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ABSTRACT

Cisplatin is a widely used anticancer drug but, it can produce undesirable effects such as hepatotoxicity even in therapeutic
doses. The underlying mechanism in hepatotoxicity has been attributed to free oxygen radicals. The present study was de-
signed to determine the possible protective effects of grape seed extract (GSE) and Origanum onites essential oil (OOEO)
on liver toxicity induced by cisplatin. Ninetysix-male Wistar albino rats were divided into eight groups, twelve in each (Cont-
rol, GSE, OOEO, GSE+OOQEO, Cisplatin, GSE+ Cisplatin, OOEO+ Cisplatin, GSE+OOEQO+ Cisplatin) and followed up for 10
days. Cisplatin and OOEO were injected intraperitoneally. GSE was administered with gavage. The histopathological exami-
nation of liver tissues was performed by light microscope. Superoxide dismutase (SOD), glutathione peroxidase (GSH-Px)
activities and malondialdehyde (MDA) levels were determined in liver tissues. Alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels were measured in serum. Cisplatin-induced considerable hepatocyte damage under micros-
copic examination, and an increase in MDA levels as well as a decrease in the activities of antioxidant enzymes, including
SOD, GSH-Px in liver tissues and an increase in serum ALT and AST (p< 0.001). The addition of GSE and/or OOEQO signi-
ficantly prevented microscopic tissue damage, reversed oxidative stress parameters and biochemical values compared to
the cisplatin group (p< 0.001). In conclusion GSE and OOEO may be used in adjuvant therapy to prevent cisplatin-induced
hepatotoxicity, but further studies using various doses, different time intervals, and a larger number of animals need to be
carried out.
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OZET

Sisplatin, kanser tedavisinde yaygin olarak kullanilan fakat tedavi dozlarinda dahi karaciger hasan gibi istenmeyen yan etkile-
re sebep olabilen bir ilactir. Sisplatinin karaciger dokusunda yaptigi hasarin altinda yatan mekanizma buyUk oranda serbest
oksijen radikallerine baglidir. Bu ¢alismada si¢anlarda sisplatin tedavisine bagl olusan karaciger hasarinda Gzim c¢ekirdegi
azittntin (UCO) ve esansiyel kekik yaginin (EKY) muhtemel koruyucu etkilerinin arastirimasi amaclanmistir. Doksanalti adet
Wistar albino cinsi erkek sigan; her biri oniki hayvandan olusan sekiz gruba béliinerek (Kontrol, UCO, EKY, UGO+EKY, Sisp-
latin, UCO+Sisplatin, EKY+Sisplatin, UCO+EKY+Sisplatin), on giin siireyle takip edildi.
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Sisplatin ve EKY periton igine enjekte edilirken, UCO gavaj yoluyla verildi. Karaciger dokulan histopatolojik incelemesi sk mik-
roskobunda yapildi. Karaciger doku érneklerinde stiperoksit dismutaz (SOD), glutatyon peroksidaz (GSH-Px) aktiviteleri ve
malondialdehit (MDA) dizeyleri ¢alisildi. Serum alanin aminotransferaz (ALT) ve aspartat aminotransferaz (AST) dUzeyleri 6l-
culdu. Sisplatin 1sik mikroskobu altinda belirgin karaciger hasari, serum ALT ve AST duzeylerinde artis, MDA duzeylerinde
ylikselme ve SOD ile GSH-Px'i iceren antioksidan enzim aktivitelerinde e azalmaya yol acti (p< 0.001). UCO ve/veya EKY ek-
lenmesi mikroskobik doku hasarini engelledi, oksidatif parametreleri ve biyokimyasal degerleri cisplatin grubuna gére belir-
gin diizeltti (p< 0.001). Sonug olarak sisplatinin yol agtigi hasan énlemede UGO ve EKY’ nin adjuvan tedavide kullanilabile-
cegdi fakat farkl doz, farkl slre ve daha fazla denek sayilaryla yeni ¢alismalarin yapiimasinin uygun olacagi kanisina varildi.

