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Abstract

GR159897 ((R)-1{2-(5-fluoro-1 H-indol-3-yDethyl]-4-methoxy-4-[(phenylsulfinyl)methyl]piperidine) is a novel, highly potent
and selective non-peptide antagonist at tachykinin NK, receptors. GR159897 inhibited binding of the NK, receptor antagonist
radioligand [*Hlcyclohexylcarbonyl-Gly-Ala-(p)Trp-Phe-NMe, ([*HIGR100679) to human ileum NK, receptors transfected into
Chinese hamster ovary cells (pK; 9.5) and to rat colon membranes (pK; 10.0). GR159897 was a competitive antagonist of
contractions induced by the NK, receptor agonist [Lys®Gly3-R-y-lactam-Leu®Ineurokinin A-(3-10) (GR64349) in guinea-pig
trachea (pA, 8.7), and had negligible activity at human NK, receptors transfected into Chinese hamster ovary cells (pK; 5.3),
NK, receptors in guinea-pig trachea (pKy <5) or NK; receptors in guinea-pig cerebral cortex (pK; <5). In vivo, in the
anaesthetised guinea-pig, GR159897 (0.12 mg-kg™! iv.) potently antagonised bronchoconstriction induced by GR64349
(dose-ratio = 28), with a long duration of action (3 h). GR159897 should be a useful tool for studying the physiological and
pathophysiological role of tachykinin NK, receptor activation.
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1. Introduction

Receptors for the mammalian tachykinins, sub-
stance P, neurokinin A and neurokinin B, have been
classified into three types, NK;, NK, and NKi.
Tachykinin NK, receptors, at which neurokinin A has
highest affinity, are widely distributed in the periphery,
where they mediate a number of actions, most notably
smooth muscle contraction in gastrointestinal, respira-
tory, genito-urinary and vascular systems (for review
see Maggi et al., 1993). Although they appear to have a
limited distribution within the central nervous system,
they do seem to be involved in a number of central
functions, including nociception, water homeostasis and
locomotor stimulation (Hagan et al., 1993). Recently,
an anxiolytic-like action of antagonists at NK, recep-
tors has been reported in putative rodent models of
anxiety (Stratton et al., 1993).
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A number of peptidic antagonists at NK, receptors
have been described (Table 1). While several struc-
turally diverse non-peptide antagonists at NK, recep-
tors have been identified (Table 1), to date only one
non-peptide antagonist at NK, receptors, SR48968
(Emonds-Alt et al., 1992; Table 1), has been described.
We now report the in vitro pharmacology of (R)-1-{2-
(5-fluoro-1 H-indol-3-yl)ethyl]-4-methoxy-4-[(phenylsul-
finyDmethyllpiperidine (GR159897; Fig. 1), which is a
novel, low molecular weight, non-peptide antagonist at
tachykinin NK, receptors. GR159897 was developed
using a combination of rational design and directed
screening {Cooper et al., 1994). Using a deletion-opti-
misation approach, we previously identified low molec-
ular weight peptide antagonists with high affinity and
selectivity for NK, receptors (Smith et al., 1993). Using
these compounds as templates, directed screening to
yield weak non-peptide antagonists at NK, receptors
and subsequent optimisation of these leads resulted in
the development of GR159897.

Studies using a range of antagonists at NK, recep-
tors in a number of species have indicated that NK,
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Fig. 1. Structure of GR159897.

