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Cisplatin-induced early and delayed emesis in the pigeon
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1 Intravenously injected cisplatin at a dose of 4 mg kg~' induced early and delayed emesis in all

pigeons without occurrence of lethality during a 72 h observation period. The early emetic response
occurred with a latency of 81.3+8.0 min (n=15) and reached a peak at 2—3 h, and decreased
gradually within 8 h after injection. Then the delayed emetic response, whose peak was found
between 10 to 23 h, lasted up to 48 h. The emetic response markedly declined after 48 h.

2 Reserpine markedly reduced monoamine levels in both brain and intestine and completely
abolished the early and delayed emesis. Dexamethasone markedly reduced not only the early but
also the delayed emetic responses. p-Chlorophenylalanine decreased the level of serotonin in brain
and intestine without affecting noradrenaline and dopamine and partly reduced the early emetic
response, but did not affect delayed emesis.

3 Bilateral vagotomy prolonged the latency time to the onset of early emesis, and reduced the
emetic responses in both the early and delayed phases.

4 The above results suggest that the cisplatin-induced early emesis in the pigeon is partially
mediated via the vagal nerve and reserpine-sensitive monoaminergic systems including the
serotonergic system; the delayed emesis is associated with monoaminergic but not the serotonergic
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systems.

British Journal of Pharmacology (2000) 130, 132—138

Keywords: Cisplatin; delayed emesis; pigeons; serotonin
Abbreviations: DA, dopamine; DOPAC, 3,4-dihydroxyphenylacetic acid; EDTA-2Na, ethylenediaminetetraacetic acid disodium
salt; 5-HIAA, 5-hydroxyindole-3-acetic acid; HPLC, high performance liquid chromatography; 5-HT, 5-
hydroxytryptamine (serotonin); HVA, homovanillic acid; NA, noradrenaline; NM, normetanephrine; PCPA, p-
chlorophenylalanine
Introduction

Nausea and emesis are important factors that reduce drug
compliance in patients receiving anticancer chemotherapeutic
drugs such as cisplatin (Laszlo & Lucas, 1981; Laszlo, 1983). In
humans, it is well known cisplatin induces early and delayed
emesis. The early emesis which starts 1 to 3 h after cisplatin
administration, is prevented with 5-hydroxytryptamine-3 (5-
HT;) receptor antagonists such as ondansetron and granisetron
(Cubeddu et al., 1990; Ruff et al., 1994). However, the delayed
emesis, which begins 17 to 24 h after cisplatin administration
and lasts for several days (Kris et al., 1985; Rittenberg et al.,
1995), has proven more resistant to antiemetic therapy with 5-
HT; receptor antagonists (De Mulder et al., 1990; Marty et al.,
1990; Gandara, 1991; Gandara et al., 1993).

A number of animal studies on cisplatin-induced early-
phase emesis within 8 h have been reported using dogs (Gylys
et al., 1979; Lelieveld et al., 1987; Cohen et al., 1989), cats
(London et al., 1979; McCarthy & Borison, 1984; Smith ez al.,
1988), ferrets (Florczyk et al., 1982; Costall et al., 1986; 1987),
suncus murinus (Matsuki ez al., 1988; Torii et al., 1991) and
pigeons (Preziosi et al., 1992). These studies suggested the
important role of 5-HT in cisplatin-induced early emesis in
many species. In addition, the cisplatin-induced early emetic
response was completely or partially reduced by vagotomy in
suncus murinus (Mutoh ez al., 1992) and ferrets (Hawthorn et
al., 1988), respectively. On the contrary, animal studies on
cisplatin-induced delayed-phase emesis have only been carried
out in ferrets (Rudd & Naylor, 1994; Rudd et al., 1994; 1996)
and piglets (Milano et al., 1995; Grélot et al., 1996), and the
delayed emetic pathogenesis has not been clarified.
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We investigate whether pigeons might be suitable for
studying the drug-induced emetic response. In preliminarily
experiments we observed that cisplatin dose-dependently
induced emesis in the pigeon, and intravenously injected
cisplatin at a dose of 4 mg kg~! induced early and delayed
emesis in all pigeons used without occurrence of lethality
during a 72 h observation period. In the present study, we have
investigated the profiles of cisplatin (4 mg kg~', i.v.)-induced
early and delayed emesis in the pigeon. The participation of
monoamines in the cisplatin-induced emesis in the pigeon was
studied by using reserpine and p-chlorophenylalanine (PCPA)
as a monoamine depletor and an inhibitor of tryptophan
hydroxylase (Koe & Weissman, 1966), respectively. Reserpine
and PCPA were reported to reduce cisplatin-induced early-
phase emesis in ferrets (Barnes er al., 1988). In addition, the
antiemetic effects of bilateral vagotomy and dexamethasone
were examined. The role of afferent vagus nerve in cisplatin-
induced early emesis has been confirmed in suncus murinus
(Mutoh et al., 1992), in dogs (Ito et al., 1987; Fukui et al., 1992)
and in ferrets (Hawthorn et al., 1988; Andrews et al., 1990), and
dexamethasone has antiemetic effects against cisplatin-induced
early and delayed emesis in ferrets (Rudd ez al., 1996).

