v

www.elsevier.nl /locate /g phar

s

E European Journa of Pharmacology 391 (2000) 145-150

ELSE

Cisplatin-induced emesis in the cat: effect of granisetron and
dexamethasone

John A. Rudd?*, John Y.H. Tse®, Man K. Wai 2

& Department of Pharmacology, Faculty of Medicine, The Chinese University of Hong Kong, Shatin, N.T., Hong Kong SAR, People’s Republic of China
b Laboratory Animal Services Centre, The Chinese University of Hong Kong, Shatin, N.T., Hong Kong SAR, People’s Republic of China

Received 30 September 1999; received in revised form 11 January 2000; accepted 18 January 2000

Abstract

The emetic action of cisplatin was investigated in the cat using a closed circuit video recording system. In initia investigations,
cisplatin 3 and 5 mg/kg, i.v. induced emesis over a 2-day period following a latency of 17.6 + 9.6 and 15.6 + 7.8 h, respectively. The
anti-emetic efficacy of granisetron and dexamethasone was investigated in the cisplatin 5 mg/kg, i.v.-induced emesis model. In these
experiments, cisplatin induced 47.0 + 14.0 and 20.0 + 9.0 retches + vomits on days 1 and 2, respectively, following a latency of
2.4 + 0.4 h. Granisetron (1 mg/kg, i.m.) administered three times per day reduced significantly the retching + vomiting response induced
by cisplatin on days 1 and 2 by 100.0% (P < 0.05) and 75.0% (P < 0.05), respectively; dexamethasone (0.01-1 mg/kg, i.m.)
administered three times per day reduced significantly the retching + vomiting response by 68.8—100.0% (P < 0.05) and 33.3-100.0%
(P<0.05 on days 1 and 2, respectively. The emetic action of cisplatin 7.5 mg/kg, i.v. was also investigated. This dose of
cisplatin-induced emesis following a latency of 1.2 + 0.2 h and comprised 119.0 + 20.8 retches + vomits over a 24-h period. Granisetron
and dexamethasone antagonized the emesis occurring in the first 3-h period (P < 0.05) but were less effective to antagonize the
subsequent emetic response (P > 0.05). The pharmacological sensitivity of low dose cisplatin-induced emesis in the cat is variable but
unigque and not representative of the clinical situation. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction mains a clinical problem and attempts have been made to
develop animal models of cisplatin-induced acute and de-
layed emesis to facilitate an investigation of the mecha-
nisms involved (Rudd and Naylor, 1994; Rudd et al., 1994,
Milano et a., 1995; Tanihata et a., 1998).

The cat is a species that has been used to study the
mechanisms involved in cisplatin-induced emesis (King,
1990). The previous studies only focused on the emesis
occurring during the first 4-8 h after the administration of
cisplatin. The studies revealed that the mechanism of the
emesis involves the area postrema, vagal and splanchnic
nerves (McCarthy and Borison, 1984; Miller and Rug-
giero, 1994) and the 5HT, receptor (Smith et al., 1988;
Lucot, 1989). A few other studies have reported the anti-
emetic potential of phenothiazines (Brand et al., 1954;
McCarthy and Borison, 1981), cannabinoids (London et
al., 1979; McCarthy and Borison, 1981) and 5-HT,, recep-
tor agonists (Lucot and Crampton, 1988). However, an
~* Corresponding author. Tel.: +852-2609-6789; fax: +852-2603-5139. assessment of each compounds anti-emetic potential over

E-mail address. jar@cuhk.edu.hk (JA. Rudd). the first 4- to 8-h period of emesis is not likely to predict

Cisplatinum-based chemotherapy is well known to be
associated with the side-effects of nausea and vomiting
(Perez and Gandara, 1992). The emesis that occurs in man
can be classified into ‘acute’ and ‘delayed’ phases (Kris et
al., 1985). Acute emesis occurs during the first 24 h
following chemotherapy and is highly susceptible to antag-
onism by 5-HT; receptor antagonists. Delayed emesis
occurs 24—-120 h post the start of chemotherapy and is less
sensitive to treatment with 5-HT; receptor antagonists
(Kriset al., 1994). Importantly, corticosteroids improve the
control of both phases when used in combination with
other anti-emetic drugs (Chevallier et a., 1994; Chiara et
al., 1995; Latreille et a., 1995); the effect to reduce
delayed emesis is more marked (Kris et al., 1994; Latreille
et al., 1998). Unfortunately, however, delayed emesis re-
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the activity of the compound to prevent delayed emesis in
man (Naylor and Rudd, 1996).