antagonist affinities are species-dependent. There is
evidence that NK, receptors can largely be resolved
into two groups, those in human, cow, rabbit and
guinea-pig being distinct from those in rat and hamster
(Maggi et al., 1993). GR100679 is a potent and selec-
tive tetrapeptide antagonist at NK, receptors (NK,
pKp rat colon 9.1; Smith et al., 1993). We have previ-
ously demonstrated that [ H]JGR100679 binds with high
affinity (K 0.6 nM) to recombinant NK, receptors
from human ileum, expressed in Chinese hamster ovary
(CHO) cells (hNK,-CHO; Hagan et al., 1993). In the
present study, we have determined the potency of the
non-peptide antagonist, GR159897, at NK, receptors
in species which are representative of each of the
subgroups of NK, receptors. Thus, we have deter-
mined the affinity of GR159897 for [*HIGR100679
binding sites in hNK,-CHO cells and also in rat colon
membranes, a well characterised NK, receptor-con-
taining preparation (Hagan et al., 1991b; Ireland et al.,
1991). In addition, we have determined the ability of
GR159897 to antagonise contractions induced by the
selective NK, agonist [Lys? Gly8-R-y-lactam-Leu®Jneu-
rokinin A-(3-10) (GR64349; Hagan et al., 1991b) in
guinea-pig isolated trachea. We have evaluated the
activity of GR159897 in vivo by measuring its ability to
antagonise GR64349-induced bronchoconstriction in
the anaesthetised guinea-pig. Since GR159897 has
some structural similarities to the antihypertensive
agent, indoramin (Holmes and Sorkin, 1986), a com-
pound with well-established blocking activity at 5-HT
receptors and «,-adrenoceptors, we have examined the
specificity of GR159897 with respect to these two re-
ceptor types. A preliminary account of some of these

findings has been presented to the British Pharmaco-
logical Society (Ball et al., 1994).

2. Materials and methods
2.1. Materials

[*HIGR100679 (70-90 Ci-mmol ') was prepared
by Amersham. [>*H]Succinyl-[Asp® N-MePhe®]-sub-
stance P-(6-11) ([*H]senktide; 83 Ci - mmol ™), [HI(3-
(5-methyl-1 H-imidazol-4-yl)-1-(1-methyl-1 H-indol-3-yl)-
1-propanone ([*HIGR65630; 60—-70 Ci-mmol~!) and
[*H]8-hydroxy-2-(di-n-propylamino)tetralin ([*H]8-
OH-DPAT; 150-200 Ci-mmol~!) were purchased
from Du Pont and [*H]substance P (127 Ci- mmol 1)
from Cambridge Research Biochemicals. GR159897,
GR100679, GR94800, CP99994 and ( +)-SR48968 were
synthesised by Medicinal Chemistry, Glaxo Research
and Development. GR64349 was obtained from Pep-
tide and Protein Research, University of Exeter. Sub-
stance P methyl ester and senktide were purchased
from Peninsula, prostaglandin F,, from Upjohn,
methysergide maleate from Sandoz, mepyramine
maleate from Rhone Poulenc, atropine sulphate, indo-
methacin, phenylephrine and phosphoramidon from
Sigma, ketamine hydrochloride (Vetalar) from Parke-
Davis, xylazine (Rompun) from Bayer, and sodium
pentobarbitone (Sagatal) from Rhone Mérieux.

2.2. Methods

2.2.1. [’ H]GR100679 binding assays

To prepare rat (male, LH Glaxo) colon membranes,
the entire colon was homogenised in Tris HCI (20 mM;
pH 7.4), containing EDTA (10 mM) and centrifuged at
48000 x g for 15 min at 4°C. The pellet was ho-
mogenised in Tris HCl (50 mM; pH 7.4), containing
NaCl (120 mM), incubated on ice for 30 min and
centrifuged at 48000 X g for 15 min at 4°C. The pellet
was homogenised (15 mg wet weight -ml~!) in Tris
HCI (50 mM; pH 7.4) assay buffer, containing NaCl

Table 1

Some tachykinin NK; and NK, receptor antagonists

Receptor  Chemical structure Code Reference

NK, (+)-25,35)-3-(2-Methoxy-benzylamino)-2-phenylpiperidine CP99994 McLean et al., 1993

