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Abstract

The potent, selective, tachykinin NK receptor antagonist, CP-122,721 ([(+)-(2,35)-3-(2-methoxy-5-triflucromethoxybenzyDamino-
2-phenylpiperidine]), at 0.01-1 mg/kg, s.c. reduced retching and vomiting elicited by loperamide, copper sulfate, ipecac syrup and
cisplatin in a dose-dependent manner. IDy, values after subcutaneous administration ranged from 0.02 mg/kg (loperamide) to 0.08
mg/kg (ipecac). Oral CP-122,721 reduced cisplatin-induced emesis with an IDg, of approximately 0.08 mg/kg. The less active
(2R,3R)-enantiomer, CP-132,687, did not significantly suppress retching or vomiting induced by any of the emetogens. These data
support the hypothesis that CP-122,721 blocks emesis by a specific action at tachykinin NK, receptors. Its broad spectrum of antiemetic

activity suggests a central site of action.
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1. Introduction

The hypothesis that substance P plays a role in mediat-
ing the emetic reflex is supported by a growing body of
immunocytochemical, behavioral and electrophysiological
evidence. For example, investigators (see Leslie, 1985)
have detected substantial amounts of substance P-like im-
munoreactivity in vagal fibers and in brain regions (e.g.,
the area postrema and the underlying dorsal vagal com-
plex) thought to be involved in the emetic response. Other
studies have demonstrated that substance P elicits emesis
in dogs after systemic administration, albeit on an inconsis-
tent basis (Carpenter et al., 1984), and induces retching in
urethane-anesthetized ferrets after topical application to the
area postrema (Andrews, 1994). Substance P resembles a
variety of other emetogens in that it increases the firing
rate of cells in the area postrema and nucleus tractus
solitarius after iontophoretic application in vivo (Carpenter
et al., 1983). More recently, a number of investigators
have independently demonstrated that the selective,
tachykinin NK, receptor antagonist, CP-99,994 (McLean
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et al., 1993), blocks emesis induced by a variety of emeto-
gens when given s.c. to ferrets (cisplatin, morphine, lop-
eramide, apomorphine, ipecac syrup, X-irradiation and
copper sulfate; Bountra et al., 1993; Tattersall et al., 1993;
Watson et al., 1995), i.v. to dogs (apomorphine, copper
sulfate; Watson et al., 1995) or i.p. to the house musk
shrew Suncus murinus (nicotine; Tattersall et al., 1995).
The present study profiles the antiemetic activity of
CP-122,721 ([(+)-(25,35)-3-(2-methoxy-5-trifluorometh-
oxybenzyl)amino-2-phenylpiperidine]), a potent, selective,
apparently non-competitive, orally active, tachykinin NK,
receptor antagonist (McLean et al, 1996). The results
suggest that CP-122,721 is about three times more potent
than CP-99,994 in blocking the retching and vomiting
responses to central (loperamide), peripheral (copper sul-
fate, cisplatin) and mixed site (ipecac syrup) emetogens.

2. Materials and methods
2.1. Animals

Adult male ferrets (Marshall Farms, 7501445 g) were
housed individually in a temperature-, light- and
humidity-controlled environment for 1-2 weeks prior to
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experiments. They were given a standard pelleted diet and
water ad libitum. They were fasted overnight prior to
administration of intragastric copper sulfate and ipecac

syrup.
2.2. Procedures

CP-122,721 (0.01-1.0 mg/kg) or its less active
(2R,3 R)-enantiomer, CP-132,687 (1 mg/kg) was injected
s.c. 30 min prior to intragastric administration of copper
sulfate (0.5 mg/ml, 12.5 mg/kg) or ipecac syrup (1
mg /kg of ether soluble alkaloids of ipecac), subcutaneous
administration of loperamide (250 pg/kg), or intraperi-
toneal administration of cisplatin (10 mg /kg). The dose of
each emetogen was selected based on previous data show-
ing that it elicited emesis in at least 90% of ferrets tested.

After administration of an emetogen, ferrets were ob-
served continuously in individual polycarbonate cages for
60 (ipecac syrup, copper sulfate), 90 (loperamide) or 120
(cisplatin) min. Previous studies have demonstrated that
these intervals are adequate for characterization of the
emetic response to the above-mentioned stimuli (see Wat-

Table 1
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son et al.,, 1995). The latency to first retch and vomit and
the number of retches and vomits were recorded for each
animal. Retching was quantified by counting rhythmic
abdominal contractions, while vomiting was scored as oral
expulsion of liquid or solid stomach contents. Behaviors
characteristically observed before and between bouts of
retching and vomiting were additionally quantified in fer-
rets given copper sulfate or loperamide. Instances of gag-
ging (i.e., a single, forced abdominal contraction against a
closed glottis with the mouth held wide open and culminat-
ing in an explosive release of the glottis), lip-licking and
backing were recorded in aggregate and expressed as the
mean number of behaviors per animal + S.E.M. An indi-
vidual animal was tested no more than three times with
5-7 days between experiments. Ferrets given cisplatin
were killed at the end of the experiment.

