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ral product containing different compounds with antioxidant activity. The present study
aimed to evaluate the effect of AGE on CP-induced hepatotoxicity. Four equally male rat
groups: control, AGE-treated (250 mg/kg once for 21 days), CP-treated (7.5 mg/kg, once
intraperitoneal), combined AGE and CP-treated were used. Blood samples were collected

K?y Wode: to investigate blood picture and serum levels of aspartate aminotransferase (AST), alanine
ilsplatm . aminotransferase (ALT), bilirubin (TSB) and albumin. The liver of each rat was excised,
ged garlic extract R . .. ; . .

Liver cleaned, weighed, rinsed in ice-cold saline and homogenized for assessment malondialde-
Oxidative stress hyde (MDA) level, catalase (CAT) and superoxide dismutase (SOD) activities and level of
Histopathology reduced glutathione (GSH). Histological examination was also carried out. AGE-pretreated
Rat rats revealed significant reduction in serum levels of AST, ALT & TSB and increase serum
albumin level induced by CP administration. Furthermore, AGE significantly ameliorated
CP-induced increase in MDA level and decrease in GSH level, CAT and SOD activities in
liver tissue homogenates. Additionally, histopathological and blood picture examinations
revealed markedly ameliorated CP-induced toxicity on blood cells parameters and liver
structure. Our results prove that AGE has antioxidant and protective effects against CP-
induced oxidative stress and changes in parameters of blood cells and liver structure in
rats. Thus, it could be used as a dietary supplementation to reduce toxic side effects of

anticancer drugs.
© 2014 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
1. Introduction effects including nephrotoxicity, neurotoxicity, ototoxicity
and hepatotoxicity [1]. The toxicity of CP seems to be dose-
Cisplatin (CP), a potent antineoplastic drug, is widely dependent due to the cumulative effect of the drug [2],
used in the treatment of different solid-organ tumors. where the accumulation of CP produces obvious necrotic
However, its clinical use is limited due to its toxic side changes within the tissues of the affected organs. The
generation of reactive oxygen species (ROS) and nitrogen
species (NS) is one of the possible mechanisms respon-
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ameliorate the toxic effect of CP without inhibiting its anti-
tumor effects, different experimental studies were carried

http://dx.doi.org/10.1016/j.toxrep.2014.09.003
2214-7500/©2014 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CCBY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/3.0/).


dx.doi.org/10.1016/j.toxrep.2014.09.003
http://www.sciencedirect.com/science/journal/22147500
http://www.elsevier.com/locate/toxrep
http://crossmark.crossref.org/dialog/?doi=10.1016/j.toxrep.2014.09.003&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/3.0/
mailto:ashrafnaeem2013@gmail.com
mailto:ashrafnaeem2013@yahoo.com
dx.doi.org/10.1016/j.toxrep.2014.09.003
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/

A.Y. Nasr / Toxicology Reports 1 (2014) 682-691 683

out using a combination of CP with various radicular sca-
vengers, enzyme inhibitors, sulfur-containing antioxidants
and natural foods with antioxidant properties [1,4,5].

Natural and herbal products have been used in tradi-
tional medicine to treat a variety of diseases including
malignancies [6]. The anticancer activities of the extract
from a number of herbal plants have been demonstrated. A
number of previous studies concluded that herbal medicine
might have anticancer effect by enhancing the immune sys-
tem, including cell differentiation, inhibiting telomerase
activities and inducing apoptosis of cancer cells [7].

Garlic (Allium sativum) is a worldwide traditional food
and dietary supplement. Nowadays, many garlic prepara-
tions are used in the medical field including fresh garlic
extract, garlic oil, aged garlic extract (AGE) and a number of
organosulfur compounds. AGE is an odorless garlic prepa-
ration produced by prolonged extraction of fresh garlic at
room temperature for at least 20 months [8].

AGE contains many important water-soluble organo-
sulfur compounds with potent antioxidant and free
radical scavenging activities [8,9]. So far, AGE has been
demonstrated to possess several physiological activ-
ities in experimental animals, including vasodilative
and hypotensive activities, the induction of decrease
in serum cholesterol levels, antimicrobial, antiallergic,
anti-inflammatory, immunomodulatory, and antioxidant
properties [8,9]. Recently, AGE has received particular
attention because of studies that have reported that it is a
highly efficient antioxidant and has free radical scavenging
capacity [9,10].

