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Abstract 

The pharmacological profile of the novel tachykinin NK 3 receptor antagonist SR 142801, ((S)-(N)-(1-(3-(1-benzoyl-3-(3,4-di- 
chlorophenyl) piperidin-3-yl) propyl)-4-phenylpiperidin-4-yl)-N-methylacetamide), was studied at tachykinin NK1, NK 2 and NK 3 
receptors, in several in vitro bioassays. In the guinea-pig isolated ileum longitudinal muscle preparation, SR 142801 (10 nM-1 
/zM) caused an insurmountable antagonism of tachykinin NK 3 receptor-mediated contractions produced by senktide (apparent 
pK B = 9.27). The blockade induced by SR 142801 was essentially irreversible, since it was not removed by washout (up to 2 h) 
and was increased by prolonging the incubation from 15 to 120 min. SR 142801 showed similar antagonist potency at rat 
tachykinin NK 3 receptors (portal vein) and rabbit tachykinin NK 2 receptors (pulmonary artery) (pKB= 7.49 and 7.66, 
respectively), whereas it was distinctly less potent at hamster tachykinin NK 2 receptors (trachea; pK B = 6.84) and inactive at 
guinea-pig tachykinin NK 1 receptors (ileum, longitudinal muscle). In the guinea-pig whole ileum SR 142801 (100 nM) did not 
affect the contraction produced by capsaicin (1 ~M). The combined SR 142801 pretreatment and tachyphylaxis of neuronal 
CGRP (calcitonin gene-related peptide) receptors produced a slight (about 25%), but significant reduction of the response to 
capsaicin, suggesting that tachykinin NK 3 receptors play a minor role in capsaicin-induced neuronal excitation of afferent nerves 
in the guinea-pig ileum. 
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1. Introduction 

Since the discovery of the quinuclidine derivative, 
CP 96,345, as the first non-peptide substance P recep- 
tor antagonist (Snider et al., 1991) a number  of potent 
and selective compounds have been described which 
produce a powerful blockade of either tachykinin NK 1 
or NK2 receptors (Maggi et al., 1993c for review). The 
availability of these ligands has been instrumental to 
start elucidating the pathophysiological roles of 
tachykinins in the central and peripheral  nervous sys- 
tem and some of these compounds are also likely 
candidates for testing in humans. 

The tachykinin NK 3 receptor was originally defined 
on the basis of the rank order of potency of natural 
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tachykinins, neurokinin B > neurokinin A > substance 
P. Selective agonists such as senktide (Laufer et al., 
1986; Wormser  et al., 1986) and [MePhe7]neurokinin B 
(Drapeau et al., 1987) have been developed, which are 
useful tools to probe the distribution and function of 
tachykinin NK 3 receptors. Following its isolation and 
molecular cloning from various species (Maggi et al., 
1993c for review), the distribution of the tachykinin 
NK 3 receptor has also been probed at the level of 
m R N A  expression of the receptor protein (Tsuchida et 
al., 1990). The outcome of these studies indicates that 
the tachykinin NK 3 receptor is especially abundant in 
the central nervous system while its expression in pe- 
ripheral organs is much more limited, the guinea-pig 
ileum (Laufer et al., 1986) and rat portal vein 
(Mastrangelo et al., 1986) being notable exceptions in 
this respect. 

However, the definition of the exact importance of 
tachykinin NK 3 receptors in regulating bodily func- 
tions has remained largely speculative, since no potent 
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and selective antagonists have been described for quite 
a long time. The recent discovery of SR 142801 as a 
potent and selective tachykinin NK 3 receptor antago- 
nist (Emonds-Alt et al., 1995) is therefore particularly 
welcome in the tachykinin field. The aim of this study 
was to determine the profile of action of SR 142801 at 
tachykinin NK~, NK 2 and NK 3 receptors by using a 
number of bioassays which are currently used to ex- 
plore the pharmacology of this transmitter family. Spe- 
cial attention was devoted to assess the competitivity, 
reversibility and time dependency of receptor blockade 
exerted by SR 142801 at tachykinin NK 3 receptors. 