NK, (3aR,7a R)-7,7-Diphenyl-2-[1-imino-2-(2-methoxyphenyl)-ethyllperhydroisoindol-4-one  RP67580 Garret et al., 1991

NK, (5)-1{2-[3-(3,4-Dichlorophenyl)-1-(3-isopropoxyphenylacetyDpiperidin-3-ylJethyl]-4- SR140333  Emonds-Alt et al., 1993a
-phenyl-1-azoniabicyclo[2.2.2]Joctane - chloride

NK, Cyclo(GIn-Trp-Phe-Gly-Leu-Met) 1659877 Williams et al., 1988

NK, Phenylcarbonyl-Ala-Ala-(p)Trp-Phe-(p)Pro-Pro-Nle - NH, GR94800 McElroy et al., 1992

NK, Cyclohexylcarbonyl-Gly-Ala-(p)Trp-Phe-NMe, GR100679  Smith et al., 1993

NK, (S)-N-Methyl-N[4-acetylamino-4-phenylpiperidino)-2-(3,4-dichlorophenyDbutyl}- SR48968 Emonds-Alt et al., 1992

-benzamide
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(100 mM), MgCl, (2 mM), bovine serum albumin
(0.02%) and phosphoramidon (1 wM) and filtered
through nylon mesh (300 pm). Freshly prepared mem-
branes (200 w1) were incubated at 22°C for 90 min with
[*HIGR100679 (0.5 nM) and GR159897 (0.01 nM-10
wM). The reaction was terminated by vacuum filtration
through Whatman GF/B filters pre-soaked in bovine
serum albumin (0.5%). Filters were washed (5 X 1 ml)
with ice-cold Tris HCI assay buffer and bound radioac-
tivity determined. Chinese hamster ovary (CHO) cells
were stably transfected with the human ileum NK,
receptor (hNK,-CHO) and [*HIGR100679 binding to
whole CHO cells performed as previously described
(Hagan et al., 1993). Confluent cells (2.5 X 10°) were
incubated in Tris HCI assay buffer (composition as for
rat colon assay) at 22°C for 90 min with [*’HJGR100679
(1 nM) and GR159897 (0.01 nM-10 wM). Non-specific
binding was defined using GR94800 (1 pM). Bound
and free ligand were separated by washing cells (3 X 200
wl) in ice-cold Tris buffer and radioactivity in the assay
well determined.

2.2.2. [3H]Substance P binding to hNK,-CHO mem-
branes

The affinity of GR159897 for NK, receptors was
determined using a [*Hlsubstance P binding assay in
CHO cells stably transfected with the human NK,
receptor (hNK;-CHO). Membranes were prepared in a
Hepes (50 mM; pH 7.4) buffer essentially as described
by Cascieri et al. (1992) and incubated (25 pg protein)
for 40 min with [*Hlsubstance P (0.7 nM) in the pres-
ence of GR159897 (0.1-100 wM). Non-specific binding
was defined using CP99994 (1 uM). The reaction was
terminated by vacuum filtration and bound radioactiv-
ity determined.

2.2.3. [3H]Senktide binding to guinea-pig cortical mem-
branes

The affinity of GR159897 for NK; receptors was
determined in a [*Hlsenktide binding assay in guinea-
pig cerebral cortical membranes, performed essentially
as described by Guard et al. (1990). Membranes (8 mg
per tube) were incubated at 22°C for 60 min with
[®*Hlsenktide (1 nM) in the presence of GR159897
(0.1-100 wM). Non-specific binding was defined using
senktide (1 wM). The reaction was terminated by vac-
vum filtration and bound radioactivity determined.

