G.O (150mg/kg) and M: DNA marker

Fig-2: Digital photograph of DNA electrophoresis of rat's liver tissues showing the protective effect of ginger oil
against etoposide. Where L1: control; L2: combination of etoposide with ginger oil low dose; L3: combination of
etoposide with ginger oil high dose; L4: etoposide (1g/kg b.wt.); and M: DNA marker.
Cytogenetic investigations results:
Chromosomal aberrations in bone marrow.
Chromosomal aberrations are changes in
chromosome structure or number. In this study only
structural chromosomal aberrations were scored. These
aberrations involve alternation of the genetic material
and detected by light microscope during cell division at
metaphase.
The structural aberrations include end to end
association, breaks, deletions, centromeric attenuation,
ring chromosome, centric fusion and chromatid gaps.
Data in Table (1) showed that etoposide
significantly (P< 0.00005) increased total chromosomal
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aberrations (TCA: 183.3±2.7) when compared with
control (TCA: 47.3±1.36). Moreover, etoposide
statistically (P< 0.00005) decreased the percentage of
structurally normal metaphases to (42±1.78) when
compared with control (59±2.73). Data showed that
administration of low dose of ginger oil (75mg/kg b.
wt.) was non-significant (TCA: 57.6±2.25) when
compared with control group (47.3±1.36), and
significant (P< 0.00005) when compared with etoposide
group (183.3±2.7). In addition, ginger oil low dose
showed statistically non-significant increase (P< 0.001)
in the percentage of structurally normal metaphases
(55±1.78) when compared with control (59±2.73).
While the high dose of ginger oil (150 mg/kg b. wt.)
increased the mean values of total chromosomal
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aberrations to (87.0±2.68) that increase was significant
(P< 0.001) when compared with control (47.3±1.36) or
with etoposide (183.3±2.7). The percentage of
structurally normal metaphases in animals treated with
high dose of ginger oil showed statistically significant
(P< 0.001) decrease (40±1.36) when compared with
control (59±2.73). Animals treated with ginger oil low
dose (75 mg/kg b. wt.) and etoposide at the same time
showed improvement in total chromosomal aberration
(TCA: 54.6±2.73) when compared with etoposide group
(183.3±2.7). This group showed good protective effect

of ginger oil (low dose) on chromosomes against
etoposide. Moreover, the percentage of structurally
normal metaphases was increased (60±1.78) when
compared with etoposide alone (42±1.78). Whereas, the
combination of etoposide with high dose of ginger oil
(150 mg/kg b. wt.) showed a decrease in total
chromosomal aberrations (114.3±2.2) when compared
with etoposide alone (183.3±2.7). In addition, the
percentage of structurally normal metaphases were
increased (65±2.80) when compared with etoposide
alone (42±1.78).

Table-1: The chromosomal aberrations in bone marrow of rat treated with etoposide and the protective effect of
ginger oil treatment.
Groups
%
Chromosomal aberrations%
Structurally
normal
metaphase
Deletion
Break
Ring
Gap
Fragment
Centric
Centric
End to
TCA
attenuation
fusion
end
59±2.73
2.6±1.36 2.0±0.89
0
1.6±1.36 3.0±0.89
2.0±0.89
1.3±1.36 2.3±1.36 47.3±1.36 #
Control
42±1.78*
9.0±1.78 10.0±0.89. 6.0±1.78 5.3±1.36 9.0±0.89
10.3±1.36 12.0±1.78 10.0±0.89 183.3±2.7*
ET
(1mg.kg)
55±1.78 #
2.6±2.25 4.6±1.33
0
3.6±1.86 2.6±1.86
3.0±1.78
4.6±1.36 2.6±1.36 57.6±2.25#
G.O
(75mg/kg)
40±1.36*# 3.6±1.36 6.0±1.78 5.3±1.36 2.3±2.25 3.6±1.86
4.6±1.36
3.6±1.86 3.0±0.89 87.0±2.68*#
G.O
(150mg/kg)
60 ±1.78*# 2.0±1.78 3.6±1.36 1.0±0.89 3.6±1.36 2.6± 2.25
4.0±1.76
4.0±0.89 2.6±2.25 54.6±2.73*#
ET+G.O
(75mg/kg)
65±2.80*# 4.3±1.86 9.3±1.86 3.3±1.36 9.3±1.86 7.0±1.78
8.6±1.86
1.6±1.36 1.3±1.36 114.3±2.2*#
ET+G.O
(150mg/kg)
Data were represented as (Mean ±S.D). *Statistically significant (P< 0.001) with respect to control. # Statistically
significant (P< 0.00005) with respect to drug. ETO: Etoposide ; GO :Ginger oil; TCA: Total chromosomal aberration, n=5.
Mitotic index in bone marrow
Table (2) showed the mean values of mitotic index
and stages of cell cycle in bone marrow cells of treated
male rats (Figure 3). The results showed that etoposide
significantly (P< 0.005) decreased the mean values of
mitotic index (22.3± 2.25) when compared with control
group(48.3 ± 1.36). While ginger oil low and high doses
(75 and 150 mg/kg b. wt.) were non-significant (P<
0.005) when compared with control (48.3 ± 1.36) and
significant (P < 0.01) when compared with etoposide
group (22.3± 2.25). The mean values of mitotic index of

