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Abstract

Ž w 9 8x Ž ..The ability of tachykinin NK receptor antagonists to inhibit GR73632 D-Ala- L-Pro ,Me-Leu substance P- 7–11 -induced foot1

tapping in gerbils was employed as an indirect measure of brain penetration and this was compared with their ability to prevent acute
Ž . ŽŽ . Ž .emesis induced by cisplatin in ferrets. " -GR203040 2S,3S and 2 R,3R -2-methoxy-5-tetrazol-1-yl-benzyl- 2-phenyl-piperidin-3-yl -

. ŽŽ . Ž . . . Ž Ž . Ž Žamine , CP-99,994 2S,3S -cis-3- 2-methoxybenzylamino -2-phenyl piperidine dihydrochloride , and L-742,694 2- S - 3,5-bis triflu-
. . Ž . Ž Ž . . Žoromethyl benzyloxy -3- S -phenyl-4- 5- 3-oxo-1,2,4-triazolo methylmorpholine potently inhibited GR73632-induced foot tapping ID50

. Ž . ŽŽ . ŽF0.85 mgrkg , and acute retching induced by cisplatin ID F0.18 mgrkg . RPR100893 3aS,4S,7aS -7,7-diphenyl-4- 2-metho-50
. wŽ . Ž . x . Ž .xyphenyl -2- S -2- 2-methoxyphenyl proprionyl perhydroisoindol-4-ol was not a potent antagonist of retching ID 4.1 mgrkg or50

Ž . Ž . ŽŽ . Ž . wŽfoot tapping ID )10 mgrkg . High doses 3–10 mgrkg of CGP49823 2 R,4S -2-benzyl-1- 3,5-dimethylbenzoyl -N- 4-50
. x . . Ž 2 wŽ . Ž . xquinolinyl methyl -4-piperineamine dihydrochloride , FK888 N - 4R -4-hydroxy-1- 1-methyl-1H-indol-3-yl carbonyl-L-propyl -N-

Ž . . ŽŽ . w Ž . x Ž .methyl-N-phenylmethyl-L-3- 2-naphthyl -alaninamide , and LY303870 R -1- N- 2-methoxybenzyl acetylamino -3- 1H-indol-3-yl -2-
w Ž Ž Ž . . . x .N- 2- 4- piperidinyl piperidin-1-yl acetyl amino propane were required to inhibit foot tapping; these agents were not anti-emetic in this

ŽŽ . � w Ž . Ž . x 4dose range. SR140333 S -1- 2- 3- 3,4-dichlorphenyl -1 3-isopropoxyphenylacetyl piperidin-3-yl ethyl -4-phenyl-1 azaniabicyclo
w x .2.2.2 octane; 3–10 mgrkg failed to inhibit foot tapping or emesis. Affinities for the human and ferret tachykinin NK receptor were1

Ž .highly correlated rs0.93, Ps0.0008 . Inhibition of foot tapping in gerbils, but not NK receptor binding affinity, predicted1
Ž .anti-emetic activity in ferrets rs0.75, P-0.01 . These findings confirm that the anti-emetic activity of tachykinin NK receptor1

antagonists is dependent on brain penetration.
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1. Introduction

Severe nausea and vomiting is a distressing side-effect
of cytotoxic drug and radiation therapy which contributes
to poor patient compliance and limits the use of aggressive
cancer treatment regimens. Cytotoxic drugs elicit an imme-

Ž .diate emetic response on the day of therapy acute emesis
and also protracted vomiting lasting up to 5 days thereafter
Ž .delayed emesis . Some relief from acute emesis can be
achieved using cocktails of anti-emetic drugs, especially

) Ž . Ž .Corresponding author. Tel.: 44-1279 440-484; Fax: 44-1279 400-
390.

dexamethasone combined with high doses of metoclo-
pramide, but these may themselves elicit unacceptable

Ž .iatrogenic side-effects Andrews et al., 1988 . The intro-
duction of 5-HT receptor antagonists into clinical practice3

in the early 1990s represented an important advance in the
development of well-tolerated drugs specifically designed
to prevent the severe emesis caused by antineoplastic

Ž .therapy Bunce et al., 1991; Aapro, 1991 . However, whilst
5-HT receptor antagonists such as ondansetron and3

granisetron control the acute phase of nausea and vomiting
induced by emetogenic cytotoxins in at least 60% of
patients, emesis is not fully blocked in the residual popula-

Ž .tion Aapro, 1991; Yarker and McTavish, 1994 , and
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5-HT receptor antagonists are less effective at preventing3
Žthe delayed emesis associated with chemotherapy De

.Mulder et al., 1990; Butcher, 1993 . The clinical utility of
5-HT receptor antagonists is further limited by their lack3

of efficacy against centrally acting emetogens such as
Ž .morphine and apomorphine Andrews and Bhandari, 1993 .

Recently, tachykinin NK receptor antagonists have1

emerged as an important new class of broad-spectrum
anti-emetic agents in preclinical assays of acute emesis.
One such compound, the phenylpiperidine CP-99,994,
completely abolished cisplatin-induced retching and vomit-

Ž .ing in ferrets Bountra et al., 1993; Watson et al., 1995a .
Unlike the limited profile of anti-emetic activity exhibited
by 5-HT receptor antagonists, CP-99,994 also inhibited3

retching and emesis in ferrets challenged with a wide
Žrange of both peripheral and central emetic stimuli Bountra

.et al., 1993; Tattersall et al., 1994; Watson et al., 1995a .
ŽThe enantioselectivity of the effects of CP-99,994 Tatter-

.sall et al., 1993, 1994; Watson et al., 1995a , and the low
affinity of this compound for other neurotransmitter recep-

Ž .tors in vitro McLean et al., 1993 , confirm the tachykinin
NK receptor specificity of this anti-emetic activity. The1

ability of CP-99,994 to block both peripherally and cen-
trally acting emetogens, and the demonstration that direct
injection of CP-99,994 into the region of the nucleus
tractus solitarius inhibited cisplatin-induced emesis in fer-

Ž .rets Gardner et al., 1994 , suggest that the anti-emetic
activity of tachykinin NK receptor antagonists is centrally1

mediated. This proposal has been confirmed recently by
the use of a quaternised tryptophan ketone L-743,310, a
poorly brain-penetrant tachykinin NK receptor antagonist,1

which was able to prevent cisplatin-induced retching in
ferrets when infused directly into the central nervous sys-

Ž .tem CNS , but not when it was injected intravenously
Ž .Tattersall et al., 1996 . Thus, the ability of tachykinin
NK receptor antagonists to block emesis when they are1

administered systemically appears to be critically depen-
dent on their ability to cross the blood–brain barrier. The
central locus of action of tachykinin NK receptor antago-1

nists indicates a fundamental difference in the mechanisms
underlying their anti-emetic activity from that of 5-HT3

receptor antagonists, which are believed to act mainly in
Ž .the periphery on vagal afferent fibres Sanger, 1992 ,

although blockade of central 5-HT receptors may also be3
Ž .involved Higgins et al., 1989 .

