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Abstract Purpose: Cisplatin, a chemotherapeutic agent,
causes significant nausea and vomiting. It is postulated
that cisplatin-induced oxidant stress may be responsi-
ble for these symptoms. We tested whether pretreat-
ment with American ginseng berry extract (AGBE), an
herb with potent antioxidant capacity, and one of its
active antioxidant constituents, ginsenoside Re, could
counter cisplatin-induced emesis using a rat pica
model. Methods: In rats, exposure to emetic stimuli
such as cisplatin causes significant kaolin intake, a
phenomenon called pica. We therefore measured cis-
platin-induced kaolin intake as an indicator of the
emetic response. Rats were pretreated with vehicle,
AGBE (dose range 50–150 mg/kg, IP) or ginsenoside
Re (2 and 5 mg/kg, IP). Rats were treated with cis-
platin (3 mg/kg, IP) 30 min later. Kaolin intake, food
intake, and body weight were measured every 24 h for
120 h. Additionally, the free radical scavenging activity
of AGBE was measured in vitro using ESR spectros-

copy. Results: A significant dose-response relationship
was observed between increasing doses of pretreatment
with AGBE and reduction in cisplatin-induced pica.
Kaolin intake was maximally attenuated by AGBE at
a dose of 100 mg/kg. Food intake also improved sig-
nificantly at this dose (P<0.05). Pretreatment with
ginsenoside Re (5 mg/kg) also decreased kaolin intake
(P<0.05). In vitro studies demonstrated a concentra-
tion-response relationship between AGBE and its
ability to scavenge superoxide and hydroxyl radicals.
Conclusion: Pretreatment with AGBE and its major
constituent, Re, attenuated cisplatin-induced pica, and
demonstrated potential for the treatment of chemo-
therapy-induced nausea and vomiting. Significant
recovery of food intake further strengthens the con-
clusion that AGBE may exert an antinausea/antiemetic
effect.
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Introduction

Treatment with cancer chemotherapy and radiotherapy
causes unpleasant symptoms such as nausea, vomiting
and abdominal discomfort [1–3]. These adverse effects
are significant as they cause increased patient morbidity
and anticipatory symptoms in the subsequent treatment
cycles [1]. The pathophysiology of these symptoms has
been partly attributed to oxidant injury to the intestinal
epithelium [4, 5]. The mucosal injury results in excessive
serotonin release from the enterochromaffin cells that
could mediate the gastrointestinal adverse effects of
chemotherapy and radiotherapy [6–10]. Since oxidant
injury to the gut may be the primary event responsible
for the gastrointestinal symptoms following chemo-
therapy or radiotherapy, we hypothesized that pre-
treatment with an antioxidant should ameliorate these
symptoms.
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In this study, we tested the efficacy of an herbal
antioxidant, American ginseng berry extract (AGBE),
in reducing chemotherapy-induced nausea and vomit-
ing. We used a rat pica model of simulated emesis, that
responds to emetic stimuli by increasing consumption
of non-nutritive substances such as clay or kaolin [11–
13]. The simulated emesis model is further validated by
the observation that treatment with antiemetics reduces
pica [14, 15]. The chemotherapeutic agent, cisplatin,
which induces significant nausea and vomiting in
humans and in other animals, causes pica in rats [9, 15–
17]. We therefore measured the effect of AGBE pre-
treatment on cisplatin-induced pica in rats. We also
sought to determine if pretreatment with an active
constituent of AGBE, ginsenoside Re, affected pica in
cisplatin-treated rats. In addition, the ability of AGBE
to scavenge superoxide and hydroxyl radicals was
measured in vitro using electron spin resonance (ESR)
spectroscopy.

Materials and methods

Animals

The experimental protocol was approved by the Insti-
tutional Animal Care and Use Committee (IACUC) of
the University of Chicago. Male Wistar strain rats
(Harlan Sprague Dawley, Indianapolis, Ind.), weighing
between 150 and 300 g, were used in this study. Animals
were housed in standard isolation cages (45·35·25 cm)
under environmentally controlled conditions with a 12-h
light/12-h dark cycle. Rats were allowed free access to
water, standard laboratory rat chow (Harlan-Teklad,
Madison, Wis.) and kaolin (see below), placed in sepa-
rated containers continuously available throughout the
experiment.

