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ABSTRACT

Treatment of nausea/vomiting caused by cisplatin, a potent chemotherapeutic agent and one of the most
emetogenic stimuli, requires a combination of different antiemetic drugs. In this study, we investigated the
effects of ethanolic extract of leaves of Holoptelea integrifolia, Planch., an antioxidant herbal medicine, on
cisplatin-induced nausea using a rat model. Rats react to emetic/nausea-producing stimuli, such as cisplatin, with
altered feeding habits, manifested by pica or increased consumption of kaolin (a type of clay). We measured pica
in rats to quantify cisplatin-induced nausea, and to evaluate the antinausea effect of pretreatment with ethanolic
extract of Holoptelea integrifolia, Planch (HIE) given orally. Cisplatin at 3 mg/kg (i.p) induced significant pica
accompanied by reduced food intake, suggesting the presence of nausea. Hence, this cisplatin dose was selected
for testing the antinausea activity of HIE. Cisplatin-induced pica decreased significantly when animals were
pretreated with HIE at doses of 250 mg/kg p.o and 500 mg/kg p.o (P<0.01). HIE pretreatment decreased cisplatin-
induced kaolin intake in the rat model of simulated nausea, suggesting that HIE and its active constituent(s) may
play a therapeutic role in chemotherapy-induced emesis.
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INTRODUCTION

Nausea, vomiting and abdominal discomfort are
common side effects associated with the use of
chemotherapy in cancer patients, and adversely affect
patients quality of life (1,2). More importantly, these
side effects may lead to dehydration, compromised
patient compliance or refusal of potentially curative
cycles of chemotherapy (1) and therefore need to be
treated.

Cisplatin, a potent chemotherapeutic agent, is known
to cause significant nausea/vomiting (1,3). A number
of studies have shown that cisplatin, like other
chemotherapeutic agents, generates free radicals and
releases reactive oxygen species (ROS) (4,5,6,7). Such
enhanced oxidant activity in the gastrointestinal tract
could cause injury to enterochromaffin cells, as well as
other cells, and result in serotonin (5-
hydroxytyptamine, 5-HT) release. Ensuing stimulation
of vagal afferent sensory nerves and the
chemoreceptor trigger zone in the brain stem caused
by the released 5-HT could ultimately result in emesis
(8,9). Therefore it is postulated that antioxidants
could attenuate cisplatin-induced oxidant gut injury
and reduce nausea/vomiting.

Since nausea/vomiting induced by cisplatin may be
mediated by oxidants, we proposed to investigate the

effectiveness of an antioxidant herb, Holoptelea
integrifolia, Planch. (10), in a cisplatin-treated rat
model.

Rats react to emetic stimuli by altering their feeding
habit, manifested as increased consumption of non-
nutritive substances such as kaolin (a type of clay), a
phenomenon known as pica (11,12,13,14). This rat
model has been used previously to simulate nausea and
vomiting and shows reduced pica in response to
antiemetic drugs (12,13). In the current study, we
measured pica to quantify nausea in cisplatin-treated
rats, and evaluated the effects of ethanolic extract of
Holoptelea integrifolia, Planch (HIE) on cisplatin-
induced pica.

MATERIALS AND METHODS

Preparation of ethanolic extract of H. integrifolia,
Planch (HIE)

Plant leaves of H. integrifolia, Planch were obtained
from the foothills of Yercaud (Tamil Nadu, India) in
the month of August 2007 and were authenticated at
Dept. of Botany, Amravati University, Amravati,
Maharashtra. The dried and coarsely powdered leaves
(400 g) extracted successively with 1.5 L each of
petroleum ether (60-80° C), ethanol and in a Soxhlet
extractor for 72 h. The extracts were concentrated to
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dryness under reduced pressure and controlled
temperature (40-50° C). The petroleum ether extract
yielded a yellowish green sticky semisolid, weighing 3 g
(3%) The ethanol extracts yielded brown and semi-solid
residues, weighing 7.0 g (7.0%).

Phytochemical screening

The presence of phytochemicals alkaloids
(Draggendorff’s), flavonoids (Shibata’s reaction),
saponins (Frothing test), tannins (5% ferric chloride),
terpenoids (2,4 dinitrophenylhydrazine), glycosides
(fehling’s solution), steroids (Liebermann’s Burchard
test) were evaluated.