In addition to the predicted clinical utility of tachykinin
NK receptor antagonists to control emesis, other possible1

therapeutic uses suggested from preclinical investigations
include rheumatoid arthritis, asthma, migraine, pain and

Ž .psychiatric conditions reviewed by Longmore et al., 1995 .
A large number of structurally diverse antagonists which

Ž .possess high nM affinity for the human tachykinin NK1

receptor have been evaluated in preclinical assays and in
clinical trials for these various conditions. These include
the recently described morpholine-based antagonist L-

Ž .742,694 Hale et al., 1996 ; the phenylpiperidine

Ž .GR203040 Beattie et al., 1995 ; the piperidineamine CGP
Ž .49823 Vassout et al., 1994 ; the aryl amino acid deriva-

Ž .tive LY303870 Gitter et al., 1995 ; the N-acylated 3-
Ž . Ž3,4-dichlorophenyl piperidine SR140333 Emonds-Alt et

. Žal., 1993 ; the triarylperhydroisoindol RPR100893 Tabart
. Žand Peyronel, 1994 , and the dipeptide FK888 Hagiwara

.et al., 1993 . Access of tachykinin NK receptor antago-1

nists into the brain is clearly a prerequisite for clinical
Ž .efficacy in CNS disorders emesis, pain, psychiatry , but

not in conditions associated with inflammation of periph-
eral tissues. However, only limited information is presently
available describing the in vivo pharmacology of these
compounds in assays that require brain penetration.

Recently, we described the use of tachykinin NK1

agonist-induced foot tapping in gerbils as a simple in vivo
functional assay for CNS penetration of tachykinin NK1

Ž .receptor antagonists Rupniak and Williams, 1994 . Like
the ferret, the pharmacology of the gerbil tachykinin NK1

receptor appears to resemble that of the human receptor
Ž .Beresford et al., 1991 . Central infusion of tachykinin
NK receptor agonists in gerbils elicits a vigorous and1

readily quantifiable rhythmic stamping or tapping of the
hindfeet which can be inhibited by systemic administration
of brain-penetrant tachykinin NK receptor antagonists1
ŽGraham et al., 1993; Vassout et al., 1994; Bristow and

.Young, 1994; Rupniak and Williams, 1994 . In contrast,
the poorly CNS-penetrant compound, L-743,310, failed to
inhibit foot tapping at a dose which completely blocked
chromodacryorrhoea evoked by stimulation of peripheral

Ž .tachykinin NK receptors Rupniak and Williams, 1994 .1

In the present studies, we have directly compared the
ability of the currently available antagonists to block cen-
tral tachykinin NK receptors in vivo, and examine whether1

activity in the gerbil foot tapping assay is predictive of
anti-emetic efficacy in ferrets.

2. Materials and methods

125 [ 8]2.1. Displacement of I- Tyr substance P binding to
cloned human tachykinin NK receptors and to ferret1

brain membranes in Õitro

Tachykinin NK receptor binding assays were per-1
Ž .formed in intact Chinese hamster ovary CHO cells ex-

pressing the human tachykinin NK receptor using a modi-1

fication of the assay conditions described by Cascieri et al.
Ž . 51992 . The receptor was expressed at a level of 3=10
receptors per cell. Cells were grown in monolayer culture,
detached from the plate with enzyme-free cell dissociation

Ž .solution Speciality Media , and washed prior to use in the
125 w 8 x Žassay. I- Tyr substance P 0.1 nM, 2000 Cirmmol;

.New England Nuclear was incubated in the presence or
Žabsence of test compounds dissolved in 5 ml dimethyl

. 4sulphoxide, DMSO with 5=10 CHO cells. Ligand bind-
ing was performed in 0.25 ml of 50 mM Tris-HCl, pH 7.5,
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containing 5 mM MnCl , 150 mM NaCl, 0.02% bovine2
Ž .serum albumin Sigma , 40 mgrml bacitracin, 0.01 mM

phosphoramidon and 4 mgrml leupeptin. The incubation
proceeded at room temperature until equilibrium was

Ž .achieved )40 min and the receptor-ligand complex was
harvested by filtration over GFrC filters presoaked in
0.1% polyethylenimine using a Tomtek 96-well harvester.
Nonspecific binding was determined using excess sub-

Ž .stance P 1 mM and represented -10% of total binding.
Affinity for the ferret tachykinin NK receptor was simi-1

Ž .larly determined using synaptosomal membranes 50 mg
purified from ferret brain cortex by discontinuous sucrose

Žgradient centrifugation as previously described Cascieri et
.al., 1985 . Receptor binding data were analysed using the

Ž .Prism software package Graph Pad .

2.2. Inhibition of GR73632-induced foot tapping in gerbils

2.2.1. IntraÕenous administration
The ability of tachykinin NK receptor antagonists to1

inhibit foot tapping was determined as described previ-
Ž .ously Rupniak and Williams, 1994 . Male or female

Ž .Mongolian gerbils 35–70 g; Leeds University were
anaesthetised by inhalation of an isofluraneroxygen mix-
ture to permit exposure of the jugular vein through a skin
incision in the neck, using blunt dissection to clear sur-
rounding salivary gland and connective tissues. Test com-
pounds or vehicle were administered using an injection
volume of 5 mlrkg i.v. The wound was closed and a
second skin incision was made in the midline of the scalp
to expose the skull. The highly selective, peptidase-re-

Žsistant tachykinin NK receptor agonist GR73632 D-Ala-1
w 9 8 x Ž . .L-Pro ,Me-Leu substance P- 7–11 ; Hagan et al., 1991

Žwas infused directly into the cerebral ventricles 3 pmol in
.5 ml i.c.v. by vertical insertion of a cuffed 27-gauge

needle to a depth of 4.5 mm below bregma. The scalp
incision was closed and the animal allowed to recover

Žfrom anaesthesia in a clear Perspex observation box 25=

.20=20 cm . The duration of hind foot tapping was then
recorded continuously for 5 min using a stopclock. The
time lapse from induction to recovery of anaesthesia, with
intervening i.v. and i.c.v. injections, was 3–4 min per
animal. Between 3 and 9 animals received one dose of
each test compound or vehicle.

The ability of CP-99,994 to inhibit GR73632-induced
foot tapping following i.v. administration has been pub-

Ž .lished previously Rupniak and Williams, 1994 ; these data
are included here for the purpose of comparison with other
tachykinin NK receptor antagonists, and for comparison1

with the activity of CP-99,994 in this assay following oral
administration.

2.2.2. Oral actiÕity
The ability of test compounds to inhibit foot tapping

Ž .following oral administration up to 30 mgrkg in con-
Žscious gerbils 1 h before i.c.v. infusion of GR73632 3

.pmol was evaluated as an indirect measure of their oral
bioavailability in this species. FK888 was not evaluated
orally because insufficient compound was available.