2.2.4. Guinea-pig isolated trachea

Tracheal strips (2-3 cartilage rings thick) were ob-
tained from guinea-pigs (male, Dunkin Hartley, Porcel-
lus, 300-800 g). The lumen of the trachea was rubbed
with a moist cotton bud to remove the epithelium, an
effect that was confirmed histologically. Tracheal strips
were mounted for isometric tension recording in
silanised organ baths containing modified Krebs-

Henseleit (Krebs) solution (mM: NaCl (118.4), KCI
(4.7), NaHCO; (25), MgSO,-7H,0 (0.6), KH,PO,
(1.2), p-glucose (11.1), CaCl, - 6H,0 (1.3)), maintained
at 37°C and gassed with 95% 0,/5% CO,. The Krebs
solution also contained indomethacin (2.8 uM), at-
ropine (1 uM), mepyramine (1 xM) and methysergide
(1 uM) in an attempt to prevent any indirect actions of
tachykinins. A resting tension of 1 g was applied to the
tissues, which was maintained throughout the course of
the experiment. The neutral endopeptidase inhibitor,
phosphoramidon (1 uM), was added to the Krebs
solution approximately 15 min prior to the addition of
test drugs, in order to prevent any tissue metabolism of
tachykinins. Cumulative concentration-effect curves to
the NK, receptor selective agonist, substance P methyl
ester (1-300 nM), the NK, receptor selective agonist,
GR64349 (1-300 nM), or prostaglandin F,, (0.1-10
uM) were repeated until constant sensitivity was ob-
tained. A final concentration-effect curve was then
constructed in the presence (45 min pre-equilibration)
of GR159897 (0.01-10 uM).

2.2.5. 5-HT and a;-adrenoceptor selectivity studies

The affinity of GR159897 for 5-HT),, receptors was
determined in a [*H]8-OH-DPAT binding assay in rat
hippocampal membranes, performed essentially as de-
scribed by Mir et al. (1988). 5-HT, receptor affinity was
determined in a [PHJGR65630 binding assay in mem-
branes prepared from rat entorhinal cortex (Kilpatrick
et al, 1987). The potency of GR159897 at 5-HT,
receptors and «,-adrenoceptors was assessed by its
ability to antagonise contractions in rabbit thoracic
aorta induced by 5-HT (Apperley et al., 1976) and
phenylephrine (Stubbs et al., 1991), respectively.

2.2.6. Anaesthetised guinea-pig

Guinea-pigs (source as above) were anaesthetised
with ketamine (40 mg - kg ™! i.m.), xylazine (8 mg - kg~!
i.m.), and sodium pentobarbitone (30 mg- kg~ ! ip.).
Animals were artificially respired (8 ml - kg™!-
breath~!, and 50 breaths - min~!), and tracheal infla-
tion pressure was measured as an index of bronchocon-
striction. The left carotid artery was cannulated to
measure blood pressure, from which heart rate was
derived, and the right jugular vein was cannulated to
allow i.v. drug administration. Body temperature was
maintained at 38°C. Sequential dose-response curves to
iv. GR64349 (27-276 ng-kg~!) were repeated until
constant increases in tracheal inflation pressure were
obtained (2 curves). GR159897 (0.12 mg - kg~ ! i.v.) was
then administered, after which single doses of GR64349
(92-4600 ng-kg~!) were administered at 2-44 min
intervals, from which dose-ratios were calculated. Val-
ues of dose-ratio were obtained by dividing the dose of
GR64349 administered after the antagonist, GR159897,
by that required to produce the same response before
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Fig. 2. Inhibition by GR159897 of [*HJGR100679 binding to hNK ,-
CHO cells (®) or rat colon membranes (B). Results are expressed as
a percentage inhibition of total binding. Data shown are mean+
S.E.M. obtained in 10 (hNK,-CHO) and 5 (rat colon) separate
experiments, with each point determined in triplicate.

GR159897 (control equi-effective dose). The control
equi-effective dose was determined from the final
dose-response curve to GR64349 prior to administra-
tion of GR159897. Duration of action was defined as
the time over which GR159897 caused a dose-ratio of
> 5.