The present study aimed to investigate the possible pro-
tective effect of AGE on some hematological parameters,
as well as on the activity of antioxidant enzymes and lipid
peroxidation in liver of rats treated with CP.

2. Materials and methods
2.1. Chemicals

CP was obtained in the form of commercial Egyp-
tian Unistin Vial (Egyptian International medical Company
(EIMC) United Pharmaceuticals, Cairo, Egypt). AGE (kyolic)
was obtained from Wakunaga of America (Mission Viejo,
CA). It was prepared by soaking sliced raw garlic (Allium
sativum) in 15-20% aqueous ethanol for at least 10 months
atroom temperature. The extract was then filtered and con-
centrated under reduced pressure at low temperature. The
content of water-soluble compounds was relatively high
while that of oil-soluble compounds was low. The AGE used
in this study contained 28.6% extracted solids (286 mg/ml),
and S-allyl cysteine, the most abundant water-soluble com-
pound in AGE, was present at 1.47 mg/ml.

2.2. Animals

Twenty-four adult male Wister albino rats (12-14
weeks of age) were obtained from the animal house, Faculty
of Medicine, Zagazig University, Zagazig, Egypt. The rats
were kept under appropriate conditions of temperature
(25+2°C), humidity (60-70%) and light (12 h dark/light

cycle), free access of a commercial balanced diet and tap
water ad libitum.

2.3. Experimental design

After one week of acclimatization, the animals were ran-
domly divided into four equal groups in separate plastic
cages, six rats each. Two groups (I and II) were used as
control and received normal saline 0.5 ml i.p. and distilled
water P.O. (group I) and AGE, 250 mg/kg orally (group II) for
21 days. Groups (Il and IV) received single i.p. dose of CP
(7.5 mg/kg) on day 16th, after successive administration of
distilled water (0.5 ml, orally, group III) or AGE (250 mg/kg
orally, group 1V). The rats of each group were weighed on
1st, 4th, 7th, 10th, 13th, 16th, 19th and 22nd days.

2.4. Samples collection

On day 22th, (6 days after CP injection), the rats were
anesthetized by ether inhalation. Blood samples were col-
lected through a direct intracardiac puncture from each
rat. Two blood samples from each rat were collected one
sample was collected on EDTA (heparinized tubes) for
determination of hematological parameters and the other
was left to clot at 37°C and centrifuged at 3000 rpm for
15 min. The serum (supernatant) was collected and stored
at —20°C for biochemical analysis.

Tissue samples: A vertical midline thoracic and abdomi-
nal incision was done to explore their viscera. Liver of each
animal was excised, cleaned from their surrounding fat and
connective tissue, washed with normal saline, blotted with
filter paper, weighed and rinsed in ice-cold saline. Half of
each liver was homogenized for biochemical analysis and
the other half was processed for histological examination.

2.5. Hematological studies

The heparinized blood samples were analyzed for the
number of red blood cells (RBCs), white blood cells (WBCs),
and platelets, hemoglobin concentration (Hb%), hematocrit
value (HTC), packed cells volume (PCV), mean corpuscle
volume (MCV), mean corpuscle hemoglobin (MCH), mean
corpuscle hemoglobin concentration (MCHC) and the dif-
ferential count of polymorphs and lymphocytes according
to standard methods using an Animal Blood Counter-ABC
vet (Horiba ABX, France).

2.6. Biochemical assays

Liver biomarkers assessment: the levels of aspar-
tate transaminase (AST) and alanine transaminase (ALT)
enzymes were estimated in the sera of the blood samples
using commercial kits (Roche Diagnostics, GmbH, D-68298,
Mannheim, Germany) according to Reitman and Frankel
[11]. Also, serum albumin was determined using commer-
cial kit supplied by Diamond, RA50, Ireland and total serum
bilirubin (TSB) was assayed according to the method of
Schmidt and Eisenburg [12] as well.