Preparation and analysis of AGBE

Dried American ginseng berries (Wisconsin Ginseng
Board Wausau, Wis.) were ground into fine powder,
dispersed in 75% ethanol, sonicated and refluxed for
1 h at 50�C, as described previously [18]. The extrac-
tion procedure was repeated three times. The cooled
mixture was filtered through Whatman No.1 paper
(Maidstone, UK) and the filtrate was collected. The
final residue was washed with ethanol and combined
with the extract. The ethanol extract was dried under
vacuum with a rotary evaporator R-205 (Buchi
Labortechnik, Switzerland), dissolved in water, and
partitioned with water-saturated butanol (three times).
The butanol layer was combined, washed with water,
evaporated under vacuum, and freeze-dried. The dried
extracts were water-soluble and were used for the
experiments.

HPLC analysis

HPLC was performed to confirm the ginsenoside profile
of the AGBE using a Shimadzu liquid chromatography
system (Kyoto, Japan) on a Phenomenex Prodigy C18,
5 lm, 150·3.2 mm analytical column (Phenomenex,
Torrance, Calif.) [19]. Separation of ginsenosides was
obtained at room temperature by gradient elution using
water and acetonitrile as eluents. The UV detector range
was 0.01 AUFS (absorbance unit full scale) and the
absorbance was measured at 202 nm. Standards (ginse-
nosides Rb1, Rb2, Rc, Rd, Re, and Rg1) for HPLC
analysis were obtained from Indofine Chemical Com-
pany (Somerville, N.J.). Ginsenoside Re (purity >98%;
Indofine Chemical Company) was also tested for its ef-
fect on cisplatin-induced pica.

Kaolin preparation

Kaolin was prepared based on a previously described
method [20]. Briefly, pharmacological grade kaolin
(hydrated aluminum silicate; Fisher, Fair Lawn, N.J.)
and acacia (Gum Arabic; Fisher, Fair Lawn, N.J.) 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

Rats placed in individual cages were allowed access to
both regular food and kaolin during the 3-day adapta-
tion period prior to the study period (day 0).

Based on our earlier results, cisplatin at a dose 3 mg/
kg IP was used to induce pica [20]. On day 0, all five
groups of rats received two IP injections at 2 p.m.
(pretreatment) and 2:30 p.m. (treatment). Group 1 ani-
mals (n=4) received normal saline and normal saline
(NS+NS). Group 2 animals (n=6) received normal
saline and cisplatin 3 mg/kg (NS+Cisp). Group 3 ani-
mals (n=6) received AGBE 50 mg/kg and cisplatin
3 mg/kg (AGBE 50 mg+Cisp). Group 4 animals (n=6)
received AGBE 100 mg/kg and cisplatin 3 mg/kg
(AGBE 100 mg+Cisp). Group 5 animals (n=6) re-
ceived AGBE 150 mg/kg and cisplatin 3 mg/kg (AGBE
150 mg+Cisp). Additionally, two groups were pre-
treated with ginsenoside Re, followed by cisplatin
administration (Re 2 mg+Cisp and Re 5 mg+Cisp;
n=5 or 6 per group).

At 3 p.m. on each experimental day (five consecutive
days), kaolin intake (g), food intake (g), and body
weight (g) were measured. To measure kaolin and food
intake, the remaining kaolin and food from the day
prior was collected including that spilled outside the
containers. The collected kaolin and food were dried for
72 h to obtain dry weight values to the nearest 0.1 g.
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The animals did not demonstrate any adverse effects
such as restlessness or respiratory distress following the
injections.