Animals

The experimental protocol was approved by the
Institutional Animal Care and Use Committee (IACUC)
of the Amravati University, Amravati, Maharashtra,
India. Swiss Albino mice (weighing 20-25 g) of either
sex were used to perform acute toxicity studies & Male
Wistar strain rats, weighing between 150 and 200 g,
were used to evaluate antiemetic activity. Animals
were housed in standard isolation cages (45x35x25 cm)
under environmentally controlled conditions with 12-h
light/12-h dark cycle. Rats were allowed free access to
water, standard laboratory rat chow (Hindustan Liver
Pvt. Ltd, Mumbai) and kaolin (see below), which were
placed in separate containers continuously available
throughout the experiment.

Acute toxicity test

Test animals were divided into groups (n = 6 per group)
which were administered different doses of the crude
extract (62.5, 125, 250, 500, 1000, 2000 and 4000
mg/kg p.o.), while the control group received only the
vehicle (1% Tween 80 in water, p.o.). The general signs
and symptoms of toxicity were observed for 24 h and
mortality was recorded for each group at the end of
this period (15).

Kaolin preparation

Kaolin was prepared based on a method described
previously (11,12). Briefly, pharmacological grade
kaolin (or hydrated aluminum silicate; Fisher, Fair
Lawn, N.J.) and acacia (or Gum Arabic; Fisher) were
mixed at a ratio of 99:1. Distilled water was used to
form a thick paste of this mixture. The paste was
rolled and cut into pieces that resembled regular rat
chow pellets. The pellets were dried at room
temperature for 72 h.

Experimental protocol

There was a 3-day adaptation period prior to study
period (day 0). During this period, animals were placed
in individual cages to allow access to both regular food
and kaolin. Prior to testing the effects of HIE, three
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doses of cisplatin (Cipla Pharmaceuticals, Goa, India;
available in aqueous form at 1 mg/ml), i.e. 3 mg/kg
(n=6), 5 mg/kg (n=3) and 10 mg/kg (n=3), were given
intraperitoneally (i.p.) to the animals. Based on the
observation, cisplatin 3 mg/kg was selected for the
evaluation of the effects of HIE pretreatment. We
observed that one rat had mild diarrhea following
administration of cisplatin at 10 mg/kg.

On Day 0, all four groups of rats received two i.p.
injections at 2 p.M. and 2:30 P.M. Group 1 animals (n=6)
received normal saline (vehicle). Group 2 animals (n=6)
received normal saline and cisplatin 3 mg/kg (i.p).
Group 3 animals (n=6) received HIE 250 mg/kg p.o and
cisplatin 3 mg/kg. Group 4 animals (n=6) received HIE
500 mg/kg p.o and cisplatin 3 mg/kg.

At 3 p.m. on each experimental day, the kaolin intake
was measured for five consecutive days. To measure
kaolin intake, the remaining kaolin were collected
including that spilled outside the containers. The
collected kaolin was dried for 24h to obtain dry
weight values to the nearest 0.1 g.

No irritation, restlessness or other adverse effects
(e.g., respiratory distress, abnormal locomotion, or
catalepsy) were detected in rats following i.p.
injection.

Statistical analysis

Data were analyzed using one-way ANOVA followed by
Dunnett’s test. The statistical analysis was performed
with Prism 4.0 (GraphPad software Inc., San Diego,
CA). P < 0.05 was considered to be significant.
RESULTS AND DISCUSSION:

Results of the preliminary phytochemical analysis
carried out on the crude ethanol extract indicated the
presence of alkaloids, glycosides, sterols, flavonoids,
tannins and saponins. No lethal effects were observed
within 24 h after the administration of the extract at
any of the doses used, even at the highest dose tested
(4000 mg/kg). Therefore, the lethal dose (LDsp) of the
extract in mice could not be determined. Dose levels
of 250 and 500 mg/kg body weight were chosen for the
pharmacological screening.

We demonstrated that a single dose of cisplatin
induced an alteration in food habit, characterized by
prolonged increased kaolin consumption (up to and at
120 h) in rats as shown in fig 1. The prolonged increase
in pica corresponds to a prolonged and delayed emetic
response to cisplatin in humans (2). We also
demonstrated that pretreatment with HIE, an
antioxidant herb, effectively attenuated cisplatin-
induced kaolin intake.

