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Serotonin-Independent Model of Cisplatin-Induced Emesis in the Ferret
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ABSTRACT—para-Chlorophenylalanine (PCPA, 100—200 mg/kg) was used as a pharmacological tool to
characterize the 5-hydroxytryptamine (5-HT) involvement in the emesis occurring 24 hr after the adminis-
tration of cisplatin (10 mg/kg) in the ferret. PCPA was effective to antagonize the initial 8 hr period of
retching and vomiting, but potentiated the emesis that occurred during the remaining 8- to 24-hr observa-
tion period. Tissue samples removed from the brainstem at 24 hr post injection of cisplatin alone revealed
an elevation of 5-HT, dopamine and homovanillic acid that was antagonized by the injection of PCPA.
Cisplatin also induced increases in the urinary levels of 5-hydroxyindoleacetic acid that was similarly
antagonized by PCPA. Results are discussed in terms of the relevance of 5-HT to the model of cisplatin
(10 mg/kg)-induced emesis in the ferret compared to the problem of acute and delayed emesis in man.
The residual or delayed phase of cisplatin-induced emesis may involve a 5-HT-independent mechanism.
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Cisplatin-induced emesis in man is characterized by
acute (the first 24 hr) and delayed (post-24 hr) phases of
nausea and vomiting (1, 2). The acute, but not the
delayed phase, is associated with increases in urinary
5-hydroxyindoleacetic acid (5-HIAA) levels (3, 4) and
the emesis is almost completely prevented by the use of
5-hydroxytryptamine; (5-HT;) receptor antagonists (5)
or by pretreatment with the 5-hydroxytryptamine (5-HT)
synthesis inhibitor p-chlorophenylalanine (PCPA) (6).
This indicates the importance of 5-HT and the 5-HT;
receptor in the mediation of the acute response. The
control of the delayed emesis is considered to be more
problematic with the 5-HTs-receptor antagonists having
a limited action (5, 7) and the course of emesis is not
associated with increases in urinary 5-HIAA levels (4).
Fortunately, however, the control of both the acute and
delayed phases of emesis is improved by the concomitant
use of 5-HT;-receptor antagonists with corticosteroids
such as dexamethasone (8, 9).

In most animal studies, the course of cisplatin (10
mg/kg)-induced emesis has been followed for 2—6 hr
(10). The observation times have proved sufficient to
effectively identify the anti-emetic activity of the 5-HTs-
receptor antagonists (10, 11), but appear less relevant to
an understanding of the mechanisms of delayed emesis.
In an attempt to increase the usefulness of the cisplatin
(10 mg/kg)-induced emesis model in the ferret, we ex-

tended the observation time to 24 hr (12). Utilizing this
extended observation period, we confirmed that whilst
the early (1 -6 hr) phase of emesis was antagonized by 5-
HT;-receptor antagonists, the later phase of emesis was
partially resistant (13, 14).

The cisplatin (10 mg/kg)-induced emesis model in the
ferret is used extensively to evaluate the potential of new
anti-emetic drugs. However, it is of importance to the
development of the model to examine the effect of PCPA
treatment on the 24 hr emetic response induced by cispla-
tin to enable a comparison with the clinical data. The
present studies were therefore designed to give an insight
into the model’s relevance regarding the ability to reflect
the emesis seen in man. The studies also investigated the
potential changes in monoamine levels in the dorsal vagal
complex (DVC), gastrointestinal tract and urine at the
end of the 24-hr observation period. The studies with
PCPA may be useful to reveal a 5-HT-independent phase
of emesis that may be relevant to the mechanism of
delayed emesis in man.