Methods
Animals
Adult pigeons of either sex weighing between 350 and 550 g

(Saitama Experimental Animals Supply Co., Japan) were used.
All pigeons were housed under a 12-h light/dark cycle, and
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standard pigeon chow and water were available ad /libitum. All
animal experimental procedures were carried out under the
Guidelines for Animal Experiments, Toho University School
of Medicine.

Cisplatin-induced emesis

The pigeons were placed in individual cages, and cisplatin
(4 mg kg™') was administered intravenously via the brachial
wing vein. The behaviour of the pigeons was observed with a
video-monitoring system for up to 48 or 72 h under unrest-
ricted conditions. During the observation period, food and
water were available ad libitum. Each pigeon was used once.
Vomiting and retching associated with and without oral
expulsion, respectively, were considered as the emetic response
(Preziosi et al., 1992). The emetic responses were characterized
by a bout of emesis and there was more than an emetic
behaviour within one bout. The latency time to first emesis, the
number of bouts of emesis and the total number of emetic
behaviours were recorded. The antiemetic effects of a
monoamine depletor (reserpine), a 5-HT synthesis inhibitor
(PCPA), dexamethasone and bilateral vagotomy were studied.
Reserpine (1 mg kg~', showing the marked reduction of
monoamines such as 5-HT and catecholamines in this study)
was administered intramuscularly twice 48 and 24 h before
cisplatin administration. PCPA (300 mg kg~!, Koe & Weiss-
man, 1966) was administered intramuscularly once or
consecutively administered for 5 days, and cisplatin was
administered 72 or 24 h, respectively, after the last adminis-
tration. Dexamethasone (1 mg kg~', Rudd & Naylor, 1996)
was administered intramuscularly four times at 1 h before and
8, 24 and 32 h after cisplatin administration.

Bilateral vagotomy

The pigeons were anaesthetized with pentobarbital sodium
(30 mg kg™, i.m.) and the bilateral vagotomies were carried
out at cervical sites. The animals were administered
benzylpenicillin (20,000 units kg~', i.m., crystalline penicillin
G potassium, Meiji, Japan) and gentamicin sulfate ointment
(Gentacin® ointment, Schering-Plough, Japan) was applied to
the sutural sites. The animals were allowed 1 week to recover
from surgery.

Tissue sampling for monoamine determination

Three discrete parts of the brain (medulla oblongata,
telencephalon and diencephalon plus mesencephalon) of the
pigeons as well as the small intestine were used for monoamine
determinations by which the effects of reserpine and PCPA on
the monoamine levels were investigated. Pigeons were
decapitated 24 h after the last dose of pretreatments with
reserpine for 2 days or PCPA for 5 days, and 72 h after the
single pretreatment with PCPA. After decapitation, the brains
and small intestines were rapidly excised, and placed on an ice-
cooled glass plate in a cold box (0°C). The small intestines were
excised at a distance of 5—7 cm from the pylorus. The
dissection of brain samples of the three parts was performed
according to the atlas of Karten & Hodos (1967). After
freezing the brain parts and intestine on dry ice, the pieces were
weighed and stored at —80°C until required.

