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Abstract: Zerumbone 1s a natural compound isolated from the fresh rhizomes of Zingiber zerumbet. This
bicactive compound has shown a chemo-preventive, anti-inflammatory and free radical scavenging activities.
Thus study examines, the effect of zerumbone on the extent of tissue damage in Cisplatin-induced hepatotoxicity
in rats. The rats received a single dose injection of 45 mg kg™ Cisplatin. Other groups of rats received
zerumboene (100 and 200 mg kg™, corn cil or the vehicle (DMSQ) intraperitoneally for 4 days prior to Cisplatin
injections. All animals were decapitated 16 h after Cisplatin injection. Trunk blood was collected and analyzed
for alamine aminotransferase, aspartate amimotransferase, lactate dehydrogenase, alkaline phosphatase and
gama-glutamyl transferase. Liver tissue was kept for the quantification of malondialdehyde and glutathione
levels. Histopathological investigations were carried out and severity of lesions was scored to obtain
quantitative data. This study revealed that zerumbone reduced the extent of liver damage and preserved liver
functions as proved by microscopic observations and lesion scoring. Increase in liver MDA levels with a
simultaneous reduction in GSH in the Cisplatin 45 mg kg™ group was attenuated by zerumbone treatment
(p<0.05). Zerumbone 1s beneficial m Cisplatin-induced hiver dysfunction and organ damage in rats via

prevention of lipid peroxidation and preservation of antioxidant glutathione.
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INTRODUCTION

Cisplatin  (cis-diamine-dichloroplatinum) 18 a
prominent member of the effective broad-spectrum
antitumour drugs. However, its clinical usage is restricted
due to some adverse side effects, such as nephrotoxicity
and ototoxicity (Ekbom et al., 2003; Iraz et al., 2005
Yao et al., 2007). The Cisplatin-induced-nephrotoxicity
and ototoxicity have been very well studied mn both
clinical and animal researches however, liver toxicity has
been rarely peid attention to. Recent studies m our
laboratory and others reported that liver toxicity is also a
major dose-limiting side effect m Cisplatin-based
chemotherapy (Liao et al., 2004; Hong et al, 2005;
Lu and Cederbawmn, 2006; Pratibha et al., 2006, [seri ef ai.,
2007).

Continued  aggressive  high-dose  Cisplatin
chemotherapy necessitates investigating newer measures
of preventing dose-limiting side effects that inhubit the
administration of Cisplatin at tumouricidal doses. Up until
now, a large number of studies have been focused on
measures of preventing Cisplatin’s side effects via the

simultaneous supplementation of preventive agents
(Ali et al., 2006a). The findings of the studies suggested
the side effects of Cisplatin could be protected using
drugs and micronutrients with  different chemical
nature (Blakley et al., 2001; Leitao and Blakley, 2003,
Fetoni ef al., 2004, Kalkanis et al., 2004, Weyl et al., 2004;
Kim et al, 2005). Though, the mechamsm underlying
Cisplatin’s side effects are not clearly understood, it
was considered to be attributed by multiple factors
(Hong et al, 2005, Ramesh and Reeves, 2002,
Nowak, 2002, Townsend and Hamgan, 2002; Xiao et af.,
2003), amongst them included the generation of Reactive
Oxygen Species (ROS), which could mnterfere with the
antioxidant defense system, resulting in oxidative damage
in different tissues (Pratibha et ai., 2006; Koc et al., 2005,
Mansour et al., 2006; Traz et al., 2006) and the reaction
with thiols in protein and glutathione, which could cause
cell dysfunction. On the other hand, it has been proposed
that the antihimour activity of Cisplatin 1s due to its ability
to form adducts with DNA, which could cause cross-
linking of DNA strands (Kasparkova et al., 2004). As the
antitumor activity and side effects in Cisplatin-based
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chemotherapy are mediated in part by different
mechanisms, the actions on selective inhibition of certain
side effects could be achieved wllst retaiming the
antitumor activity (Leonetti ef al., 2003). Furthermore, as
the side effects in Cisplatin-based chemotherapy were
thought to be induced by multi-ways, it could be
speculated that a potential protective action on these side
effects could be achieved via the combined use of
preventive agents with different chemical nature;
however, until now, very little is known regarding the
combined actions of these agents. In thus present study,
we attempted to explore the use of these agents n
preventing Cisplatin liver toxicity. In regards to this, a
natural compound belonging to a ginger plant family,
Zingiberaceae was used. Several dietary ingredients of
this ginger family have been known and their biological
activities elucidated (Aggarwal and Shishodia, 2006;
Surh, 1999). The natural compound zerumbone used in
this study was isolated and purnified from Zingiber
zerumbet of the ginger family. This compound 1s
used initially as an anti-inflammatory adjuvant for
sprain and in treating human ailments such as stomach
ache and fever. In addition, its rhizome has been used
frequently as a spice in traditional cooking (Chien et al.,
2008). Several reports on the bioactivities of zerumbone
have been reported, which included anticarcinogenesis
(Takada et al., 2005), anti-inflammation (Murakami ef ai.,
2003) and most recently from our own laboratory,
zerumbone’s anticancer effect on cervical tissues
(Abdul et al., 2008). In this present study, we investigated
the preventive effect of zerumbone on Cisplatin-induced
liver toxicity using microscopy examination of rat liver
tissues after H and E staining and further evaluating
bloed liver functions enzymes and levels of
Malondialdehyde (MDA), the end product of lipid