Anahtar Kelimeler: Sisplatin, Hepatotoksisite, Serbest Radikaller, Uziim, Kekik

INTRODUCTION

Cisplatin (cis-diamminedichloroplatinum II) is one
of the most widely used antineoplastic agents in the
treatment of solid tumour and haematological ma-
lignancies.' Despite its significant antitumour acti-
vity, the clinical use of cisplatin is often limited by
its undesirable side-effects e.g. nephrotoxicity and
neurotoxicity, which are examples of the most se-
vere and dose limiting effects.”® Nevertheless, other
less frequent toxic effects, such as hepatoxicity,
which is frequently seen after the administration of
high doses of cisplatin, can alter the clinical situati-
on of patients.*® Although cisplatin-induced neph-
rotoxicity has been very well documented in clini-
cal oncology, hepatotoxicity has been rarely cha-
racterized and less studied. El-Sayyad et al. showed
that cisplatin induced drastic abnormalities in liver
tissue histology and the ultrastructure with respect
to direct toxic effect on hepatocyte organels.” Like
other chemotherapeutics, cisplatin causes excessive
reactive oxygen species (ROS) generation and also
induces a decrease in plasma antioxidant levels,
which may reflect a failure of the antioxidant de-
fence mechanism against oxidative damage .**

Superoxide dismutase (SOD) and glutathione pero-
xidase (GSH-Px) are endogenous antioxidants and
their natural supplements play a role in the preven-
tion of cisplatin-induced oxidative injury in cancer
patients." When an atioxidants are administered as
an adjuvant therapy in rats receiving cisplatin, a
significant clinical improvement is obtained. It has
been demonstrated that a high dose of vitamin E, or
a combination of antioxidants, restored GSH-Px ac-
tivity with a concomitant reduction in malondial-
dehyde (MDA) levels for prevention of cisplatin si-
de effects.”” In another study, cisplatin induced mi-
tochondrial sensitivity prevented by the thiol group
of protective antioxidant agents, namely glutathi-
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one, dithiothreitol, N-acetyl-L-cysteine and cyste-
ine, whereas SOD, catalase and ascorbate."”

Grape seed extract (GSE) contains a number of
polyphenols, including procyanidins and proant-
hocyanidins, which are powerful free radical sca-
vengers. Grape seed proanthocyanidin extract is a
rich source of polyphenolic antioxidants, a natu-
rally occurring family of oligomeric proanthocya-
nidins found in a wide range of fruit and vegetab-
les."""” A number of studies have demonstrated the
superior free radical scavenging ability of GSE as
compared to vitamins C, E and f-carotene.'*'¢

Turkish oregano (Origanum onites L.), a member
of the mint family, Lamiaceae, is well known for its
antioxidative activity. Carvacrol and thymol, the
two main phenols that constitute about 78-82% of
the essential oil of oregano, are principally respon-
sible for its activity."” Origanum also contains phe-
nolic terpenoids, flavonoids, tannins, phenolic
glycosides and sitosterol. Authors have reported a
broad spectrum of pharmacological and therapeutic
effects provided by origanum including antioxi-
dant, antispasmodic, antitumoural, antimicrobial,
antifungal, diuretic and analgesic activities.”*"

The aim of this study was to investigate the role of
oxidative stress on cisplatin-induced hepatotoxicity
and the possible protective roles of antioxidant fo-
od supplementation on this toxicity through tissue
oxidant/antioxidant parameters and light microsco-
pic evaluation.

MATERIALS and METHODS

Animals: Ninety-six adult male Wistar albino rats,
initially weighing 230-310 g at 16 weeks old, were
purchased from The Animal Laboratory of the Fa-
culty of Medicine at Erciyes University. The ani-
mals were fed with a commercial standard diet and
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water ad libitum during the experimental period,
and were kept at an ambient room temperature of
20-22°C, with a relative humidity of 50+5%; 12:12
h light and dark cycles were maintained. All ani-
mals were housed for acclimatization for 1 week
before the experiments. This research was perfor-
med in accordance with the National Guide for the
Care and Use of Laboratory Animals and approved
by the Local Ethics Committee at the University.