Lipid peroxidation and antioxidants assessment: Half of
each rat’s liver was minced and homogenized in ice-cold
10% trichloroacetic acid phosphate buffer saline (0.05 M,



684 AY. Nasr / Toxicology Reports 1 (2014) 682-691

pH 7.4). The homogenates were centrifuged at 15.000 x g
for 15min at 4°C. The supernatants were collected for
the measurement of catalase (CAT), superoxide dismu-
tase (SOD), activities and the levels of reduced glutathione
(GSH), and malondialdehyde (MDA). The antioxidant mark-
ers GSH, SOD, and CAT were measured by a colorimetric
method using commercial kits (Biodiagnostic, Co., Cairo,
Egypt) according to the manufacturer procedures. GSH
was determined spectrophotometrically according to the
method of Carlberg and Mannervik [13]. The method
was based on the formation of a stable yellow colored
compound in a reaction between Ellman’s reagent (5,5-
dithiobis(-2-nitrobenzoic acid)) and GSH to give a colored
compound that has a characteristic absorption at 412 nm.
SOD activity in kidney tissues was determined based on
the ability of the enzyme to inhibit nitroblue tetrazolium
(NBT) reduction by superoxide. The results were expressed
as U/mg protein [14]. CAT activity was estimated by mea-
suring the decomposition of hydrogen peroxide at 240 nm,
according to the method of Aebi [15] and was expressed
as U/mg protein. One unit of activity is equal to the moles
of Hy0, degraded/min/mg protein. The malondialdehyde
(MDA), (the marker of lipid peroxidation) was determined
in homogenate by estimating level of thiobarbituric acid
reactive substances (TBARS) measured as malondialdehyde
(MDA), according to the method of Mihara and Uchiyama
[16], or using commercial kits (Biodiagnostic, Cairo, Egypt).
The results were expressed as nmol/g protein for MDA.

2.7. Histological studies

Specimens from each liver were fixed in 10% neutral-
buffered formalin solution for 48 h, dehydrated in ascend-
ing grades of ethyl alcohol, cleared in xylol and embedded
in paraffin blocks. Serial sections (3-5 um) were cut using
microtome (Leica RM 2125, Leica Biosystems Nussloch
GmbH, Germany). The sections were washed in a water
bath and left in the oven for dewaxing. Thereafter, the sec-
tions were stained with hematoxylin and eosin for general
histological features determination, Periodic acid Schiff
(PAS) stain to demonstrate mucopolysaccharides as PAS
positive materials and Masson’s trichrome stain for con-
nective tissue staining [17]. The stained tissue-slides were
mounted with DPX (Di-N-Butyle Phthalate Xylene) and
covered with cover slips. All slides were examined by a light
microscope (Olympus BH-2, Olympus, Tokyo, Japan).

2.8. Statistical analyses

Results were expressed as mean + SEM. Comparison of
means was done by the Student’s t-test (One way ANOVA)
and the Mann-Whitney U test. Values of P<0.05 were con-
sidered statistically significant. Statistical evaluation was
conducted with SPSS version 16.0 (SPSS Inc., Chicago, IL,
USA).

The study was performed after the approval of the Med-
ical Ethical Committee of the Faculty of Medicine, Zagazig
University, Zagazig, Egypt and followed the recommenda-
tions of the National Institutes of Health Guide for Care and
Use of Laboratory Animals.

3. Results
3.1. Hematological findings

AGE pre-treated rats exhibited significant (P<0.01)
improvement in most of the hematological parame-
ters and red blood cells indices compared to CP-treated
rats (Fig. 1A-D). These observations were confirmed by
increased RBCs and platelets counts, Hb%, PCV, MCV, MCH,
and MCHC values. However, a significant (P<0.01) reduc-
tion in RBCs and platelets counts as well as a significant
(P<0.01) increase in WBCs and lymphocytes counts and
HTV value were recorded in CP-treated rats compared to
control rats.

3.2. Liver biomarkers of rats

A significant (P<0.01) elevation in serum AST, ALT and
TSB levels was observed in CP-treated rats compared to
those of the other three groups. However, the serum levels
of these biomarkers revealed significant (P<0.01) decrease
in AGE+ CP-treated rats compared to CP-treated group.
In addition, a significant (P<0.01) decrease in the serum
albumin level was observed in CP-treated rats as com-
pared to control rats, meanwhile in AGE+ CP-treated rats,
a significant (P<0.05) increase in serum albumin level was
reported compared to CP-treated group (Fig. 2).

