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Tachykinin NK, receptor mediates contraction and ion transport in rat
colon by different mechanisms
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Abstract

We have characterized the tachykinin MK receptor-mediated contraction and vectorial ion transport responses in the muscularis
mucosae and mucosa of the rat isolated distal colon, respectively. The tachykinin NK receptor-selective antagonist nepadutant
(c{[(B-p-GIcNAC)Asn-Asp-Trp-Phe-Dpr-Ldu(c@58)}) produced competitive antagonism [gAla®lneurokinin A{ 4-10 -induced con-
traction (pKg = 9.3) in the muscularis mucosae, and insurmountable blockade of increases in short-circuit dygergsponses
(pKz =8.6) in the mucosa. However, this latter effect was completely reversed by washout of the antdgénéSiNeurokinin
A-(4-10)-induced contractions were unaffected by indomethacimM. In sharp contrast],. responses induced B Ala®]neurokinin
A-(4-10) (100 nM were inhibited> 70%) by indomethacit M), while I, responses to substance Pu.B1) were unchanged. Our
study provides the first evidence that in the same organ stimulation of tachykinin NK receptors leads to two independent responses
mediated by different effector mechanisms both of which are blogked albeit with different kinetics by the potent and selective
tachykinin NK, receptor antagonist, nepaduta®®001 Elsevier Science B.V. All rights reserved.
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1. Introduction tract, including( 2 direct smooth muscle contraction e.g.,
Maggi et al., 1992; Giuliani et al., 1991(,) 2 secretion of
Tachykinins are a family of neuropeptides distributed in fluid and electrolytes from intestinal muco¢éa Cox et al.,
the mammalian central and peripheral nervous system1993; Eutamene et al., 1985, add 3 visceral hypersensi-
which produce a wide range of biological effects through tivity and pain( Julia et al., 1994; Julia and Bueno, 1997 .
the stimulation of at least three distinct receptor types, Accordingly, tachykinin NK, receptor antagonists are
termed NK , NK, and NK ( Regoli et al., 1989; Guard viewed as possible drug candidates for the treatment of
and Watson, 1991; Maggi et al., 1993 . In the gastrointes- various intestinal diseases involving motility alterations,
tinal tract both anatomical and biochemical evidence indi- abnormal visceral sensation, diarrhoea and gut inflamma-
cates the existence of tachykinin-like immunoreactivity: at tion (Holzer and Holzer-Petsche, 1997a,b; Evangelista,
this level the bulk of extractable tachykinin-like immuno- 2000 .
reactivity originates from enteric intrinsic neurons, while Among the intestinal preparations used to study the
the remainder is contributed by the peripheral endings of effects of tachykinins in vitro, the rat distal colon is a
capsaicin-sensitive affererlts Maggi, 1995 . The tachykinin useful model in which both epithelial ion transport and
NK, receptor has been shown to mediate a variety of muscle contractile responses have been reported. Cox et al.
effects produced by tachykinins in the gastrointestinal (1993 showed that in the rat descending colon mucosa
under voltage-clamp conditions, tachykinins evoked in-
creases in short-circuit currefit,) responses by activating
" Corresponding author. Tel.+39-055-568-0350; fax-+30-055-568- & combination of tachykinin NK , N and NK - receptor
0419. types. Furthermore, in the rat distal colon muscularis mu-
E-mail address: chimfarm@menarini-ricerchet R. Patacchini . cosae tachykinins produce contractile responses that are
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apparently selectively mediated by tachykinin NK recep- 2.2. Short circuit current (I,.) measurement in the colon
tors alone( Astolfi et al., 1993 . mucosa
In the present work, we have studied the effects of a

