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Abstract

The ability of ondansetron and dexamethasone to antagonise cisplatin 10 mg/kg i.p. induced emesis was investigated in the ferret
during a 24 h period. Ondansetron 0.5-5 mg/kg, as a single injection, effectively antagonised the response for approximately 4 h and
revealed a subsequent response that was sensitive to further ondansetron treatment. The three times per day administration of
dexamethasone 1 mg/kg i.p. alone or combined with ondansetron 1 mg/kg i.p. significantly reduced the vomiting response by 49 and
79%, respectively. The results are discussed in terms of their relevance to acute and delayed emesisin man. © 1997 Elsevier Science B.V.

All rights reserved.
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1. Introduction

Cancer chemotherapy using cisplatinum containing reg-
imens is known to be associated with the development of
acute and delayed phases of emesis (Kris et al., 1985). The
phases of emesis have been defined by the tempora
distribution of the emetic episodes and by the pharmaco-
logical sensitivity of the responses. Thus, acute emesis,
which occurs on day 1 of treatment, can be markedly
reduced by the use of 5-HT, receptor antagonists (Butcher,
1993). Delayed emesis, which occurs on subsequent days,
is more resistant to the use of 5-HT, receptor antagonists
and its successful treatment requires the use of a 5-HT,
receptor antagonist combined with a corticosteroid regi-
men (Butcher, 1993; Gandara et al., 1993); corticosteroids
also improve the control of acute emesis (Smyth et al.,
1991). Moreover, the acute and delayed response can be
further defined by the temporal increases in urinary 5-hy-
droxyindolacetic acid levels that occur during the acute but
not the delayed phase of emesis (Cubeddu and Hoffmann,
1993).

The cisplatin-induced emesis model in the ferret has
been extensively used to identify the anti-emetic potential
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of novel drug therapies (Andrews and Davis, 1993). The
studies have used an observation period of only a few
hours and an ED,, dose of cisplatin (10 mg/kg) to induce
emesis within 2 h of administration. However, the model
does not clearly identify an interaction of ondansetron and
dexamethasone to control the emetic response and the
observation times are inappropriate to the phenomenon of
delayed emesis (Rudd et al., 1994, 1996a).

In the present study, we investigate the potential of
ondansetron and dexamethasone to prevent cisplatin-in-
duced emesis using an extended observation period of 24 h
(Rudd et al., 1994). The studies were designed to assess
the value of the cisplatin 10 mg/kg induced emesis model
to the problem of acute and delayed emesis in man.

2. Materials and methods

Male ferrets (0.8-1.6 kg, UK bred) were individualy
housed at 22 + 1°C and had free access to food (SDS Diet
‘C' (B), Special Diet Services, UK) and water. At time = 0,
the ferrets were injected with cisplatin 10 mg/kg i.p.
Ondansetron (0.5-5 mg/kg i.p.) or vehicle was adminis-
tered 30 s later. In other experiments, ferrets were injected
with cisplatin 10 mg/kg i.p. at time= 0 and ondansetron
(1 mg/kgi.p.) or vehicle and /or dexamethasone (1 mg/kg
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i.p.) or vehicle was administered at 30 s, 8 and 16 h post
cisplatin injection.

Animal behaviour was recorded remotely using a closed
circuit video recording system and analysed at the end of
the experiment (Rudd et al., 1994). The significance of the
difference between treatments was assessed by one-way
analysis of variance (ANOVA) followed by a Bonferroni
t-test.

Cisplatin (Lederle) was prepared in normal saline at
70-75°C followed by gradual cooling to 40-50°C and
administered immediately. Ondansetron dihydrochloride
(Glaxo) and dexamethasone phosphate (Sigma) were pre-
pared in distilled water and administered in a volume of 1
ml /kg. Cisplatin was administered in a volume of 5
ml /kg. Doses, except for cisplatin, are expressed as the
free base.