MATERIALS AND METHODS

Male ferrets (UK bred, 0.75—-1.3 kg) were housed in-
dividually at 22+1°C and had free access to food (SDS
Diet “C” (E); Special Diet Services, Ltd., Chelmsford,
UK) and water. Animals were injected intraperitoneally
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once per day, for four days, with PCPA at 100 mg/kg,
PCPA at 200 mg/kg or vehicle (1% Tween 80, 2 ml/kg).
Cisplatin (10 mg/kg) or saline (0.9% w/v, 5 ml/kg) was
administered intraperitoneally 4 hr after the last injection
of PCPA or vehicle, and the animals were transferred to
individual observation cages; emesis was recorded as
previously described (15) and was expressed as retches
plus vomits. At 24 hr post-injection of cisplatin or saline,
animals were killed by an overdose of halothane and ex-
sanguinated. A urine sample (obtained by direct puncture
of the bladder) and a mid-ileal segment was immediately
removed and frozen in liquid nitrogen. The brain was
removed over ice and a transverse section through the
brainstem, which contained the limits of the area postre-
ma (i.e., 1- to 3-mm thickness caudal to rostral) was dis-
sected. The area postrema and immediate underlying

structures (to a depth of 1-1.5 mm, the DVC) was iden-

tified using a binocular light microscope (10X magnifica-
tion) and removed and weighed before being frozen in
liquid nitrogen. The remainder of the brainstem section
was also weighed and frozen in liquid nitrogen. The mu-
cosa of the ileum was dissected from the muscle and the
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tissues weighed.

The brain tissues, ileal mucosa and muscle samples
were homogenized over ice (Soniprep 150; MSE,
Crawley, UK) in 200 g of 0.2 M perchloric acid (contain-
ing 100 pg/pl N-methyl-5-HT) and centrifuged at 15,400
x g for 3 min (L8-7 ultracentrifuge; Beckman, Palo Alto,
CA, USA). The urine samples were diluted 1 in 100 with
0.1 M perchloric acid (containing 100 pg/zl N-methyl-5-
HT) and centrifuged at 15,400 X g for 3 min. The super-
natants of all the samples were assayed for 5-hydroxy-
tryptophan (5-HTP), 5-HT, 5-HIAA, adrenaline (AD),
noradrenaline (NA) and dopamine (DA) and its metabo-
lites homovanillic acid (HVA) and dihydroxy-
phenylacetic acid (DOPAC) by high performance liquid
chromatography with electrochemical detection as
previously described (16). The urine samples were also
analyzed for creatinine content using a commercially
available colorimetric creatinine assay kit obtained from
Sigma Diagnostics (Sigma Chemical, Dorset, UK). Data
were subject to statistical analysis using a one way analy-
sis of the variance (ANOVA) followed by a post-hoc
Fisher’s PLSD test.
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Fig. 1. The effect of Tween 80 (A); PCPA at 100 mg/kg, i.p. (B); or PCPA at 200 mg/kg, i.p. (C) on the profile of retch-
ing+vomiting induced by cisplatin (10 mg/kg, i.p.) in the ferret. PCPA (100—200 mg/kg) or 1% Tween 80 (Tween, 2 ml/kg)
was administered intraperitoneally once per day for four days prior to the administration of cisplatin (10 mg/kg, i.p.). Cisplatin
was administered 4 hr after the last dose of PCPA or Tween. Results represent the mean+S.E.M. of the total numbers of
retches+vomits occurring in 1-hr time intervals post cisplatin injection at 0 hr (n=4).



RESULTS

The animals that were injected with 1% Tween 80 (the
vehicle for PCPA) for 4 days followed by cisplatin ex-
hibited 114.5+25.9 retches+vomits; 68.2+6.6% of the

response occurred within the first

that were treated with 1% Tween 80 for 4 days failed to
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develop a retching and/or vomiting response when sub-
sequently injected with saline (cisplatin vehicle). Pretreat-

8 hr (Fig. 1). Animals
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ments with PCPA at 100 and 200 mg/kg, i.p. significantly
reduced the percentage of cisplatin-induced retching and
vomiting that occurred during the first 8 hr period by
70% and 55%, respectively (P<0.05). In addition, the
latency of onset of cisplatin to induce emesis in control