Since the late 1970s, it was recognized that a large 
fraction of the contraction produced by selective chem- 
ical stimulation (capsaicin) of afferent nerves in the 
guinea-pig ileum is indirectly mediated through acetyl- 
choline release from enteric motorneurones (Barth6 
and Szolcsfinyi, 1978; Barth6 et al., 1982). The involve- 
ment of endogenous tachykinins and of neurally lo- 
cated tachykinin receptors in this response has long 
been suspected (see Barth6 and Holzer, 1985 for re- 
view). A role of substance P has been indicated by the 
inhibitory effect of substance P desensitization (Barth6 
et al., 1982), but the type of tachykinin receptor in- 
volved has not yet been explored. The second aim of 
this study was therefore to ascertain whether SR 142801 
may affect this response in a way indicative of 
tachykinin NK 3 receptor involvement. 

2. Materials and methods 

2.1. Effect of  SR 142801 and SR 142806 at tachykinin 
NK 1, NK 2 and NK~ receptors 

Male albino New Zealand rabbits (2.5-3.0 kg), male 
Syrian golden hamsters (100-120 g), male albino 
guinea-pigs (250-300 g) and male albino rats (Wistar 
strain, 300-350 g) were stunned and bled. Endothe- 
lium-denuded strips of rabbit pulmonary artery, rings 
of hamster trachea, strips of guinea-pig ileum longitu- 
dinal muscle and longitudinal segments of rat portal 
vein were prepared and placed in 5 ml organ baths 
filled with oxygenated (96% O 2 and 4% CO 2) Krebs 
solution at 37 ° C, having the following composition: 
NaCI, 119 mM; NaHCO 3, 25 mM; KH2PO 4, 1.2 mM; 
MgSO 4, 1.5 mM; KCI, 2.5 mM; and glucose, 11 mM. 
Longitudinal muscle strips of guinea-pig ileum and 
segments of rat portal vein were connected to isotonic 
force transducers (load 3 mN), while the other prepa- 
rations were fixed to isometric force transducers, as 
described previously (Maggi et al., 1990). 

The antagonist activity of SR 142801 was studied at 
tachykinin NK 1 receptors in the guinea-pig ileum (at- 
ropine and chlorpheniramine 1 p.M, indomethacin 3 
~M in the bath) against the direct contractile effects 

produced by the tachykinin NK~ selective agonists 
[Sarg]substance P sulfone and septide. The activity of 
SR 142801 at the tachykinin NK 2 receptor was studied 
in the rabbit pulmonary artery and hamster trachea, 
against neurokinin A as the agonist. The activity of SR 
142801 at tachykinin NK 3 receptors was evaluated in 
the guinea-pig ileum (incubated with drug-free Krebs 
solution), and in the rat portal vein, using senktide as 
the tachykinin NK 3 selective agonist. In a limited num- 
ber of experiments with the guinea-pig ileum SR 142801 
was tested against scyliorhinin II, a dogfish tachykinin 
peptide (Conlon et al., 1986) reportedly selective for 
tachykinin NK 3 receptors (Buck and Krstenansky, 1987; 
Beaujouan et al., 1988). Cumulative dose-response 
curves to the agonists were obtained in all prepara- 
tions, each concentration being added when the effect 
of the preceding one had reached a steady state. Pre- 
liminary experiments indicated lack of desensitization 
of the above tissues to the cumulative administration of 
the selective agonists used. 

All the experiments performed in the guinea-pig 
ileum, using senktide as the agonist, were conducted in 
the presence of the tachykinin NK~ receptor selective 
antagonist SR 140333 (0.1 p.M; 30 min before each 
agonist concentration-response curve) to avoid a possi- 
ble activation of tachykinin NK~ receptors by senktide 
at high concentrations. Furthermore, the contractile 
response to carbachol (10 I~M) was used as the internal 
standard for the former experiments. 

In all preparations SR 142801 was evaluated after a 
long (120 min) incubation period with the tissues, as 
suggested by Emonds-Alt et al. (1995). However, a 
number of experiments were performed in which SR 
142801 was left in contact with the guinea-pig ileum for 
15, 60 or 120 rain, to explore the time dependency of 
the tachykinin NK 3 receptor blockade produced by 
this ligand. In a series of experiments with the guinea- 
pig ileum preparation, SR 142801 was tested on con- 
tractions evoked by electrical field stimulation (single 
pulses of 60 V, 0.5 ms duration, every 10 s). 

In another series of experiments, the reversibility of 
SR 142801-induced tachykinin NK 3 receptor blockade 
was evaluated as follows: senktide (1 nM) was adminis- 
tered to the guinea-pig ileum at 30-rain intervals, until 
reproducible contractile responses were obtained (gen- 
erally 3 -4  administrations). At this time SR 142801 (30 
nM) was added to the bath solution, 60 min before 
repeating the agonist challenge. Tissues were then 
thoroughly washed with fresh Krebs solution, which 
was renewed every 5 min. Administration of senktide 
was repeated again 30, 60, 90 and 120 min after re- 
moval of the antagonist, and the responses obtained 
were compared to the control one. 