3. Results

The animals that received cisplatin (10 mg/kg i.p.) and
a single administration of vehicle exhibited 33.3 + 6.1
episodes of 197.3 + 57.6 retches and 15.0 & 3.8 vomits
during the entire 24 h observation period (157.5 + 47.2
retches + vomits occurred during the first 4 h period); the
latency to the first retch or vomit was 1.2 + 0.3 h (Fig.
1A). The single administration of ondansetron (0.5-5
mg/kg i.p.) increased significantly the latency to the first
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Fig. 1. The effect of a single injection of distilled water (A), ondansetron
0.5 mg/kg i.p. (B), ondansetron 1 mg/kg i.p. (C) or ondansetron 5
mg,/kg i.p. (D) on cisplatin-induced retching+ vomiting in the ferret.
Administration of ondansetron or vehicle was at 30 s following the
injection of cisplatin (10 mg/kg i.p.) and is indicated as a filled circle.
Results represent the mean+ S.EE.M. of the total numbers of retches+
vomits occurring in 1 h time intervals post cisplatin injection at O h
(n=4).
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Fig. 2. The effect of an 8-hourly administration for 1 day (the first
injection was 30 s after cisplatin) of distilled water 1 ml /kg i.p. (A),
ondansetron 1 mg/kg i.p. (B), dexamethasone 1 mg/kg i.p. (C) or the
combination treatment of ondansetron 1 mg/kg i.p. and dexamethasone 1
mg,/kg i.p. (D) on the profile of retching+ vomiting induced by cisplatin
10 mg/kg i.p. in the ferret. Administration of drug or vehicle is indicated
as a filled circle. Results represent the mean+ S.E.M. of the tota
numbers of retches+ vomits occurring in 1 h time intervals post cisplatin
injection at 0 h (n=4).

retch or vomit by at least 2.5 h (P < 0.05) and antagonised
significantly the total numbers of retches, vomits and
episodes of retching and/or vomiting during the first 4 h
period by at least 80% (P < 0.05). However, antagonism
of the early retching and vomiting induced by cisplatin
affected the subsequent retching + vomiting response. Dur-
ing the next 4-24 h period, animals treated with on-
dansetron 0.5, 1 and 5 mg/kg i.p. exhibited 327 (P <
0.05), 162 (P > 0.05) and 47% (P < 0.05) more retching
+ vomiting than recorded for the vehicle treated animals
(Fig. 1B-D).

A dose of ondansetron (1 mg/kg i.p.) was selected for
combination studies with dexamethasone (1 mg/kg i.p.).
The dose of dexamethasone was selected on the basis of
previous studies which demonstrated that ondansetron (1
mg,/kg i.p.) and dexamethasone (1 mg/kg i.p.) combina
tions, administered at 8 h intervals, are highly effective to
antagonise both the acute and delayed emesis induced by
cisplatin 5 mg/kg i.p. (Rudd and Naylor, 1996).

The animals that received cisplatin 10 mg/kg i.p. and
three administrations of vehicle exhibited 52.0 + 9.1
episodes of 282.3 4+ 37.8 retches and 29.3 + 4.5 vomits
during the entire 24 h observation period; the latency to
onset or the first retch or vomit was 1.5 + 0.2 h (Fig. 2A).
The administration of ondansetron (1 mg/kg i.p.) three
times per day significantly increased the latency to the first
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retch or vomit to 3.5+ 0.5 h (P<0.05) and reduced
significantly the total numbers of episodes, retches and
vomits induced by cisplatin during the total 24 h observa-
tion period by 78 (P <0.05), 85 (P <0.05 and 85%
(P <0.05), respectively (Fig. 2B). Dexamethasone (1
mg/kg i.p.) administered alone three times per day failed
to significantly increase the latency to first retch or vomit
(P>0.05) and failed to reduce significantly the total
numbers of episodes (P > 0.05) and retches (P > 0.05)
induced by cisplatin during the total 24 h period; the
number of vomits was significantly reduced by 49% (P <
0.05; Fig. 2C).

The combination treatment of a three times per day
regimen of ondansetron (1 mg/kg i.p.) administered three
times per day with dexamethasone (1 mg/kg i.p.) adminis-
tered three times per day did not provide a significantly
greater control of cisplatin-induced retching (P > 0.05) or
vomiting (P > 0.05) than that afforded by the single treat-
ments (Fig. 2D). However, compared to the cisplatin (10
mg/kg i.p.) and vehicle treated animals, the total numbers
of episodes, retches and vomits were reduced significantly
by 74 (P<0.05), 77 (P<0.05 and 79% (P < 0.05),
respectively. The combination treatment also significantly
increased the latency to first retch or vomit to 5.0 + 0.4 h
(P < 0.05). The increase in latency affected by the combi-
nation treatment was greater than an additive effect when
compared to the effect of the single drug administrations
(P <0.05).