tachykinin NK, receptor antagonist, nepadutant or MEN Sprague—Dawley rats male, 225-276 g were stunned
11420; Catalioto et al., 1998a , upon both ion transport and and killed by cervical .dIS|OC<’:l..tI0n apd the descending colon
smooth muscle contraction stimulated by an tachykinin fémoved and placed immediately in fresh Krebs—Henseleit
NK , receptor-preferring agonist in the rat isolated colon Solution(composition as above . Mucosal preparations of
mucosa and muscularis mucosae, respectively. From thesgl€scending colon were prepared, removing overlying
experiments, we observed that nepadutant has divergenfMo0th muscle by dissection and the resulting stripped
inhibitory mechanisms in the two assays, being competi- Mucosa was placed in between two halves of modified
tive in the muscularis mucosae and insurmountable in the USSing chambers with a window size of 0.64 criThe

mucosa. Thus, we have undertaken further studies to ad-ransmural short-circuit currefit,.) was recorded continu-
dress whether different effector mechanisms may underlie ©USly under voltage clamp 0 mV  conditions as described
the two responses, especially in relation to the generationin detail previously( Cox et al., 1993 . Colonic mucosae
of prostanoids. These are known to be produced following WWere allowed to equilibrate for 30 min during which time
activation of tachykinin NK receptors both in transfected the basall stabilised, before addition of peptides or
cells (Eistetter et al., 1991, 1993 and in intact tissues drugs to the basolateral compartment only. Under these
(Tramontana et al., 2000 , and may therefore contribute to cOnditions, we performed preliminary experiments to as-

o 8
both the contractile and secretory responses previouslySesS the reproducibility of the response[pAla®]neuro-
recorded for tachykinins in rat colonic tissue. kinin A-(4-10). In these experiments, we observed that a

single concentratiof M) of [BAla®lneurokinin A{ 4-
10), administered 30 min after washout [@fAla®]neuro-

2 Materials and methods kinin A-(4-10) given cumulatively to preparatiofis 1
was the highest concentration added at the end of the
2.1. Functional studies on the colon muscularis mucosae curve), produced only 2.2 4% of the maximal effect

obtained previously(n=12; P<0.0), so showing a
Male albino rats( Wistar strain, 300-350) g were significant tachyphylaxis had established. Thus, to circum-

stunned and bled. A 10-cm long segment of distal colon Vent this problem all studies with the antagonist were
was quickly excised about 1 cm from the rectum, and pgrformed following a modified protocol: fqur adjacent
placed in oxygenated 96% ,0 and 4% QO Krebs— PI€Ces of mucosa were used, 8one of 'W.hICh served to
Henseleit solutior( with the following composition: NaCl, C€onstruct a control curve ti3 Ala®Jneurokinin A{4-10 ,

119 mM; NaHCQ , 25 mM; KH PQ , 1.2 mM; MgSQ , yvhlle the other three preparations were exposed to single
1.5 mM; CaCl , 2.5 mM; KCI, 4.7 mM and glucose 11 increasing goncentr_anons Qf nepadutant. Nepa_dutant was
mM). Both circular and longitudinal muscle layers were @dded for different time periods 30, 60 °r890 tin before
peeled off with the use of a wisp of cotton wool, as addition of the agonist, and a curve [®Ala®Ineurokinin
described previously Bailey and Jordan, 1984; Astolfi et A-(4-10) was constructed thereafter. All the curves ob-
al., 1993 . The remaining tissue, consisting of epithelium f@inéd in the presence of nepadutant were compared to the
and muscularis mucosae, was cut into four longitudinal control one obtaln_e(_zl_ln the absence. In a series of experi-
segments and placed in 5-ml organ baths filled with oxy- Ments the reversibility of nepadutant was evaluated as
genated Krebs—Henseleit solution at °G7 containing follows: the preparations received initial additions _of
atropine ( 1pM) and indomethacin( 3.M). Each pre- [BAIaS]neqroklnln A{4-10 and these respon.:{es at time
paration was connected to an isometric transducer un- = —30 min were denoted as 100%. Followmgs washout
der a resting tension of 5 mN, for recording mechanical 15 Min prior(time= —15 min) to the seconfBAla”lneu-
activity. Cumulative concentration—response curves to the "0kinin A-(4-10) addition, nepadutant was added, or vehi-
tachykinin NK, receptor-selective agonif Ala®Ineuro- cle to controls. All subsequent agpnlst responses were
kinin A-(4-10) (Rovero et al., 1989 were constructed, calculated as a percentage of the interfgahla®]neuro-
each concentration being added when the effect of the Kinin A-(4-10) control. Washouts were performed at 30-min
preceding addition had reached a steady state. Nepadutarif'térvals thereafter and increaseslin were pooled from
(incubation period of 60 min was assayed for its ability to '€SPOnses within each respective group. Results were ex-
block the effects produced W Ala®Ineurokinin A{ 4-10 . pressed as the mean peak mcre_asdasgr(ptA/O.64 gn?) '