2.3. Inhibition of acute retching induced by cisplatin in
ferrets

Acute emesis studies were performed using the method
Ž .described by Tattersall et al. 1993 . Male fitch or albino

Ž .ferrets 1.1–1.8 kg; Froxfield Farms were prefed with
approximately 100 g of commercially available cat food at
least 20 min prior to initiation of experiments. Under
halothaneroxygen anaesthesia, the left jugular vein was

Ž .cannulated and test compounds or vehicle were adminis-
tered at doses up to 10 mgrkg i.v., usually in a volume of

Ž .1 mlrkg. After 3 min, cisplatin 10 mgrkg was adminis-
tered via the same route. The cannula was then removed,
the vein ligated and the skin incision closed. Animals were
returned to individual cages and after recovery from anaes-

Ž .thesia 10–20 min , the number of retches was recorded
continuously for 4 h after the administration of cisplatin.
Between 3 and 6 animals received each dose of test
compound or vehicle.

The anti-emetic activity of CP-99,994 in this assay has
Ž .been described in full previously Tattersall et al., 1993 ;

retching data are presented here for comparison with other
compounds.

2.4. Preparation of test compounds

Ž Ž . Ž Ž . .L-742,694 2- S - 3,5-Bis trifluoromethyl benzyloxy -
Ž . Ž Ž . .3- S -phenyl-4- 5- 3-oxo-1,2,4-triazolo methylmorpholine

was synthesized by the Department of Basic and Medicinal
Chemistry, Merck Research Laboratories, Rahway, USA,

Ž . Ž . ŽŽas described by Hale et al. 1996 . " -GR203040 2S,3S
. Žand 2 R,3R -2-methoxy-5-tetrazol-1-yl-benzyl- 2-phenyl-
. . ŽŽ . Žpiperidin-3-yl -amine , CP-99,994 2 S,3S -cis-3- 2-

. .methoxybenzylamino -2-phenyl piperidine dihydrochlo-
ŽŽ . Žride, CGP 49823 2 R,4S -2-benzyl-1- 3,5-dimethylben-

. wŽ . x .zoyl -N- 4-quinolinyl methyl -4-piperineamine dihydro-
. Ž 2 wŽ . Žchloride , FK888 N - 4R -4-hydroxy-1- 1-methyl-1H-
. xindol-3-yl carbonyl-L-propyl -N-methyl-N-phenylmethyl-L-

Ž . . ŽŽ . w Ž3- 2-naphthyl -alaninamide , LY303870 R -1- N- 2-
. x Ž . w Žmethoxybenzyl acetylamino -3- 1H-indol-3-yl -2- N- 2-

Ž Ž . . . x .4- piperidinyl piperidin-1-yl acetyl amino propane ,
ŽŽ . � w Ž . ŽSR140333 S -1- 2- 3- 3,4-dichlorphenyl -1 3-isopro-

. x 4poxyphenylacetyl piperidin-3-yl ethyl -4-phenyl-1 azani-
w x . ŽŽ .abicyclo 2.2.2 octane and RPR100893 3aS,4S,7aS -

Ž . wŽ . Ž7,7-diphenyl-4- 2-methoxyphenyl -2- S -2- 2-methoxy-
. x .phenyl proprionyl perhydroisoindol-4-ol were synthe-

sized by the Departments of Basic and Medicinal Chem-
istry of MSD in Harlow, UK and Rahway, USA.

Ž .For in vivo administration, L-742,694, " -GR203040,
CP-99,994 and CGP 49823 were dissolved in aqueous

Ž .vehicles 0.1 M hydrochloric acid or water . FK888 and
LY3030870 were dissolved in 5% PEG 300r5% Tween
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80r90% water. SR140333 and RPR100893 were either
formulated in a mixture of 50% PEG 400r50% 0.1 M

Ž .hydrochloric acid gerbil experiments or administered in
Ž .solution with PEG 300 ferrets .

2.5. Statistical analysis

Data from in vivo experiments were subjected to one-
Ž .way analysis of variance ANOVA , followed by Dunnett’s

or Newman-Keuls multiple comparison t-tests using BMDP
Ž .statistical software BBN Software Products Corporation .

Results are expressed as a percentage of values obtained in
vehicle-treated control animals. ID values were calcu-50

lated by non-linear least-squares regression analysis of
Ž .mean data using GraFit Erithacus Software . Correlation

coefficients comparing the activity of test compounds in in
vitro and in vivo assays were calculated by simple linear
regression analysis using BMDP statistical software.

3. Results

125 [ 8]3.1. Inhibition of I- Tyr substance P binding to cloned
human tachykinin NK receptors and to ferret brain mem-1

branes by tachykinin NK receptor antagonists in Õitro1

125 w 8 xBinding of I- Tyr substance P to the human
tachykinin NK receptor expressed in CHO cells was1

inhibited by all of the tachykinin NK receptor antagonists1

examined in a concentration-dependent and competitive
manner. These compounds all exhibited high affinity bind-
ing to the cloned human tachykinin NK receptor in vitro,1

with IC values in the concentration range from high pM50
Ž Ž .SR140333, " -GR203040, L-742,694, LY303870,

. ŽFK888 and CP-99,994 to low nM CGP 49823 and
.RPR100893; Table 1 .

125 w 8 xSpecific I- Tyr substance P binding to tachykinin
NK receptors in ferret neocortical membranes was also1

displaced with all compounds examined in the pM to nM
concentration range, although the affinities were generally
lower for membrane preparations from ferret cerebral cor-

Table 1
125 w 8 x Ž .Inhibition of I- Tyr substance P 0.1 nM binding to cloned human

tachykinin NK receptors in CHO cells and to ferret brain membranes by1

tachykinin NK receptor antagonists in vitro1

Compound Cloned human tachykinin Ferret cerebral
NK receptors cortex membranes1

Ž . Ž .IC nM IC nM50 50

SR140333 0.04 0.5
Ž ." -GR203040 0.08 0.25
L-742,694 0.09 0.25
LY303870 0.40 3.0
FK888 0.51 2.8
CP-99,994 0.53 3.0
CGP 49823 1.0 9.5
RPR100893 1.5 28.5

tex than for CHO cells expressing the human tachykinin
NK receptor. The rank order of affinities of the 8 antago-1

nists was similar in the human and ferret assays, indicating
analogous human and ferret tachykinin NK receptor phar-1

macology, and confirming the very high affinity of these
compounds for both the human and the ferret tachykinin

Ž .NK receptor in vitro Table 1 . Linear regression analysis1

confirmed that there was an excellent correlation between
the affinity of the antagonists for the human and the ferret

Ž .tachykinin NK receptor in vitro rs0.93, Ps0.0008 .1

3.2. Inhibition of GR73632-induced foot tapping in gerbils

3.2.1. IntraÕenous administration
Central infusion of 3 pmol i.c.v. of GR73632 caused

virtually continuous foot tapping throughout the 5 min
period of observation in vehicle-treated control animals.
Foot tapping was dose-dependently and completely inhib-