ginger oil low and high doses were (41.6 ±1.36 and
35.0±1.78) respectively. Animals received low dose of
ginger oil (75 mg/kg b. wt.) in combination with
etoposide showed an increase in mitotic index values
(39.0 ±3.22) when compared with etoposide group
(22.3±2.25). While animals treated with fennel oil high
dose (150 mg/kg b. wt.) in combination with etoposide
showed an increase in mitotic index values (32.0±0.89)
which was non-significant (P< 0.005) when compared
with control (48.3±1.36) and significant when
compared with etoposide group.

Table-2: The mitotic index in bone marrow of rat treated with etoposide and the protective effect of ginger oil
treatment.
Groups
Mitotic index (%)
48.3 ± 1.36
Control
22.3± 2.25*
ET
41.6 ± 1.36#
G.O. (75mg/kg)
35.0± 1.78#
G.O. (150mg/kg)
39.0 ± 3.22#
G.O. (75mg/kg) +ET
32.0± 0.89#
G.O.(150mg/kg)+ET
Data were represented as Mean ±S.D. *Statistically significant (P< 0.005) with respect to control. # Statistically significant
(P< 0.01) with respect to drug. ETO: Etoposide ; GO :Ginger oil, n=5.
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Fig-3: Photomicrograph for rat's bone marrow chromosomal preparations (Giemsa stain) showing mitotic index
and illustrating stages of cell cycle in bone marrow where, metaphase (M), prophase (P) and resting cells (N).
Biochemical assay
Table (3) showed that treatment with ginger oil
at 75 and 150 mg/kg had negligible effect on MDA and
NO as indicators for oxidative stress, however
administration of etoposide resulted in a significant
increase in oxidative stress biomarkers namely MDA and
NO (2.42 ±0.05 and 24.25 ±0.41 nmole/mg), respectively,
compared to untreated control (1.05±0.07 and 14.42±0.46
nmole/mg). However, combining GO at a dose of 75 or
150 mg/kg with etoposide significantly reduced MDA
levels by 72% and 52% and markedly reduced NO level
by 90% 60%, respectively.

Analysis of the antioxidant metabolizing
enzymes revealed a significant reduction in SOD,
catalase, GSH levels by 26%, 55% and 32% in
etoposide treated animals, respectively, as compared to
control and GO treated rats. Pre-treatment of Etoposide
intoxicated rats with GO (75 and 150 mg/kg)
significantly restored the catalase enzyme activity to
those of GO treated or control rats. However, the effect
of low and high dose GO pretreatment was less
prominent on SOD activity and reduced the levels by
53% and 19.2%, respectively. Interestingly, combining
low dose GO with etoposide markedly increased GSH
levels by 68%, while high dose GO failed to improve
the GSH status in etoposide treated animals.