In order to ascertain whether inhibition of prostaglandin ncreases inlg; were analysed using Graphpad Priém San
production could alter the activity of botilgAla®lneuro-  Diego, USA; version 2.01 .

kinin A-(4-10) apd nepadu_tant, a series of experimgnts 2.3. Data analysis

were performed in preparations taken from a same animal,

which were incubated either in the presence or in the The “Schild plot” method( Arunlakshana and Schild,
absence of indomethacin |BM). 1959 was used to check the competition of nepadutant in
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the muscularis mucosae. A plot with linear regression line potently inhibited [BAla®]neurokinin  A{4-10 -induced
and slope not significantly different from unity was consid- contractions, producing parallel rightward shifts in the
ered as proof of competition. The antagonist affinity was agonist concentration—response curve without depressing
expressed as alfy, value (negative logarithm of the E,_,, (pKg=9.3+0.08;n=14; Fig. D. The competitive
antagonist dissociation constant and, assuming a slope ohature of antagonism exerted by nepadutant was confirmed
—1.0, was estimated as the mean of the individual values by the Schild plot slope:-1.2(95% CL:—1.5;— 1.0). To
obtained with the equation: Ky, = log[dose ratic- 1] — investigate the influence of prostanoid production on the
loglantagonist concentratibf Kenakin, 1997; Jenkinson, contractile responses mediated by tachykinin NK  receptor
1991 . In the colonic mucosa, nepadutant caused nonparalstimulation, the effects of botlg Ala®Ineurokinin A{ 4-10

lel rigthward shifts of the concentration—response curves and nepadutant were compared in further experiments
to [BAla®Ineurokinin A{4-10 , and decreased tlEe,_,. performed in the absence of indomethacin vs. experiments
Thus, the affinity of nepadutant for tachykinin NK recep- in the presence of indomethaciis Ala®]neurokinin A{ 4-

tors in this tissue was estimated by tfdouble reciprocal 10) produced comparable effects in the absehde, ¢

plot method described by Kenakift 1997 for noncompet- 7.4+ 0.06; n=4) and in the presende Op, = 7.5+ 0.09;

itive and/or pseudo-irreversible antagonists. In practice, a n=4) of indomethacin( 3.M). Nepadutan{ 10 nW was
double-reciprocal plot of equieffective concentrations of as potent in the absenéeKp =9.4+0.03; n=4) as in
agonist( A in the absencé /B) and in the presence the presenceé I§; = 9.6+ 0.11;n = 4) of cyclo-oxygenase
(1/A) of the antagonist( B was constructed, amd;

derived from the equatiork z = [Bl(slope— 1).

2.4. Qatigtical analysis

A

The values in the text, tables or figures are expressed as 100
means+ 95% confidence limit§ CL , or- S.E.M. Statisti- @ ]
cal analysis was performed using Studenitsst for paired 2 80
or unpaired data where applicablB.< 0.05 was consid- Q ] Cogre!
ered the level of statistical significance. Maximal agonist é’ 50 nepadutant
induced increases i, (quoted throughout ap.A /0.64 ] —&— InM
cm?) were pooled within each group and statistical com- § o3

. . 40 —&— 10 nM
parisons of the resulting meausS.E.M. were performed E A 300M
using unpaired Student'stest( P< 0.05 was significantly =
differend . § 20,