Determination of monoamines and their metabolites

Tissue samples were homogenized with an ultrasonic homo-
genizer in cold 0.2 M perchloric acid containing 0.1 M

ethylenediaminetetraacetic acid disodium salt (EDTA-2Na)
and the internal standard, (—) isoproterenol hydrochloride.
After centrifugation for 15 min at 20,000 xg (4°C), the
supernatants were adjusted to pH 3.0 with 1 M sodium acetate
solution. Monoamines and metabolites were determined using
a high performance liquid chromatography system (HPLC,
Eicom Corp., Japan) with electrochemical detection (ECD-
300), a pump (EP-300) and an analytical column (Eicompac
MA-50DS). The mobile phase consisted of 85% 0.1 M sodium
acetate-citric acid buffer, pH 3.3, containing 230 mg 1" 1-
octanesulphonic acid sodium salt and 5 mg 17! EDTA-2Na,
and 15% methanol. The flow rate was maintained at
1.0 ml min—'. The standards used were (+) noradrenaline
hydrochloride (NA), (4) normetanephrine hydrochloride
(NM), dopamine hydrochloride (DA), homovanillic acid
(HVA), 3,4-dihydroxyphenylacetic acid (DOPAC), serotonin
creatinine sulphate (5-HT) and 5-hydroxyindole-3-acetic acid
(5-HIAA). All standards were purchased from Sigma
Chemical Co. (U.S.A.). The other reagents were purchased
from Wako Pure Chemical Ind. (Japan), except 1-octanesul-
phonic acid sodium salt (Nacalai Tesque Inc., Japan).

Drugs

Cisplatin [4 mg kg™', cis-platinum (II) diamine dichloride,
Sigma Chemical Co., U.S.A.] was dissolved in 0.9% saline
solution at 65—70°C, followed by cooling to 45—50°C and
administered immediately. Reserpine (Apoplon® Inj.) was
purchased from Daiichi Pharmaceutical Co. (Japan). PCPA
methyl ester hydrochloride and dexamethasone 21-phosphate
disodium salt were purchased from Sigma Chemical Co.
(U.S.A)) and dissolved in 0.9% saline solution. All drug
solutions were prepared just before use. Doses are expressed as
the free base.

Data analysis

Values presented are the meand+s.e.mean. The differences
between means were evaluated for statistical significance using
the one-way analysis of variance followed by either Dunnett’s
test or Tukey’s multiple comparison test. Fisher’s exact test
was used for the statistical evaluation of the incidence of
emesis. P<0.05 was considered statistically significant.

Results

Cisplatin-induced emesis in pigeons
Intravenously injected cisplatin at a dose of 4 mg kg™'
induced emesis in all of the injected pigeons with a latency
of 81.3+8.0 min (n=15). The emetic response reached a
peak at 2—3 h, and decreased gradually within 8 h after
injection. Then the second-phase emetic response whose
peak was found between 10 to 23 h, lasted up to 72 h. The
cisplatin-induced emetic response markedly declined after
48 h. None of the animals died during the 72 h observation
period (Figure 1A).

In the present study, the emetic response within the first 8 h
period was called early emesis, and the emetic response
between 8 and 48 h, delayed emesis.

Effect of dexamethasone on cisplatin-induced emesis

Dexamethasone markedly reduced the cisplatin-induced early
and delayed emetic responses during the 48 h observation
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period. Six out of ten pigeons treated with dexamethasone did
not exhibit any emesis to cisplatin (Figure 1B).

Effect of reserpine and PCPA on the cisplatin-induced
emesis

Pretreatment with reserpine completely suppressed the
cisplatin-induced emetic responses during the 48 h observa-
tion period. A single pretreatment with PCPA 72 h before
cisplatin administration did not affect the incidence of
emesis due to cisplatin, but significantly reduced the
number of emetic responses but only within the first 8 h
period. Pretreatment with PCPA for 5 days partially
reduced the early emetic incidence of cisplatin and
significantly reduced the number of emetic responses in
both the early and delayed phases (Table 1).