Ž . Žited by intravenous injection of " -GR203040 0.01–0.1
Ž . . Žmgrkg; F 3,8 s163.0, P-0.001 or CP-99,994 0.03–

Ž . .0.3 mgrkg; F 3,20 s16.8, P-0.001 immediately be-
fore i.c.v. infusion of GR73632. These compounds were
the most potent inhibitors of foot tapping examined, with
ID values of 0.04 and 0.06 mgrkg i.v., respectively.50

Similarly, GR73632-induced foot tapping was inhibited
Ždose-dependently by i.v. injection of L-742,694 0.3–3

Ž . . Žmgrkg; F 3,26 s16.6, P-0.001 , CGP 49823 1–10
Ž . .mgrkg; F 3,8 s51.6, P-0.001 and the peptide NK1

Ž Ž .receptor antagonist FK888 1–10 mgrkg; F 3,8 s30.5,
.P-0.001 , with ID values of 0.85, 2.28 and 3.7 mgrkg50

Ži.v., respectively. In contrast, LY303870 1–10 mgrkg
.i.v. partially attenuated but did not fully block foot tap-
Ž Ž . .ping F 3,9 s4.1, Ps0.04 ; the ID of this compound50

Ž .was estimated to be 11 mgrkg i.v. Fig. 1 .
Unlike these compounds, foot tapping was not blocked

Žfollowing i.v. administration of SR140333 10 mgrkg;
Ž . .F 1,5 s1.3, Ps0.30 , and was only weakly inhibited

Ž . Ž Ž .-14% by RPRP100893 10 mgrkg; F 1,4 s12.6, P
.s0.02; Fig. 1 .

Linear regression analysis revealed no correlation be-
tween the binding affinity of the antagonists for the human
tachykinin NK receptor in vitro and their rank order1

Ž .potency to inhibit foot tapping in vivo rs0.29, Ps0.49 .

3.2.2. Oral administration
L-742,694 was the most potent inhibitor of foot tapping

of the compounds tested when administered orally 1 h
Ž .before GR73632 3 pmol i.c.v. . L-742,694 caused a

dose-dependent and complete inhibition of foot tapping in
Ž Ž .the dose range 0.03–3 mgrkg F 2,25 s18.1, P-

. Ž .0.001 , with an ID of 0.41 mgrkg p.o. " -GR20304050

also inhibited foot tapping following oral administration
Ž Ž . .F 4,13 s19.4, P-0.001 , but the ID of 8.10 mgrkg50

p.o. was considerably higher than that observed after i.v.
Ž .administration )200-fold increase; Fig. 2 . Unlike these



( )N.M.J. Rupniak et al.rEuropean Journal of Pharmacology 326 1997 201–209 205

Fig. 1. Inhibition of foot tapping in gerbils by intravenous administration
Ž .of tachykinin NK receptor antagonists 0.01–10 mgrkg immediately1

prior to i.c.v. infusion of the tachykinin NK receptor agonist GR736321
Ž .3 pmol . The duration of foot tapping was recorded for 5 min after
recovery from anaesthesia and is expressed as a percentage of values
observed in vehicle-treated control animals. Between 3–6 animals re-
ceived one dose of each test compound or vehicle. The ID was50

calculated by non-linear least-squares regression analysis of mean data.

compounds, foot tapping was not inhibited following oral
Ž Ž .administration of 10 mgrkg of either CP-99,994 F 1,4

. Ž Ž .s0.01, Ps0.95 or CGP 49823 F 1,4 s1.22, Ps
.0.33; Fig. 3 . LY303870, SR140333 and RPR100893 were

not evaluated orally because of their weak activity in this
assay after intravenous administration.

3.3. Inhibition of acute retching induced by cisplatin in
ferrets

There was a marked difference in the ability of the
tachykinin NK receptor antagonists to prevent the acute1

emetic response to cisplatin in ferrets. At the doses tested,
only 4 of the 8 compounds examined caused a dose-depen-
dent and complete inhibition of retching following intra-
venous administration. In order of potency, these were:
Ž . Ž Ž ." -GR203040 0.06–1 mgrkg; F 4,13 s11.21, P-

. Ž Ž .0.001 , CP-99,994 0.3–3 mgrkg; F 3,22 s29.87, P-

Fig. 2. Ability of selected tachykinin NK receptor antagonists to inhibit1
Ž .GR73632 3 pmol i.c.v. -induced foot tapping in gerbils following oral

administration 1 h previously. The duration of foot tapping was recorded
for 5 min after recovery from anaesthesia and is expressed as a percent-
age of values observed in vehicle-treated control animals. ID values50

were calculated using non-linear least-squares regression analysis of
mean data.

Fig. 3. Prevention of acute cisplatin-induced retching in ferrets by i.v.
administration of tachykinin NK receptor antagonists. The number of1

retches was recorded continuously for 4 h after the administration of
Ž .cisplatin 10 mgrkg i.v. . Between 3 and 6 animals received each dose of

test compound or vehicle. ID values were calculated by non-linear50

least-squares regression analysis of mean data.

. Ž Ž .0.001 , L-742,694 0.3–3 mgrkg; F 3,12 s54.22, P-

. Ž Ž .0.001 , and RPR100893 1–10 mgrkg; F 3,12 s6.01,
.Ps0.001; Fig. 3 . The most potent anti-emetic com-

Ž . Žpounds examined were " -GR203040 ID 0.05 mgrkg50
. Ž .i.v. , L-742,694 ID 0.18 mgrkg i.v. and CP-99,99450

Ž .ID 0.18 mgrkg i.v. . Considerably higher doses of50
ŽRPR100893 were required to prevent retching ID 4.150

.mgrkg i.v. .
Unlike these compounds, there was no inhibition of

cisplatin-induced retching in ferrets treated with 1 mgrkg
Ž Ž . .i.v. of FK888 F 1,4 s0.89, Ps0.40 ; higher doses

could not be examined because of limitations of compound
availability. Similarly, there was no inhibition of retching
following administration of 3 mgrkg i.v. of SR140333
Ž Ž . .F 1,6 s0, Ps0.99 ; higher doses were not examined
because of toxicity. CGP 49823 and LY303870 at 10

Ž Ž .mgrkg i.v. failed to inhibit retching F 1,4 s0.10, Ps
Ž .0.77 for CGP 49823; F 1,4 s 0.18, P s 0.70 for

.LY303870; Fig. 3 .
Since an ID for inhibition of emesis was not obtained50

for all compounds tested, the rank order of potency of the

Fig. 4. Correlation between the ability of tachykinin NK receptor1

antagonists to inhibit foot tapping in gerbils and cisplatin-induced emesis
in ferrets. Compounds were ranked based on their order of potency to
inhibit these behaviours. Ranked scores were then subjected to Spearman’s
rank correlation analysis.
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tachykinin NK receptor antagonists was instead deter-1
Ž .mined: " -GR203040 ) L-742,694 ) CP-99,994 )

RPR100893 4 SR140333 s CGP 49823 s LY303870.
FK888 was not tested at a sufficiently high dose to permit
ranking. Regression analysis revealed that the binding
affinity of these compounds for neither the human nor the
ferret tachykinin NK receptor in vitro was predictive of1

their rank potency to inhibit cisplatin-induced retching in
Žvivo rs0.38, Ps0.40, and rs0.28, Ps0.54, respec-
.tively . In contrast, there was a good correlation between

the rank order of potency to inhibit foot tapping in gerbils
Žand rank order of anti-emetic activity in ferrets rs0.75,

P-0.01, Spearman’s rank correlation analysis; see Fig.
.4 .