Fig. 2. DVC catecholamine and indoleamine levels at 24 hr post cisplatin (10 mg/kg, i.p.) or cisplatin (10 mg/kg, i.p.) and
PCPA (100 or 200 mg/kg, i.p.) co-administration. PCPA (100—200 mg/kg) or 1% Tween 80 (Tween, 2 ml/kg) was ad-
ministered intraperitoneally once per day for four days prior to the administration of cisplatin (CP; 10 mg/kg, i.p.) or saline
(Veh; 5 mi/kg, i.p.). CP or Veh was administered 4 hr after the last dose of PCPA or Tween, and samples were taken 24 hr after
the injection of CP or Veh. Significant differences in the levels of monoamines between Tween+ Veh-treated animals and
drug-treated animals are indicated as *P <0.05; significant differences between Tween +CP- and drug-treated animals are indi-
cated as TP <0.05 (one way ANOVA followed by a Fisher’s PLSD test). Data represent the mean+S.E.M. of 4 determinations.
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animals was also increased from 1.4+0.1 hr to 2.2+0.3
(P<0.05) and 1.8%=0.1hr (P>0.05), respectively.
However, the cisplatin-induced retching and vomiting
in the animals treated with 100 and 200 mg/kg of PCPA
were potentiated during the subsequent 8- to 24-hr period
by 207% and 92%, respectively (P <0.05, see Fig. 1).

5-HTP (pg/mg)

Analysis of tissue dissected from the DVC revealed
a significant increase (P<0.05) in the levels of 5-HT
(125.6%, P<0.05), DA (83.3%, P<0.05) and HVA
(56.7%, P<0.05) following treatment with cisplatin
alone (Fig. 2). Conversely, the levels of 5-HTP and AD
were reduced by approximately 40% (P >>0.05) and 33%,
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Fig. 3. Brainstem section (minus DVC) catecholamine and indoleamine levels at 24 hr post cisplatin (10 mg/kg, i.p.) or
cisplatin (10 mg/kg, i.p.) and PCPA (100 or 200 mg/kg, i.p.) co-administration. PCPA (100—200 mg/kg) or 1% Tween 80
(Tween, 2 ml/kg) was administered intraperitoneally once per day for four days prior to the administration of cisplatin (CP; 10
mg/kg, i.p.) or saline (Veh; 5 ml/kg, i.p.). CP or Veh were administered 4 hr after the last dose of PCPA or Tween, and samples
were taken 24 hr after the injection of CP or Veh. Significant differences in the levels of monoamines between Tween+ Veh-
treated animals and drug-treated animals are indicated as *P <0.05; significant differences between Tween+CP- and drug-
treated animals are indicated as 'P<0.05 (one way ANOVA followed by a Fisher’s PLSD test). Data represent the

mean=+S.E.M. of 4 determinations.
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respectively (P <0.05). Changes were also evident in the
remainder of the brainstem section, with the levels of 5-
HT, 5-HIAA and HVA being significantly elevated by
22.4%, 41.0% and 92.0%, respectively (P<0.05); no
other significant changes were recorded (Fig. 3). A com-
bination treatment of PCPA (100 or 200 mg/kg) with
cisplatin prevented the observed increases in 5-HT and
HVA in both the DVC and brainstem section (the levels
of 5-HT and 5-HIAA were at least 90% below that of the
control vehicle-treated animals). Furthermore, the com-
bined treatment of PCPA (100 or 200 mg/kg) with cispla-
tin also had the effect to reduce AD and HVA levels in the
DVC and brainstem by approximately 40— 80% (P <0.05)
below the values recorded for the control (1% Tween 80)-
and saline (cisplatin vehicle)-treated animals.

Analysis of the tissue dissected from the gastrointesti-
nal tract revealed no significant changes (P >>0.05) in the
levels of 5-HTP, 5-HT or 5-HIAA in either the ileal mus-
cle or mucosa following treatment with cisplatin (Table
1). However, treatment with PCPA (100-200 mg/kg) in
combination with cisplatin resulted in 60—-97% reduc-
tions in the levels of 5-HT and 5-HIAA in both tissues
when compared to the control vehicle-treated animals;
some of the reductions reached statistical significance
(P<0.05, Table1). Cisplatin treatment also increased
significantly the levels of 5-HIAA in the urine by 174%
(P <0.05) compared to control (1% tween 80)- and saline
(cisplatin vehicle)-treated animals and the increase was
similarly prevented by combination of cisplatin with
PCPA (100 and 200 mg/kg, P<0.05).