2.3. Statistics
Results were expressed as mean + S.E.M., n = number

of animals per group. IDs, values for suppression of
retching and vomiting by CP-122,721 were estimated from

Effect of s.c. CP-122,721 and CP-132,687 on emesis induced by copper sulfate (12.5 mg /kg p.o.), loperamide (250 ng/kg s.c.), ipecac syrup (1 mg/kg

p-0.) and cisplatin (10 mg/kg i.p.) in ferret

Emetogen Treatment Dose R/T ? Retches V/T?® Vomits
(mg/kg) Mean + S.E.M. (range) Mean + S.E.M. (range)
Copper sulfate ° Saline 21/21 29.3 + 4.1 (8—68) 20/21 4.1 + 0.5 (0-8)
CP-122,721 0.03 6/6 140+ 4.5 * (4-34) 6/6 32+0.5(2-5)
0.1 3/12 20412 (0-12) 4/12 09405 " (0-5)
03 1/9 03403 *(0-3) 1/9 02402 * (0-2)
1.0 1/7 0.1 +£0.1 " (0-1) 0/7 0+0 "
CP-132,687 1.0 6/6 20.7 + 3.2 (9-29) 6/6 3.5+0.6(2-6)
Loperamide ¢ Saline 19/19 56.2 + 6.9 (22-144) 18/19 4.6+ 0.6 (0-10)
CP-122,721 0.01 6/6 33.5+ 11.0 (3-82) 4/6 3.0+ 1.3(0-8)
0.03 6/6 120 £33 * (2-22) 2/6 05+03 " (0-2)
0.1 0/9 0+0 " 1/9 0.1+£0.1°* (0-1)
0.3 0/7 00" 0/7 040"
1.0 0/7 040" 0/7 0£+0 "
CP-132,687 1.0 6/6 48.3 + 15.1 (10-100) 4/6 4.0+ 1.8(0-11)
Ipecac syrup © Saline 24/24 30.8 +£3.9(10-82) 24,24 43+04(1-9)
CP-122,721 0.03 5/5 21.8 + 7.5 (2-40) 5/5 46+ 1.10-7)
0.1 3/5 26+ 1.5 " (0-8) 3/5 0.8+04 " (0-2)
0.3 0/10 040" 0/10 040"
1.0 0/5 0+0" 0/5 0+0°*
CP-132,687 1.0 11/11 28.5 + 6.2 (5-73) 10/11 2.8+ 0.6 (0-7)
Cisplatin Saline 6/6 109 + 11.2 (91-137) 6/6 9.7+ 1.1(6-12)
CP-122,721 0.03 6/6 54.3 + 143 * (5-100) 6/6 50+1.2 " (1-8)
0.1 4/6 9.8 +£2.2 * (0-15) 4/6 1.2+ 04 * (0-2)
0.3 0/6 00" 0/6 0+0*
1.0 0/6 0+0 " 0/6 0+0"
CP-132,687 1.0 6/6 106.2 + 9.4 (78-135) 6/6 82+ 1.1(4-12)

® R/T, number of animals retching /number tested.
by /T, number vomiting /number tested.

° Copper sulfate: F,(4,50) = 15.2, F, ., (4,50) = 16.5; CP-132,687: 1,.,.,(25) = 0.11, 1,,,(25) = 1.02.
9 Loperamide: Fig,(5,48) = 16.1, F,o,(5.48) = 12.2; CP-132,687: 1,,,0,(23) = 0.50, 1,.5,,,(23) = 0.88.

¢ Ipecac syrup: F,.;(4,44)=11.3, F, .(4,44) = 18.8; CP-132,687: t,,.,(33) = 0.76, t,,...(33) = 1.32.

f Cisplatin: F,y,1(4,25) = 327, F,y(4.25) = 33.4; CP-132,687: 1,,,,(10) = 0.10, 1,,,;,(10) = 0.81.