In the present studies, we have used the cat and longer
observation times in an attempt to develop a new model of
cisplatin-induced acute and delayed emesis. Granisetron, a
selective 5HT; receptor antagonist (Sanger and Nelson,
1989) and dexamethasone, a corticosteroid (Swartz and
Dluhy, 1978), were used as respective anti-emetic agents
to characterize the profile of the cisplatin-induced emetic
response. The preliminary data are discussed in terms of
the usefulness of the cat model to anti-emesis research.

2. Materials and methods
2.1. Animals

The experiments were performed on male (3.4-5.6 kg)
and female (1.7-3.4 kg) cats bred at the Chinese Univer-
sity of Hong Kong. Prior to the experiments, they were
housed communally at 22 + 2°C and had free access to
food (Feline Diet® 5003, PMI® Feeds, USA) and water.
On the day of the experiment, each cat was presented with
approximately 200 g of commercialy available tinned cat
food (Whiskas” Effen Foods, Australia) 30 min before
being transferred to the laboratory. All experiments were
conducted in accordance with the Animal Research Ethics
Committee, The Chinese University of Hong Kong.

2.2. Administration of drugs

To facilitate the intravenous administration of drugs, the
animals were lightly anaesthetized with 5% halothane (car-
rier: N, 80%, O, 20%) and a temporary cannula was
inserted into the cephalic vein. Cisplatin (3—-7.5 mg/kg)
was infused intravenously over a 4-min period (time=0
min) followed immediately by an intramuscular injection
of granisetron (1 mg/kg), dexamethasone (0.01-1 mg/kg)
or their respective vehicles. The cannula was removed and
the animals transferred to individual observation cages for
the assessment of emesis. All animals were conscious
within 1-5 min of discontinuation of the anaesthetic.
During the experiments, the animals received further intra-
muscular drug/vehicle injections at regular 8-h intervals.
Cat food (Feline Diet® 5003, PMI® Feeds, USA) and
water was available ad libitum.

2.3. Measurement of emesis

Animal behavior was recorded remotely using a closed
circuit video recording system and analyzed at the end of
the experiment. Emesis was characterized by rhythmic
abdominal contractions that were either associated with the
oral expulsion of solid or liquid material from the gastro-
intestinal tract (i.e., vomiting) or not associated with the
passage of material (i.e., retching movements). Episodes of

retching and/or vomiting were considered separate when
the animal changed its location in the observation cage or
when the interval between retches and /or vomits exceeded
5s.

2.4. Data analysis

In each animal, the latency to retch or vomit following
the administration of the respective emetogen and the total
number episodes of retching and/or vomiting were calcu-
lated for the duration of the experiment. Latency data is
expressed as the mean time (min) of only the animals that
retched or vomited; all other data is expressed as the
mean + S.E.M. The significance of differences between
treatments was assessed by a one- or two-way anaysis of
variance (ANOVA) followed by a Fisher’'s Protracted L east
Significant Difference (PLSD) test (Statview®, Abacus
Concepts, USA) and is indicated as P < 0.05.

2.5. Drugs

Cisplatin (David Bull Laboratories, Australia),
granisetron hydrochloride (SmithKline Beecham Pharma-
ceuticals, England) and dexamethasone sodium phosphate
(Sigma, USA) were formulated in saline (0.9% w/v).
Cisplatin was administered in a volume of 5 ml /kg. All
other drugs were administered in a volume of 0.05 ml /kg.
Doses, except for cisplatin, are expressed as the free base.