Cisplatin-induced nausea/vomiting is possibly mediated
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Figure 1. Effect of cisplatin and HIE on kaolin intake. The increase in kaolin intake induced by cisplatin at 3 mg/kg i.p was
decreased by administration of HIE at 250 mg/kg p.o and 500 mg/kg p.o. Values are mean + SD (n=6). P < 0.01 vs. control;
one-way ANOVA followed by Dunnett’s test. Statistical comparison is as follows: @ - vs A; # - vs B.

via cytotoxic damage to the enterochromaffin cells in
the small intestine (13,14,16). The resultant 5-HT
release could cause the emesis and nausea associated
with cisplatin treatment (17-20). Since
chemotherapeutic agents are known to release ROS
(Reactive Oxygen Species) (4), it is possible that
cisplatin could induce  oxidant injury to
enterochromaffin cells that results in 5-HT release,
stimulation of 5-HT; receptors located on the vagal
afferents, and initiation of the emetic reflex in the
brain stem (21-24). ROS release by cisplatin has been
confirmed in other studies (6,8). If ROS cause cisplatin-
induced nausea/vomiting, then treatment with an
antioxidant should reduce these side effects. This
supposition has been confirmed in a study in which
cisplatin-induced emesis was effectively prevented by
preadministration ~ of  the  antioxidant  N-(2-
mercaptopropionyl)-glycine (7). Additionally, cisplatin-
induced emesis is exaggerated by ferric chloride,
which is known to catalyze the production of cytotoxic
oxygen radicals, and is ameliorated by deferoxamine,
an iron chelator (22). Based on these facts, we
proposed to investigate the efficacy of an antioxidant
herb, HIE, in treating cisplatin-induced pica or
simulated nausea.

Holoptelea integrifolia, Planch. is a widely used herb
in traditional medical systems of India (10). The major
constituents of Holoptelea integrifolia, Planch. are
flavonoids, glycosides and terpenoids. The effects of
HIE may result in part from its constituent flavones,
which can attenuate oxidant stress and protect cells
from lethal oxidant damage. We therefore sought to

determine whether the antioxidant, HIE, could be used
to treat cisplatin-induced symptoms mediated through
putative oxidant mechanisms.

Data from the present study showed that HIE at both
250 mg/kg and 500 mg/kg reduced cisplatin-induced
pica as shown in fig 1. This suggests that cisplatin-
induced pica (nausea) could be treated with HIE. The
mechanism of the antinausea effect could be mediated
by the antioxidant properties of HIE (10).

Clinically, cisplatin-induced nausea/vomiting has been
described as a biphasic phenomenon, with each phase
responding to distinct antiemetic drugs (16). Overall,
conventional  antiemetics such as dopamine
antagonists, antihistamines, anticholinergics, and
glucocorticoids have a modest efficacy against
chemotherapy-induced emesis, either when
administered alone or in combination. A newer class of
antiemetics, that is the 5-HT; receptor antagonists
such as granisetron and ondansetron, have improved
the therapy of chemotherapy-induced emesis.
However, these drugs, in addition to their high cost,
appear not to be effective against the delayed emetic
response to cisplatin (16,25). Neurokinin receptor
antagonists have demonstrated better efficacy in
treating the delayed emetic phase (26,27). Thus
patients who are treated with cisplatin chemotherapy
have to consume additional multiple drugs to treat
severe side effects, which in turn leads to additional
side effects such as extrapyramidal effects,
constipation etc (28-31). A herbal medicine, such as
HIE and its flavonoids, could be an effective and
inexpensive alternative to preventing chemotherapy-
induced emesis without troublesome side effects. Our
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results suggest that HIE at a dose of 500 mg/kg
attenuated kaolin consumption in both phases. The
mechanism involved in the attenuation of acute pica
could by the antioxidant effects of HIE, but the
mechanism involved in the reduction in pica in the
later phase is not clear.
It is important to examine the pharmacokinetic and
pharmacodynamic interaction between the antioxidant
herb and cisplatin, which could either hamper or
augment the anticancer actions of cisplatin.
Antineoplastic agents result in oxidative stress in cells
that may interfere with their antineoplastic activity.
Treatment with antioxidants could detoxify ROS,
prevent oxidant injury to tumor cells and sensitize the
tumor cells to the anticancer effects of chemotherapy
(4). Thus concomitant antioxidant use may potentiate
cisplatin activity. A recent study by Cipak et al. has
indicated that flavonoid antioxidants either potentiate
or inhibit cisplatin-induced apoptosis depending on the
specific flavonoid (32). The effect of flavonoids in HIE
on cisplatin activity has not been studied previously
and further studies are needed to confirm that HIE
administration does not adversely alter the
pharmacological parameters of cisplatin.
We conclude that herbal antioxidants potentially
represent a new class of low-cost antiemetic agents for
the treatment of chemotherapy-induced
nausea/vomiting. Additional studies are required to
further investigate the antiemetic actions of such
herbal medications and the effects of interaction with
the chemotherapeutic agents.
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