4. Discussion

The present findings confirm evidence from previous
Ž .studies Gardner et al., 1994; Tattersall et al., 1996 that

the anti-emetic activity of tachykinin NK receptor antago-1

nists is critically dependent upon their ability to cross the
blood–brain barrier. The ability of a range of structurally
diverse compounds to inhibit tachykinin NK agonist-in-1

duced foot tapping in gerbils, a centrally mediated be-
Ž .haviour Rupniak and Williams, 1994 , was highly predic-

tive of their ability to prevent cisplatin-induced retching in
ferrets, and provides a rapid and simple in vivo assay for
CNS penetration. Whilst the use of stereoisomers, such as

Ž .CP-99,994 and CP-100,263, confirms that high FnM
affinity binding to the NK receptor is the mechanism1

Žresponsible for blocking emesis Tattersall et al., 1993;
.Watson et al., 1995a,b , the affinity of compounds for the

tachykinin NK receptor in vitro alone is poorly predictive1

of anti-emetic activity in the absence of brain penetration
Ž .data Tattersall et al., 1996; present study . Inhibition of

foot tapping in gerbils can also provide an indirect mea-
sure of the oral bioavailability of tachykinin NK receptor1

antagonists. Finally, the predictive validity of anti-emetic
effects obtained with tachykinin NK receptor antagonists1

in ferrets for their clinical utility in man is greatly strength-
ened by the excellent correlation between the affinity of a
wide range of antagonists for the human and the ferret

Žtachykinin NK receptor in vitro Beresford et al., 1991;1
.Tattersall et al., 1996; present study . Although slight

differences were observed in the absolute affinity values
for the test compounds at human and ferret receptors, these
are probably due to differences in the amounts of mem-
brane protein required in the two assays. The apparent
affinity of selected compounds for the human tachykinin
NK receptor expressed in CHO cells is reduced when1

Žexcess protein is added to the assay unpublished observa-
.tions .

Ž .CP-99,994, " -GR203040 and L-742,694 were ex-
tremely effective inhibitors of the acute retching response
to cisplatin in ferrets. The impressive anti-emetic activity

of the phenylpiperidine CP-99,994 appears attributable to
the ease and speed of entry of this compound into the
brain, as demonstrated using an in situ brain perfusion

Ž .assay in rats Shepheard et al., 1995 , and by the potent
inhibition of foot tapping in gerbils when CP-99,994 was
administered intravenously immediately before central in-

Ž .fusion of GR73632 Rupniak and Williams, 1994 . How-
ever, the rapid loss of inhibition of foot tapping during the
first 2 h after i.v. administration of CP-99,994 appears to
mirror the rate of decay of the plasma drug concentration
Ž .Rupniak et al., 1996 , indicating that rapid efflux of this
compound occurs from the CNS as plasma drug levels fall.
The short duration of action of CP-99,994 in the CNS, and
the critical dependence of brain drug levels on the plasma
concentration, may explain the need to use continuous
intravenous infusions of CP-99,994 in order to investigate

Žits analgesic effects in man Suarez et al., 1994; Dionne et
. Žal., 1996 and anti-emetic activity in dogs Watson et al.,
.1995a,b . CP-99,994 has been superseded in clinical devel-

opment by CP-122,721, a potent non-competitive, orally
Žactive tachykinin NK receptor antagonist McLean et al.,1

.1996 with broad-spectrum anti-emetic activity in ferrets
Ž .Gonsalves et al., 1996 .

Another major limitation for the clinical development of
CP-99,994 is its lack of oral bioavailability, believed to be

Ža consequence of extensive first-pass metabolism Ward et
.al., 1995 . Metabolic stabilisation of this molecule to

prevent hydroxylation of the benzylamine gave rise to the
structurally related tetrazole, GR203040. Like CP-99,994,
GR203040 exhibits potent, broad-spectrum anti-emetic ac-

Ž .tivity in ferrets Gardner et al., 1995; present study , but is
Ž .also orally bioavailable in dogs Ward et al., 1995 . Unlike

Ž .CP-99,994, " -GR203040 also inhibited foot tapping
when administered orally; however, this required doses
approximately 200 times higher than were effective by the
i.v. route, indicating that significant first-pass metabolism
may remain a liability for this compound in some species.
Our findings suggest that scope remains for further optimi-
sation of the in vivo pharmacology of tachykinin NK1

receptor antagonists in order to fully exploit their clinical
potential as anti-emetics. This is illustrated by the morpho-
line L-742,694, a compound with comparable anti-emetic
potency to CP-99,994 in ferrets, but with excellent oral
bioavailability.

The ability to achieve sustained blockade of central
tachykinin NK receptors in the absence of high plasma1

drug concentrations in vivo was also recently described
using the piperidine-ether based tachykinin NK receptor1

Ž .antagonist L-733,060 Rupniak et al., 1996 . Such com-
pounds have the advantage over short-acting agents that
unwanted nonspecific pharmacological effects in periph-

Ž .eral tissues e.g., ion channel blockade incurred at high
plasma concentrations can be minimised. It might be antic-
ipated that a long duration of central tachykinin NK1

receptor blockade might be advantageous to prevent break-
through emesis during the delayed phase following cyto-
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Ž .toxic drug therapy. Since the majority )70% of retching
and vomiting in ferrets occurs within the first 4 h of

Ž .challenging with cisplatin Rudd and Naylor, 1994 , ani-
mal assays for anti-emetics routinely evaluate efficacy
only during the acute cytotoxic insult. Recently, using
observation periods extended for up to 72 h, Rudd et al.
Ž . Ž .1994 and Milano et al. 1995 have demonstrated the
presence of both an acute and a delayed emetic response to
cisplatin in ferrets and pigs, respectively. Interestingly,
whilst the 5-HT receptor antagonists ondansetron and3

granisetron were highly effective inhibitors of the acute
emetic response to cisplatin, delayed retching and vomiting

Žin both species was attenuated, but not fully blocked Rudd
.and Naylor, 1994; Milano et al., 1995 , a finding consis-

tent with clinical experience. In contrast, repeated adminis-
tration of CP-99,994 was able to markedly attenuate both
acute and delayed emesis induced by cisplatin in ferrets
Ž .Watson et al., 1995b; Rudd et al., 1996 . Preliminary
clinical data also indicate that CP-122,721 may protect

Žagainst both acute and delayed emesis in man Kris et al.,
.1996 , and that tachykinin NK receptor antagonists may1

therefore provide more complete relief from emesis than is
possible through other currently available mechanistic ap-
proaches.