Table-3: Changes in biochemical assay in liver of rats treated with etoposide and the effect of combined ginger oil
treatment.
Groups
Malondialdehyde
Nitric oxide
Superoxide
Catalase
Glutathione
(nmol/mg
(nmol/mg
dismutase
(nmol/min/mg
(nmol/mg
protein)
protein(
(nmol/mg
ptotein)
protein)
protein)
1.05 ±0.07
14.42 ± 0.46
84.45±0120
.2121 ± 0.16
21.2 ± 0.08
Control
2.42 ±0.05*
28122 ± 0.41*
.2102 ± 0.20*
2182 ± 0.31*
.181 ± 0.09*
ET
1.18 ±0.15
.2114 ± 0.71
.9191 ±0.20
10.44 ± 0.21*
2.18 ± 0.24
G.O. (75mg/kg)
1.07 ±0.13
14.68 ± 0.91*
221.4 ± 0.31
1191 ± 0.21*
.191 ± 0.7
G.O.(150mg/kg)
1.42 ±0.08#
.21.2 ±0.14#
20112 ±0.16#
91.. ± 0.24#
.190 ± 0.07#
G.O. (75mg/kg)
+ET
1.70 ±0.11#
.4121 ± 0.40#
19.67 ±0.71#
1118 ± 0.18#
.122 ± 0.20
G.O. (150mg/kg)
+ET
Data were represented as Mean ±S.D. *Statistically significant (P< 0.01) with respect to control. # Statistically
significant (P< 0.01) with respect to drug. ETO: Etoposide; GO :Ginger oil, n=5.
DISCUSSION
The current study indicated that animals
treated with etoposide for three weeks caused an
increase in the frequency of chromosomal aberration
include deletion, fragment, centromeric attenuation,
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centric fusion, break and gap. Mitotic index was also
affected after treatment with etoposide. The treatment
with etoposide may caused apoptosis through DNA
cleavage.[48] Etoposide caused chromosomal structural
aberrations during chromosome condensation by
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disruption of the cleavable complex formed by the
binding of topo II to the DNA and prevention of the
DNA-strand rejoining activity of topo II. [49] Similarly
to our findings, etoposide induced apoptosis by
production of reactive oxygen species, lipid
peroxidation, DNA intercalation and cross-linking, cell
membrane damage and p53 induction in various
tissues.[50] Etoposide induced tumor cell death by
induction of apoptosis and DNA damging via singling
through plasma membrane lipids rafts involving the
death receptor pathway and this caused damage DNA of
normal cell also.[50] Etoposide -induced DNA damage
is recognized by DNA-PK, which in turn activates p53
by phosphorylation. [51] Activated p53 increases the
transcription of the gene encoding the pro-apoptotic
protein Bax which accumulates in the cytosol and
undergoes a conformational change that facilitates its
translocation to the mitochondria. Topoisomerase II
prevent re-ligation of DNA strand break, these breaks
lead to chromosomal aberrations and non homologous
recombination which caused cell death. [52,53]
The chemotherapy induced hepatic sinusoidal
damage is by deposition of collagen in the
perisinusoidal space, fibrosis.[54] Etoposide treatment
revealed slightly enhanced changes in the liver these
include increased heterochromatin and presence of a
small nucleolus in the nucleus which refer to nuclear
condensation and dense cytoplasm[55], it also induces
liver cells apoptosis by cytochrome-c release and
caspase-3 release activation and causes hepatotoxicity.
Administration of etoposide decreased lipidstandardized antioxidants, this caused an enhanced
breakdown of these antioxidants and significantly
increased lipid hydroperoxide concentrations in serum
and free radical formation that may lead to oxidative
stress our results. The oxidative activation of etoposide
can be brought by the array of enzymes, which include
CYP450 monoxygenases, prostaglandin synthetase and
tyrosinase,
which
ultimately
manifest
into
cytotoxicity.[56]
Lipid
peroxidation,
lead
to
peroxidative damage of cellular lipid content it caused
cellular damage by reaction of free radicals with lipids,
this caused release of products as malondialdehyde,
hydrogen peroxide and hydroxyl radicals.[57]
Accumulation of these highly reactive free radicals and
eventually generate reactive oxygen species lead to
detrimental effects in different tissues. Etoposide can
generate reactive oxygen species (ROS) i.e., H2O2
from O2 semiqunione or phenoxyl radicals at lower
levels that can induce significant levels of antioxidant
enzymes, it can serve “purposeful” roles as "regulators”