3. Results

3.1. Profile of cisplatin (3 and 5 mg / kg)-induced emesis
during a 48-h observation period

We conducted a preliminary study to ascertain the
optimal observation times to use in the subsequent antago-
nism of emesis studies. We initialy determined that 48 h
was an acceptable observation time since the cats condi-
tion would rapidly deteriorate after this period. In the
preliminary experiments, cisplatin 3 mg/kg, i.v. induced a
retching and vomiting response in three out of four cats
following a latency of 17.6 + 9.6 h (the cats responding
had individual latencies of 35.7, 14.5 and 2.7 h). The
emesis that occurred during the 48-h observation period
comprised 25.3+ 21.4 and 73.6 + 64.0 retches+ vomits
that occurred on days 1 and 2, respectively (Fig. 1). The
higher dose of cisplatin 5 mg/kg, i.v.-induced emesis in
four out of four cats following a latency of 15.6 + 7.8 h
(individual latencies: 2.8, 1.6, 31.2 and 26.9 h) and com-
prised 29.5 + 17.3 and 46.0 + 10.6 retches + vomits that
occurred on days 1 and 2, respectively (Fig. 1). There were
no significant differences between the magnitude of retch-
ing + vomiting responses induced by cisplatin 3 and 5
mg/kg, i.v. during the 0-24-, 24-48-, or 0-48-h periods
(P> 0.05).
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Fig. 1. The profile of cisplatin-induced retching+vomiting in the cat
during a 48-h observation period. Cisplatin 3 mg/kg (A) and 5 mg/kg
(B) was administered intravenously at t = 0. Results represent the mean
+S.E.M of the total numbers of retches+vomits occurring in 1-h time
intervals (n= 4).

3.2. The ability of granisetron and dexamethasone to
antagonize cisplatin (5 mg / kg)-induced emesis

Cisplatin 5 mg/kg was selected as the most reliable
dose causing emesis in all cats during the preliminary
studies. However, in the subsequent series of experiments,
emesis occurred following a shorter latency of 2.4 4+ 0.4 h
and comprised 47.0 + 14.0 and 20.0 + 9.0 retches + vomits
on days 1 and 2, respectively (Fig. 2). The administration
of granisetron 1 mg/kg administered intramuscularly three
times per day reduced respectively the retching + vomiting
response induced by cisplatin on day 1 and day 2 by
100.0% (P < 0.05) and 75.0% (P < 0.05), respectively;
retching and vomiting was prevented completely in two
out of three cats and the latency to onset of retching or
vomiting in the unprotected cat was 24.8 h. Dexametha
sone a 0.01, 0.1 and 1.0 mg/kg administered intramuscu-
larly three times per day reduced respectively the retching
+ vomiting response induced by cisplatin by 68.8% (P <
0.05), 100.0% (P < 0.05), and 89.4% (P < 0.05) on day 1
and by 55.0% (P < 0.05), 100.0% (P < 0.05), and 38.3%
(P < 0.05) on day 2.

3.3. The ability of granisetron and dexamethasone to
antagonize cisplatin (7.5 mg / kg)-induced emesis

In the initia experiments we found that the emesis
induced by cisplatin 5 mg/kg, i.v. was variable but highly
susceptible to antagonism by granisetron and dexametha
sone (Sections 3.1 and 3.2). We decided, therefore, to
investigate the anti-emetic activity of granisetron and dexa-
methasone against a higher dose of cisplatin 7.5 mg/kg,
i.v. In these experiments, cisplatin 7.5 mg /kg, i.v. induced
retching + vomiting in three out of three cats following a
latency of 1.2+ 0.21 h. However, the cat's condition
rapidly deteriorated after 24 h to restrict the use of longer
observation times. Granisetron 1 mg,/kg was most effec-

tive (P < 0.05) to antagonise retching + vomiting during
thefirst 3 h of the observation period (controls; 62.3 + 14.5
retches + vomits; granisetron treated animals. 0.0 + 0.0
retches + vomits; see Fig. 3). Dexamethasone at the doses
of 0.01, 0.1 and 1.0 mg/kg reduced the retching +
vomiting response during the initial 3 h observation time
by 28.9% (P > 0.05), 100.0% (P < 0.05) and 9.6% (P >
0.05), respectively; some of the reductions were statisti-
caly significant. None of the drug treatments affected
significantly the retching + vomiting response that oc-
curred during the subsequent 4—24 h observation period
(P> 0.05).