Measurement of in vitro free radical scavenging ability
of AGBE using ESR spectroscopy

The antioxidant activity of AGBE was evaluated on the
basis of its scavenging effect on superoxide anion and
hydroxyl radical using ESR spectroscopy. Hydrogen
peroxide, ammonium iron (II) sulfate hexahydrate,
xanthine, diethylenetriaminepentaacetic acid (DTPA),
superoxide dismutase, and spin-trap 5,5-dimethyl
N-oxide pyrroline (DMPO) were purchased from Sigma
(St. Louis, Mo.), and xanthine oxidase (XOD) came
from Roche Applied Science (Indianapolis, Ind.). The
nitrone spin trap, 5-tert-butoxycarbonyl 5-methyl-
1-pyrroline N-oxide (BMPO) was a gift from Prof. B.
Kalyanaraman (Medical College of Wisconsin).

The ESR spin-trapping method was used to evaluate
the superoxide and the hydroxyl radical scavenging
activity of AGBE. Superoxide scavenging by AGBE was
measured using the spin-trap BMPO [21]. Superoxide
was produced by reaction of the xanthine/xanthine
oxidase system and reacted with spin-trap BMPO. The
formation of the BMPO-OOH adduct was detected
using ESR spectroscopy. All the chemicals were dis-
solved in phosphate-buffered saline (PBS, 0.1 M,
pH 7.4). ESR signal was recorded 5 min after 20 ll
xanthine oxidase (0.25 U/ml, fresh made) was mixed
with 20 ll xanthine (5 mM), 20 ll DTPA (0.5 mM),
20 ll BMPO (125 mM), 20 ll control (buffer) or
different concentrations of AGBE.

Hydroxyl radical scavenging was measured using the
spin-trap DMPO [22]. Hydroxyl radicals were generated
by a Fenton reaction and reacted rapidly with spin-trap
DMPO. The formation of the DMPO-OH adduct was
detected using ESR spectroscopy. The ESR signal was
recorded 2 min after the addition of 10 ll FeSO4

(3 mM, fresh made) mixed with 10 ll DMPO (1 M),
10 ll H2O2 (0.5 mM), 50 ll PBS (pH 7.4) and 20 ll
control (buffer) or different concentrations of AGBE.

Conventional ESR spectra were obtained with a
Varian E-109 X-band spectrometer. ESR signals were
recorded with 15 mW (for both DMPO-OH and
BMPO-OOH) incident microwave and 100 kHz field
modulation of 1G (for both DMPO-OH and BMPO-
OOH). All measurements were performed at room
temperature [22].

Statistical analysis

Data were analyzed using a two-way analysis of variance
(ANOVA) with group and time as the two factors. Post-
hoc comparisons between groups were performed using
a Holm-Sidak test for multiple comparisons. Statistical
significance was considered for P values <0.05.

Results

Kaolin intake (pica) was measured in rats treated with
cisplatin (3 mg/kg) that received either saline or AGBE
pretreatment. Figure 1 demonstrates that AGBE pre-
treatment significantly attenuated kaolin intake induced
by cisplatin. Cisplatin induced a significant increase in
kaolin intake in the NS+Cisp group at 24, 48, 72, 96
and 120 h compared to 0 h (P<0.05). Following pre-
treatment with AGBE, a dose-response effect in de-
creasing kaolin intake was observed. When rats were
pretreated with AGBE 50 mg/kg, kaolin intake de-
creased significantly compared to the NS+Cisp group at
24, 48, 72 and 96 h (P<0.01). Although there was a
reduction compared to the NS+Cisp group, kaolin in-
take at 24 h (2.1±0.3 g) was significantly greater than
the corresponding baseline intake at 0 h (0.6±0.09 g;
P<0.01). Pretreatment with AGBE 100 mg/kg signifi-
cantly reduced kaolin intake from the NS+Cisp group
at 24, 48, and 72, 96 h and also at 120 h (P<0.01).
Additionally the kaolin consumption at these time-
points was not different from that at 0 h. This suggests
that AGBE at 100 mg/kg attenuated pica for longer and
to a greater magnitude compared to AGBE at 50 mg/kg.
With an increase in the dose of AGBE to 150 mg/kg,
kaolin intake was significantly reduced at 24 and 48 h
(P<0.01) compared to the NS+Cisp group. However,
compared to its baseline kaolin intake at 0 h, there was a
significant increase at 24 and 48 h. Thus with a pre-
treatment dose of 150 mg/kg AGBE, pica was not
attenuated as effectively as at 50 or 100 mg/kg AGBE.
The NS+NS group did not show any difference in