The acute anti-emetic activity of the other compounds
examined in the present study was considerably less im-
pressive than that of the 3 antagonists described above.
Whilst not a potent anti-emetic, RPR100893 was unexpect-
edly active in the cisplatin assay considering its weak
inhibition of foot tapping in gerbils. A likely explanation
for this discrepancy is that RPR100893 may cross the
blood–brain barrier relatively slowly, and its ability to
inhibit foot tapping may therefore have been underesti-
mated using the extremely short pretreatment time em-
ployed here. This interpretation appears to be compatible
with evidence for CNS penetration obtained using an ex
vivo binding assay in guinea-pigs 1 h after oral administra-

Ž .tion of high doses 10–30 mgrkg of RPR100893
Ž .Flamand and Fardin, 1995 . However, for FK888, CGP
49823 and LY303870, the lack of anti-emetic activity was
predictable given their ability to block foot tapping only at
high intravenous doses. The lack of anti-emetic activity of
FK888 in ferrets probably reflects the metabolic instability
and poor CNS penetration of peptide molecules in vivo.
Similarly, the peptide tachykinin NK receptor antagonist1

GR82334 was unable to inhibit cisplatin-induced retching
in ferrets following systemic administration, whilst direct

Žcentral injection markedly attenuated retching Gardner et
.al., 1994 . The weak activity of CGP 49823 observed in

the present study is consistent with the findings of Vassout
Ž .et al. 1994 that doses of approximately 50 mgrkg p.o.

were required to inhibit NK agonist-induced foot tapping1

in gerbils. Our findings using LY303870 are also consis-
tent with the 2–30 mgrkg dose range required to inhibit
scratching elicited by intrathecal injection of a tachykinin
NK receptor agonist in mice based on a preliminary1

Ž .report by Iyengar et al. 1995 , and contrast with the
mgrkg potency of this compound to inhibit tachykinin

ŽNK agonist-mediated effects in peripheral tissues Gitter1
.et al., 1995 .

The failure of SR140333 to inhibit either foot tapping
or emesis resembles the profile of the poorly brain-
penetrant tachykinin NK antagonist L-743,310 in these1

Žassays Rupniak and Williams, 1994; Tattersall et al.,
.1996 . The failure of this and other tachykinin NK antag-1

onists examined to inhibit emesis in ferrets was not at-
tributable to a lower affinity of these compounds for the
tachykinin NK receptor expressed in this species; indeed,1

SR140333 had the highest affinity of all the compounds
examined for both the human and ferret receptor in vitro.
Our findings are not consistent with evidence that
SR140333 is centrally active based on its ability to inhibit
scratching induced by i.c.v. infusion of tachykinin NK1

agonists in mice with an ID of less than 1 mgrkg i.p.50
Ž .Jung et al., 1994 . Other evidence also suggests centrally
mediated effects of SR140333 in tests of nociception; in
anaesthetised rats, SR140333 potently inhibited thermal

Ž .hyperalgesia 60 mgrkg i.p.; Jung et al., 1994 , and the
Žresponses of thalamic neurones to noxious pinch ID s50

.0.2 mgrkg i.v.; Emonds-Alt et al., 1993 . However, the
antinociceptive effects observed by Emonds-Alt et al.
showed only marginal enantioselectivity, and therefore
cannot be attributed to selective blockade of central
tachykinin NK receptors. Nonspecific antinociceptive ac-1

tivity attributable to ion channel blockade is exhibited by
many other tachykinin NK receptor antagonists, including1

Ž . ŽRP67580 Rupniak et al., 1995 , CP-96,345 Nagahisa et
. Žal., 1992 and CP-99,994 Smith et al., 1994; Rupniak et
.al., 1995 .

In conclusion, our findings provide confirmation of the
anti-emetic activity of brain-penetrant tachykinin NK re-1

ceptor antagonists, and demonstrate that inhibition of
tachykinin NK agonist-induced foot tapping in gerbils1

provides a simple in vivo assay for CNS penetration which
is highly predictive of anti-emetic activity in ferrets. Good
CNS penetration would also be predicted to be advanta-
geous for migraine therapy by virtue of the central
antinociceptive activity of tachykinin NK antagonists in1

Ž .the trigeminal nucleus caudalis Shepheard et al., 1995
which would be anticipated to give more rapid pain relief
than might be accomplished through the inhibition of dural
plasma extravasation in the periphery alone.

References

Aapro, M.S., 1991. 5-HT receptor antagonists. An overview of their3

present status and future potential in cancer therapy-induced emesis.
Drugs 42, 551.

Andrews, P.L.R., Bhandari, P., 1993. The 5-hydroxytryptamine receptor
antagonists as anti-emetics: preclinical evaluation and mechanism of

Ž .action. Eur. J. Cancer 29A Suppl. 1 , S11–S16.



( )N.M.J. Rupniak et al.rEuropean Journal of Pharmacology 326 1997 201–209208

Andrews, P.L.R., Rapeport, W.G., Sanger, G.J., 1988. Neuropharmacol-
ogy of emesis induced by anti-cancer therapy. Trends Pharmacol. Sci.
9, 334–341.

Beattie, D.T., Connor, H.E., Hawcock, A.B., Perren, M.J., Ward, P.,
1995. Pharmacology of GR203040, a potent and selective non-peptide
tachykinin NK receptor antagonist. Br. J. Pharmacol. 116, 3149–1

3157.
Beresford, I.J.M., Birch, P.J., Hagan, R.M., Ireland, S.J., 1991. Investiga-

tion into species variants in tachykinin NK receptors by use of the1

non-peptide antagonist, CP-96,345. Br. J. Pharmacol. 104, 292–293.
Bountra, C., Bunce, K., Dale, K., Gardner, C., Jordan, C., Twissell, D.,

Ward, P., 1993. Anti-emetic profile of a non-peptide neurokinin NK1

receptor antagonist, CP-99,994, in ferrets. Eur. J. Pharmacol. 249,
R3–R4.

Bristow, L.J., Young, L., 1994. Chromodacryorrhoea and repetitive hind
paw tapping: models of peripheral and central tachykinin NK recep-1

tor activation in gerbils. Eur. J. Pharmacol. 254, 245–249.
Bunce, K., Tyers, M., Beranek, P., 1991. Clinical evaluation of 5-HT3

receptor antagonists as anti-emetics. Trends Pharmacol. Sci. 12, 46–
48.