SR 142806, the (R)-enantiomer of SR 142801, was 
tested at rat and guinea-pig tachykinin NK 3 receptors 
after a 120-min incubation period with tissues. 
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2.2. Effect of SR 142801 on the capsaicin-induced con- 
tractions in the guinea-pig ileum 

About 1.5 cm long segments of guinea-pig whole 
ileum were suspended in 7 ml organ baths containing 
Tyrode's solution of the following composition (mM): 
NaC1 136.9, KC1 2.7, CaCI 2 1.0, NaHCO 3 11.9, 
NaHzPO 4 0.4 and glucose 5.6, aereated with 95% O~ 
and 5% COz. Mechanical activity was recorded isotoni- 
cally along the longitudinal axis (load 55 mN). After an 
equilibration of 15-20 min the tissues were challenged 
with senktide (2 nM for 2 min) and in some prepara- 
tions also with cholecystokinin octapeptide (CCK-8, 2 
nM). Pairs of tissues were then exposed to SR 142801 
or solvent. Senktide or CCK-8 administrations were 
then repeated once or twice at 5-60 min from the 
administration of SR 142801. Capsaicin (1 ~M) was 
administered 60-70 min after SR 142801 (100 nM) had 
been added to the bath. 

In some experiments L-nitroarginine (30 /xM) was 
present in the bath fluid of both control and SR 
142-801-treated ileal segment throughout the experi- 
ments, to prevent a putative tachykinin NK 3 receptor- 
mediated release of nitric oxide (Maggi et al., 1993b). 
In these experiments we studied the combined effect of 

SR 142801 and CGRP (calcitonin gene-related pep- 
tide) receptor tachyphylaxis on the response to cap- 
saicin. The CGRP~ receptor antagonist CGRP-(8-37) 
(3/zM) was added to block the smooth muscle relaxant 
action of CGRP. In addition, rat a-CGRP (200 riM; 20 
min before the challenge with capsaicin) was added, 10 
min after administration of CGRP-(8-37), to produce 
tachyphylaxis of neuronal CGRP 2 receptors mediating 
acetylcholine release (cf. Barth6 et al., 1993). 

The preparations were standardized by determining 
the maximal contraction due to 40 mM KCI at the end 
of the experiments. 

2.3. Eualuation of data 

Agonist activity of each test compound was ex- 
pressed as EC50 or molar concentration of peptide 
producing 50% of maximal effect. Antagonists produc- 
ing parallel rightward shifts of concentration-response 
curves to the agonist, without depression of the maxi- 
mal response, were checked for competitivity by the 
Schild plot method (Arunlakshana and Schild, 1959). 
Antagonists providing plots with linear regression lines 
and slopes not significantly different from unity were 
considered competitive. The affinity of competitive an- 
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Fig. 1. Upper  left panel: Concentrat ion-response curves for senktide in the guinea-pig isolated ileum, in the absence (o )  and after a 120-rain 
incubation with SR 142801 10 nM (e), 30 nM ( ~ ) ,  100 nM (11), 300 nM (zx) and 1 t tM (A),  in the presence of SR 140333 (0.1 tLM; 30 min 
before each concentrat ion-response curve to the agonis0. Upper  right panel: Concentrat ion-response curves for senktide in the rat isolated 
portal vein, in the absence (o )  and after a 120-min incubation with SR 142801 0.1 t tM (e), 0.3 /zM (11) and 1 p,M (A).  Lower panel: 
Concentrat ion-response curves for senktide in the guinea-pig isolated ileum, in the absence (o )  and after a 120-rain incubation with SR 142806 
100 nM (e), 300 nM (K]) and 1/,tM (11), in the presence of SR 140333 (0.1 /zM; 30 rain before each concentrat ion-response curve to the agonist). 
Each value in the figure is the mean  + S.E.M. of 4 -12  experiments. 
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tagonists was expressed in terms of pK B (negative 
logarithm of the antagonist dissociation constant), and, 
assuming a slope of - 1 ,  it was estimated as the mean 
of the individual values obtained with the equation: 
pK B = log[dose ratio - 1] - log[antagonist concentra- 
tion] (Kenakin, 1993; Jenkinson, 1991). In some experi- 
ments, the extent of the rightward shift of the agonist 
concentration-response curve produced by a given an- 
tagonist was expressed as X / A ,  or ratio between two 
agonist concentrations producing 50% of the control 
maximal response, in the presence and in the absence 
of the antagonist, respectively. 