. 0 , . . :
2.5. Drugs and solutions 10 -9 8 7 5 5 4
Log M [BAl2%] NKA (4-10)

c{[(B-p-GIcNAc)Asn-Asp-Trp-Phe-Dpr-Leu(c 25B)) B
(Nepadutant andpAla®]neurokinin A{4-10 were syn- 3,
thesized at Menarini Ricercie Florence, ldaly by conven-
tional solid-phase methods. Other drugs used were: indo-
methacin( Sigma, St. Louis, MO, USA , atropife Serva,
Heidelberg, FRG , substance (P Peninsula Laboratories, 2
Merseyside, UK . Peptide stocks in agueous solution were j:
stored at —25°C and never underwent more than one =
freeze—thaw cycle. go N
3. Results

0 . . )
. . . . 7 8 9 10

3.1. Tachykinin NK, receptor-mediated contractionsin the - Log [nepadutant]
rat isolated distal colon muscularis mucosae Fig. 1. Antagonism by nepadutant of tachykinin MK receptor-mediated

contractions in the rat isolated distal colon muscularis mucdsae. A Log

In the presence of indomethacﬁnpﬂ/l) the tachykinin concentration—response curves f@Ala®lneurokinin A{4-10 in the

. 8 . ) ) absence and presence of nepadutant. Each value ist&&M. of 3-4
NK, receptor agonistAla®lneurokinin A{4-10 pro experiments( B Corresponding Schild plot of agonist dose ratios vs.

duced concentration-dependent and reproducible contracsepadutant concentratiors slopel.2; 95% CL: —1.5; —1.0). Each
tile response$ P, =7.6; 95% CL 7.3; 7.8 . Nepadutant value is the meas S.E.M. of 3—4 experiments.
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Fig. 2. Representative traces of the changes in short-circuit curtgnt
induced by cumulative additions ¢pAla®lneurokinin A{4-10 to rat

descending colon mucosa, in the absefnce uppentrace or présence lower

trace of nepadutart 3 nM added 60 min prior to the first addition of
agonist. Basallg, values were 32 and 1p.A for the upper and lower
traces, respectively. Basolateral additiond@Ala®]neurokinin A{ 4-10

are shown by arrows.

inhibitor, showing apparent competitive kinetics in both
cases.

control
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Fig. 3. Antagonism by nepadutant of tachykinin K receptor-mediated produced by[BAla®Ineurokinin A{4-10 and substance P in the rat

elevation of short-circuit currerft,.) in the rat descending colon mucosa.
Log concentration—response curves fgAla®]neurokinin A(4-10 are
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3.2. Tachykinin NK, receptor-mediated changes in ion
secretion in the mucosa of the rat distal colon

The basall,, value recorded from the mucosa at the
end of the equilibration period averaged 14.8 A /0.64
cm? (n=10). Addition of [gAla®Ineurokinin A{4-10
produced a concentration-dependent increasé,ofpD ,
=7.2;95% CL: 6.9; 7.4 E,, = 46.5+ 9 wA /0.64 cnt
(n=10) (Figs. 2 and B . Nepadutafit 3—30 nM; 60-min
incubation periogl produced a nonparallel rightward shift
of the agonist curve, accompanied by a depressioR, gf,
(77 + 7%; 624+ 9%; 45+ 9% were the maximal responses
obtained in the presence of nepadutant 3, 10 and 30 nM
compared to the control maximum, respectively; Fig. 3 . In
order to investigate the role of prostanoid production upon

A [BAl28] NKA (4-10)
60 (100 nM)
—QO— control
50

—@— + indomethacin
(3 M)

increase in I (1A/0.64 cm’)

0 10 20 30 40 50

60
time (min)
B
120,
"8 100
o Substance P
3 (3 pM)
o 80 —{1— control
~
i —l— + indomethacin
= 60 (3 M)
£
o 40/
%)
]
e \é\é}
E 20
0l . . ,
0 5 10 15

time (min)
Fig. 4. Effect of indomethacin on elevation of short-circuit curréit)

descending colon mucosa. The time-course of the response to
[BAla®Ineurokinin A{4-10 ( 100 nM and substance Pp.B1) is shown

shown in the absence and in the presence of increasing concentrations of+indomethacir{ 31M) in panels( A and B , respectively. Each value is
nepadutanf preincubation period was 60 min throughout . Each value is the mean S.E.M. of seven experiments.Significantly different from

the meant S.E.M. of 4-10 experiments.