Fig. 1 Dose-related effects of pretreatment with AGBE (mg/kg) on
kaolin intake (g) induced by cisplatin in rats. Increased kaolin
intake induced by cisplatin was decreased with AGBE pretreat-
ment. @P<0.05: 24, 48, 72, 96 and 120 h vs 0 h (baseline).
#P<0.01: different from NS+Cisp at 24, 48, 72 and 96 h, and from
baseline at 24 h. $P<0.01: different from NS+Cisp at 24, 48, 72,
96 and 120 h; no difference from baseline at 24, 48, 72, 96 or 120 h.
&P<0.01: different from NS+Cisp at 24 and 48 h, and from
baseline at 24 and 48 h (NS normal saline, Cisp cisplatin 3 mg/kg)
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kaolin intake during the experiment when compared to
its baseline (0 h).

Figure 2 shows the effect of pretreatment with AGBE
on food intake following cisplatin administration.
Treatment with cisplatin in the NS+Cisp group resulted
in a significant reduction in food intake at 24 h (57% of
baseline) and 48 h (76% of baseline) compared to the
NS+NS (control) group (P<0.01). When pretreated
with AGBE 50 mg/kg, food intake was significantly re-
duced at 24 h (76% of baseline) and 48 h (81% of
baseline), compared to the NS+NS group (P<0.05).
When pretreated with AGBE 100 mg/kg, food intake
decreased significantly only at 24 h (85% of baseline)
compared to the NS+NS group (P<0.05). Ad-
ditionally, the magnitude of the reduction in food intake
(reduced by 15%) in this group was significantly lower
when compared to the NS+Cisp group (reduced by
43%; P<0.05), suggesting that AGBE significantly at-
tenuated the reduction in food intake induced by cis-
platin at 24 and 48 h. However, when pretreated with
AGBE 150 mg/kg, the cisplatin-induced reduction in
food intake was worsened and significantly decreased
compared to NS+NS group at 24, 48, 72 and 96 h
(P<0.05).

As shown in Fig. 3, there was a dose-related effect of
pretreatment with ginsenoside Re on cisplatin-induced
pica. Kaolin intake was not reduced by pretreatment
with Re 2 mg/kg. In the Re 5 mg/kg+Cisp group, ka-
olin intake was significantly attenuated compared to the
NS+Cisp group at 24 and 48 h (P<0.05). Although
there was a reduction compared to the NS+Cisp group,

kaolin intake at 24 h (3.35±0.97 g) was significantly
greater than the corresponding baseline intake at 0 h
(0.50±0.13 g; P<0.05).

The in vitro radical scavenging activities of AGBE are
shown in Fig. 4. Addition of AGBE to the xanthine/
xanthine oxidase+BMPO system reduced the ESR signal
of BMPO-OOH adduct dramatically (Fig. 4a). Efficient
superoxide anion scavenging properties of AGBE were
observed as a lowering of the ESR signal compared to
that of the control. The same phenomenon was observed
with the antioxidant enzyme superoxide dismutase
(not shown). Figure 4b shows the typical 1:2:2:1 4 line
ESR signal (with hyperfine splitting parameter
aN=aH=14.9 G) of DMPO-OH adducts formed by
reaction of the spin-trap with the hydroxyl radical.
Addition of AGBE appeared to reduce the ESR signal
intensity of the DMPO-OH adduct. The superoxide
scavenging ability of AGBE also appeared to be consid-
erablymore potent than the hydroxyl scavenging activity.