2.4. Statistical analysis 

The values in the text, tables or figures are ex- 
pressed as means + 95% confidence limits, or _+ S.E.M. 
Statistical analysis was performed by means of Student's 
t-test for paired or unpaired data or by means of 
two-way analysis of variance (ANOVA), followed by 
Tukey's test, when applicable. Regression analysis of 
log concentration-effect curves was performed by the 
least-squares method, considering the curves linear be- 
tween 20 and 80% of the maximal response. 

2.5. Drugs 

Neurokinin A was synthesized at Menarini Labora- 
tories (Florence, Italy), by conventional solid-phase 
methods. SR 140333 ((S)l-{2-[3-(3,4-dichlorophenyl)- 
1-(3-isopropoxyphenylacetyl)piperidin-n-3yl]ethyl}-4- 
phenyl-l-azoniabi-cyclo[2,2,2]octane chloride), SR 
142801 ( (S)- (N)- (1- (3- (1-benzoyl -3- (3 ,4-d ichloro-  
phenyl)piperidin-3-yl) propyl)-4-phenylpiperidin-4-yl)- 
N-methylacetamide) and SR 142806 ((R)-(N)-(1-(3-(1- 
benzoyl-3-(3,4-dichlorophenyl)piperidin-3-yl) propyl)- 
4-phenylpiper id in-4-yl ) -N-methylacetamide) ,  were  
kindly provided by Drs. X. Emonds-Alt and G. Le Fur, 
Sanofi (Montpellier, France). Other  drugs used were: 
indomethacin, chlorpheniramine, L-nitroarginine and 
capsaicin (Sigma, St. Louis, MO, USA); atropine (Serva, 
Heidelberg, Germany); rat a-CGRP, hCGRP-(8-37),  
CCK-8, senktide, septide and [Sar9]substance P sulfone 
(Peninsula, St. Helens, UK); carbachol HC1 (Merck, 
Darmstadt, Germany). 

3. Results 

3.1. Activity of  SR 142801 and SR 142806 at guinea-pig 
and rat tachykinin NK 3 receptors 

In the guinea-pig ileum longitudinal muscle myen- 
teric plexus preparation, the tachykinin NK 3 receptor- 
selective agonist senktide induced reproducible con- 
centration-dependent contractile responses (ECs0 = 

0.88 nM; 95% confidence limits: 0.45-1.31 nM; n = 16) 
(Fig. 1). SR 142801 (10-30 nM), after a 120-min incu- 
bation period, produced an apparent competitive an- 
tagonism of senktide-mediated effects (Fig. 1). From 
the shifts of the curves to senktide produced by SR 
142801 at these concentrations, an apparent pK B value 
of 9.27 (95% confidence limits: 8.96-9.57) was calcu- 
lated, as mean of individual values obtained by the 
Schild equation (see Materials and methods). 

Scyliorhinin II, a dogfish tachykinin peptide showing 
selectivity for tachykinin NK 3 receptors (Buck and 
Krstenansky, 1987; Beaujouan et al., 1988), produced 
concentrat ion-dependent contractions (ECso = 0.82 
nM, 95% confidence limits: 0.24-1.40 nM; n = 10) of 
the guinea-pig ileum, whose maximum averaged 100 _+ 
4% (n = 6) of the maximal response to senktide. SR 
142801 (10 nM; 120 min before), produced an apparent 
competitive antagonism of scyliorhinin II-mediated ef- 
fects, showing similar potency (Pf /A = 21.1 +_ 5; n = 4) 
to that shown against senktide (?¢/A = 11.9 _+ 2; n = 4) 
under similar conditions. 

At 100, 300 nM and 1 p~M SR 142801 induced 
non-parallel rightward shifts of the control curves to 
senktide, and a depression of the maximal response 
attainable; the maximal responses to senktide averaged 
88.4_+ 3% (n = 5), 54.9 + 7% (n - -  5) and 15.4 -4- 5% 
(n = 5) of control maximum, respectively (Fig. 1). 