time-matched control responsi;< 0.05.
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I, we compared the effects produced BAla®]neuro- tant inhibition were studied. In the first set of experiments
kinin A-(4-10) in preparations pretreated with indo- the inhibition exerted by nepadutanf 10 h©M on
methacin vs. vehicle-pretreated preparations. Indomethacin g Ala®]neurokinin  A{4-10 response¢ 100 DM was
(3 wM:; for 30 min) significantly decreased bashl per se slowly reversed over a period of 30-90 min following
(—11.64+ 4%, n=7; P<0.05 as compared to vehi¢le . washout of the antagoniét Fig) 5. In a subsequent series
In the presence of indomethad{n 1 @V) the response to  of experiments nepadutaft 10 nM was kept in contact
[BAla®Ineurokinin A{4-10 ( 100 nN was greatly inhib- with the colonic mucosa for 30, 60 or 90 min before
ited (> 70% reduction; Fig. 4A as compared to control. In constructing a concentration—response curve to the agonist.
sharp contrast, responses to the tachykinin,NK receptor-The prolongation of the incubation period from 30 to 60
preferring agonist substance( Pp8/1; administered 45—-60 min resulted in a greater rightward shift of the agonist
min after indomethacin to tissues previously exposed to curve and a further decrease of tlg,,, (77 + 10% vs.
[BAla®lneurokinin A{4-10 , was totally unaffected by 63+ 9% of the corresponding control, respectivety=
indomethacirn( Fig. 4B . In control experiments, the maxi- 6—10 , whereas no difference was noted between the curves
mal response tdpAla®lneurokinin A{4-10 ( 100 nM, obtained after 90 and 60 min of antagor(i&,,, = 63+
41.44 105 nA. wA/0.64 cnf ,n=7) was reached be- 9% vs. 61+ 9% of control, respectively . The latter find-
tween 15 and 20 min after agonist addition, whereas in the ings indicate that a 60-min incubation period is sufficient
presence of indomethacin the maximufm 14.3.6 for nepadutant to attain equilibrium with tachykinin NK
wA /0.64 cnf ,n = 7) was reached within 5 mih Fig. A .  receptors present in the colonic mucosa. Since the insur-
The response to substance P developed quickly maximummountable antagonism exerted by nepadutant against
reached within 2-3 min and was not significantly altered [BAla®]neurokinin A{4-10 is not apparently a conse-
by the presence of indomethadin Fig.)4B . guence of an irreversible interaction with the tachykinin
NK, receptors, the apparenKp, value was estimated by
3.3. Reversibility and time-dependency of the effect of the “double reciprocal plot methdd(see Materials and
nepadutant in the mucosa of the rat distal colon method$ for noncompetitive apidr pseudo-irreversible
antagonists and was calculated as8.6.14(n = 3).

To investigate whether the insurmountable antagonism
exhibited by nepadutant ol responses could result from
an irreversible interaction with tachykinin NK receptors, . )
both the reversibility and the time-dependency of nepadu- 4 Discussion