4. Discussion

The present study has attempted to extend the useful-
ness of the cisplatin 10 mg/kg induced emesis model in
the ferret by using observation periods of up to 24 h. The
model identifies the anti-emetic action of ondansetron to
significantly reduce emesis for approximately 4 h after a
single injection when administered almost immediately
following cisplatin; the findings are in agreement with
previous studies (Endo et al., 1990; Rudd et al., 1996a).

However, a novel finding of the study was that antago-
nism of the initial 2-3 h of the emetic response by
ondansetron had the effect of modifying the subsequent
retching and vomiting that occurred during the remainder
of the observation time. Indeed, the emesis that occurred
during the 4-24 h observation time was potentiated but a
component of the emesis is likely to be mediated via the
5-HT; receptor since the three times administration of
ondansetron (this study) or alosetron (Rudd and Naylor,
1994) is effective to antagonise the retching and vomiting
response. It is conceivable that the control ferrets may
become fatigued during the initial intense retching and
vomiting that normally occurs during the first 2-3 h to
serioudly interfere with subsequent emesis. Additionally,
there may also occur a depletion of neurotransmitter(s) or

other factor(s), which would normally enable the continua-
tion of the emetic response. It may aso be possible that
activation of an endogenous inhibitory pathway may pro-
tect the animals from further excessive retching and vomit-
ing.

The treatment of the animals with the single injection of
ondansetron may protect the animals from the initial phase
of the response but as the biocavailability of the on-
dansetron declines (the plasma half-life is reported to be
2.3+ 0.2 h in the ferret; Endo et al., 1990), vomiting is
able to return. This may imply that the emetic signal(s)
generated by cisplatin treatment is present in vivo to cause
severe retching and vomiting for at least 8 h. However,
this interpretation must be viewed with caution when
considering the actions of cisplatin to induce emesis in
man since the dose of cisplatin used in the present study
may be inappropriately high. Thus, cisplatin 5 mg/kg i.p.
induced emesis in the ferret is not potentiated following a
single administration of ondansetron and the lower dose of
cisplatin more accurately reflects acute and delayed emesis
in man (Rudd et al., 1996b; Rudd and Naylor, 1996).

The present studies have also investigated the anti-
emetic potential of dexamethasone 1 mg/kg i.p., adminis-
tered three times per day, when used alone or in combina
tion with ondansetron. In a previous study, we demon-
strated that dexamethasone 1 mg/kg i.p. as a three times
per day treatment was effective to markedly antagonise the
acute (day 1) and delayed (days 2 and 3) retching and
vomiting induced by cisplatin 5 mg/kg i.p. We also
demonstrated that dexamethasone was also highly effective
when combined with ondansetron 1 mg/kg i.p. to control
the response (Rudd and Naylor, 1996). However, in the
present study, dexamethasone was essentially ineffective to
reduce the retching and vomiting induced by cisplatin 10
mg/kg and also failed to markedly improve the anti-emetic
action of ondansetron when used as a combined regimen.
The failure of dexamethasone to control the retching and
vomiting during the present studies may suggest that
arachidonic acid products are not likely to be involved in
the mediation of the response. However, it could be equally
possible that the higher dose of cisplatin may activate
additional mechanisms that make a predominant contribu-
tion to the overall response, thus concealing any potential
involvement of prostanoids or leukotrienes.

Clearly, the ferret cisplatin 10 mg/kg model is not
ideally representative of the acute and delayed emesis that
is experienced by man in response to cisplatin chemo-
therapy (see Section 1). There is no apparent temporal
separation of the retching and vomiting episodes into
‘acute’ and ‘delayed’ emetic phases and in any event, the
time period of 24 h is probably inappropriate to study
delayed emesis. Further, the results of the present study
indicate that the pharmacological sensitivity of the re-
sponse may be different from the pharmacological sensitiv-
ity of delayed emesis in man.

We have previoudy highlighted the limitations of the
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ferret cisplatin 10 mg/kg induced emesis model when
measurements are made over a period of only a few hours
(Rudd et al., 1996a). The present studies have also indi-
cated further limitations of the cisplatin 10 mg/kg induced
emesis model when the observation period is extended to
24 h (i.e. the potentiation of emesis following a single dose
of ondansetron). Indeed, in a separate study we extended
the observation period of the cisplatin 10 mg/kg induced
emesis model up to 40 h but were unable to observe a
temporal separation of emesis that could be considered to
represent acute and delayed emesis (Rudd et al., 1996b).