2.2.7. Data analysis
Functional data in guinea-pig trachea and the in
vivo potency of GR159897 in the anaesthetised guinea-

pig are expressed as mean values with 95% confidence
limits. All other results are expressed as mean + S.E.M.
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Binding data were analysed using the curve-fitting pro-
gram ALLFIT and ICs, and pK; values determined.
The affinity of GR159897 in guinea-pig trachea was
expressed as a pA, value determined as described by
Arunlakshana and Schild (1959). The apparent affinity
(pKy) of GR159897 in other functional assays was
estimated as described previously (Ireland et al., 1991).

3. Results

3.1. Radioligand binding studies

GR159897 competed for binding of [*HIGR100679
to hNK,-CHO cells with a pK; of 9.51 4+ 0.07 (n = 10)
and a slope (1.06 + 0.04) not significantly different
from unity (Fig. 2). GR159897 inhibited binding of
[*HIGR100679 to rat colon membranes with a pK; of
10.00 + 0.10 (n =5) and a slope (1.04 + 0.10) not sig-
nificantly different from unity (Fig. 2).

Comparative data for the ability of tachykinin NK,
and NK, receptor agonists and antagonists to compete
for [*HIGR100679 binding sites in hNK,-CHO cells
and rat colon membranes are given in Tables 2 and 3.
In rat colon membranes, those agonists for which com-
petition curves could be constructed (neurokinin A,
GR64349 and neurokinin B) competed for [3H]
GR100679 binding with slopes which were significantly
less than unity (P < 0.05). Since calculation of inhibi-
tion constants (K;) was therefore inappropriate, ICs,
values are given in Table 2. In no case was the slope of
the antagonist competition curve significantly different
to unity (P > 0.05).
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Fig 3. Antagonism by GR159897 of contractions induced by GR64349 in guinea-pig isolated trachea. A: Cumulative concentration-effect curves
were constructed to GR64349 in the absence (W), and in the presence of GR159897 10 nM (), 30 nM (©), 100 nM (v), 300 nM (0O) and 1 uM
(©). Data shown are mean + S.E.M. The control curve represents the means of time-matched curves constructed on a non-GR159897 treated
preparation included in each experiment. Responses of all curves are calculated as a percentage of the response obtained to GR64349 (300 nM)
in the preceding control curve for each preparation. B: Schild analysis for GR159897 antagonism of GR64349-induced responses in guinea-pig
trachea. Data were derived from the experiments illustrated in the upper panel. Each point represents data obtained from a separate

preparation.
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Table 2

Potencies of tachykinin NK; and NK, receptor agonists to compete
for binding of [*HIGR100679 to hNK ,-CHO cells and rat colon (RC)
membranes

Agonist hNK ,-CHO RCpK;
K; (nM)? IC5 (nM)

Neurokinin A 1.2 288+96

(0.53+£0.03%)
GR64349 8.6 2856+ 819

(0.5540.06")
Neurokinin B 22 4430+ 1027

0.75+0.04%)
Substance P 4792 > 30 uM
Substance P methyl ester 4648 >30 uM
Senktide > 30 uM >30 uM

?K,; values from Hagan et al., 1993. Slope values were not signifi-
cantly different to unity. Results in rat colon membranes are ICs,
values + S.E.M. from 3-6 separate experiments performed in tripli-
cate. Slope values are indicated in parentheses. “P < 0.05.

3.2. Functional assay

In guinea-pig trachea, GR64349, substance P methyl
ester and prostaglandin F,, caused concentration-re-
lated contractions. GR64349-induced concentration-
contraction curves were displaced to the right by
GR159897 (0.01-10 uM) in a concentration-dependent
and parallel manner, with no change in the maximum
response (Fig. 3). Schild analysis yielded a pA, of 8.72
(95% confidence limits 8.31-9.40), with a slope not
significantly different from unity (1.16, 0.84-1.47; n = 6;
Fig. 3). GR159897 (10 M) did not antagonise NK;
receptor-mediated contractions induced by substance P
methyl ester (pKy < 5.00; n=4), or those induced by
prostaglandin F,_ (pKy <5.00; n = 4).