3.3. Antioxidants and lipid peroxidation

CP induced significant (P<0.001) reduction in SOD,
and CAT activities and GSH level compared to con-
trol group. However, CP pre-treated with AGE group
showed significant increase of CAT (P=0.0138), and SOD
(P=0.014) activities and GSH (P=0.0018) level compared
to CP-treated group. MDA level significantly (P<0.0001)
increased in CP-treated rats relative to other groups indi-
cating the enhancement of lipid peroxidation. Meanwhile,
MDA level in both CP-treated and combined AGE+ CP-
treated groups revealed significant (P<0.0001) difference
compared to control group (Fig. 3).

3.4. Histopathological examination

Normal architecture of radiating cords of hepatocytes
from the central vein with blood sinusoids lined by
flat endothelial and large kupffer cells in-between was
observed in the centrilobular zone of the hepatic lobule
in control rats (Fig. 4A), while mild congestion of cen-
tral vein was seen in AGE-treated rats (Fig. 4B). However,
the parenchymal structure of centrilobular zone of hepatic
lobule in CP-treated rats exhibited disorganized centrilob-
ular hepatic cords, dilated and congested central vein and
blood sinusoids, cellular necrosis, nuclear pyknosis with
margination of its heterochromatin and destructed nuclear
membrane (Fig. 4C). On the other hand, normal hepatic
parenchymal architecture with mild dilatation and conges-
tion of the central vein and blood sinusoids was observed
in combined AGE+ CP-treated rats (Fig. 4D).

Normal portal tracts surrounded by condensed cords
of small-sized hepatocytes with irregular blood sinusoids
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Fig.1. Effect of aged garlic extract on hematological indices in rats treated with cisplatin. Data are represented as mean & SEM (n = 6). a: significant difference

vs. control at P<0.01. b: significant difference vs. cisplatin-treated group at P<0.01. a*: P<0.05. b*: P<0.05. +: P=0.594.
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Fig. 2. Effect of aged garlic extract on liver biomarkers in rats treated with cisplatin. Data are expressed as mean+SEM (n=6). P<0.001 compared to

control (?) or cisplatin-treated (°) rats. a*

transferase enzyme.

in-between was seen in the periportal area of liver
parenchyma in control rats. Each portal tract consisted of
bile ductule, hepatic arteriole and portal venule (Fig. 5A).
However, there were wide portal tracts with dilated and

: P<0.05; a**: P<0.005. TSB: total serum bilirubin; AST: Aspartate amino transferase enzyme; ALT: Alanine amino

congested portal venule, proliferation and dilatation of bile
ductules in the periportal area of CP-treated rats (Fig. 5C).
On the opposite side, normal hepatic architecture with
dilated congested portal venules was seen in the periportal
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Fig. 3. Effect of aged garlic extract on hepatic antioxidant enzymes and lipid peroxidation in rats treated with cisplatin. Data are expressed as mean + SEM
(n=6). a: significant difference vs. control group at P<0.001. b: significant difference vs. Cisplatin-treated group at P<0.001. a*: P<0.05. b*: P<0.05.
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Fig. 4. Light micrographs of the centrilobular zone of rats’ livers showing; (A): normal hepatic cords (H) radiating around the central vein (CV) with blood
sinusoids (S) in-between. The hepatocytes exhibit central rounded nuclei (N). Few hepatocytes have two nuclei (double arrows). The sinusoids are lined
by numerous flat endothelial (E) and few large kupffer (K) cells. (B): Congested central vein (CV) is seen in aged garlic extract-treated rats. (C): In cisplatin-
treated rats, disorganized hepatic cords (H), centrilobular cellular degeneration with dilated and congested central vein (CV) and blood sinusoids (S) are
observed. The nuclei (N) of some hepatocytes reveal peripheral condensation of heterochromatin (arrow head) and discontinuous nuclear envelope (*)
with few binucleated cells (double arrows). (D): Mild dilatation and congestion central vein (CV) is observed in the hepatic parenchyma of combined aged

garlic extract and cisplatin-treated rats. B: blood cells. H & E stain. Bar =50 pm.

area in both AGE-treated and combined AGE+ CP-treated
rats (Fig. 5B and D).

In PAS-stained sections, strong positive reaction was
observed in the cytoplasm of hepatocytes all over the
hepatic lobule in both control (Fig. 6A) and AGE-treated
rats (Fig. 6B). However, scare positive PAS reaction was
seen in few centrilobular hepatocytes in CP-treated rats
(Fig. 6C). Conversely, in combined AGE+ CP-treated rats,
an excessive glycogen deposition was observed in the
centrilobular hepatic parenchymal cells as indicated by
presence of strong positive PAS reaction within their
cytoplasm (Fig. 6D).