peroxidation in liver tissues, as biomarkers.
MATERIALS AND METHODS

Reagents and laboratory wares: All reagents used 1 this
study are analytical grade. All glasses and plastic wares
were washed with detergent and acid and rinsed with
distilled water. Cisplatin and the others chemicals were
obtained from Sigma Chemical Co., St. Lows, MO, USA.
ZER was provided as a generous gift from the project
leader Dr. Ahmad Bustamam Abdul
structure and purity of ZER were tested using NMR and
HLPC, respectively.

The chemical

Animals: Thirty five female rats (Sprague-Dawley) of
150-200 g weight, procured from the Animal House Unit,
Faculty of Veterinary Medicine, University of Putra

778

Malaysia (UPM) were used The animal room at Institute
Bioscience, UUJPM was maintained at a temperature of
25+2°C with a 12 h light/dark cycle and a relative lumidity
of 50-60%. Free access to food and water was allowed at
all times. Rats were housed five per cage in sterilized
plastic cages using homogenized wood shavings as
bedding. All experimental protocols held on animals were
done according to regulations set by the Institutional
Amnimal Care and Use Committee, Faculty of Medicine and
Allied Sciences, UPM.

Experimental design: The rats were divided nto groups
(n = 5) Rats in group | were intraperitoneally pretreated
for 4 days with ZER (100 mg/kg/day, in corn oil). Rats in
group 2 were mtraperitoneally pretreated for 4 days with
ZER (200 mg/kg/day, n corn oil). Three hours after ZER
pretreatment, a dose of 45 mg kg™ of Cisplatin was
injected in rats group 1 and 2. Rats in group 3 were
intraperiteneally treated by Cisplatin 10 mg kg™ platin as
positive control. Group 4 were intraperitoneally treated
with com oil. Rats in group 5 were intraperitoneally
treated with ZER (100 mg kg™") as a control for group 1.
Rats in group 6 were imtraperitoneally treated with ZER
{200 mg kg') as a control for group 2. Rats in group 7
were intraperitoneally treated with DMSO in distilled
water, as a control for Cisplatin. All animals were injected
in similar volume injections. Since, lgher doses of
Cisplatin showed evidence of tissue damage between
8-15h after injection (Liu et al., 1998), the rats were killed
under ether anesthesia, 16h after injection and blood, liver
and kidney tissues were then collected. Trunk blood was
collected and analyzed for ALT, AST, ALP and GGT.
After bleeding, liver samples were removed and either
fixed m 10% formaldehyde for Mstopathological
examinations or stored at -80°C for subsequent
measurement of Malondialdehyde (MDA)
Glutathione (GSH) levels.

and

Determination of liver functions: Serum ALT, AST, GGT
and LDH levels were measured to assess the liver
function. All  biochemical assays were done
spectrophotometrically using Hitachi-912 Autoanalyser
(Mannheim, Germany) with kits were supplied by Roche
Diagnostics (Mannheim, Germany). To obtamn data with
good sensitivity and validity, serum samples were
analyzed in triplicates and blindly analyzed.