Analysis of data collected during the entire 0—24-h
period revealed a 26.3% non-significant (P > 0.05) reduc-
tion of retching + vomiting by granisetron 1 mg/kg ad-
ministered intraperitoneally three times per day. Dexam-
ethasone 1 mg/kg administered intraperitoneally three
times per day produced 46.5%, 80.5% and 27.2% reduc-
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Fig. 2. The effect of a three times per day administration of (A) sadine
0.05 ml /kg, i.m., (B) granisetron 1 mg/kg, i.m., (C) dexamethasone
0.01 mg/kg, i.m., (D) dexamethasone 0. 1 mg/kg, i.m. or (E) dexa
methasone 1.0 mg/kg, i.m. on the profile of retching+ vomiting in the
cat induced by a single dose of cisplatin 5 mg/kg, i.v. Results represent
the mean+ S.EE.M of the total numbers of retches+vomits occurring in
1-h time intervals (n= 3).
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Fig. 3. The effect of a three times per day administration of (A) saline
0.05 ml /kg, i.m., (B) granisetron 1 mg/kg, i.m., (C) dexamethasone
0.01 mg/kg, i.m., (D) dexamethasone 0.1 mg/kg, i.m. or (E) dexametha
sone 1.0 mg/kg, i.m. on the profile of retching+vomiting in the cat
induced by a single dose of cisplatin 7.5 mg/kg, i.v. Results represent the
mean+ S.E.M of the total humbers of retches+ vomits occurring in 1-h
time intervals (n= 3-4).

tions, respectively in retching + vomiting but the reduc-
tions were not statistically significant (P > 0.05).

4. Discussion
4.1. Cisplatin 3 and 5 mg / kg emesis models

In the present studies, we have attempted to use a
minimum number of animals to provide meaningful data
on the suitability of the cat to model cisplatin-induced
acute and delayed emesis. In our initial studies, cisplatin
3-5 mg/kg was found to be capable of inducing emesis
that occurred over a 2-day period. Only three out of four
cats vomited to the lower dose of cisplatin 3 mg/kg.
Therefore, our studies primarily focused on the emesis
induced by cisplatin 5 mg/kg as the more reliable dose to
induce a retching and vomiting response. Unfortunately,

the latency data obtained between experiments with cis-
platin 5 mg/kg was variable and may be a reflection of
the small number of animals used. However, variation in
latency data and other parametersis also apparent at higher
doses of cisplatin (7.5-10 mg/kg) in this species (Mc-
Carthy and Borison, 1984; Lucot, 1989; Lucot and Cramp-
ton, 1988; Smith et al., 1988; King, 1990; Milano et a.,
1991). Such variation has also been reported in the ferret
and is presumed to occur because of using close to thresh-
old doses of cisplatin to induce emesis (Rudd et 4.,
1996h). However, while the latency data may be consid-
ered variable, the variation of the magnitude of retching
and vomiting during the 0—48-h period was reasonably
consistent.

Cisplatin at both 3 and 5 mg/kg induced generalised
toxicity that limited the observation period to 48 h. Never-
theless, during this period, the tempora profile of emesis
appeared similar to that seen in man since there were
distinct phases of emesis separated by a period of relative
inactivity (between 8 and 20 h). However, both granisetron
and dexamethasone were highly effective to prevent the
emesis occurring on both days 1 and 2 and this is not
consistent with their action in the clinic (see Introduction)
suggesting that the pharmacological sensitivity is unique.
The emesis occurring in the cat to cisplatin 5 mg/kg is
therefore not ideally representative of the acute and de-
layed emesis experienced in the clinic and may not be
reliable to use to detect novel anti-emetic drugs to prevent
delayed emesisin man. The potentia large variation in the
emetic sensitivity of the cat to cisplatin poses an additional
problem to future investigations into acute and delayed
emesis in this species.

In our experience, the toxicity of cisplatin in the cat was
much greater than seen in the ferret (Rudd et al., 1996b) or
reported in the piglet (Milano et al., 1995) or pigeon
(Tanihata et al., 1998) and may be due to a species-specific
primary pulmonary toxicity (Knapp et al., 1987).

4.2. Cisplatin 7.5 mg / kg emesis model

In order to develop a more reliable model of chemo-
therapy-induced emesis, that may have a more useful
pharmacological sensitivity to anti-emetic drugs, we in-
creased the dose of cisplatin to 7.5 mg/kg. This dose has
been extensively used to investigate the mechanisms of
cisplatin-induced emesis in this species (see Introduction),
but in our studies, the severe toxicity of the higher dose of
cisplatin restricted the observations to 24 h. The present
studies confirmed that the early emesis is induced by
cisplatin 7.5 mg/kg is susceptible to 5-HT, receptor an-
tagonism by the activity of granisetron to inhibit emesis
for at least 3 h. However, granisetron was not effective to
reduce the emesis occurring during the subsequent 4—24-h
period. The limited activity of granisetron in this model
contrast its activity seen in man, where an excellent control
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of emesis is observed during the acute phase (Chevallier,
1993).