of cell function. [58] The reduced levels in the
measured biochemical parameters after treatment with
etoposide might reflect the damage caused to the
antioxidant defense system and consequently its
capacity to neutralize the reactive oxygen species
generated during the metabolic process, however the
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pre-treatment with a low and high dose of ginger oil
promoted recovery of the antioxidant enzymes, GSH
and reduced oxidative stress. Thus, suggesting that GO
can enhance the antioxidant detoxification mechanism
providing a favorable protective effect against etoposide
liver damage.[59] Etoposide-induced formation of lipid
peroxyl (LPx) radicals and accumulation of LPx
products in the liver, etoposide caused the attack by free
radicals and (ROS) and reducing the utilization of GSH
and sulfhydryl groups of proteins might in further
cascade of reaction lead to reactive thiol radicals.[60]
The decreased activities of SOD and CAT may be a
response to increased production of H2O2 and O2 by
the auto-oxidation of the excess of glucose and nonenzymatic glycation of proteins.[61]
Ginger (Zingiber officinal) is used in
traditional oriental medicine this is due to the major
pungent constituent, [6]- Gingerol and 6-shogaol, so it
have biochemical activities.[62] The phenolic contents
of gingerols and shogaol in ginger have antioxidative
characteristic, since it can scavenge superoxide anion
and hydroxyl radicals.[63,64,65,66] Our study revealed
that ginger treatment decreased the frequency of
chromosomal aberration, increased mitotic index and
improved DNA fragmentation. This is in parallel with
the finding of [24] who illustrated the protective effect
of ginger against cyclophosphamide - induced
cytotoxicity, and paracetamol-induced genotoxicity.[67]
Ginger can exerts antigenotoxic effect against Taxol
drug especially in the total number of the chromosomal
aberrations and the number of micronuclei .[68] The
phytochemistry of ginger includes components that can
scavenge free radicals produced in biological systems.
For the purpose of energy production, some free
radicals which generated during the process of
oxidation are essential but increased production of free
radicals results in oxidative stress that can lead to DNA
damage.[69] The essential oil and oleoresin of Zingiber
officinale exhibited significant antioxidant and
antimicrobial activities.[70] This study showed that
administration of ginger to rats for three times weekly
improved the enzymes in rat's liver by enhanced ROS
production or attenuated ROS-scavenging capacity.
This may be due to the presence of many antioxidant
compounds, such as gingerols, shogaols, phenolic,
ketone derivatives, volatile oils and flavonoids of
ginger. These antioxidant compounds may modulate the
antioxidant enzymes in rats and protected the liver
tissue from oxidative damage.[65] Ginger prevents
acetaminophen-induced acute hepatotoxicity by
enhancing hepatic antioxidant and reacts with the basic
cellular constituents - proteins, lipids, RNA and DNA
by direct radical scavenging capacity.[71,72] Ginger
extract prevented lipid peroxidation by enhancing SOD,
CAT.[73] and that support our finding of enhanced
antioxidants in liver tissues treated with ginger oil. All
these mechanisms support our finding that illustrated
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the protective effect of ginger oil against etoposide
genotoxicity. On the contrary, our results showed that
high dose of ginger increased chromosomal aberrations,
decreased cell division and increased DNA damage and
that may be due to the presence of gingerol (found in
ginger) which inhibited ascorbate/ferrous complex
induced lipid peroxidation in rat liver microsomes.[74]
On the contrast of these results, ginger is generally
considered as a safe herbal medicine of insignificant
adverse side effects.[75,76] and can be classified as
antimutagenic agents.[77]
CONCLUSION
The present study concluded that ginger oil has
a protective potential against etoposide-induced
genocytotoxicity in male albino rats.
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