Butcher, M.E., 1993. Global experience with ondansetron and future
potential. Oncology 50, 191–197.

Cascieri, M.A., Ber, E., Fong, T.M., Sadowski, S., Bansal, A., Swain, C.,
Seward, E., Frances, B., Burns, D., Strader, C.D., 1992. Characteriza-
tion of the binding of a potent, selective, radioiodinated antagonist to
the human neurokinin-1 receptor. Mol. Pharmacol. 42, 458–463.

Cascieri, M.A., Chichi, G.G., Ling, T.M., 1985. Demonstration of two
distinct tachykinin receptors in rat brain cortex. J. Biol. Chem. 260,
1501–1507.

De Mulder, P.H.M., Seynaeve, C., Vermorken, J.B., Van Liessum, P.A.,
Mols-Jevdevic, S., Allman, E.L., Beranek, P., Verwejj, J., 1990.
Ondansetron compared with high-dose metoclopramide in prophylaxis
of acute and delayed cisplatin-induced nausea and vomiting. Ann.
Intern. Med. 113, 834–840.

Dionne, R.A., Max, R.B., Parada, S., Gordon, S.M., MacLean, D.B.,
1996. Evaluation of a neurokinin-1 antagonist, CP-99,994, in compar-
ison to ibuprofen and placebo in the surgery model. Clin. Pharmacol.
Ther. 59, 216.

Emonds-Alt, X., Doutremepuich, J.-D., Heaulme, M., Neliat, G., San-
tucci, V., Steinberg, R., Vilain, P., Bichon, D., Ducoux, J.-P., Proi-
etto, V., Van Broeck, D., Soubrie, P., Le Fur, G., Breliere, J.-C.,
1993. In vitro and in vivo biological activities of SR140333, a novel
potent non-peptide tachykinin NK receptor antagonist. Eur. J. Phar-1

macol. 250, 403–413.
Flamand, O., Fardin, V., 1995. Estimation of brain penetration following

oral administration of the NK antagonist RPR100893 using an ex1

vivo binding assay in the guinea-pig. Br. J. Pharmacol. 116, 252P.
Gardner, C.J., Bountra, C., Bunce, K.T., Dale, T.J., Jordan, C.C., Twissell,

D.J., Ward, P., 1994. Anti-emetic activity of neurokinin NK receptor1

antagonists is mediated centrally in the ferret. Br. J. Pharmacol. 112,
516P.

Gardner, C.J., Twissel, D.J., Dale, T.J., Gale, J.D., Jordan, C.C., Kil-
patrick, G.J., Bountra, C., Ward, P., 1995. The broad spectrum
anti-emetic activity of the novel non-peptide tachykinin NK receptor1

antagonist GR203040. Br. J. Pharmacol. 116, 3158–3163.
Gitter, B.D., Bruns, R.F., Howbert, J.J., Waters, D.C., Threlkeld, P.G.,

Cox, L.M., Noxon, J.A., Lobb, K.L., Mason, N.R., Stengel, P.W.,
Cockerham, S.L., Silbaugh, S.A., Gehlert, D.R., Schober, D.A., Iyen-
gar, J., Calligaro, D.O., Regoli, D., Hipskind, P.A., 1995. Pharmaco-
logical characterization of LY303870: a novel, potent and selective

Ž .nonpeptide substance P neurokinin-1 receptor antagonist. J. Pharma-
col. Exp. Ther. 275, 737–744.

Gonsalves, S., Watson, J., Ashton, C., 1996. Broad spectrum antiemetic
effects of CP-122,721, a tachykinin receptor antagonist, in ferrets.
Eur. J. Pharmacol. 305, 181–185.

Graham, E.A., Turpin, M.P., Stubbs, C.M., 1993. Characterisation of the

tachykinin-induced hindlimb thumping response in gerbils. Neuropep-
tides 4, 228.

Hagan, R.M., Ireland, S.J., Jordan, C.C., Beresford, I.J.M., Deal, M.J.,
Ward, P., 1991. Receptor-selective peptidase-resistant agonists at
neurokinin NK-1 and NK-2 receptors: new tools for investigating
neurokinin function. Neuropeptides 19, 127–132.

Hagiwara, D., Miyaka, H., Igari, N., Murano, K., Morimoto, H., Murai,
M., Fuji, T., Matsuo, M., 1993. Design of a novel dipeptide substance
P antagonist FK888. Regul. Pept. 46, 332–334.

Hale, J.J., Mills, S.G., MacCoss, M., Shah, S.K., Qi, H., Mathre, D.J.,
Cascieri, M.A., Sadowski, S., Strader, C.D., MacIntyre, D.E., Met-

Ž . ŽŽ Ž . . Ž .zger, J.M., 1996. 2 s - 3,5-Bis trifluoromethyl benzyl oxy-3 s -
ŽŽ .phenyl-4- 3-oxo-1,2,4-triazol-5-yl methylmorpholine. 1. A potent,

orally active, morpholine-based human NK receptor antagonist. J.1

Med. Chem. 39, 1760–1762.
Higgins, G.A., Kilpatrick, G.J., Bunce, K.T., Jones, B.J., Tyers, M.B.,

1989. 5-HT receptor antagonists injected into the area postrema3

inhibit cisplatin-induced emesis in the ferret. Br. J. Pharmacol. 97,
247–255.

Iyengar, S., Hipskind, P.A. Gehlert, D., Schober, D., Gitter, B.D.,
McMillian, C., Couture, R., Li, R., Simmons, R.M.A., 1995.
LY303870: a centrally active NK antagonist with a long duration of1

action. Presented at Tachykinins ’95: From Basic Science to Clinical
Applications, Florence.

Jung, M., Calassi, R., Maruani, J., Barnouin, M.C., Souilhac, J., Poncelet,
M., Guedet, C., Emonds-Alt, X., Soubrie, P., Breliere, J.C., Le Fur,
G., 1994. Neuropharmacological characterisation of SR140333, a non
peptide antagonist of NK receptors. Neuropharmacology 33, 167–1

179.
Kris, M.G., Redford, J., Pizzo, B., Insbiner, R., Lovelace, J., Casey, M.,

Hesketh, P., 1996. Dose ranging antiemetic trial of the NK-1 receptor
antagonist CP-122,721: a new approach for acute and delayed emesis
following cisplatin. Proc. Am. Soc. Clin. Oncol. 15, 547.

Longmore, J., Swain, C.J., Hill, R.G., 1995. Neurokinin receptors. Drug
News Perspect. 8, 5–12.