SR 142806, the (R)-enantiomer of SR 142801, was 
at least 10-fold weaker antagonist than SR 142801 at 
guinea-pig tachykinin NK 3 receptors (Fig. 1). SR 
142806 (1/xM) produced a non-parallel rightward shift 
of the control curve to senktide, and a depression of 
the maximal response attainable (38 _+ 8%, n = 5, of 
control). In the guinea-pig ileum, neither SR 142801 
nor SR 142806, up to 300 nM, inhibited the contractile 
response to carbachol (10 #M), nor the twitch contrac- 
tions induced by electrical field stimulation. However, 
at 1 /zM, both SR 142801 and SR 142806 reduced the 
electrically induced contractions ( - 3 2  _+ 4%, n = 5 and 
- 1 8  _+ 8%, n = 5, as compared to control twitch, re- 
spectively), and slightly inhibited the response to carba- 
chol ( - 6 . 4 _ + 3 % ,  n = 5  and -7 .0+_5%,  n = 5 ,  as 
compared to control response, respectively). 

In the rat isolated portal vein senktide induced 
concentration-dependent contractile responses (ECso 
= 7.76 nM; 95% confidence limits: 3.1-12.4 nM; n = 
12) (Fig. 1). SR 142801 (0 .1-1/zM; 120-min incubation 
period) antagonized the senktide-induced contractions 
with apparently competitive kinetics (Fig. 1). The esti- 
mated affinity of SR 142801 for rat tachykinin NK 3 
receptors was: p K B = 7 . 4 9  (95% confidence limits: 
7.2-7.8). In contrast, SR 142806 (120-min incubation 
period) did not affect the control agonist-response 
curve up to 1 p-M, a concentration at which it pro- 
duced a slight antagonist effect (A~/A = 5.1 _+ 2; n = 4) 
toward senktide-induced contractions (not shown). 
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Concentrations of SR 142806 higher than 1 /~M were 
not further assayed, because they depressed smooth 
muscle contractility (inhibition of the response to KC1 
80 raM). 

3.2. Time dependency and re~,ersibility of  the blockade 
induced by SR 142801 at tachykinin NK~ receptors 

The time dependency of tachykinin NK 3 receptor 
blockade induced by SR 142801 was evaluated in the 
guinea-pig ileum, by incubating the tissue with a 30 nM 
concentration of the antagonist for 15, 60 or 120 min. 
As shown in Fig. 2, the extent of the rightward shift of 
the curve to senktide produced by SR 142801 was 
significantly increased by prolonging the incubation 
time from 15 min ( X / A  = 13.3_+ 4, n = 4) to 60 min 
(A~/A = 34.0 +_ 7, n = 4, P < 0.05) and 120 min (P~/A 
= 130.1 _+ 35, n = 4, P < 0.05). 

The reversibility of receptor blockade induced by 
SR 142801 was evaluated, in the guinea-pig ileum, as 
the capacity of washout to restore the contraction 
produced by senktide (1 nM), after a 60-min contact 
period with the antagonist (30 nM). As shown in Fig. 3, 
no recovery of the response to the agonist occurred up 
to 120 min from the washout of SR 142801 from the 
bath. 

3.3. Actit,ity of  SR 142801 at tachykinin NK l and NK 2 
receptors 

SR 142801, up to 1 ~M, was inactive as agonist or 
antagonist at tachykinin NK 1 receptors of the guinea- 
pig ileum (atropine 1 ~ M  in the bath), either against 
[Sar9]substance P sulfone or septide as agonists (Table 

100 
L ~  

o ' )  

: 7  

o 80 

-~ 60 

~ 40-  

N 2O- 

, . , • , . , 
O " ' " • • ~ " ~ " ' • ' " ' • ' 

13 12 11 10 9 8 7 6 5 

- log M [ Senkt ide  l 

Fig. 2. Time dependency of tachykiniu NK 3 receptor blockade in- 
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Fig. 3. lrreversibility of tachykinin NK 3 receptor blockade induced 
by SR 142801. The contractile response to senktide (1 nM) is shown 
in the guinea-pig ileum: in control experiments, in the presence of 
SR 142801 (30 riM; 60-min incubation), and after 30, 60, 90 and 120 
min from washout of SR 142801. Each column is the mean + S.E.M. 
of 5 determinations. * * Significantly different from control response, 
P < 0.01. 

1). In contrast, SR 142801 showed appreciable affinity 
for tachykinin NK 2 receptors. In the rabbit isolated 
pulmonary artery SR 142801 (0.1-1 p~M) competitively 
antagonized the neurokinin A-mediated contractions 
( p K ~ =  7.66, Table 1). SR 142801 (1-10 /~M) also 
antagonized neurokinin A-mediated contractions in the 
hamster trachea with competitive kinetics, but with 
lower potency (pK B = 6.84, Table 1). 