* P <0.05 vs. saline (Dunnett’s multiple comparison test).
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dose-response data by interpolation. Dose-response data
were analyzed by a one-way analysis of variance followed
by Dunnett’s multiple comparison test. CP-132,687 emesis
data and other behavioral measures were analyzed by a
robust #-test (R/S 1 Release 4 Software, BBN Software
Products Corp.) that uses medians to generate the t-statis-
tic. Where variances were unequal, statistical results were
verified using censored survival analysis for response la-
tency measurements and Poisson regression for retch and
vomit counts. A P <0.05 was considered statistically
significant.

2.4. Reagents

A commercial brand of ipecac syrup (Barre-National,
Baltimore, MD) containing 1.5 mg/ml of ether-soluble
alkaloids of ipecac, 1.5% alcohol and unspecified concen-
trations of deionized water, glycerin, sucrose syrup and
methylparaben and propylparaben preservatives was used.
Copper sulfate pentahydrate (copper sulfate), loperamide
HCI (loperamide) and cis-platinum(II) diamine dichloride
(cisplatin) were purchased from Sigma Chemical Com-
pany. Copper sulfate was dissolved in water while lop-
eramide was dissolved in distilled water containing 7%
propyleneglycol. Cisplatin was dissolved in 154 mM NaCl.
CP-122,721  ([(+)-(25,35)-3-(2-methoxy-5-trifluoro-
methoxybenzyl)amino-2-phenylpiperidine]) and CP-
132,687, the (2 R,3R)-enantiomer of CP-122,721, were
synthesized by the Medicinal Chemistry Department at
Pfizer. Both CP-122,721 and CP-132,687 were dissolved
in saline.

3. Results

CP-122,721 (0.01-1 mg/kg, s.c.) suppressed retching
and vomiting elicited by copper sulfate, loperamide, ipecac
syrup and cisplatin in a dose-dependent manner (Table 1).
CP-122,721 inhibited loperamide-induced retching with an
IDs, of approximately 0.02 mg/kg vs. IDy, values of

approximately 0.03, 0.03 and 0.05 mg/kg for copper
sulfate, cisplatin and ipecac, respectively. The correspond-
ing IDy, values for inhibition of vomiting ranged from
0.02 mg/kg for loperamide to 0.08 mg/kg for ipecac.
CP-122,721 provided complete protection against lop-
eramide-induced emesis at 0.1 mg/kg and against the
other three emetogens at 0.3 mg/kg. On the other hand,
the less active (2R,3R)-enantiomer, CP-132,687, at 1
mg /kg, s.c., did not significantly reduce the frequency of
emetic episodes induced by any of the emetogens tested
compared to vehicle-treated animals.

In contrast to its effects on the number of retches,
CP-122,721 did not significantly increase the latency to
retching. A trend towards increased latency was, however,
noted after both ipecac (mean + S.E.M.: ipecac vehicle =
274 4+ 1.8 min [n=24]; 0.03 mg/kg=25.6 + 2.4 min
[n=5]; 0.1 mg/kg=236.0+8.6 min [n=23]) and cis-
platin (mean + S.E.M.: cisplatin vehicle = 26.7 + 4.5 min
[n=6], 003 mg/kg=373+14.6 min [n=6]; 0.1
mg/kg =40 + 5.8 min [n = 5]). Although the latency to
retch in the cisplatin experiments was much shorter than
observed in previous studies (Watson et al., 1995), statisti-
cal comparisons were made with vehicle-treated animals
tested concurrently.

A variety of prodromal signs of emesis (e.g., gagging,
lip-licking and backing) were evident in both CP-122,721-
and vehicle-treated animals. Quantification of preemetic
events in two groups showed that doses of CP-122,721
sufficient to reduce retching by at least 50% did not
significantly suppress the gagging, lip-licking and backing
elicited by either copper sulfate (mean number of behav-
jors £ SEM.: saline=94+ 1.6 [n=21}, CP-122,721
(0.03 mg/kg) = 14.0 + 2.6 [n = 6]) or loperamide (mean
number of behaviors + S.EMM.: saline =31.4+3.1 [n=
19}; CP-122,721 (0.03 mg/kg) = 27.0 + 3.1 [n = 6]).

CP-122,721 was also effective as an antiemetic when
given orally. Against cisplatin, oral CP-122,721 inhibited
retching and vomiting with an ID,, of approximately 0.08
mg/kg (Table 2). A 1 mg/kg oral dose blocked emesis
completely.