Experimental design: The animals were randomly
divided into eight groups (Control, GSE, OOEO,
GSE+OOEO, Cisplatin, GSE+Cisplatin, OO-
EO+Cisplatin, GSE+OOEO+ Cisplatin), each gro-
up consisting of 12 rats. As a preventive supple-
ment GSE (100 mg/ kg-bw solution was administe-
red with gavage by a curved 3-inch long 16-gauge
gavage tube inserted after applying a proper restra-
int) and OOEO (1 mg/ kg-bw, intraperitoneally),
and as a placebo distilled water (orally with gava-
ge) were given to each group throughout the 10
days. The GSE+OOEO group was administered
with two preventive supplements in the same dose
and in a similiar manner. As a therapeutic imple-
ment physiological saline was given to the control,
GSE, OEOE and GSE+OOEO groups (ip, as a pla-
cebo) and cisplatin (7 mg/ kg, single dose, intrape-
ritoneally) was given to the cisplatin, GSE+cispla-
tin, OOEO+cisplatin and GSE+OOEO-+cisplatin
groups on the 6th day. On the 11th day liver tissue
and serum samples were obtained from the rats un-
der deep anaesthesia. The liver samples were then
removed from the animals and immediately stored
at -30°C until analysis.

Preparation of Grape Seed Extract: Ripened gra-
pes (Vitis vinifera L) from the most popular wine
making grape cultivars grown in Turkey, Okuzgozu
(red grape cultivar), were obtained from the Tokat
region of Turkey. The grape seed powder (100 g)
was extracted in a Soxhlet extractor with petroleum
ether (60°C for 6 hours) to remove the fatty materi-
als. The defatted grape seed powder was re-extrac-
ted in a Soxhlet apparatus for 8 hours with 200 ml
ethanol. The extract was then concentrated in a ro-
tary evaporator (Rotavator Evaporator R 200, Buc-
hi, Switzerland) under vacuum at < 40°C to lyophi-
lize the crude extracts (Labconco Freezone 2.5,
Missouri, US), It was then stored in a dark bottle at
4°C until use. The concentration of total phenolic
compounds in the seed extract was determined by
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the Folin-Ciocalteu colourimetric method. The To-
tal phenolics were expressed as gallic acid equiva-
lents (milligram GAE per gram extract).” The con-
tent of total phenolics was found as 587.4+5.6 mg
GAE/g in the grape seed extracts.

Preparation of wild oregano essential oils: Ori-
ganum onites samples were collected from Izmir
(Turkey). The wild oregano (Origanum onites) es-
sential oils were produced by the Clevenger hydro-
distillation method. Plant materials (500 g), cut in-
to small pieces, were placed in a distillation appa-
ratus with double distilled water and hydrodistilled
for 3 h. The essential oil was dried over anhydrous
sodium sulfate, filtered and stored at -60°C until
analysis.” The chemical compositions of the wild
oregano essential oils were found as 0.92% myrce-
ne, 0.73% a-terpinene, 3.02% o-terpinene, 2.91%
p-cymene, 5.18% linalool, 6.21% thymol and
80.23% carvacrol.

Chemicals: All chemicals were obtained from Sig-
ma Chemical Inc. (St. Louis, MO, USA) and all or-
ganic solvents from Merck Chemical Inc. (Darms-
tadt, Germany) except for cisplatin. Cisplatin
(Cisplatinum Ebewe 1 mg ml") was obtained from
the Liba Drug Company, Istanbul, Turkey. All re-
agents were analytical grade. All reagents except
for the phosphate buffers were prepared each day
and stored in a refrigerator at +4°C. The reagents
were equilibrated at room temperature for 0.5 h be-
fore use, either at the start of analysis or when re-
agent containers were refilled. Phosphate buffers
were stable at +4°C for 1 month.