Histopathological examinations: The liver samples were
embedded in paraffin and tissue sections of 5 um were
obtained using microtome (Lieca, Switzerland) and stained
with hematoxylin and eosin following laboratory standard
procedure. Stained hepatic tissues slide were mounted
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with DPX and covered with cover slips. All sections were
examined using a photomicroscope (Olympus BH-2,
Japan). At least five microscopic areas were examined to
score a specimen. The criteria for liver igury meluded
vacuolization of hepatocytes and pyknotic hepatocyte
nuclei, activation of Kupffer cells and enlargement of
sinusoids. Each specimen was scored using a scale
ranging from 0-3 (O: none, 1. mild, 2: moderate and
3: severe), whereby a total score of 9 was adapted for
liver specimens. Histological examination and scoring
were examined and performed by an mdependent
histopathologist, non-related to this research team and
uninformed of all treatment groups.

Measurement of tissue MDA: The measurement of MDA
has been used as an indicator of lipid peroxidation. Levels
of MDA were assayed following the method of Satoh.
Briefly, 10% (w v~') homogenate of liver made by 0.1 mol
L™ phosphate buffer was centrifuged at 4°C; 3500 rpm for
10 min. Two milliliters supernatant were mixed with 0.67%
2-Thiobarbituric Acid (TBA) and 20% trichloroacetic acid
solution and heated in water bath (95°C) for 30 min. Later,
tubes were centrifuged and supermnatants collected. The
pink-colored chromogen formed by the reaction between
TBA with MDA was measured at 532 nm. The results
were expressed as MDA nmol mg™" protein. Contents of
protein in the supernatant were measured using Lowry’s
method with few modifications (Yingjun et af., 2008).

Measurement of tissue GSH levels: The tissue samples
were homogenized 1n 10 volumes of ice-cold 10%
trichloroacetic acid and centrifuged at 1000 rpm for 15 min
at 4°C. Supernatant was removed and recentrifuged at
35,000 rpm at 4°C for 8 min. GSH was determined using a
spectrophotometric method, which is a modification of
Ellman procedure (Aykac ef al., 1985).

Statistical analysis: All data are expressed as meantSD.
Histological data (Lesion Scoring) were compared
using Kruskal-Wallis non-parametric test whilst other
parameters were compared by one-way ANOVA followed
by post hoc Tukey HSD multiple comparison tests. The
type 1 error level was set at p<0.05 for all tests. All
statistical analyses were performed using SPSS software
(Chicago, TL., TTSA) version 16.0 for Microsoft Windows®.

RESULTS AND DISCUSSION

The effect of zerumbone on Cisplatin-induced liver
dysfunction: The results of this study showed that
Cisplatin 45 mg kg™ caused a significant reduction in
hepatic function, as characterized by remarkable increased
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in serum ALT, ALP, AST and GGT (Table 1). These
findings indicate strongly that the single intra-peritoneal
injection of 45 mg kg~ Cisplatin harms liver function.

Pretreatment with zerumbone for 4 days significantly
overturned Cisplatin-induced elevation in serum ALT,
ALP, AST and GGT. Moreover, treatment with DMSO and
comn o1l did not induce any abnormal changes m the
serum level of liver function enzymes. In addition, serum
levels of these enzymes are not affected by the treatment
with zerumbone (Table 1).

The effect of zerumbone on qualitative and quantitative
histopathology and clinical observation: No death was
observed among all groups during the period of the
study. Liver samples was obtained and observed under
microscopy. Liver tissues m Cisplatin-administered
animals have shown cellular damage. This hepatic damage
was recognized by severe activation of Kupffer cells,
degeneration and moderate enlargement of sinusoids. In
zerumbone pre-treated amimals, the morphology of hepatic
tissue is nearly appears normal with preserved liver
parenchyma. The morphological feature of liver from
zerumbone mjected ammals 1s similarly near to the control
morphology with normal hepatocytes, Kupffer cells and
sinusoids (Fig. 1-7). In accordance with the morphological
appearance of livers from Cisplatin injected animals, their
quantitative lesions scoring mean 1s statistically lugher
than that of normal control group (p<0.05). Zerumbone
administration reduced the microscopic lesion scoring
effectively (p<<0.05) (Table 2).