McLean, S., Ganong, A., Seymour, P.A., Snider, R.M., Desai, M.C.,
Rosen, T., Bryce, D.K., Longo, K.P., Reynolds, L.S., Robinson, G.,
Schmidt, A.W., Siok, C., Heym, J., 1993. Pharmacology of CP-99,994:
a non-peptide antagonist of the tachykinin NK receptor. J. Pharma-1

col. Exp. Ther. 267, 472–479.
McLean, S., Ganong, A., Seymour, P.A., Bryce, D.K., Crawford, R.T.,

Morrone, J., Reynolds, L.S., Schmidt, A.W., Zorn, S., Watson, J.,
Fossa, A., DePasquale, M., Heym, J., Rosen, T., 1996. Characteriza-
tion of CP-122,721; a non-peptide antagonist of the neurokinin NK1

receptor. J. Pharmacol. Exp. Ther. 277, 900–908.
Milano, S., Blower, P., Romain, D., Grelot, L., 1995. The piglet as a

suitable animal model for studying the delayed phase of cisplatin-in-
duced emesis. J. Pharmacol. Exp. Ther. 274, 951–961.

Nagahisa, A., Asai, R., Kanai, Y., Murase, A., Tsuchiya-Nakagaki, M.,
Nakagaki, T., Shieh, T.-C., Taniguchi, K., 1992. Non-specific activity

Ž .of " -CP-96,345 in models of pain and inflammation. Br. J. Phar-
macol. 107, 273–275.

Rudd, J.A., Naylor, R.J., 1994. Effects of 5-HT receptor antagonists on3

models of acute and delayed emesis induced by cisplatin in the ferret.
Neuropharmacology 33, 1607–1608.

Rudd, J.A., Jordan, C.C., Naylor, R.J., 1994. Profiles of emetic action of
cisplatin in the ferret: a potential model of acute and delayed emesis.
Eur. J. Pharmacol. 262, R1–R2.

Rudd, J.A., Jordan, C.C., Naylor, R.J., 1996. The action of the NK1

tachykinin receptor antagonist, CP 99,994, in antagonizing the acute
and delayed emesis induced by cisplatin in the ferret. Br. J. Pharma-
col. 119, 931–936.

Rupniak, N.M.J., Williams, A.R., 1994. Differential inhibition of foot
tapping and chromodacryorrhoea in gerbils by CNS penetrant and
non-penetrant tachykinin NK receptor antagonists. Eur. J. Pharma-1

col. 265, 179–183.



( )N.M.J. Rupniak et al.rEuropean Journal of Pharmacology 326 1997 201–209 209

Rupniak, N.M.J., Webb, J.K., Williams, A.R., Carlson, E., Boyce, S.,
Hill, R.G., 1995. Antinociceptive activity of the tachykinin NK1

receptor antagonist CP-99,994, in conscious gerbils. Br. J. Pharmacol.
116, 1937–1943.

Rupniak, N.M.J., Carlson, E., Boyce, S., Webb, J.K., Hill, R.G., 1996.
Enantioselective inhibition of the formalin paw late phase by the NK1

receptor antagonist L-733,060 in gerbils. Pain 67, 189–195.
Sanger, G.J., 1992. The involvement of 5-HT receptors in visceral3

Ž .function. In: Hamon, M. Ed. , Central and Peripheral 5-HT Recep-3

tors. Academic Press, London, pp. 207–220.
Shepheard, S.L., Williamson, D.J., Williams, J., Hill, R.G., Hargreaves,

R.J., 1995. Comparison of the effects of sumatriptan and the NK1

antagonist CP-99,994 on plasma extravasation in dura mater and c-fos
mRNA expression in trigeminal nucleus caudalis of rats. Neurophar-
macology 34, 255–261.

Smith, G., Harrison, S., Bowers, J., Wiseman, J., Birch, P., 1994.
Non-specific effects of the tachykinin NK receptor antagonist, CP-1

99,994, in antinociceptive tests in rat, mouse and gerbil. Eur. J.
Pharmacol. 271, 481–487.

Suarez, G.A., Opfer-Gehrking, T.L., MacLean, D.B., Low, P.A., 1994.
Double-blind, placebo-controlled study of the efficacy of a substance
Ž .P NK receptor antagonist in painful peripheral neuropathy. Neurol-1

Ž .ogy 44 Suppl. 2 , A220.
Tabart, M., Peyronel, J.F., 1994. Synthesis of RPR100893, prototype of a

new series of potent and selective non-peptide NK antagonists: the1

triarylperhydroisoindols. Bioorg. Med. Chem. Lett. 4, 673.
Tattersall, F.D., Rycroft, W., Hargreaves, R.J., Hill, R.G., 1993. The

tachykinin NK receptor antagonist CP-99,994 attenuates cisplatin1

induced emesis in the ferret. Eur. J. Pharmacol. 250, R5–R6.
Tattersall, F.D., Rycroft, W., Hill, R.G., Hargreaves, R.J., 1994. Enan-

tioselective inhibition of apomorphine-induced emesis in the ferret by
the neurokinin- receptor antagonist CP-99,994. Neuropharmacology1

33, 259–260.
Tattersall, F.D., Rycroft, W., Francis, B., Pearce, D., Merchant, K.,

MacLeod, A.M., Laduwahetty, T., Keown, L., Swain, C.J., Baker, R.,
Cascieri, M.A., Ber, E., Metzger, J., MacIntyre, D.E., Hill, R.G.,
Hargreaves, R.J., 1996. Tachykinin NK receptor antagonists act1

centrally to inhibit emesis induced by the chemotherapeutic agent
cisplatin in ferrets. Neuropharmacology 35, 1121–1129.

Vassout, A., Schaub, M., Gentsch, C., Ofner, S., Schilling, W., Veenstra,
S., 1994. CGP 49823, a novel NK receptor antagonist: behavioural1

Ž .effects. Neuropeptides 26 Suppl. 1 , 38.
Ward, P., Armour, D.R., Bays, D.E., Giblin, G.M.P., Pegg, N.A., Wat-

son, S.P., Middlemiss, D., Vinader, V., Evans, B., Naylor, A., Evans,
D.C., Bountra, C., Gardner, C.J., Twissell, D.J., 1995. Neurokinin
NK antagonists: a new approach to the treatment of emesis. Discov-1

ery of a potent, orally bioavailable drug candidate. 8th RSC-SCI
Medicinal Chemistry Symposium, Cambridge, UK.

Watson, J.W., Gonsalves, S.F., Fossa, A.A., McLean, S., Seeger, T.,
Obach, S., Andrews, P.L.R., 1995a. The anti-emetic effects of CP-
99,994 in the ferret and the dog: role of the NK receptor. Br. J.1

Pharmacol. 115, 84–94.
Watson, J.W., Nagahisa, A., Lucot, J.B., Andrews, P.L.R., 1995b. The

tachykinins and emesis: towards complete control? In: Reynolds,
Ž .D.J.M., Andrews, P.L.R., Davis, C.J. Eds. , Serotonin and the Scien-

tific Basis of Anti-Emetic Therapy. Oxford Clinical Communications,
Oxford, pp. 233–238.

Yarker, Y.E., McTavish, D., 1994. Granisetron: an update on its thera-
peutic use in nausea and vomiting induced by antineoplastic therapy.
Drugs 48, 761–767.