3.3. Specificity studies

GR159897 had negligible affinity for tachykinin NK,
(hNK,-CHO) or NK (guinea-pig cerebral cortex) re-

Table 3

Affinities of tachykinin NK; and NK, receptor antagonists to com-
pete for binding of [*H]GR100679 to hNK ,-CHO cells and rat colon
(RC) membranes

Antagonist hNK,-CHO pK; RC pK;
GR159897 9.51+0.07 10.00£0.10
(+)-SR48968 992 8.82+0.10
GR94800 9.9° 9.35+0.10
GR100679 892 9.47+0.06
MEN10376 862 6.52+0.04
L-659,877 732 7.96 +0.02
(+)-CP96345 52¢% <5
GR82334 <5 <5

Results are pK; values+S.E.M. from 3-10 separate experiments
performed in triplicate. Slope values were not significantly different
from unity. ® Data from Hagan et al., 1993. MEN10376 = [Tyr>p-
Trp5%9 Lys!®Ineurokinin A-(4-10), GR82334 = [p-Pro’[spiro-y-
lactam]-Leu'®, Trp!!Jphysalaemin-(6—11), Hagan et al., 1991a.
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Fig. 4. Antagonism by GR159897 of contractions induced by phenyl-
ephrine in rabbit isolated thoracic aorta. Cumulative concentration-
effect curves were constructed to phenylephrine in the absence (W)
and in the presence of GR159897 1 uM (0O). Data shown are
mean+S.EM. The control curve represents the means of time-
matched curves constructed on a non-GR159897 treated preparation
included in each experiment. Responses of all curves are calculated
as a percentage of the maximum response obtained to phenylephrine
in the preceding control curve for each preparation.
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ceptor binding sites, with pK; values of 5.34 + 0.04
(n=3) and <5.00 (n=2), respectively. GR159897
had little affinity for 5-HT,, ((®*H]8-OH-DPAT) bind-
ing sites in rat hippocampus (pK; = 6.06 + 0.11; n = 3)
and was inactive at 5-HT;, binding sites ((*HIGR65630)
in rat entorhinal cortex (pK; < 5.00, n = 2). Further-
more, in rabbit thoracic aorta, GR159897 did not an-
tagonise 5-HT, receptor mediated contractions (pKpg
<6.00, n=2), and was only weakly active against
a;-adrenoceptor mediated contractions (pKy 6.78 +
0.11; n = 4; Fig. 4).
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Fig. 5. Duration of antagonism by GR159897 of bronchoconstriction
induced by GR64349 in four individual anaesthetised guinea-pigs.
GR64349-induced increases in tracheal inflation pressure were re-
peated at intervals, first before, and then at intervals after the
administration of GR159897 (0.12 mg-kg~! i.v.), so that antagonist
dose-ratios could be calculated at intervals after dosing. The degree
of antagonism is expressed as a log of the dose-ratio obtained and is
plotted against time. Each curve represents the duration of this
antagonism in a single animal.
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3.4. In vivo study

In the anaesthetised guinea-pig, GR64349 (27-276
ng-kg~!) caused dose-related increases in tracheal
inflation pressure (dose causing 100% increase in tra-
cheal inflation pressure = 127 + 32 ng - kg™ 'iv.; n = 4).
GR64349-induced bronchoconstriction was antago-
nised by GR159897 (0.12 mg-kg~! iv.) with a maxi-
mum dose-ratio of 28 (19-40, n = 5), which was ob-
tained at 1342 min after the administration of
GR159897, and had a duration of action of 3.0+ 0.3 h
(Fig. 5).