Effect of reserpine and PCPA on monoamine levels in
the brain and intestine

Reserpine markedly reduced the levels of 5-HT, DA and NA in
both brain and intestine. The level of 5-HIAA in the intestine,
but not in the brain, was also reduced by the pretreatment with
reserpine. A single pretreatment with PCPA significantly
reduced the levels of 5-HT and 5-HIAA without affecting the
levels of DA, NA and their metabolites (DOPAC, HVA and
NM) in the brain and intestine of pigeons. Pretreatment with

PCPA for 5 days caused a marked depletion of 5-HT and 5-
HIAA in both brain and intestine, and significantly reduced
DA, NA and their metabolites (DOPAC and NM) in the brain
(Table 2).

Effect of bilateral vagotomy on the cisplatin-induced
emesis

Cisplatin-induced early and delayed emetic responses appeared
in all of the vagotomized pigeons. But the latency to the first
emesis and the number of emetic responses in both the early
and delayed phases were significantly reduced by bilateral
vagotomy (Table 3).

Discussion
Cisplatin-induced early and delayed emesis in the pigeon

In the pigeon, cisplatin-induced early emesis was previously
shown by Preziosi et al. (1992), who observed emesis for up to
4 h after intravenous administration of cisplatin in a dose of
5 mg kg~'. However, our preliminary study indicated a 50%
mortality of pigeons within 48 h after administration of
5 mg kg~! of cisplatin (unpublished data). We therefore used
a dose of 4 mg kg~ ', i.v. of cisplatin, which induced early and
delayed emesis in all pigeons studied without the occurrence of
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Figure 1 (A) The profile of cisplatin (4 mg kg™
and (B) effect of dexamethasone (1 mg kg™

! i.v.)-induced emetic response in pigeons during a 72 h observation period (n=15),
, i.m., four times at 1 h before and 8, 24 and 32 h after cisplatin administration) on the

cisplatin-induced emetic response during a 48 h observation period (n=10). Each hourly bin in figure (a) represents the percentage
of pigeons showing emesis in 1 h time intervals after cisplatin administered at time zero. Each hourly bin with a vertical bar in figure
(b) and (c) represents the mean+s.e.mean of the number of bouts of emesis and total number of emetic behaviours, respectively,

occurring in 1 h time intervals.
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Table 1 Effect of reserpine and p-chlorophenylalanine (PCPA) on the cisplatin (4 mg kg~ ", i.v.)-induced emetic response (0—8, 8—24

and 2448 h after administration) in pigeons

No. of % Emetic Onset Bouts of Total emetic
Pretreatment pigeons tested pigeons (min) emesis behaviours
(0—8 h after cisplatin administration)
—(Control) 15 100 81.3+8.0 20.6+2.7 258.2+36.4
Reserpine 5 0 - 040** 0+ 0**
PCPA x 1 5 100 102.6+12.0 8.8+2.9*% 58.4429.0%*
PCPA x5 5 60 139.0+85.1 3.6+2.1%* 17.8+12.6%*
(8—24 h after cisplatin administration)
—(Control) 15 100 - 389+6.5 448.4+88.5
Reserpine 5 0 - 040** 0+ 0**
PCPA x 1 5 100 - 28.8+5.1 25524713
PCPA x5 5 60 - 11.0+6.4* 66.0 +45.2%*
(24—48 h after cisplatin administration)
—(Control) 15 100 - 28.4+6.6 213.5+51.0
Reserpine 5 0 - 040** 0+ 0**
PCPA x 1 5 100 - 28.4+8.8 263.6+111.7
PCPA x5 5 80 - 5.242.9%* 15.0+10.7%*

Reserpine (1 mg kg™ ', i.m.) was administered twice 48 and 24 h before cisplatin administration. p-Chlorophenylalanine (300 mg kg~',
i.m.) was administered once (PCPA x 1) or consecutively administered for 5 days (PCPA x 5), and cisplatin was administered 72 or 24 h,
respectively, afetr the last administration. Values (mean+s.e.mean) in the bouts of emesis and total emetic behaviours are the numbers
of bouts of emesis and total emetic behaviours, respectively. Values (mean +s.e.mean) in the onset are the latency time to first emesis in
the vomited pigeons within 8 h after cisplatin administration. *P <0.05), **(p <0.01): Statistically different from control with cisplatin

alone.