Total mean scoring, sinusoidal dilatation, activation
of Kupffer cells and vacuolization was used as indices to
evaluate the lesions quantitatively as mentioned earlier. In
respect to these mdices, the highest mean was observed
in Cisplatin treated group.

45 mg kg ' Cisplatin 10 mg kg™ Platin
200 mg kg™ ZER + 45 mg kg ™' Cisplatin
100 mg kg ' ZER + 45 mg kg™ Cisplatin
100 mg kg~' ZER negative control

200 mg kg~' ZER Negative Control

: Negative control (DMSO)

. Negative control (corn oil)

GHEEHg oW s

The effect of zerumbone on MDA and GSH levels: Lipid
peroxidation in liver tissues was measured according to
MDA level. In Cisplatin injected ammals, MDA level 1s
markedly higher compared to normal control. Pretreatment
with zerumbone decreases the levels of MDA, which are
significantly different from the mean of MDA in Cisplatin
treated ammals (Table 3). The mdigenous level of GSH
was strongly depleted by single intraperitoneal iyjection
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Table 1: Liver fanction enzyimes of contiol and Cisplatin treated rats and the efféct of zerumbone pre-teabment

Groups AILT(UTL™" AST(UTL™ ALP M L7N GGET (U L7N
ZER 100 mg kg™' + Cisplatin 45 mgz kg™! 63.2000+£1% 51 199924724207 21 .BA+4. 32 2.50+1.10
ZER 200 + Cisplatin 45 mg kg™ a3 3500£24 27 244 23+83.937 2244880 2.86¢] 21
Cisplatin 45 mgz kg™! 210220451 57 441 40453 F35% 43 33+10.47% 5p6+].15¢
Com oil regative cortral 4590001733 15270438 252 12894581 3.00+0.81
DM3Q control 5300001222 260.32+80 283 13.87¢1.70 2.25¢1.70
ZER 200 mg kg ! contecl 48.8000+£1272 201.44+52 661 18.21+4 .83 1 .80+0.83
ZER 100 me kg™ control 43.2000+3 80 15%.20+a1 700 13.0943.57 1 .pat0.57

ALT: &lamne amunotrars ferase, 45 T: As partate aminotransferase, ALP: Alkaline Phos phatase, GG T: Gamma-Ghitamyl Transpephdase, Data aw expressed
as meantd D of five 1t for each group. *D enotes sizmficant difference at 005

Table 2: Lesiow scormg ofthe conbrals, Crsplatin or Cisplatinl + EER

Groups Wamolization Achvaton of Eupdfer cells Z1mizodal dilatation
ZER 100 mg kg ' + cisplatin 43 mg g~ 15711 1.3540.58 1.10+0.0
ZER 200 mg kg™ + cisplatin 45 mg kg™' 1.00+0.7 1.00+0.00 16005
Cisplatin 45 mg kg™! 300e00% 3.00£0.00% 300 0.0+
Comn cil regative cortral 0.00+£00 0.00+0.00 0.00£0.0
DME O control 0.00+00 0.00£0.00 0.00£0.0
ZER 200 mg kg™ contenl 125405 1.20+0.00 1.20£0.0
ZEE 100 » ke™' contral 0.00+£00 1.01+0.50 1.50£1.0

Dataare expiessed as meantiD of fve rats for each zronp. *Denotes sizmficant difference at 0.05

Table 3: The tsme Malonmdialdelpde (MDA) level, Ghitathiore (G5H)
oomtent of the conbol, Cis platin-injected and memmbone pretreated

gronps
MDA GiH

Treabments [mmolz ™) [mnal g1
EZER 100+ CISPLATIN d5mg kg™ 352136 1 62045
ZER 200+ CISPLATIN 45 mg kg™ 323144 1201087
CEFLATIN 45 wg kg™ 2923 10# 0.51+0.12#
Hegativecortrol [camal) 1.123+0 56 021+0.31
DS O Control 292134 102023
ZER 200 mg kg™' 3.11x093 121038
ZER 100 g k™! 2214095 12+0.27

Diata are expressed a5 meartS D of five raks for each gronp. 5 iguficant
difference at 0035
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Fig 1:4-Cisplatin 45 mg kg’ Al Sever degenerated
hepatocytes, AZ2: Sever hemorthage in=ide
hepatocytes, A3 Increased number of activated
Eupffer cells

of45 mg ke ! Cisplatin Howewver, this depl etion has been
reversed by prior treatment of Zerumbone at 100 mg kg™
and 200 mg kg~ injections (Table 3).