4. Discussion

GR159897 is a novel, non-peptide antagonist at
tachykinin NK, receptors. It has high affinity for NK,
receptors derived from human ileum and transfected
into CHO cells (pK; 9.5), and in rat colon (pK; 10.0).
In a functional preparation from a third species, the
guinea-pig isolated trachea, GR159897 potently antag-
onised contractions evoked by the NK, receptor ago-
nist, GR64349, in a concentration-dependent and com-
petitive manner (pA, 8.7).

The affinity of GR159897 for NK, receptors in
human ileum and rat colon was determined using the
NK, receptor antagonist radioligand [*HJGR100679
(Hagan et al., 1993). Both naturallly occurring and
synthetic, receptor-selective tachykinin agonists inhib-
ited [PH]JGR100679 binding to rat colon membranes
with the expected rank order of potency for binding to
NK, receptors, neurokinin A > GR64349 > neurokinin
B > substance P = substance P methyl ester = senktide.
This is identical to their rank order of potency to
antagonise neurokinin A-induced contractions of rat
colon (Ireland et al., 1991) and to compete for
[*HIGR100679 binding sites in hNK,-CHO cells
(Hagan et al., 1993). However, the absolute estimates
of agonist potency were substantially lower in the rat
colon binding assay and slopes of inhibition curves
were significantly less than one. Lower agonist poten-
cies when competing against an antagonist rather than
an agonist radioligand are consistent with previous
observations, for example binding of the NK,; antago-
nist radioligand [*H]CP96345 to guinea-pig brain mem-
branes (McLean et al., 1991). This is most likely be-
cause NK, receptors are G-protein coupled and can
exist in two affinity states. While antagonists normally
bind to these states with equal affinity, agonists prefer-
entially bind to the G-protein coupled, high affinity
state of the receptor and have lower affinity for the
receptor in its uncoupled state. Therefore, agonists
differentially displace [HJGR100679 binding, resulting
in biphasic competition curves and lower apparent IC,
values. Agonists competed for [PHIGR100679 binding

sites in whole hNK,-CHO cells with slopes of unity
and affinities very similar to those observed in func-
tional assays (Hagan et al., 1993), suggesting that under
these experimental conditions, the majority of NK,
receptors are in the G-protein coupled high affinity
state. Indeed, we have observed that the profile of
agonist binding to [*HIJGR100679 binding sites in
membranes prepared from hNK,-CHO cells is very
similar to that observed in rat colon membranes (un-
published observations), sugggesting that the degree of
G-protein coupling is related to the method of cell or
tissue preparation and the integrity of the cell. Inter-
estingly, Emonds-Alt and co-workers (1993b), using a
manganese-containing, sodium-free assay buffer, re-
ported that agonists competed with high affinity for
[3H]SR48968 binding sites in membranes prepared
from rat duodenum and hamster urinary bladder, but
were somewhat weaker in guinea-pig ileum mem-
branes, implying that the proportion of G-protein cou-
pled receptors in membrane preparations is dependent
on the ionic environment and may vary between differ-
ent tissues and /or species.