3.4. Effect of  SR 142801 on the capsaicin-induced con- 
tractions in the guinea-pig ileum 

Senktide (2 nM, n = 18) and CCK-8 (2 nM, n = 6) 
produced submaximal contractions of the guinea-pig 
whole ileum, averaging 54.7 + 3.7 and 35.3 + 3.1% of 
the maximal response to 40 mM KC1, respectively. SR 
142801 (100 nM) produced a t ime-dependent reduction 
of the response to senktide, causing an over 90% 
depression at 50-60 min (Fig. 4). In contrast, the 

Table 1 

Affinity of SR 142801 at tachykinin NK 1 and NK 2 receptors 

Antagonist NK t NK 2 

GPI ~ GPI b RPA HT 

SR 142801 1N IN 7.66 6.84 
(7.42 7.90) (6.61-7.07) 

The values in the table are mean pK B ( - l o g  of the antagonist 
dissociation constant) of 6 (GPI) to 12 (RPA, HT) determinations. In 
brackets are 95% confidence limits. GPI = guinea-pig ileum longitu- 
dinal muscle (atropine and chlorpbeniramine 1 k~M, indomethacin 3 
/zM in the bath); agonists: a [Sarg]substance p sulfone, b septide. 
RPA = endothelium-deprived rabbit pulmonary artery; agonist: neu- 
rokinin A. HT = hamster isolated trachea; agonist: neurokinin A. 
IN = inactive up to 1 ~M. 
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presence of L-nitroarginine (30 ~M), hCGRP-(8-37) (3 izM; 30 min 
before), rat a-CGRP (200 nM; 20 rain before) and SR 142801 (100 
nM; 60 min before) (fourth column). * Significantly different from 
control response to capsaicin in the presence of L-nitroarginine, 
P < 0.05. Each column is the mean _+ S.E.M. of 4-6 determinations. 

cholinergically mediated response to CCK-8 (Vizi et 
al., 1973) remained unaffected by either SR 142801 
(100 nM, n = 5) or by SR 142801 plus tachyphylaxis 
(rat a - C G R P  200 nM, 20 min before) of neuronal 
CGRP receptors (n = 5, data not shown), indicating 
that either t reatment  did not unspecifically depress 
acetylcholine release from cholinergic neurons. 

Capsaicin (1 p~M) produced submaximal contrac- 
tions (range 34-70%) of the guinea-pig ileum, averag- 
ing 52.3 + 5.6 and 49.8 + 7.1% of the response to KC1 
in the absence and presence of L-nitroarginine, respec- 
tively (n = 5 for each group, n.s.). Blockade of 
tachykinin NK 3 receptors by SR 142801 (100 nM) did 
not affect the response to capsaicin (Fig. 4). When 
evoked in the presence of SR 142801 plus tachyphy- 
laxis of neuronal C G R P  receptors, the response to 

capsaicin was slightly (about 25% reduction) but signif- 
icantly reduced as compared to controls (P  < 0.05, Fig. 
4). 

4. Discussion 

In keeping with the results presented by Emonds-Alt 
et al. (1995), the present findings indicate that: (1) SR 
142801 is a potent and selective antagonist at tachykinin 
NK 3 receptors of the guinea-pig; (2) the blocking ac- 
tion of SR 142801 at guinea-pig and rat tachykinin 
NK 3 receptors is stereoselective, since the (R)-enanti-  
omer  (SR 142806) is at least 10-fold weaker; and (3) 
SR 142801 is consistently less potent at rat than 
guinea-pig tachykinin NK 3 receptors. The latter is fur- 
ther evidence for heterogeneity between the tachykinin 
NK 3 receptors expressed by these two species, as pre- 
viously shown by binding studies using SR 48968, 
[Pro7]neurokinin B (Petitet et al., 1993) and SR 142801 
itself (Emonds-Alt  et al., 1995). SR 142801 also exerts 
a sizeable antagonism at tachykinin NK 2 receptors 
(e.g. p K  B = 7.66 in the rabbit pulmonary artery) al- 
though its affinity for tachykinin NK 2 receptors is 
markedly lower than that for guinea-pig tachykinin 
NK 3 receptors (cf. Emonds-Alt  et al., 1995). 