Table 2 Effect of reserpine and p-chlorophenylalanine (PCPA) on the levels of monoamines and their metabolites in the brain and
small intestine of pigeons

Monoamines and metabolites (ng/mg tissue wet weight)

Treatment 5-HT 5-HIAA DOPAC HVA NA NM
Medulla oblongata
—(Control) 1.640 +0.265 0.435+0.060 0.254+0.020 0.041+0.007 0.084+0.011 1.259+0.121 0.082+0.010
Reserpine 0.2334+0.043**  0.513+0.030 0.04140.007**  0.044+0.010 0.1294+0.008 0.064 +0.009**  0.01940.009**
PCPA x 1 0.8334+0.046%*  0.171+0.063*  0.180+0.033 0.03340.004 0.096+0.013 0.982+0.072 0.070+0.010
PCPA x5 0.296+0.038**  0.067+0.011** 0.127+0.011** 0.026+0.002 0.072+0.013 0.4714+0.041**  0.029 +£0.002%*
Telencephalon
—(Control) 1.514+0.085 0.3284+0.032 1.251+0.052 0.084+0.011 0.200+0.024 0.464+0.026 0.03740.002
Reserpine 0.1634+0.053**  0.375+0.033 0.0464+0.011**  0.029+0.004** 0.156 +0.006 0.076+0.011**  0.028+0.013
PCPA x 1 0.8724+0.089**  0.122+0.021** 1.000+0.076 0.0634+0.011 0.226+0.016 0.396+0.027 0.042+0.012
PCPA x 5 0.2864+0.031**  0.030+0.004** 0.761 £0.029** 0.044+0.007** 0.19140.019 0.3184+0.028*  0.037+0.006
Diencephalon plus mesencephalon
—(Control) 0.929+0.024 0.347+0.026 0.157+0.009 0.049+0.005 0.04740.006 1.08540.045 0.070+0.003
Reserpine 0.1054+0.033**  0.400+0.035 0.03340.005**  0.059+0.005 0.08840.005**  0.050+0.008** 0.004 +0.004**
PCPA x 1 0.469+0.078**  0.117+0.017*  0.1174+0.005*  0.039+0.004 0.052+0.008 0.774+0.091*%*  0.056 +0.008
PCPA x 5 0.068+0.010**  0.024+0.003** 0.046+0.012** 0.017+0.002** 0.044+0.007 0.2384+0.034**  0.025+0.003**
Small intestine

—(Control) 2.418+0.316 0.560+0.160 0.02740.006 0.031+0.005 0.013+0.005 0.703+0.135 0.020£0.002
Reserpine 0.3544+0.035%*  0.146+0.028** 0.023+0.010 0.050+0.014 0.0434+0.005**  0.062+0.015** 0.011+0.002
PCPA x 1 1.232+40.172%*  0.205+0.040** 0.0324+0.007 0.035+0.006 0.024+0.002 0.873+0.066 0.017+0.005
PCPA x 5 0.176 +£0.030**  0.062+0.019**  0.035+0.009 0.03540.005 0.018+0.003 0.798+0.143 0.013+0.001

Abbreviations are: 5-HT, serotonin; 5-HIAA, 5-hydroxyindoleacetic acid; DA, dopamine; DOPAC, 3,4-dihydroxyphenylacetic acid;
HVA, homovanillic acid; NA, noradrenaline; NM, normetanephrine. Reserpine (1 mg kg ™!, i.m.) was administered twice 48 and 24 h
before sacrificing. PCPA (300 mg kgfl, i.m.) was administered once (PCPA x 1) or consecutively administered for 5 days (PCPA x 5),
and the pigeons were sacrificed 72 and 24h, respectively, after the last administration. Values are the mean+s.e.mean (n=75).