DISCUSSION
The dose of cisplatin (10 mg/kg) used in the present

studies in the ferret has been widely used to induce an
emetic response to mimic the severe vomiting response

that occurs in man (10). Many investigators have used the
ferret model to investigate the anti-emetic effectiveness of
various drugs, and additional studies have looked at the
anatomical pathways that are likely to be involved (17).
The ferret model has most recently been used to evaluate
the anti-emetic potential of the tachykinin NK;-receptor
antagonists to suppress emesis (18, 19). However, whilst
the use of the model has clear benefits, it is possibly
inadequate to assess the anti-emetic potential of drugs to
prevent chemotherapy-induced delayed emesis (14). The
limitations of the ferret model motivated the use of
extended observation periods during the present studies.

We have used PCPA as a pharmacological tool to
characterize the emetic response that occurs in the ferret
during the 24 hr period following cisplatin at 10 mg/kg.
PCPA is known to inhibit 5-HT synthesis (20, 21) and to
reduce acute cisplatin-induced emesis in humans (6) and
the 4-hr emetic response induced by cisplatin (10 mg/kg)
in animals (16, 22, 23). In the clinical study, PCPA was
administered in doses of 6 g daily (approximately 85
mg/kg/day) for up to 3 days prior to the start of
chemotherapy and was effective to reduce urinary 5-
HIAA levels by 60—70% (6). In the present studies, the
regimens of PCPA used (up to 200 mg/kg/day for 3 days)
produced comparable reductions of urinary 5-HIAA
levels (an 85% reduction was recorded) to indicate a
similarity in the reduction of 5-HT function.

The doses of PCPA used in the clinical studies were
reported to produce tiredness, lightheadedness, dizziness,
loss of balance, headache and nausea prior to the start of
the chemotherapy. In the present studies, PCPA (200
mg/kg) induced transient emesis in three out of four
animals during the pretreatment schedule that comprised
three to four episodes of retching and vomiting (data not
shown), and all the animals exhibited mild sedation. The
doses of PCPA used in the present study are reported to

Table 1. The effect of cisplatin or cisplatin and PCPA (100 or 200 mg/kg, i.p.) co-administration on monoamine levels in the ileum and urine

of the ferret

Ileal muscle Ileal mucosa Urine
Treatment
5-HTP 5-HT 5-HIAA 5-HTP 5-HT 5-HIAA 5-HIAA
Tween + Veh 13.4+4.4 84.9+33.7 198.9+44.3 20.0£3.6 122.1+62.1 227.8+61.3 1.0+0.1
Tween + CP 11.6+1.7 71.6+45.3 205.0+55.4 23.5+7.1 37.8+15.5 171.6+37.1 2.7+0.2%
PCPA 100 + CP 9.3+1.1 5.6+1.4 41.4+11.6* 13.1+3.2 13.9+3.4* 80.6+31.5* 1.0x0.57
PCPA 200 + CP 8.1+3.1 2.5+0.5 27.5+8.5% 23.3+10.0 6.4+3.1* 12.6+3.6* 0.120.0