Previously published studies investigating tachykinin
[BAl=8] NKA (4-10) NK, receptors stably transfected into different host cells,
(100 nM) have indicated that stimulation of these receptors leads to
—O— control activation of several intracellular pathways, including
100, T phosphatidylinositol hydrolysis, cCAMP formation and in-
creased arachidonic acid metaboli§m Henderson et al.,
1990; Nakajima et al., 1992; Eistetter et al., 1991, 1993;
Arkinstall et al., 1994 . Recently we have provided evi-
dence for independent coupling of the human tachykinin
NK, receptor with two distinct intracellular pathways
namely activation of¢ )i phospholipase C leading to forma-
tion of inositol trisphosphaté I , ard)ii phospholipase
A, leading to the release of arachidonic acid and prosta-
* glandin E, formation( Catalioto et al., 1998b . In the
present study we have explored the possibility that
tachykinin NK, receptor-stimulated changes in epithelial
ol . : , . ion secretion and smooth muscle contraction are dependent
0 30 60 90 upon the formation of endogenous prostanoids. Our data
time (min) clearly show that blockade of prostanoid synthesis by
Fig. 5. Reversibility of the blockade produced by nepadutant upon Pretreatment with indomethacin, greatly reduced mucosal
[BAla®Ineurokinin A{ 4-10 -induced elevation of short-circuit current ion transport induced byBAla®lneurokinin A{4-10 . In
(Is) in the rat descending colon mucosa. The responses to single contrast, the contractile response of the muscularis mu-
C(t))ncentratiohs (t)EBAIag]neuéroki?ing)( 4;10( lgotnl\)l( ir(()e sr'zﬂow]erin the  cosae toBAla8]neurokinin A{4-10 was totally indepen-

e um o1 nepaautan nivi; min . . . .
ﬁ]csuebna‘iﬁ);f r::\d aefteri'rszgo and 90 min fr(?m washout of the antagonist. dent of prost_anmd formation. T_hese observations are in
* Significantly different from the corresponding value obtained in con- agreement with the results obtained by Tramontana et al.
trols. Each point is the meanS.E.M. of 8—10 experiments. (2000 who, using the hamster isolated urinary blad-