Biochemical determinations: The livers were ex-
cised immediately and homogenized in a 10-fold
volume of phosphate buffer solution at pH 7.4,
using a homogenizer (Ultra-Turrax T 25, IKA;
Werke 24.000 r.p.m, Germany). All preparation
procedures were performed at +4°C.The homoge-
nates were centrifuged at 10.000 x g for about 60
min and the resulting supernatants were stored at -
80°C until for MDA, SOD and GSH-Px assays.

Determination of MDA Level: The levels of
MDA in liver tissue were assessed according to the
method of Ohkawa et al.? The assay procedure to
determine the MDA levels in the rat livers was set
up as follows: to samples less than 0.2 ml of 10%
(w/v) tissue homogenate, 0.2 ml of 8.1% sodium
dodecyl sulphate and 1.5 ml of 20% acetic acid so-
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Iution were added. The pH was adjusted to 3.5 with
NaOH and 1.5 ml of 0.8% aqueous TBA solution.
The final volume was brought to 4 ml by distilled
water and then heated in an water bath at 95°C for
60 min using a glass ball as a condenser. After co-
oling with tap water, 1.0 ml of distilled water and
5.0 ml of an n-butanol and pyridine (15: 1 v/v) mix-
ture were added and the mixture was shaken vigo-
rously. After centrifugation at 4.000 rpm for 10
min, the organic layer was removed and its absor-
bance was measured at 532 nm. Tissue MDA levels
were expressed in nanomoles MDA per milligram
of protein in tissue homogenates (nmol/mg prote-
in). Protein concentrations were measured by the
Lowry method.”

Determination of SOD Activity: Total (Cu-Zn and
Mn) SOD (EC 1.15.1.1) activity was determined
according to the method of Sun et al.** The princip-
le of this method is based on the inhibition of NBT
reduction by the xanthine—xanthine oxidase system
as a superoxide generator. Activity was assessed in
the ethanol phase of the supernatant after a 1.0 ml
ethanol/chloroform mixture (5/3, v/v) was added to
the same volume of sample and centrifuged at 4000
g. One unit of SOD was defined as the amount of
enzyme causing 50% inhibition in the NBT reduc-
tion rate. SOD activity was also expressed as units
per milligram liver protein.

Determination of GSH-Px Activity: GSH-Px (EC
1.6.4.2) activity was measured by the method of
Paglia et al.® The enzyme reaction in a tube conta-
ining NADPH, reduced glutathione (GSH), sodium
azide, and GSH reductase was initiated by the addi-
tion of H202 and the change in absorbance at 340
nm was monitored with a spectrophotometer. Acti-
vity was given as units per gram protein in liver tis-
sue and all samples were assayed in duplicate.

Determination of Liver Functions: Serum ALT
and AST levels were measured to evaluate liver
function by using reagents (Thermo Electron CO,
USA) for Olympus Analysers. All liver enzyme as-
says were performed spectrophotometrically using
an Olympus AU 2700 autoanalyser (Olympus CO,
Tokyo, Japan). ALT, AST levels were also expres-
sed as units per litre.

Histopathological Examinations: For the histo-
pathological examinations, the liver tissue samples
taken from the rats were fixed in 10% phosphate
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buffered formalin and embedded in paraffin. Then,
5 wm sections were cut from the parafin blocks and
stained with hematoxylen-eosin. Liver sections we-
re blindly observed under a light microscope and
scored to assess histopathological changes accor-
ding to the following grading system: 0, normal; 1,
mild hydropic degeneration, no Kupffer cell proli-
feration and no necrosis; 2, moderate hydropic de-
generation, Kupffer cell proliferation and no or litt-
le necrosis; 3, severe hydropic degeneration, Kupf-
fer cell proliferation and necrosis.”

Statistical Analysis: Data were expressed as me-
anzstandard deviation (X=SD) (for normally distri-
buted data), or as median with 25%-75% percentile
(for skewed data). Comparisons of MDA, SOD,
GSH-Px, AST and ALT between the groups were
made by using a One Way Analysis of Variance
(ANOVA). Post-hoc comparisons on parameters
were performed using the Tukey procedure. Com-
parisons of groups for histopathological examinati-
ons were made by using a Kruskal-Wallis analysis
of variance (Post-hoc comparisons: Dunn’s test).
All analyses were performed with the statistical
package for scientists (SIGMASTAT) Windows
version 3.5 and p values less than 0.05 were regar-
ded as statistically significant.