It is perhaps pertinent that dexamethasone was highly
effective to prevent days 1 and 2 emesis induced by the
lower dose of cisplatin 5 mg/kg in the cat but was less
consistent to inhibit emesis when the dose of cisplatin was
increased to 7.5 mg/kg. Indeed we did not observe a clear
dose-related inhibition of retching + vomiting with dexa-
methasone against the higher dose of cisplatin and our data
must therefore be viewed with caution. Only dexametha
sone at 0.1 mg/kg was active to reduce significantly the
numbers of emetic episodes and the antagonism was also
apparent during the initial 5-HT; sensitive phase of the
response (al cats were completely protected for at least 4
h). In the ferret, dexamethasone has no action to modify
the initial 5-HT, receptor antagonist sensitive emetic re-
sponse when cisplatin is used at 10 mg/kg (Rudd et al.,
1996a) but it is effective to antagonize emesis when
cisplatin is administered at 5 mg/kg (Rudd and Naylor,
1996).

4.3. Anti-emetic mechanism of action

Our studies with granisetron may indicate that low
doses of cisplatin in the cat may induce emesis primarily
via a mechanism involving an activation of the 5-HT,
receptor and the anti-emetic action of dexamethasone indi-
cates an involvement of eicosanoids (Sanger, 1993). This
may seem reasonable as it has previously been suggested
that cisplatin can induce a release of 5-HT (Cubeddu et al.,
1990; Milano et al., 1991, Schworer et a., 1991) which
could activate 5-HT; receptors located peripheraly on
vaga afferents and centrally in the area postrema and
nucleus tractus solitarius (Naylor and Rudd, 1994) and
some eicosanoids are emetic (Eiler and Paddleford, 1979;
De Seedeleer et al., 1992). However, as the dose of
cisplatin is increased, it is likely that other factors or
pathways predominate, particularly during the later part of
the response and the mechanisms operating in the cat are
similar to those in the ferret (Rudd et al., 1998). Indeed, a
similar profile of anti-emetic activity has been reported
with granisetron to antagonise low and high doses of
radiation-induced emesis in the ferret but the effect of
corticosteroids on the 5-HT; sensitive and resistant phases
of the response was not studied (Andrews et al., 1992).

Not much is known about the mechanisms involved in
cisplatin-induced delayed emesis. A study in the pigeon
reveals that the delayed phase of cisplatin-induced emesis
is mediated centraly and is unaffected by bilateral vago-
tomy or the 5-HT synthesis inhibitor para-chlorophenyl-
aanine (Tanihata et al., 1998). In this species, the delayed
phase is antagonised by dexamethasone and reserpine to
suggest a role for eicosanoids and possibly monoamines
other than 5-HT (Tanihata et al., 1998); such a situation is
partly consistent with the clinical experience (Wilder-Smith

et al., 1993; Janes et al., 1998). Clearly, more research is
required to elucidate the mechanisms involved.

At present, it is not clear how dexamethasone could
affect the emetic mechanism of action of cisplatin. Dexam-
ethasone is not active to prevent apomorphine, morphine
or copper sulphate-induced emesis in the ferret suggesting
that the anti-emetic potential is not mediated by a general-
ized action on the emetic reflex (Rudd et al., 1996a).
However, there is some evidence that dexamethasone can
reduce cisplatin-induced vagal neurotoxicity and this ac-
tion may be relevant to the anti-emetic effects observed in
the present study and possibly the clinic (Woods and
Andrews, 1995).

5. Conclusion

The results of the present studies have revealed the
marked toxicity of cisplatin in the cat when used over a
narrow dose range. The emesis data was also variable and
interpreting drug effects must be made with caution. Nev-
ertheless, the emesis induced by cisplatin 5 mg/kg, i.v.
had a unique sensitivity to both granisetron and dexa
methasone. The emesis induced by cisplatin 7.5 mg/kg,
i.v. was less susceptible to granisetron over a 24-h period
but dexamethasone had anti-emetic activity at 0.1 mg/kg,
administered three times per day. It is not known why
dexamethasone fails to inhibit emesis in a dose-dependent
manner but we were unable to extend our findings due to
ethical considerations. In any event, neither doses of cis-
platin provide robust or convincing models of emesis in
the cat to mimic the acute and delayed emesis in man.
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