By extending the analysis to the mechanism of 
tachykinin NK 3 receptor blockade produced by SR 
142801, we have shown that SR 142801 produces an 
essentially irreversible blockade of tachykinin NK 3 re- 
ceptors in the guinea-pig ileum. This conclusion is 
supported by the following observations: (a) the antag- 
onism produced by SR 142801 is not reversed by 
washout (up to 2 h from the administration), (b) the 
extent of the antagonism is t ime-dependent,  and (c) the 
concentration-response curves to the tachykinin NK 3 
receptor-selective agonist senktide undergo a non- 
parallel rightward shift with reduction of the maxi- 
mum, starting from 100 nM concentration of antago- 
nist. In keeping with our conclusion is the observation 
made by Emonds-Alt  et al. (1995), who noted that a 
long incubation period (140 min) is needed to allow SR 
142801 to display a 'full activity'. However, part  of the 
inhibition of the maximal response to senktide exerted 
by SR 142801 at the highest concentration tested (1 
txM) may be due to non-specific depression of smooth 
muscle contractility caused by this compound (and also 
by its (R)-enantiomer).  Concerning the latter effect, it 
may be argued that it is related to the binding affinity 
shown by SR 142801 for verapamil-sensitive Ca 2+ 
channels (Emonds-Alt  et al., 1995). It should be noted 
also that, at concentrations lower than 100 nM, SR 
142801 produced a block much like what would be 
expected for a competitive antagonist. This is not nec- 
essarily at variance with an irreversible mechanism of 
interaction of SR 142801 with guinea-pig tachykinin 
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NK 3 receptors, since even irreversible and non-compe- 
titive antagonists may produce competitive-like effects 
at low concentrations, depending on the receptor re- 
serve present in the preparation employed (Kenakin, 
1993). The affinity of SR 142801 for tachykinin NK 3 
receptors of the guinea-pig ileum was tentatively esti- 
mated (apparent p K ~ = 9 . 2 7 ;  senktide as agonist), 
which is in good agreement with that ( pKB= 9.15; 
[MePhe7]neurokinin B as agonist) reported by 
Emonds-Alt et al. (1995). However, owing to the irre- 
versible nature of this antagonist at guinea-pig 
tachykinin NK 3 receptors, such an affinity estimate has 
the important limitation to be dependent on the incu- 
bation time (Kenakin, 1993, for discussion), which, in 
our experiments, was 120 min. 

It is noteworthy that SR 140333 and SR 48968, two 
non-peptide antagonists bearing a chemical structure 
similar to SR 142801 (cf. Emonds-Alt et al., 1992, 1993, 
1995), exert an insurmountable, t ime-dependent, and 
slowly reversible antagonism at certain tachykinin NK 1 
and NK,  receptors (Emonds-Alt et al., 1992, 1993; 
Advenier et al., 1992, Maggi et al., 1993a; Patacchini et 
al., 1994), similar to that observed with SR 142801 at 
guinea-pig tachykinin NK 3 receptors (present results). 
Several explanations have been proposed, alternative 
to a slowly reversible/irreversible interaction with the 
target receptors, to account for the slow kinetics of 
action of both SR 140333 and SR 48968, including slow 
diffusion (Martin et al., 1992) and interaction with 
non-receptor binding sites close to the receptor region 
(Advenier et al., 1992). Although these hypotheses 
have not yet been proven or disproven, none of them 
can account for the overall pharmacological profile of 
SR 142801 at guinea-pig tachykinin NK 3 receptors. 
Not even the very high affinity for tachykinin receptors 
shown by the former SR compounds may explain in 
itself their slow reversibility from the receptor. In fact, 
we have recently shown that MEN 10,627, a novel 
tachykinin NK 2 receptor-selective antagonist endowed 
with an antagonist potency at least comparable to that 
of SR 48968 (Maggi et al., 1994b), displays simple 
competitive and reversible antagonism at tachykinin 
NK 2 receptors in the guinea-pig gallbladder and colon, 
two preparations in which SR 48968 behaves as an 
essentially irreversible antagonist (Patacchini et al., 
1994). Rather, we propose that certain chemical groups 
present in the structure of SR 140333, SR 48968 and 
SR 142801 might be responsible for a tight and slowly 
reversible interaction with putatively conserved residues 
in the sequence of tachykinin NK~, NK 2 and NK 3 
receptor proteins. 