Findings of this current study revealed that daily
zerumbone pre-treafment of rats matkedly improves

TR0

Fig 2

Fig 3

B-ZII 200 mg kg™ Cisplatin 45 mg kg'. Bl:
Increased number of activated Eupffer cells, B2:
Mild degenerated hepatocytes
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C 100 mg kg™ ZII + 45 mg kg~ Cisplatin. Cl:
Increased number of activated Eupffer cells, C2:
Sever haemomrhage inside hepatocytes
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Fig. 4: D-ZIT 100 mg kg ' negative control. D1: Increased
number of activated Kupffer cells, D2: Mild
degenerated hepatocytes (vacuolization) semi
normal appearance of liver
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Fig. 5: E-ZII 200 mg kg™' negative control. E1: Increased
number of activated Kupffer cells, E2: Mild
degenerated hepatocytes (vacuolization) semi
normal histological appearance of liver

Cizplatin-induced hepatic dysfunction and organ damage
az established using histopathological examinations and
biochemical assayz and further evaluating hepatic
oxidative damage determined by levels of GSH and MDA
in rat liver tizssues. Recent studies have reported the
potential usage of zerumbone as an anti-cancer drug
candidate (Sakinah et @, 2007; Abdul et af., 2008).
However, little iz reported regarding the actions of thiz
compound against Cisplatin  hepatotoxicity. To the
knowledge, the present study iz the first to investigate
and to explore the use of zerumbone for preventing
Cizplatin hepatotoxicity.

Platinating agent: are an important class of
chemotherapeutic agents for cancer, with Cisplatin and
carboplatin used comprehensively in treating testicular,
gynecologic, head and neck and lung carcinomas whilst
another analogue, oxaliplatin, iz becoming a mainstay of

Fig. 6: F-DMSO negative control. F1: Normal number of
Kupffer cells. Normal histological appearance of
liver

Fig. 7: G-corn oil negative control. G1: Normal number of
Kupffer cells. Normal histological appearance of
liver

colorectal cancer treatment (Rabik and Dolan, 2007). The
clinical contraindications of Cisplatin are well docurmnented
az the most important dose limiting factor in cancer
chemotherapy, but at high dozes of Cisplatin,
hepatotoxicity az well as nephrotoxicity does transpire
{Weijl etal., 2004). To overcome such contraindications,
natural products of plant origin has been examined in their
ability to do zo (Hong et @l., 2005). Zingiberaceae iz a
botanical family that poszesses potential hepato-
protective compounds such az  curcumin from
Curcuma longa and xanthorrhizol from Curcuma
santhorrhiza (Kim e al., 2003). Zerumbone, a
phytochemical izolated from Zingiber zerumbet of the
Zingiberaceae family, haz shown to possess
chemopreventive, anti-inflammatory, free radical
scavenging activities and activating properties towards
phase II drug metabolizing enzymes (Murakami &t af.,
2003; Abdul et «al, 2008). In addition, the cytotoxic
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property of zerumbone was known to be cytoselective
towards cancer cells compared to normal cells
(Sakinah et af., 2007).

The earlier study had shown that zerumbone acts
synergistically with Cisplatin  to inhibit cervical
mtraepithelial neoplasia induced in utero experimentally
in female Balb/c mice. This synergism later leads to the
lowering of the curative dose of Cisplatin and
subsequently to its clinical complications (Abdul et al.,
2008).

Experimental studies in animals have shown that a
minimum dose of Cisplatin (5 mg kg™' bedy weight) was
adequate to persuade toxicity in rats (Ravi ef al., 1995). A
higher dose of (12 mg kg™ weight) corresponds to the
equivalent human dose presently being used. In this
present study, a dose of Cisplatin (45 mg kg™ body
welght, 1p.) was used that demonstrated significant
increase m liver function enzymes, MDA and GSH as well
as in causing histopathological lesions in liver; compared
to normal control groups.

Biochemical evidence of hepatic injury has been
demonstrated by elevated levels of ALP, AST, ALT and
GGT and. In the present study, intraperitoneally
administrated Cisplatin (45 mg kg™') inte Sprague Dawley
rats lead to notably elevated levels of these biochemical
markers. In contrary, intraperitoneal pretreatment with
zerumbone (100 and 200 mg kg ™) significantly abrogated
these elevations. These biochemical findings were further
confirmed by evidences of microscopic examinations.