Studies with peptidic tachykinin NK, receptor an-
tagonists have indicated that NK, receptors can be
subdivided into two distinct species variants, those in
human, bovine, rabbit and guinea-pig tissues, where
MEN10376 is more potent than L-659,877, being dif-
ferent to those in rat and hamster, where the converse
order of potency is observed (see Maggi et al., 1993).
Results obtained using the NK, receptor antagonist
radioligand [*HJGR100679 support these conclusions.
Thus, we previously demonstrated that the human
ileum NK, receptor was similar to that found in rabbit
and guinea-pig, with a rank order of antagonist poten-
cies (+)-SR48968 > GR94800 > GR100679 >
MEN10376 > L-659,877 > (+)-CP,96,345 > GR82334
(Hagan et al., 1993). In the present study, we report a
rank order of potencies in rat colon membranes of
GR159897 > GR100679 > GR94800 > (+ )-SR48968 >
1-659,877 > MEN10376 > (4 )-CP,96,345 > GR82334.
The NK, receptor antagonists (+)-CP,96,345 and
GR82334 were without effect in either preparation.
The rank order of antagonist affinities in rat colon
membranes is in agreement with their potencies to
antagonise NK, receptor-mediated responses in ham-
ster trachea (Maggi et al.,, 1993) and to compete for
[*H]SR48968 binding sites in rat duodenum (Emonds-
Alt et al., 1993b). In agreement with previous observa-
tions in human gut (Maggi et al., 1993), MEN10376
had higher affinity than L-659,877 for [*HIGR100679
binding sites in hNK ,-CHO cells (Hagan et al., 1993),
while the converse order of potency was observed in
rat colon membranes. Interestingly, the heptapeptide
NK, receptor antagonist, GR94800 (McElroy et al.,
1992), was more potent in hNK,-CHO cells than in rat
colon membranes, while GR100679 (Smith et al., 1993)
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exhibited the converse order of potency. To date, the
only other non-peptide NK, receptor antagonist that
has appeared in the literature is SR48968 (Emonds-Alt
et al., 1992), which was developed by optimisation of a
random screen lead. Although GR159897 and SR48968
are both highly potent antagonists at NK, receptors,
they show some differences in their relative potencies
at NK, receptors in different species. Thus, while
GR159897 is slightly more potent at NK, receptors in
rat compared to those in human or guinea-pig, SR48968
has the converse selectivity (Advenier et al., 1992, see
also present results). There is overall 86% sequence
identity between NK, receptors in human (gastric tis-
sue or trachea) and rat (stomach) tissues (Gerard et al.,
1990; Sasai and Nakanishi, 1989). Greatest structural
differences are observed at the N- and C-termini. The
human protein has a 14 amino-acid extension at the
C-terminus and two N-linked glycosylation sites in the
extracellular N-terminal region compared to one glyco-
sylation site in the rat. However, the biological signifi-
cances of such differences are unknown, and a site-di-
rected mutagenesis approach is required to establish
the molecular basis of inter-species differences in
affinities of antagonists for NK, receptors.

Like SR48968 (Emonds-Alt et al., 1992), GR159897
has little or no activity at NK, receptors in human and
guinea-pig. In addition, GR159897 has little or no
affinity (pK, < 5) for NK, receptors in guinea-pig cor-
tex. In contrast, SR48968 has some activity at NK;,
receptors in human and guinea-pig but not in rat
(pICs, 6.5; Chung et al., 1994; Petitet et al., 1993),
indicating the existence of species differences in NK;
receptors. GR159897 has little or no activity at
prostanoid EP;, 5-HT,,, 5-HT, or 5-HT; receptors,
and is only weakly active at «,-adrenoceptors.

In vivo, GR159897 administered i.v. is a potent and
long acting antagonist at NK, receptors in the anaes-
thetised guinea-pig, with a similar order of potency to
SR48968 (Emonds-Alt et al., 1992). However, a precise
quantitative comparison of the potencies and duration
of action of the two compounds is not possible as
different methodologies have been used; Emonds-Alt
and colleagues determined antagonist activity as per-
centage inhibition of the bronchoconstrictor response
to a single dose of agonist, whereas in the present
study, it has been determined in terms of rightward
displacement of an agonist-induced bronchoconstric-
tion dose-response curve. In addition to antagonism of
NK, agonist-induced bronchoconstriction in guinea-
pigs, we have recently demonstrated that GR159897
has anxiolytic-like activity in a range of putative models
of anxiety in both rats and marmosets following periph-
eral and central administration (Stratton et al., 1994).

Thus, GR159897 is a highly potent and selective
antagonist at NK, receptors, and has good in vivo
activity, and penetrates the CNS. GR159897 should be

a useful tool for studying the physiological and patho-
physiological role of NK, receptor activation, for ex-
ample in respiratory tract, bladder and CNS.
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