Discussion

In this study, we observed that extract from American
ginseng berry attenuated kaolin intake (pica) and im-
proved food intake in cisplatin-treated rats. We also
demonstrated that ginsenoside Re, a major ginsenoside
found in AGBE, attenuated cisplatin-induced pica,
suggesting that Re may partly contribute to AGBE’s
effect. Additionally, we confirmed the antioxidant
activity of AGBE, evaluated in vitro, which may be one
of the mechanisms by which AGBE attenuates cisplatin-
induced toxicity.

Fig. 2 Effects of pretreatment with AGBE (mg/kg) on reduced
food intake induced by cisplatin in rats. The reduced food intake
(expressed as percentage in relation to baseline) caused by cisplatin
(3 mg/kg) was prevented by pretreatment with AGBE. @P<0.01:
different from NS+NS (control) at 24 and 48 h. #P<0.05: different
from NS+NS at 24 and 48 h. $P<0.05: different from NS+NS at
24 h, and from NS+Cisp at 24 h. &P<0.05: different from
NS+NS at 24, 48, 72 and 96 h (NS normal saline, Cisp cisplatin
3 mg/kg)

Fig. 3 Comparison of cisplatin-induced kaolin intake in the NS-
and ginsenoside Re-pretreated groups. Ginsenoside Re (5 mg/kg)
partly attenuated cisplatin-induced pica. @P<0.05: different from
0 h (baseline) at 24, 48, 72, 96 and 120 h. &P<0.05 not different
from NS+Cisp at 24, 48, 72, 96 or 120 h. #P<0.05: different from
NS+Cisp at 24 and 48 h (NS normal saline, Cisp cisplatin 3 mg/
kg)
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Several animal models have been used for evaluating
emetic and antiemetic compounds including dogs, fer-
rets, house musk shrew, and rats. Each model is asso-
ciated with some limiting factor such as cost, ease of
handling the animal, absence of vomiting center, and
inability to vomit, respectively [13, 23– 26]. We used the
rat model of simulated emesis in which rodents respond
to emetic stimuli by increasing intake of non-nutritive
substances such as kaolin [11–13]. Rats lack the motor
component of the emetic reflex arc and therefore are
unable to produce emesis [27]. Although not by vomit-
ing, the rat model responds consistently to a variety of
emesis-producing stimuli, such as cisplatin, morphine,
simulated motion sickness and radiation, with pica [13,
28–31]. The assumption that pica in rats is analogous to
emesis is further validated by the observation that an-
tiemetic drugs attenuate pica [14, 15].

Cisplatin and other chemotherapeutic drugs and
radiotherapy have been postulated to produce emesis by
causing oxidant injury to the rapidly dividing mucosal
layer of the intestines, including serotonin-producing
cells (enterochromaffin cells) [6, 7, 32–34]. The conse-

quent release of serotonin mediates emesis through
stimulation of vagal nerve endings in the upper gastro-
intestinal tract [27, 35]. In humans cisplatin-induced
emesis is manifested in two phases; an acute phase that
lasts for approximately 24 h and a delayed phase that
lasts for about 120 h [36, 37]. It has been observed
clinically that the early phase is responsive to serotonin
receptor antagonists (5HT3 antagonists) and the delayed
phase is responsive to neurokinin receptor antagonists
[37]. Thus it appears that serotonin predominantly
mediates the early emetic phase following cisplatin
treatment while substance P mediates the delayed eme-
sis. Substance P may be released from the injured
intestinal epithelium along with serotonin or in the
brainstem, where it is released by vagal afferent stimu-
lation [27]. Since the initiating event that causes emesis
appears to be oxidant damage to the intestinal mucosa,
preventing mucosal injury by antioxidants could prevent
cisplatin-induced emesis.

The present study tested whether pretreatment with
an antioxidant herb, American ginseng berry, would
attenuate cisplatin-induced pica. With the lower dose of
AGBE (50 mg/kg) pica was significantly attenuated,
but there was no improvement in food intake. The most
effective dose was AGBE 100 mg/kg, which significantly
eliminated pica from 24 to 120 h, and also significantly
improved food intake. When the AGBE dose was
further increased, however, the protective effect was
reversed. Thus the group pretreated with AGBE
150 mg/kg demonstrated pica, although attenuated
compared to the NS+Cisp group, at both 24 and 48 h,
and demonstrated a prolonged reduction in food intake
from 24 to 96 h. This suggests that doses higher than the
therapeutic doses of AGBE could result in toxicity.
Although the mechanism of this biphasic response is
unclear, it is possible that at higher AGBE doses, the
concentration of the prooxidant ginsenosides in the
extract may sufficiently increase to induce oxidant
toxicity [38, 39].