RESULTS

Cellular damage was observed in liver the samples
of cisplatin-injected animals. The liver morpho-
logy was characterized by severe activation of
Kupffer cells, degenerated hepatocytes and mode-
rate enlargement of the sinusoids (Figure 1). The
microscopic damage score of the liver samples was
significantly higher in the cisplatin-injected group
(median score: 2, range 1.75-2.25) than those of the
other groups (p < 0.05); Cisplatin: 2 (range 1.75 -
2.25). The addition of GSE and OOEO effectively
improved microscopic appearance and also signifi-
cantly reduced the histopathological scores (medi-
an scores: GSE+Cisplatin: 1, range 1-2;
OOEO+Cisplatin: 1, range 1-2; GSE + OOEO +
Cisplatin: 1, range 1-1.5) as compared to cisplatin-
treated groups (p < 0.05).

The biochemical oxidation parameter results are
expressed in Figure 2. All groups were compared
with each other statistically. GSE and GSE+OOEO
administration significantly decreased MDA levels
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Figure 1. Light Microscopic Photomicrographs of Liver Tissues

Cisplatin group: Severe hydropic degeneration, necrose of hepatocytes, dilatation and vascular congestion in sinusoids, increased number
of Kupffer cells and inflammatory cell infitration in portal triad region (A,B). GSE+Cisplatin, OOEO+Cisplatin, GSE+OOEO+Cisplatin groups:
Moderate hydropic degeneration, activated Kupffer cells, no necrosis (C,D). Control, GSE, OOEO groups: Normal histological appearence of

liver (E,F)

as compared to the control group (p < 0.001), whi-
le the addition of OOEO decreased the MDA level
to a lesser degree but this decrement was not remar-
kable (p > 0.05). The MDA levels in the rats rece-
iving cisplatin were significantly higher than in the
other groups (p < 0.001). However, the addition of
GSE and/or OOEO to the treatment significantly
decreased the cisplatin-induced MDA increment (p
< 0.001; Figure 2a)

GSE and GSE+OOEO administration significantly
increased SOD and GSH-Px activities as compared
to the control group (p < 0.001), while OOEO addi-
tion did not change antioxidant activity compared
to the controls (p > 0.05). While cisplatin treatment
significantly decreased liver SOD and GSH-Px ac-
tivities (p < 0.001; Figure 2b and Figure 2c), GSE
and/or OOEO treatment reversed these reductions
in SOD and GSH-Px activities in the cisplatin gro-
up (p < 0.001).

As expected, cisplatin caused significant increases
in serum ALT and AST levels when compared to
control levels (Figure 3a - 3b; p < 0.001). Treat-
ment with GSE and/or OOEO markedly reversed
cisplatin-induced alterations in serum hepatocyte
enzymes levels (p < 0.001).
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DISCUSSION

Cisplatin, one of the most active cytotoxic agents
against cancer, has several toxicities. Hepatotoxi-
city occurs during high dose treatment with cispla-
tin.”** El-Sayyad et al showed many histopatholo-
gical abnormalities including inflammatory infiltra-
tion, hyperplasia, periportal fibrosis, marked dis-
ruption of hepatic cords and dilated blood sinusoids
in the rats livers of receiving cisplatin. These chan-
ges were confirmed at ultrastructural level, inclu-
ding vesiculated rough endoplasmic reticulum and
atrophied mitochondria.” The data in our study also
revealed that even a single dose of cisplatin (7 mg
kg™) causes considerable damage in the liver, as as-
sessed microscopically. The liver morphology was
characterized by severe activation of Kupffer cells,
degenerated hepatocytes and moderate enlargement
of the sinusoids. The present study also showed al-
so clinical evidence of cisplatin-induced liver in-
jury, demonstrated by elevated activities of serum
enzymes ALT and AST.