4. Discussion

CP is one of the most cytotoxic agents that is widely
used to treat a variety of cancers but it is associated with
toxic side effects on different body organs. The oxidative
stress through formation of free radicals is one of the mech-
anisms of cisplatin-induced toxicity [3]. The free radical
scavengers, that prevent the formation and/or scavenge
the reactive hydroxyl free radicals, can provide protection
against cisplatin-induced toxicity [18]. Different natural
products and dietary compounds have been recently inves-
tigated and evaluated as potential protective antioxidant
agents against cisplatin-induced hepatotoxicity [1,3,5].
AGE, natural dietary substance, has been previously inves-
tigated to ameliorate the toxic side effects of different
substances through its antioxidant, radical-scavengering

and antiperoxidative activities [8,9]. The present study
aimed to investigate the possible protective effect of AGE
against CP-induced disturbance in hematological indices,
oxidative stress and histopathological changes in rat liver.

Hematopoietic system is one of the most sensitive sys-
tems to evaluate the hazards effects of poisons and drugs
in humans and animals [19]. In consistency, the present
study indicated that a single dose of CP induced signifi-
cant adverse effect in hematological parameters in rats six
days after treatment and the pretreatment with AGE had
successfully ameliorated the hematological disturbances
induced by CP. The toxic effect of CP on blood parameters
was demonstrated by the significant reduction in RBCs and
platelets counts with subsequent decline in the values of
Hb%, MCV, MCH, MCHC and PCV. Indeed, an increase in
HTC, WBCs and lymphocytes was recorded in CP-treated
rats as well. The previous results suggested that there
was an etiological relationship between anemia and CP
treatment. Such relationship could be explained through
different mechanisms including destruction of bone mar-
row cells or increase osmotic fragility of RBCs. Thus, CP
intoxication might lead to anemia as a result of either sup-
pression the activity of hematopoietic tissues, impaired
erythropoiesis, and accelerated RBCs destruction because
of the altered RBCs membrane permeability, increased
RBCs mechanical fragility, and/or defective Fe metabolism
[20]. In agree with our results, Hassan et al. [21] reported
that, the disturbances in RBCs could reflect an imbalance
between its production and loss. The authors added that,
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Fig. 5. Light micrographs of the periportal zone of hepatic lobule of the rats showing (A): normal portal tract (PT) consisting of bile ductule (D), hepatic
arteriole (A) and portal venule (V) in control rats. The tracts are surrounded by a network of hepatic cords (H) with blood sinusoids (S) in-between. (B): In
aged garlic extract-treated rats; congested portal venules (V) are seen within the portal tract. (C): In cisplatin-treated rats; wide portal tract (PT) with dilated
congested portal venule (V), hyperplastic bile ductule (D) are seen within the periportal area. (D): In combined aged garlic extract and cisplatin-treated rats;
normal portal tract with congested portal venule (V) is observed in periportal area. E: endothelial cells; K: kupffer cells; N: nucleus. H & E stain. Bar =20,

50 pm.

Fig. 6. Light micrographs of the PAS-stained sections of rat liver showing strong positive (arrow) PAS reaction within the cytoplasm of the parenchymal
hepatocytes (H) throughout the hepatic lobule in control (Fig. 6A) and aged garlic extract-treated (Fig. 6B) groups. Scare positive PAS-reaction (arrow)
is seen within the cytoplasm of few centrilobular hepatocytes in cisplatin-treated rats (Fig. 6C). Strong positive PAS reaction (arrow) is observed in the
cytoplasm of centrilobular hepatocytes in combined aged garlic extract +cisplatin-treated rats. CV: central vein; S: blood sinusoid; H: hepatocytes; PT:

portal tract. PAS Stain. Bar =50 wm.
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the nephrotoxic effect of CP showed a negative effect on
erythropoiesis that resulted in low production and count of
RBCs.