Tissue 5-HTP, 5-HT and 5-HIAA levels are in pg/wet weight; urinary 5-HIAA levels are expressed as pg/mg creatinine. PCPA (100—200
mg/kg) or 1% Tween 80 (Tween, 2 ml/kg) was administered intraperitoneally once per day for four days prior to the administration of cisplatin
(CP; 10 mg/kg, i.p.) or saline (Veh; 5 ml/kg, i.p.). CP or Veh was administered 4 hr after the last dose of PCPA or Tween and samples were
taken 24 hr after the injection of CP or Veh. Significant differences in the levels of monoamines between Tween+ Veh-treated animals and
drug-treated animals are indicated as *P < 0.05; significant differences between Tween+ CP- and drug-treated animals are indicated as TP <0.05
(one way ANOVA followed by a Fisher’s PLSD test). Data represent the mean-+S.E.M. of 4 determinations.
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produce 70—90% reductions in central 5-HT levels (16).
Whilst higher doses of PCPA (400 mg/kg) can produce a
complete reduction of central 5-HT levels it is associated
with marked sedation (16). We considered it inappro-
priate to use the higher doses since they would loose
specificity of action against the 5-HT systems and would
not be directly comparable with the clinical use of the
compound.

A determination of the indoleamine and catechol-
amine content of various tissues at the end of the 24-hr
observation period revealed that cisplatin was capable of
inducing changes in neurotransmitter and metabolite
levels in the brain, but was less effective to cause detectable
changes in the ileum. Indeed, cisplatin did not induce
changes in the levels of 5-HT, 5-HIAA or 5-HTP in either
the mucosa or muscle of the ileum, but PCPA treatment
and cisplatin was effective to reduce the levels of 5-HIAA.
The samples were obviously removed from the animals
at a time when emesis had essentially subsided, and the
alterations in tissue levels may not ideally reflect changes
that can be associated with triggering or contributing to
the observed emetic response. Moreover, in our studies
we can not rule out the possibility that the reductions
were caused solely by PCPA treatment. However,
changes in 5-HT levels in the ileum have been observed
during the early 6-hr phase of cisplatin-induced emesis in
animals (24, 25), and this may suggest that the S-HT levels
in the ileum can be rapidly replenished and appear un-
changed at the time of sampling in the present studies.
Such a function seems likely since cisplatin is reported to
increase the activity of tryptophan hydroxylase, the rate
limiting enzyme for the synthesis of 5-HT and the activ-
ity of monoamine oxidase in the ileum (26).

Whilst we were unable to detect changes in the levels of
5-HT, 5-HIAA and 5-HTP in the ileum, we were able to
detect a 174% increase in 5-HIAA in the urine at 24 hr
after cisplatin administration. The changes may reflect a
gross release of 5-HT in the body, which does not neces-
sarily relate to release from a single site such as the gas-
trointestinal tract. Since the ferrets urinary frequency was
not monitored, it is not possible to associate the elevation
of urinary 5-HIAA levels with a specific phase of the
emetic response. In man, an approximate 300% increase
in urinary levels has been reported to occur 4—6 hr after
cisplatin administration and correlated well with emesis
(27). However, 24 hr after cisplatin administration (a time
at which the emesis had subsided), the urinary 5-HIAA
levels had returned to normal (27). It is interesting,
however, that cisplatin-induced emesis in the dog, is not
associated with increases in urinary levels of 5-HIAA
(28). The origin of 5-HIAA in the clinical study was
hypothesized to arise from the metabolism of released 5-
HT from the enterochromaffin cells of the gastrointestinal

tract; the hypothesis was strengthened by observations of
increased plasma chromogranin A, a marker of entero-
chromaffin function (29).

The present studies also determined that cisplatin in-
duced marked increases in the levels of 5-HT in the
brainstem, particularly in the DVC and that such in-
creases were antagonized by PCPA. In an earlier study,
when tissue samples were removed at approximately 2 hr
post injection of cisplatin, the levels of 5-HT in the area
postrema were unchanged (16). Again, the present studies
used a different sample interval and the tissue removed
was the collective mass of the area postrema, nucleus
tractus solitarius and dorsal motor nucleus of the vagus
nerve (i.e., the DVC). Certainly, central 5-HT and 5-
HT; receptors can be considered to be important in the
mediation of the early emesis induced by cisplatin (30),
but it is unclear why elevated levels of 5-HT in the DVC
are not associated with intense emesis at the time of sam-
pling. A possible explanation could be that 5-HT would
normally act with other substances (either additively or
synergistically) in the brainstem to cause emesis and that
the other substances are no longer elevated. Certainly, 5-
HT- or selective 5-HT;-receptor agonists when injected
alone centrally are not potent to induce emesis to tenta-
tively support the hypothesis (30).