Table 2
Effect of oral CP-122,721 on cisplatin-induced (10 mg /kg i.p.) emesis in ferret
Emetogen Treatment Dose R/T? Retches V/T?® Vomits
(mg/kg) Mean + S.E.M. (range) Mean + S.EM. (range)
Cisplatin Saline 5/5 80.4 + 13.5 (36-121) 5/5 96+ 1.7 (3-13)
CP-122,721 0.03 5/5 68.4 +17.6 (31-104) 5/5 8.0+ 14(4-12)
0.1 4/5 320+ 10.0 * (0-61) 4/5 34+1.3 7 (0-7)
03 0/5 0+0 " 1/5 04404 * (0-2)
1.0 0/5 0+0 " 0/5 040"

* R/T, number of animals retching /number tested.

bv /T, number vomiting /number tested.

¢ Cisplatin: F,.,(4,20)=11.8, F, .(4,20) = 13.5.

* P <0.05 vs. saline (Dunnett’s multiple comparison test).
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4. Discussion

A member of the 2-phenylpiperidine class of tachykinin
NK, receptor antagonists, CP-122,721 is an analog of
CP-99,994. It was selected for evaluation because it has a
high affinity for the human tachykinin NK,; receptor
(pIC4, = 9.8 (IC,, = 0.14 nM), determined by measuring
the displacement of ['2°I]-Bolton Hunter-substance P bind-
ing from IM-9 cells); has excellent oral activity; and, in
contrast to CP-99,994, interacts with the receptor in a
non-competitive manner (McLean et al., 1996). The pres-
ent study confirms previous work with CP-99,994 (Bountra
et al.,, 1993; Tattersall et al., 1993, 1995; Watson et al.,
1995) that demonstrated the broad spectrum of antiemetic
activity of this class of compounds. This study also high-
lights the potency of CP-122,721. When dosed either
subcutaneously or orally in ferrets, it inhibited vomiting
and retching induced by both centrally and peripherally
acting emetogens with IDy, values between 0.02 and 0.08
mg/kg. In contrast, the (2 R,3 R)-enantiomer, CP-132,687,
which has a pICy, of 6.0 (IC5, = 897 nM) at the human
tachykinin NK, receptor expressed in IM-9 cells (McLean
et al., 1996), failed to reduce significantly the incidence of
emetic events when given at 1 mg/kg, s.c. This finding
supports the hypothesis that CP-122,721 acts through spe-
cific blockade of tachykinin NK, receptors.

In contrast to its effects on retching and vomiting,
CP-122,721 failed to block the gagging, lip-licking and
backing that consistently preceded the mechanical acts of
retching and vomiting. In contrast, 5-HT, receptor antago-
nists (Bermudez et al., 1988) suppress both prodromal
events and retching /vomiting in a dose-dependent manner.
Some investigators have suggested that animal behaviors
such as lip-licking and backing may be analogous to
self-reported nausea in humans (Bermudez et al., 1988).
However, the relationship between the two phenomena
remains unclear; thus, the present data cannot be used to
predict whether or not the tachykinin NK, receptor antago-
nists will block nausea in clinical trials.

The emetogens used in this study exercise their effects
through a variety of pathways, i.e., centrally at the area
postrema (loperamide; Bhandari et al., 1992), peripherally
by activation of predominantly vagal (abdominal visceral)
afferents (copper sulfate and cisplatin; Andrews et al.,
1990) and both centrally and peripherally (ipecac syrup;
Leslie and Reynolds, 1992). The ability of CP-122,721 to
block the action of both central and peripheral emetic
stimuli suggests that it acts at a central convergence site in
the emetic pathway, possibly some portion of the nucleus
tractus solitarius (Gardner et al., 1994; Watson et al.,
1995). The failure of CP-122,721 to block gagging, lip-
licking and backing at doses that significantly reduce
retching and vomiting suggests that these prodromal be-
haviors may not be NK,-mediated and that they may
involve neural pathways distinct from those responsible for
the mechanical acts of retching and vomiting.

Finally, data showing complete blockade of retching
and vomiting after the 0.3 mg/kg dose of CP-122,721
compared to the 1 mg/kg dose of CP-99,994 for three of
the four emetogens suggest that CP-122,721 is at least
three times more potent than CP-99,994 as an antiemetic
(Watson et al., 1995). The present data do not explain the
differences in antiemetic potency between the two receptor
antagonists; however, the non-competitive binding profile
of CP-122,721 and its three times greater potency for the
tachykinin NK, receptor (IC;,=0.14 vs. 0.48 nM for
CP-99,994) may be contributing factors. Thus, based on its
pharmacologic and pharmacodynamic profile, including its
failure to block prodromal behaviors, CP-122,721 repre-
sents an additional tool for elucidating both the pathways
involved in the emetic reflex and the role of the tachykinin
NK, receptor in emetic responses.
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