Moreover, Markovic et al. [22] stated that aside from
the reduction in RBC number, chronic application of CP
induced a reduction in the number of platelets and an
increase in the number WBCs in the blood of rats. The
decrease in platelets count might be due to CP inhibiting
bone marrow activity or could be due to decreased pro-
duction or increased consumption of platelets or due to
the increased platelets aggregation [23]. In support of the
above, Olas et al. [24] showed that CP causes oxidative
stress in human platelets and lymphocytes, which might
reflect on their life expectancy, the induction of apoptosis,
and thereby ultimately reduce the number of these cells in
the blood. However, the increase in the WBCs number could
be the consequence of infection and inflammation during
CP treatment and CP metabolism in the experimental rats.
While, elevation of HTC value in CP-treated rats could be
related to loss of the body fluid and hemoconcentration
that resulted from the toxic effect of CP on the function of
rat kidney [22].

However, the animals pretreated with AGE revealed sig-
nificant modulation in most of the hematological indices
changed in CP-treated rats. AGE was found to have ben-
eficial effects against CP-induced suppression in most of
hematological parameters and RBCs indices as it increased
number of RBCs and Hb concentration about to normal lev-
els. Also, AGE induced great improvement in the reduction
of MCV, PCV, MCH, MCHC levels in CP-treated animals.
Garlic-induced increase in erythrocytes count might be
linked either to an increase in erythropoiesis or to the abil-
ity of garlic in decreasing membrane rigidity inherent to
its cholesterol lowering effect [25]. These results indicated
that AGE had preventive and protective effects against CP-
induced hematological changes. AGE has been shown to
exert antioxidant properties in plasma and erythrocytes of
elderly subjects [26]. AGE exhibited profound antianemic,
antifatigue, lipid-lowering activity and transaminases low-
ering when compared with i.p. route of treatment. Garlic
high dose oral treatment exhibited profound antioxidant
activity in red blood cells and plasma [25].

Previously, AGE has been shown to significantly
improve erythrocyte deformability through stabilization
of erythrocyte membranes in non-sickle RBC. This phe-
nomenon was attributed to the antioxidant activities of
AGE [9]. The ameliorative effect of AGE could be due to
reduction of lipid peroxidation level in cell membrane with
subsequent prevention of free radicals induced damage
through its antioxidant activity achieved by its active com-
pounds [8].

Evidence of CP-induced liver injury via a mechanism
of oxidative stress caused by increased MDA (a poten-
tial lipid peroxidation biomarker), reduced GSH levels and
decreased activity of CAT, SOD and GPx were demon-
strated by various studies [1,4,26,27]. Such oxidative stress
was mediated through the generation of ROS that induced
disturbance of membrane permeability and severe cell
damage [3,4]. In the present study, CP-induced higher
MDA level, while decreasing SOD, CAT activities and GSH
level in the homogenate of rat liver tissue. Increase MDA

level enhanced the lipid peroxidation and increased ROS
production with subsequent disturbance of membrane
function and integrity [28]. Furthermore, inhibition of
antioxidant CAT, SOD, and GSH enzymes was implicated in
the pathogenesis of CP-induced hepatotoxicity [1,27]. Our
results agreed with the previous studies which revealed
the involvement of oxidative stress and lipid peroxidation
in the mechanisms of CP-induced hepatotoxicity [3,27].

The natural products-derived antioxidants were pre-
viously used to protect against CP-induced oxidative
stress in hepatic tissues in several studies [1,21,27]. This
study was the first report to evaluate the preventive
effect of AGE against CP-induced oxidative stress on
hepatic tissues in rats. The water-soluble organo-sulfur
compounds of AGE exhibited potent antioxidant and free
radical scavenging activities [8,9]. In the present study,
pretreatment with AGE induced significant increase in
hepatic CAT, SOD and GPx activities accompanied with
significant decrease in hepatic MDA level in CP-treated
rats. The protective effect of AGE might be mediated by its
highly bioavailable and significant antioxidant compounds
including S-allyl cysteine, S-allyl mercaptocyteine, allicin,
and selenium that exhibited potent antioxidant activity
[8]. The water-soluble S-allyl cysteine reduced the extent
of lipid peroxidation and significantly enhanced antiox-
idant activities in vitro and in vivo [29]. Thus, AGE could
ameliorate the lipid peroxidation and oxidative damages
of rat liver tissues induced by CP through its antioxidant
compounds. In accordance with present study, significant
increase in cardiac and hepatic CAT, SOD and GPx activities
accompanied with significant decrease in MDA level were
reported in animals treated with AGE [10,29,30]. Garlic
pretreatment increased the activity of SOD and CAT and
it scavenges superoxide radicals and reduced myocardial
damage caused by free radicals [26,30]. Also, garlic extracts
increased SOD and CAT activities in vascular cultured cells.
S-allyl cysteine sulfoxide (alliin), a bioactive compound
of garlic, prevented the reduction of hepatic SOD and CAT
activities in diabetic rats [30].