Platinating agents become aquated n cellular
cytoplasm, which enables them to react with thiol-
containing molecules, including Glutathione (GSH).
Increased concentrations of these compounds are known
to induce resistance against Cisplatin (Ali ef al., 2007).
Glutathione itself acts as an antioxidant to the cell; it helps
to maintain the redox environment while, maintaining the
reduced sulthydryl groups. Cisplatin is thought to be
detoxified by the glutathione through an adduct formation
(Al et al, 2006b; Hoffman et al., 2002).

The present study revealed noticeable elevations mn
hepatic glutathione levels mn rats treated with zerumbone
as compared to the control, DMSO and com o1l groups.
Glutathione uptake is one of the principal mechanisms
of cells to sustain intracellular thiol redox status
(Visarus et al,, 1996). Thus, it is possible to speculate that
a positive regulation in the biosynthesis of glutathione
may contribute to an mcrease n its intracellular contents.
In this context, we postulated that zerumbone indirectly
induces the biosynthesis of glutathione and thereby
providing a protective intracellular mechanism,
presumably as free radical scavenger for toxic agents.

Hoffman et al. (2000) had proposed a redox model of
cell proliferation, which suggested an appropriate dose
of zerumbone will enhance intracellular redox potential E
in cancer cells. In this aspect, zerumbone is thought to
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deplete intracellular reduced glutathione, thereby raising
E, which in turn stops the proliferation of the cancer cells.
On the other hand, normal cells increased partially the
redox potential E. In relation to this, the present study
indicates enhanced levels of antioxidant glutathione
(reduced form) i non-cancerous rat liver tissues after
pretreatment with zerumbone. We find these results
interesting since pretreatment using appropriate dose of
zerumbone is able to reduce Cisplatin hepatotoxicity in
non-cancerous rats and with zerumbone reported to be
a potential anti-cancer agent (Abdul er af, 2008,
Sakinah et al., 2007). This could possibly mean that
zerumbone is specific towards cancer cells but causing
less adversity towards normal surrounding tissues,
concurrently to previous findings from owr laboratory
(Abdul et al., 2008).

Earlier data have mentioned that Cisplatin causes
oxidative stress and lipid peroxidation, whereby Cisplatin
induced hepatotoxicity is narrowly related to an increase
in lipid peroxidation in liver tissues (Abdurrauf et al.,
2007). The present study using laboratory rats, liver injury
develops after intraperitoneally injecting high dose of
Cisplatin (45 mg kg™"). Liver toxicity becomes obvious as
early as 8 h after ijection, as indicated by marked
elevations in the liver biomarker enzymes and MDA levels
inrats liver tissues.

High numbers of natural products and dietary
components have been recently evaluated as potential
chemopreventive agents (Hong et al., 2005). The effects
of pretreatment of a natural antioxidant on Cisplatin-
induced hepatic damages have been investigated and
evaluated in this present study, as with other natural
products and dietary components as chemopreventive
agents reportedly evaluated elsewhere (Hong et al., 2005,
Aliet al, 2007). The findings of this study however, have
demonstrated.

In vivo that pretreatment with a natural compound
zerumbone has prevented hepatic cells from further tissue
damages as evidenced by the significant difference
between Cisplatin alone and zerumbone pretreatment
groups.

CONCLUSION

Tt can be concluded that Cisplatin, when
administrated at a dose of 45 mg kg™, induced liver
damages as evidenced by the qualitative and quantitative
histopathology and biochemical analysis. DMSO and
corn oil did not induce any crossing effect, which clearly
shows the validity of the experimental design of this
study. On the other hand, zerumbone pretreatment has
beneficial in Cisplatin-induced liver dysfunction and
organ damage in rats, presumably via the prevention of
lipid  peroxidation and preservation of antioxidant
glutathione. We concluded that these beneficials are
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responsible for providing hepatoprotective properties and
hence, anti-cancer chemopreventive potential. Tt is
therefore, strongly recommended to consider this natural
compound to be a useful co-treatment for Cisplatin,
particularly during treatment of cancers.
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