Cisplatin also had actions to increase the levels of DA
and HVA in the DVC, but reduced the levels of AD. It
may be pertinent that no significant changes in the levels
of DA or NA were recorded in the remaining brainstem
section and that elevations of DA and HVA in the area
postrema have previously been reported at the time of
cisplatin-induced emesis. However DA, AD, NA and
HVA levels were all reduced (but not abolished) by com-
bination of PCPA with cisplatin, suggesting that the
neurotransmitters are not likely to play a major role in the
PCPA-resistant phase of emesis.

Certainly, whilst PCPA treatment was effective to an-
tagonize the early emetic response, it was not completely
effective and apparently potentiated the intensity of eme-
sis in the subsequent 8- to 24-hr period. This may indicate
that reducing endogenous levels of 5-HT in the ferret may
remove an endogenous inhibitory tone that will normally
suppress emesis in the later phase of the 24-hr model. This
may relate to an agonist action at 5-HT,;, receptors,
which is known to reduce emesis in the cat (31) and Sun-
cus murinus (32), although such effects are less consistent
in the ferret (33). However, such conclusions may be in-
cautious since protecting the animals against the initial
retching and vomiting response may reduce fatigue to
enable the animals to develop a later and more intense
response (14). Certainly, the present studies suggest that a
major component of the residual emetic response is un-
likely to be mediated via 5-HT.
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There is evidence to suggest that there is plasticity in
the organization of the emetic reflex. For example, studies
have demonstrated a reorganization of the emetic
response to radiation following surgical lesion of the ab-
dominal vagus nerves to produce delayed emesis (34). Us-
ing PCPA, it is possible that we have chemically lesioned
a 5-HT pathway involved in emesis control to produce a
reorganization of the emetic reflex and have also inadver-
tently revealed a 5-HT-independent delayed emetic
response. Further studies would need to be performed to
ascertain the relevance of the 5-HT-independent mecha-
nism of action of the residual or delayed emesis to the
side-effects of chemotherapy in man.

In conclusion, PCPA was effective to antagonize
cisplatin-induced increases in the levels of 5-HT in the
brain and also affected 5-HT and 5-HIAA levels in the il-
eum when combined with cisplatin. The changes in 5-HT
levels were also reflected as changes in urinary levels of
5-HIAA to suggest a role of altered 5-HT function that
may occur during cisplatin-induced emesis. Certainly,
the use of PCPA has highlighted an important difference
between the mechanism of cisplatin-induced emesis in the
ferret and man. PCPA was highly effective to reduce the
acute emesis (measured over a 24-hr period) in humans
(6), but in the present studies in the ferret, it was only
active to antagonize emesis for approximately 8 hr.
Importantly, the PCPA data indicate that the ferret
10 mg/kg-induced emesis model is unlikely to be ideally
representative of the mechanisms that may be active dur-
ing the acute phase of emesis in man. Qur other studies
with dexamethasone have also shown that the model is
also not likely to reflect mechanisms occurring during
delayed emesis (14). When the results with PCPA and
dexamethasone are taken together, it is clear that the fer-
ret model used in the present studies is inappropriate for
studying the mechanisms that may be involved in acute
and delayed emesis. Certainly, the mechanisms under-
lying the residual PCPA resistant response in the ferret is
unknown and may be due to plasticity of the emetic
reflex; the relevance of the 24-hr model and the use of
cisplatin at a dose of 10 mg/kg must therefore remain
questionable. Alternative animal models, using lower
doses of cisplatin, have recently been developed using the
piglet and ferret (12, 35) to more accurately mimic the
acute and delayed emesis seen in man. The ferret model
seems particularly useful based on the sensitivity of the
acute and delayed emesis to ondansetron and dexameth-
asone (36). An assessment of the effect of PCPA on the
emesis in the new models should prove useful to test the
validity of the models.
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