The capsaicin-induced contraction of the longitudi- 
nal muscle of the guinea-pig ileum represents a 'classi- 
cal' test object for studying the role of the 'efferent '  
function of sensory neurons at the visceral level. Ear- 
lier studies had established that a large fraction (about 

70%) of this response is tetrodotoxin- and atropine- 
sensitive, implying that mediators released from pe- 
ripheral endings of afferent neurons produce their 
effect largely by stimulating cholinergic motoneurons 
in the myenteric plexus (Barth6 and Szolcsfinyi, 1978; 
Barth6 et al., 1982; Barth6 and Vizi, 1985; Takaki and 
Nakayama, 1989). The tetrodotoxin-resistant compo- 
nent of the response to capsaicin is thought to be 
mediated by endogenous tachykinins, probably acting 
via tachykinin NKI receptors on longitudinal muscle 
cells (see Barth6 and Holzer, 1985, for review). Since 
the contractile effect of capsaicin was depressed by 
substance P tachyphylaxis (Barth6 et al., 1982), and 
stimulation of tachykinin NK 3 receptors (by e.g. senk- 
tide) produces release of acetylcholine in the ileum 
(Guard and Watson, 1987; Fox and Morton, 1991) and 
depolarizes myenteric neurons (Hanani et al., 1988), it 
was speculated that endogenous tachykinins, probably 
substance P, released from afferent nerves by cap- 
saicin, produce acetylcholine release via tachykinin NK 3 
receptors on cholinergic neurons (see Barth6 and 
Holzer, 1985). The present findings demonstrate that if 
such a contribution exists, it is far less than it was 
hypothesized until now, since SR 140801 at a concen- 
tration producing > 90% inhibition of the response to 
senktide did not affect the response to an equieffective 
concentration of capsaicin. Thus, a selective blockade 
.of neuronal tachykinin NK~ receptors does not prevent 
neuronal excitation following application of capsaicin 
in the guinea-pig ileum. In addition to tachykinins, a 
number of other mediators are known to be stored in 
capsaicin-sensitive primary afferent neurons: CGRP is 
an important mediator of responses to capsaicin in 
various preparations. In the guinea-pig ileum, CGRP 
produces two distinct and opposite effects on contrac- 
tility: it relaxes the longitudinal muscle via CGRPI 
receptors, sensitive to blockade by the C-terminal frag- 
ment CGRP-(8-37), and produces neuronal excitation 
and acetylcholine release via CGRP: receptors, insen- 
sitive to CGRP-(8-37) (Barth6 et al., 1987a,b, 1991, 
1993). We have shown previously that CGRP tachyphy- 
laxis on neuronal CGRP receptors (in the presence of 
CGRP-(8-37) to block the muscle relaxant action of 
CGRP) is not sufficient to prevent the effect of cap- 
saicin in the longitudinal muscle of the ileum (Barth6 
et al.. 1993). In the present experiments the combined 
administration of SR 142801 and CGRP 2 receptor 
tachyphylaxis produced a quite limited but significant 
reduction of the response to capsaicin. As the neuro- 
genic response to CCK-8 was not affected, this small 
inhibitory effect appears selective and may indicate 
that both tachykinin NK 3 and CGRP 2 receptors con- 
tribute to capsaicin-induced contraction. However, a 
large part of the response to capsaicin remained un- 
changed, and this negative finding suggests that some 
other, thus far unknown, mediators are involved in the 
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response to capsaicin. As tachykinin NK 3 receptor 
stimulation is known to produce nitric oxide release in 
the enteric nervous system (Maggi et al., 1993b, 1994a), 
which may in turn affect neuromuscular excitability, 
these experiments were performed in the presence of 
i_-nitroarginine which, however, did not affect the re- 
sponse to capsaicin. 

In conclusion, the present findings demonstrate that 
SR 142801 is a potent and selective antagonist for the 
guinea-pig tachykinin NK 3 receptor. At this site we 
found that SR 142801 exerts an essentially irreversible 
antagonism, similary to that observed with the chemi- 
cally related compounds SR 140333 and SR 48968 at 
certain tachykinin NK~ and NK 2 receptors. Confirm- 
ing the findings of Emonds-Alt et al. (1995) we found 
that the affinity of SR 142801 is markedly species-de- 
pendent, a finding common to many tachykinin NK~ 
and NKz receptor-selective antagonists. Furthermore, 
the use of SR 142801 has provided evidence that, in 
the guinea-pig ileum, tachykinin NK 3 receptors play a 
minor role in the capsaicin-induced neuronal excitation 
of primary afferent nerves. 
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