Whilst the present studies have been critica of the
value of the ferret cisplatin 10 mg/kg induced emesis
model with respect to delayed emesis, the studies do not
necessarily imply that the model has no benefits. Certainly,
ondansetron appeared to be effective when administered
three times per day and dexamethasone did have some
effect to increase the latency to the first retch or vomit,
particularly when used in combination with ondansetron.

In conclusion, the ferret cisplatin 10 mg,/kg induced
emesis model may have limitations to predict the anti-
emetic effectiveness of drugs to prevent delayed emesis in
man. However, the model does appear to retain character-
istics of the acute emetic response that may be relevant to
drug administration in man. Moreover, the extended obser-
vation period used in the present studies may be useful to
conduct preliminary investigations into the duration of
action of drugs to prevent the emetic response and to
further investigate the residual emetic response induced by
cisplatin 10 mg/kg. However, the interpretation of the
possible potentiating effects of a single injection of an
anti-emetic drug should be carefully assessed.

Acknowledgements
The authors are grateful to Glaxo Group Research for

providing financial support during some of the investiga-
tions.

References

Andrews, P.L.R. and C.J. Davis, 1993, The mechanism of emesis induced
by anti-cancer therapies, in: Emesis in Anti-Cancer Therapy Mecha
nisms and Treatment, eds. P.L.R. Andrews and G.J. Sanger (Chapman
and Hall, London) p. 113.

Butcher, M.E., 1993, Globa experience with ondansetron and future
potential, Oncology 50, 191.

Cubeddu, L.X. and I.S. Hoffmann, 1993, Participation of serotonin on
early and delayed emesis induced by initial and subsequent cycles of
cisplatinum-based chemotherapy — effects of anti-emetics, J. Clin.
Pharmacol. 33, 691.

Endo, T., M. Minami, Y. Monma, M. Yoshioka, H. Saito, J. Kinami, Y.
Toshimitsu and H. Parvez, 1990, Effect of GR 38032F on cisplatin-
and cyclophosphamide-induced emesis in the ferret, Biog. Amines 7,
525.

Gandara, D.R., W.H. Harvey, G.G. Monaghan, E.A. Perez and P.J.
Hesketh, 1993, Delayed emesis following high-dose cisplatin — a
double-blind randomised comparative trial of ondansetron (GR-
38032F) versus placebo, Eur. J. Cancer 29A, S35.

Kris, M.G., RJ. Grala, R.A. Clark, L.B. Tyson, J.P. O'Connell, M.S.
Wertheim and D.P. Kelsen, 1985, Incidence, course, and severity of
delayed nausea and vomiting following the administration of high-dose
cisplatin, J. Clin. Pharmacol. 3, 1379.

Rudd, JA. and R.J. Naylor, 1994, Effects of 5-HT; receptor antagonists
on models of acute and delayed emesis induced by cisplatin in the
ferret, Neuropharmacology 33, 1607.

Rudd, JA. and RJ. Naylor, 1996, An interaction of ondansetron and
dexamethasone to antagonise cisplatin-induced acute and delayed
emesis in the ferret, Br. J. Pharmacol. 18, 209.

Rudd, JA., C.C. Jordan and R.J. Naylor, 1994, Profiles of emetic action
of cisplatin in the ferret: a potential model of acute and delayed
emesis, Eur. J. Pharmacol. 262, R1.

Rudd, JA. K.T. Bunce and R.J. Naylor, 1996a, The interaction of
dexamethasone with ondansetron on drug-induced emesis in the fer-
ret, Neuropharmacology 35, 91.

Rudd, JA., C.C. Jordan and R.J. Naylor, 1996b, The action of the
tachykinin, receptor antagonist, CP 99,994, to antagonise the acute
and delayed emesis induced by cisplatin in the ferret, Br. J. Pharma-
col. 119, 931.

Smyth, JF., R.E. Coleman, M. Nicolson, W.M. Gadlmeier, R.C.F.
Leonard, M.A. Cornbleet, S.G. Allan, B.K. Upadhyaya and U.
Bruntsch, 1991, Does dexamethasone enhance control of acute cis-
platin induced emesis by ondansetron, Br. Med. J. 303, 1423.