The antioxidant activity of AGBE may mediate the
reduction in pica induced by cisplatin. It was demon-
strated that American ginseng berry extract possesses
significant antioxidant activity in both in vivo and in
vitro evaluations, similar to American ginseng root
and other antioxidant herbs [18, 40, 41]. Data from our
study demonstrated a concentration-response effect of
AGBE on the scavenging of superoxide and hydroxyl
radicals. The dramatic superoxide anion scavenging
effect of AGBE confirms its antioxidant activity and
could contribute to the attenuation of cisplatin-induced
pica [42, 43]. Apart from being a potent antioxidant,
ginseng is also known to antagonize 5HT3 receptors and
neurokinin receptors [44–46]. Thus ginseng may not only
attenuate the oxidant gut injury but could also exert its
anti-pica effects by other mechanisms.

In addition to testing the effectiveness of AGBE, we
also evaluated the anti-pica effect of a major constituent
of the extract, ginsenoside Re. The antioxidant property
of ginsenosides has been demonstrated previously [38,

Fig. 4 a Effects of different concentrations of AGBE on the ESR
spectra of BMPO/OOH and superoxide anion scavenging activity of
AGBE. Superoxide was produced by reaction of using xanthine/
xanthine oxidase (XOD) and reacted with the spin trap BMPO.
b ESR spectrum of the DMPO/OH and hydroxyl radical scavenging
activity of AGBE at different concentrations. Hydroxyl radicals
were generated using a Fenton reaction between H2O2 and FeSO4

67



47]. In the current study the rats pretreated with Re
(5 mg/kg) experienced a partial attenuation of cisplatin-
induced pica. This suggests that Re may contribute to
the AGBE-mediated reduction in pica and that AGBE
may mediate its action, at least partly, by antioxidant
mechanisms.

Antioxidants, including vitamins E and C, have been
tested for their effectiveness in reducing oxidant-induced
emesis or pica [5, 20]. We have previously demonstrated
that pretreatment with 3 mg/kg of Scutellaria baicalensis
extract (SbE), an antioxidant herb composed of flavo-
noid compounds, attenuates cisplatin-induced pica in
rats [20]. We observed, however, that cisplatin-induced
reduction in food intake does not improve significantly
with SbE at that dose. In the present study AGBE
100 mg/kg completely reversed pica and significantly
improved food intake. The reason for the differential
effects of the two herbal antioxidants on kaolin intake
and food intake is not clear, but may be related to
the differences in composition and the pharmacology
of the two botanicals. Alternatively, the SbE dose of
3 mg/kg may not have been high enough to improve
food intake.

Antioxidants such as AGBE may attenuate chemo-
therapy-induced toxicity, but they could also compro-
mise the tumoricidal activity of chemotherapeutic drugs
[48]. It is important therefore to demonstrate that
AGBE-induced attenuation of cisplatin-induced emesis
is not accompanied with a reduced pharmacological
activity of the chemotherapeutic agent. Although there
could be several potential benefits to using ginseng with
cisplatin [49–52], such use cannot be considered prior to
demonstrating ginseng’s non-interference with the
pharmacokinetics and pharmacodynamics of chemo-
therapeutic agents.

We conclude that AGBE-induced reduction in pica
and a simultaneous improvement in food intake in a
cisplatin-treated rodent model suggest an antinausea/
antiemetic action of AGBE. We propose that American
ginseng berry extract possesses potential for treating
chemotherapy-induced nausea and vomiting. The an-
tiemetic efficacy of American ginseng, however, needs to
be confirmed in other animal models of emesis prior to
clinical testing.
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