AST and ALT are the most sensitive biomarker enzymes
used in evaluation of the function and integrity of liver
cells. Both enzymes are present mainly in the cytoplasm
of hepatocytes [31]. In the present study, the rats injected
with CP showed elevation of serum levels of ALT, AST,
TSB and reduction of serum level of albumin as compared
with saline control group. As the elevation in the serum
activity of ALT, a liver cytoplasmic enzyme, indicates a
necrotic lesions in the liver cells while the decrease in
serum albumin level indicates that there was an impair-
ment in both synthetic and execratory activities of liver
cells [32]. In agree with our results, Abdelmeguid et al.
[1] and Adaramoye et al. [3] reported that there was an
increase in the levels of liver biomarkers in CP-treated rats.

Oral administration of AGE prior to and after CP sig-
nificantly reduced its toxic effect on serum levels of AST
& ALT enzymes compared to untreated rats. In agree with
results of the present study, administration of AGE caused
a significant reduction in the serum levels of AST & ALT in
rats treated with cadmium [33]; lead [34] and doxorubicin
[10]. The reduction of the liver enzymes in AGE pre-treated
rats may be due to its antioxidant effect that reduces the
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free radical-induced oxidative damage in the liver, thereby
stabilizing the membrane permeability and reducing the
leakage of enzymes into the blood [ 18]. Similarly, reduction
in serum levels of AST & ALT enzymes was reported with
administration of other herbal plants such as silymarin [5]
and ginseng extract [35] in cisplatin-induced hepatotoxic-
ity.

In agree with our results, Abdelmeguid et al. [5]
reported that, the biochemical findings in CP-treated rats
were confirmed by the histopathological changes in the
liver, where centrilobular necrotic changes, apoptotic
nuclear changes, dilated congested central vein and
blood sinusoids and wide portal tracts were observed.
Congestion of veins and blood sinusoids within the hepatic
parenchyma might be in part due to the direct irritant
effect of cisplatin on the wall of blood vessels or secondary
to the fibrotic changes in periportal areas affecting the
intra-biliary system with subsequent obstruction of the
Hering duct and dual blood supply of the liver [36].

In the current study, the oral intake of AGE before
and after CP injection significantly improved most of the
histopathological findings of CP-induced hepatotoxicity.
Similar results were reported by Iseri et al. [4], Kart
et al. [3], Abdelmeguid et al. [5] and El-Sharaky et al.
[32] who demonstrated histopathological changes in liver
parenchyma in CP-treated rats and their improvement by
various natural antioxidant agents such as caffeic acid
phenyl ester, silymarin, pomegranate seed extract and
ginger extract. Due to its ability to reduce free radical-
induced oxidative damage in the liver and to scavenge
the hydroxyl and peroxyl radicals, AGE has been shown
to improve the histopathological changes of the damaged
liver cells [37]. Moreover, AGE or garlic powder were used
to protect the liver against different other toxic agents
including lead [34]; cadmium [33]. In addition, Alkreathy
et al. [10] reported that AGE ameliorated the toxic effect of
doxorubicin on the heart muscle in rats. Thus, administra-
tion of AGE improved most of hematological, biochemical
and histopathological changes induced by CP through its
antioxidant and free radical scavenging activities.

5. Conclusion

The present study revealed that administration of CP-
induced hepatotoxicity in rats through the oxidative stress
and lipid peroxidation. Such hepatotoxic effect of CP was
indicated by alterations of liver biomarkers, lipid peroxida-
tion biomarker (MDA), antioxidant enzymes including CAT,
SOD, GPx and GSH and histological parameters. Also, differ-
ent changes of hematological parameters were observed
in CP-treated rats as well. However, the pre-treatment of
AGE provided a beneficial role in CP-induced such pre-
vious changes through its antioxidant and free radical
scavenging activities. Thus, AGE may be considered a useful
dietary supplementary compound to patients treated with
antineoplastic drugs including CP. This provides a cheap
protective strategy in the management of acute hepatotox-
icity or CP-induced liver damage. However further study is
needed to explore the effect of AGE on the antineoplastic
activity of CP.
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