*(P<0.05), **(P<0.01): Statistically different from control.

lethality during a 72 h observation period. No emesis was
observed between 8 and 10 h after cisplatin in eight out of 15
control pigeons and a less intense crisis of emesis was observed
in the other seven control pigeons. So, we determined that the
transition from the early to delayed phases was identified
between 8 and 10 h. The cisplatin-induced emetic response
markedly decreased after 48 h in all of the control pigeons.
From the above, the emetic responses within the first 8 h
period and between 8 and 48 h after cisplatin administration
were classified as early and delayed emesis, respectively. In a

preliminary study, cisplatin (3 mg kg~', i.v.) induced dual

emesis in only six out of ten animals, and emesis did not occur
between 6 and 15 h after cisplatin administration (unpublished
data).

The time course of both the early and delayed phases of
cisplatin-induced emesis in pigeons seems shorter than those
observed in other species. The early phase is presumed to last
for one day in humans (Kris et al., 1985) and ferrets (Rudd et
al., 1994) and for the first 16 h in piglets (Milano et al.,
1995).
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Table 3 Effect of bilateral vagotomy on the cisplatin (4 mg kg™, i.v.)-induced emetic response (0—8, 8—24 and 24—48h after

administration) in pigeons

Bilateral No. of % Emetic Onset Bouts of Total emetic

vagotomy pigeons tested pigeons (min) emesis behaviours
(0—8 h after cisplatin administration)

—(sham) 7 100 60.0+7.6 229+2.4 205.4+23.6

+ 9 100 140.6 +£26.0* 13.4+5.5 72.6 +32.1%*
(8—24h after cisplatin administration)

—(sham) 7 100 - 39.0+3.3 363.6+30.6

+ 9 100 - 32.4+10.6 126.2 +£44.0%*
(24—48 h after cisplatin administration)

—(sham) 7 100 - 34.0+7.5 198.3+45.4

+ 9 100 - 11.9+5.7* 28.54+10.6%*

Sham-operation and bilateral vagotomy were done 1 week before cisplatin administration. Values (mean+s.e.mean) in the bouts of
emesis and total emetic behaviours are the numbers of bouts of emesis and total emetic behaviours, respectively. Values
(mean +s.e.mean) in the onset are the latency time to first emesis after cisplatin administration. *(P<0.05), **(P<0.01): Statistically

different from sham-operation.

Effects of reserpine and PCPA on the tissue monoamine
levels and the cisplatin-induced emesis

The role of 5-HT in cisplatin-induced early emesis has been
documented in humans and animals, and it has been
reported that PCPA reduces acute cisplatin-induced emesis
in humans (Alfieri & Cubeddu, 1995), ferrets (Barnes et al.,
1988), dogs (Fukui et al., 1992) and pigeons (Preziosi et al.,
1992). Reserpine is also reported to reduce cisplatin-induced
early-phase emesis within 4 h in ferrets (Barnes et al., 1988).
In the present study, pretreatment with reserpine markedly
reduced the levels of monoamines including 5-HT in both
brain and intestine, and abolished the early and delayed
emesis induced by cisplatin during the 48 h observation
period. A single pretreatment with 300 mg kg~', i.m. of
PCPA, which decreased the levels of 5-HT and 5-HIAA in
brain and intestine without affecting the levels of NA and
DA, only partly reduced the number of early emetic
responses within the first 8 h period. The single pretreatment
with PCPA neither reduced the emetic incidence within the
first 8 h period, nor affected the delayed emesis. A
pretreatment with PCPA for 5 days caused a similar
reduction in the levels of 5-HT in brain and intestine as
was caused by reserpine, but did not completely reduce the
cisplatin-induced early and delayed emetic responses. The
pretreatment with PCPA for 5 days also reduced the levels
of other monoamines (NA and DA) in brain and intestine,
but the reduction was smaller than that produced by
pretreatment with reserpine. The antiemetic effects of
reserpine and PCPA indicate that the cisplatin-induced early
emesis in pigeons is associated with reserpine-sensitive
monoaminergic systems including the 5-HT system, and the
delayed emesis is associated with monoaminergic systems
excluding the serotonergic system.