In various studies, it has been shown that cisplatin
administration is associated with increased formati-
on of free radicals and generates active oxygen spe-
cies, such as superoxide anion and the hydroxyl ra-
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Figure 2a. MDA Levels of the Liver Tissues (p < 0.001)
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Figure 2c. GSH-Px Activities of the Liver Tissues (p< 0.001)

dical®* In the present study, an increment in
MDA, a highly reactive compound and remarkable
marker for oxidative stress and a decrement in
GSH-Px and SOD activities, which are key antioxi-
dants, were found in the liver of rats treated with
cisplatin. After understanding the possible role of
free radicals incispaltin-induced oxidative liver da-
mage, several agents were added to the therapy as
an adjuvant supplement and they attempted to pro-
tection and/or to prevent the side effects of chemot-
herapeutics. Recent studies have shown that diffe-
rent natural antioxidants such as vitamin C, vitamin
E, ellagic acid, nigella sativa, lycopen, caffeic acid
phenethyl ester prevent cisplatin-induced toxi-
city.*#% In this study, we investigated the effects
of the natural antioxidants GSE and OOEQO in cisp-
latin-treated rats by microscopic examination and
biochemical assays.

138

Figure 2b. SOD activities of the Liver Tissues (p < 0.001)

Most grape products are rich sources of dietary che-
mical constituents that may have a potential for the
prevention and treatment of human malignancies.*
These products have generated remarkable interest
based on positive reports of their antioxidant pro-
perties and their ability to serve as free radical sca-
vengers.””?* Several studies have indicated that
GSE inhibits the oxidation of LDL, inhibits the
enzyme systems that are responsible for the produc-
tion of free radicals is antimutagenic, and anticarci-
nogenic.” Hence, GSE is widely consumed as a di-
etary supplement and could be useful in synergi-
zing the efficacy of cancer chemotherapeutic agents
in cancer treatment. The protective effect of GSE
against chemotherapy-induced toxicity may be att-
ributed to its potential to act as a hydrogen—dona-
ting free radical scavenger and singlet oxygen qu-
encher and to their antioxidant activity." Similarly,
in this study, the combined treatment of cisplatin
and GSE resulted in a significant decrease in the
MDA levels of liver tissue, a significant elevation
in the antioxidant GSH-Px and SOD activities of
tissues indicating the protection offered by GSE
against cisplatin injury.

Carvacrol, the main constituent of OOEQ, is an
oxygenated monoterpene with multiple pharmaco-
logical actions including antioxidant, antitumoural,
hepatoprotective activities.'"?*#" It is also well
known that essential oils which are rich in carvac-
rol possess strong antioxidant properties equivalent
to those of ascorbic acid, butyl hydroxyl toluene
and vitamin E.* In the present study OOEO ameli-
orated the side effects of cisplatin by inhibiting li-
pid peroxidation. Contrary to our expectations, the
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Figure 3a. Liver ALT Levels (p < 0.001)

use of OOEO with GSE did not have a synergical
antioxidant effect on cisplatin-induced oxidative
stress. This additive effect may have a similiar an-
tioxidant mechanism but further in-vivo and in-vit-
ro experimental sets up are neeeded to explain the
exact mechanism.

In conclusion, we showed that the experimental ad-
ministration of cisplatin is accompanied by incre-
ased lipid peroxidation in rats. We therefore suggest
that oxidative stress is a cause of cisplatin-induced
pathophysiology. Simultaneously, we studied the
co-administration of GSE and/or OOEO as an app-
roach to ameliorate cisplatin-induced hepatotoxi-
city. These agents may protect against cisplatin-in-
duced toxicity by overcoming the inactivation of
antioxidant enzyme systems induced by cisplatin,
and upregulating of SOD and GSH-Px activities in
the liver. Our findings could provide a more promi-
sing strategy for the prevention of hepatotoxicity in
cisplatin-based chemotherapy. However, additional
studies with various doses, different time intervals,
and a larger number of animals are necessary.
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