% OF INITIAL RESPONSE
B (o)) o]
S S 3
*

N
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der found[BAla®]neurokinin A{4-10 capable of stimu- Both the capacity of the effector systém s involved,
lating both contraction of smooth muscle and release of and the kinetics of the effects produced by the chemical
prostaglandin k£ . However, the contractile response to mediators participating to the tachykinin NK receptor-in-
[BAla®]neurokinin A{ 4-10 was unaffected by blockade of duced changes in ion secretion might be important steps in
cycloxygenasé Tramontana et al., 2D00 . determining the apparent noncompetitive behaviour of
Nepadutant( MEN 11420 is a bicyclic peptide com- nepadutant. To this respect it is worth noting that although
pound with high potency and selectivity for tachykinin [BAla®]neurokinin A{4-10 produced contraction and ele-
NK, receptors( Catalioto et al., 1998a . In the rat urinary vated I, with comparable potenciegs Op,= 7.6 and 7.2,
bladder it competitively blocks with nanomolar affinity respectively , the contractile response could be obtained
(pKz =9.0 tachykinin NK, receptor-mediated contrac- without significant desensitization, whereas the secretory
tions produced bypAla®lneurokinin A{4-10 ( Catalioto  response was subject to marked desensitization. The rea-
et al., 1998x . The present data obtained in the muscularissons for the latter behaviour B Ala®]neurokinin A{ 4-10
mucosael Ky =9.3) and mucosé kg = 8.6) of the rat are currently unknown.
colon provide further evidence that nepadutant is a potent Another possible explanation for the different antago-
antagonist of the tachykinin NX receptor in this species. nism produced by nepadutant in the two preparations is
However, we found a difference in the type of antagonism that nepadutant is capable of distinguishing between two
exerted by nepadutant in the two preparations; insurmount-conformers of the tachykinin NK receptor in the rat
able antagonism in the colon mucosa and simple competi-colon. The first could be coupled to a G-protein leading to
tive antagonism in the muscularis mucosae. Our conse-prostanoid formation and increased ion transport, and the
guent assessment of the reversibility and time-dependencysecond one coupled to a G-protein leading to activation of
of this receptor blockade by nepadutant in the colon a nonprostanoid-mediated mechanism producing contrac-
mucosa showed that the antagonist did not act as a pureion. Thus, nepadutant might bind the two putative con-
irreversible ligand. In fact, the insurmountable blockade of formers of the tachykinin NK receptor with competitive
tachykinin NK, -mediated changes in ion transport induced vs. noncompetitive kinetics, and quite different affinities
by nepadutant was slowly but completely reversed by (pKgz = 9.3 vs. 8.6 , respectively.
washout. A 60-min incubation period was sufficient for In the present study ion transport evoked by the
nepadutant to attain equilibrium with the tachykinin NK  tachykinin NK; receptor-preferring agonist substance P
receptors. In principle it may still be possible that the was not altered by indomethacin. This strongly suggests
insurmountable blockade produced by nepadutant dependshat stimulation of tachykinin NK receptors in the rat
on the slow kinetics observed i.e., it is a question of colon mucosa leads to increaskd via a different mecha-
pseudo-irreversible antagonism, as defined by Kenakin, nism(9 to that activated by tachykinin NK receptor stim-
1997 . An alternative explanation such as different rates of ulation ( prostanoid-independent vs. prostanoid-dependent .
nepadutant degradation in the two tissues, probably doesAnother difference between the responses produced by
not account for the observed differences. This is because,substance P ar{@ Ala®Jneurokinin A{4-10 in the colonic
irrespective of its peptidic structure, nepadutant has beenmucosa is that the former develops more rapidly maximal
shown to be extremely resistant to degradation by pepti- within 5 min from agonist addition than the latter maxi-
dases and other degrading enzyraes Catalioto et al., 1998amal at 15-20 min . It is worth noting that the maximum of
Lippi et al., 1998 . In particular, less than 10% of nepadu- the residual anion secretion induced [BAla®]neurokinin
tant undergoes degradation after a 6-h incubation periodA-(4-10) in the presence of indomethacin was reached
with liver or rat intestine homogenatdés Catalioto et al., much earlier than that obtained in the absence of indo-
19983 . methacin. This latter observation suggests that this residual
Rather, we think that the different types of antagonism effect may be due to stimulation of tachykinin NK recep-
produced by nepadutant in the two bioassays may betors by[pBAla®]neurokinin A{4-10 , whose ability to acti-
dependent upon the different effector mechanisms underly-vate tachykinin NK receptors at high concentrations has
ing either contraction or increaseli,. Thus, while the been reported previously Patacchini et al., 1994 .
contractile response evoked in the muscularis mucosa is In conclusion, our study provides evidence that in the
likely to be obtained through direct stimulation of rat colon stimulation of tachykinin NK receptors leads to
tachykinin NK, receptors present on smooth muscle cells two independent responses; contraction obtained in the
(Holzer and Holzer-Petsche, 1997a, mucosal responsesnuscularis mucosae preparafion and increased vectorial
are most likely a combination of direct epitheli@l tetro- ion transport responsés obtained in the murosa . The latter
dotoxin-resistant; Cox et al., 1993 and indirect, neuro- are mediated by a combination of prostanoid-dependent
genic response§ tetrodotoxin-sensitive, Cox et al., 1993 ,and independent mechanisms. The selective tachykinin
together with another tetrodotoxin-resistant mechanism, NK , receptor antagonist, nepadutant, blocked agonist re-
possibly mast cell-mediated and resulting in the generation sponses in these two colonic target tissues with different
of prostanoids which elevaté,. over a more prolonged kinetics, competitive vs. noncompetitive, respectively. The
timescale. underlying reasons for the differences in observed antago-
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nism remain unclear but are likely to be dependent upon  A., Maggi, C.A., 1991. NK tachykinin receptors and contraction of

the effector mechanisms predominantly responsible for the the circular muscle of the human colon: characterization of thg NK
receptor subtype. Eur. J. Pharmacol. 203, 365—-370.

r_eSppnseS stimulated by tachykinin K receptor activa- Guard, S., Watson, S.P., 1991. Tachykinin receptor types: classification
tion in the rat colon. and membrane signalling mechanisms. Neurochem. Int. 18, 149—165.
Henderson, A.K., Lai, J., Buck, S.H., Fujiwara, Y., Singh, G., Yama-
mura, M.S., Nakanishi, S., Roeske, W.R., Yamamura, H.l., 1990. A
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