Cisplatin-induced early emesis should be prevented with 5-
HT; receptor antagonists as observed in humans (Cubeddu et
al., 1990; Ruff et al., 1994), ferrets (Costall et al., 1987), cats
(Lucot, 1989), suncus murinus (Torii et al., 1991) and piglets
(Milano et al., 1995). However, in pigeons, we could not
observe the antiemetic activity of 5-HT; receptor antagonists
such as granisetron, since indolic 5-HT; receptor antagonists
have intrinsic emetic activity in pigeons (Preziosi et al., 1992).
Actually we preliminarily observed that granisetron
(0.3 mg kg~!, i.m.) produced emetic responses in seven out
of ten pigeons. It has been suggested that serotonergic
mechanisms may play a role in the emetic effects of 5-HT;

receptor antagonists, since the inhibition of 5-HT synthesis by
PCPA reduces the emesis induced by 5-HT; receptor
antagonists in pigeons (Preziosi et al., 1992). Although there
may be species differences in 5-HT; receptors, the cisplatin-
induced early emesis in pigeons may be mediated partially via
serotonergic mechanisms.

Effect of vagotomy on the cisplatin-induced emesis

The role of 5-HT, and also of the afferent vagus nerve in
cisplatin-induced early emesis has been confirmed in animal
studies. Cisplatin is known to cause intestinal damage and
release of 5-HT in ferrets (Gunning et al., 1987; Stables et al.,
1987), and 5-HT stimulates vagal afferent fibres (see reviews by
Andrews et al., 1988; Naylor & Rudd, 1996). Vagotomy has
been shown to completely inhibit cisplatin-induced emesis in
suncus murinus (Mutoh et /., 1992). In dogs and ferrets, it has
been observed that cisplatin-induced early emesis is inhibited
partially by vagotomy, and completely by the combination of
vagotomy and splanchnicectomy (Ito et al., 1987; Hawthorn et
al., 1988; Andrews et al., 1990; Fukui et al., 1992). However,
the role of the vagus nerve may differ depending on the species.
Combined transsection of the vagus and greater splanchnic
nerves in cats has little effect on cisplatin-induced emesis other
than a small increase in the latency time of the first emetic
episode (Miller & Nonaka, 1992).

In the present study, bilateral vagotomy did not affect the
incidence of cisplatin-induced emesis in pigeons, but prolonged
the latency time to the onset of early emesis and reduced the
number of emetic responses in both early and delayed phases.
While we did not cut the greater splanchnic nerve in the
pigeon, our results suggest that the vagus nerve is partly
involved, but is not of major importance in cisplatin-induced
emesis in pigeons.

Effect of dexamethasone on cisplatin-induced emesis
Dexamethasone (1 mg kg~', im.), at a dose which has
antiemetic effects against cisplatin-induced early and delayed
emesis in ferrets (Rudd & Naylor, 1996; 1997), markedly
reduced the cisplatin-induced early and delayed emesis in the
pigeon. Corticosteroids such as dexamethasone and methyl-
prednisolone are known to have antiemetic effects against
cisplatin in humans (Rich et al., 1980; Aapro & Alberts,
1981), and in ferrets (Marr et al., 1991; Rudd et al., 1996).
The combination of corticosteroids and 5-HT; receptor
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antagonists are highly effective in preventing acute and
delayed cisplatin-induced emesis in humans (Smith et al.,
1991; Smyth et al., 1991; Chevallier et al., 1994), and in
ferrets (Rudd & Naylor, 1996). It has been generally
proposed that the inhibition of prostanoid synthesis by
corticosteroids may be involved (Rich ez al., 1980; Rudd et
al., 1996), but a role for prostanoids in the emetic response
to cytotoxic drugs has not been identified. Additionally,
corticosteroids are thought to stabilize membranes and affect
the blood-brain barrier permeability to reduce the influx of
emetogenic substances to the central nervous system (Haw-
thorn & Cunningham, 1990; Naylor & Rudd, 1996). Further
studies are required to elucidate the precise mechanisms of
the antiemetic effect of dexamethasone.

In conclusion, cisplatin (4 mg kg™, i.v.) induced early and
delayed emesis in the pigeon with peaks at 2—3 and 10-23 h
after administration, respectively. The cisplatin-induced emetic
response had markedly declined after 48 h. Reserpine
completely and dexamethasone markedly reduced the emesis
in both early and delayed phases. PCPA, which decreased the
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