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Functional characterization of tachykinin NK; receptors in the

mouse uterus
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1 Contractility studies were undertaken to determine the nature of the receptors mediating
responses to tachykinins in uteri of oestrogen-treated mice.

2 In the presence of thiorphan, (3 uM), captopril (10 uM) and bestatin (10 um), substance P (SP),
neurokinin A (NKA) and neurokinin B (NKB) produced concentration-related contractions of
uterine preparations. The order of potency was SP >NKA >NKB.

3 Neither atropine (0.1 uM) nor I-NOLA (100 uM), nor indomethacin (10 uM) alone or in
combination with either ranitidine (10 uM) or mepyramine (10 uM), affected responses to SP. These
findings indicate that SP actions are not mediated or modulated through the release of acetylcholine,
nitric oxide, prostanoids or histamine.

4 In the presence of peptidase inhibitors, the tachykinin NK; receptor-selective agonist
[Sar’Met(O,)""]SP, produced a concentration-dependent contractile effect. The tachykinin NK,
and NK; receptor-selective agonists [Lys’MeLeu’Nle'']INKA(4-10) and [MePhe’]NKB were relatively
inactive. The potencies of SP analogues in which Glu replaced Gln® and/or Gln® were similar to that
of SP.

5 The tachykinin NK; receptor-selective antagonist, SR140333 (10 nMm), alone or combined with
the tachykinin NK, receptor-selective antagonist, SR48968 (10 nMm), shifted log concentration curves
to SP, NKA and NKB to the right. SR140333 (10 nM) reduced the effect of [Sar’Met(O,)''|SP.
SR48968 did not affect responses to SP or [Sar’Met(O,)"']SP, but reduced the effect of higher
concentrations of NKA and shifted the log concentration-response curve to NKB to the right. The
tachykinin NKj receptor-selective antagonist, SR 142801 (0.3 uM), had little effect on responses to
SP and NKB.

6 We conclude that the tachykinin NK; receptor mediates contractile effects of SP, NKA and
NKB and [Sar’Met(O,)""]SP in myometrium from the oestrogen-primed mouse. The tachykinin NK,

receptor may also participate in the responses to NKA and NKB.
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mino-4-phenylpiperidino)-2-((3,4-dichlorophenyl)butyl]benzamide); SR142801, ((S)-(N)-(1-(3-(1-benzoyl-3-(3,4-
dichlorophenyl)piperidin-3-yl)propyl)-4-phenylpiperidin-4-yl)- N-methylacetamide)

Introduction

Tachykinin-immunoreactive sensory neurones supply the
female genital tract in a number of species including the
human (Samuelson et al., 1985; Heinrich et al., 1986; Franco-
Cereceda et al., 1987), rat (Huang et al., 1984; Springall et al.,
1984), guinea-pig (Huang ef al, 1984; Alm & Lundberg,
1988), and mouse (Huang et al., 1984). The tachykinins
expressed in these nerves include SP and NKA, which can
interact with three receptor types, designated NK;, NK, and
NK;. While SP, NKA and NKB are tachykinin NK;, NK,
and NKj; receptor-preferring, respectively; high concentra-
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tions of each can activate all three receptor subtypes (Maggi,
1995). Although NKB is not generally believed to be present
in peripheral sensory nerves it has been reported to be
expressed in the human placenta (Page er al., 2000) and the
gene that encodes it, pre-protachykinin-B, is present in the rat
uterus (Pinto et al., 2001). Tachykinins have also been
reported to be present in a number of other cell types present
in the genito-urinary tract (Patak er al., 2000a).

While it is now well established that sensory neurotrans-
mitters, including the tachykinins, can be released from the
peripheral terminals of capsaicin-sensitive sensory neurones
to produce a number of local effects (Lembeck & Holzer,
1979; Maggi & Meli, 1988), the possible effects of release
from these nerves or other sources on uterine functions are
still unclear. Investigations of the actions of tachykinins on
uterine function so far have indicated that SP may participate
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in stress-induced abortion in the mouse and possibly the
human (Arck et al., 1995; Markert et al., 1997; Marx et al.,
1999; Joachim et al., 2001). This effect has been attributed to
a local action of SP via tachykinin NK; receptors to release
TNF-a.

There have been several investigations of the effects of
tachykinins on myometrial contractility in the last decade; the
large majority of these have been on the rat uterus (Barr et
al., 1991; Fisher et al., 1993; Fisher & Pennefather, 1997;
1998; 1999; Magraner et al., 1997; 1998; Moodley et al., 1999;
Shintani et al., 2000; Candenas et al., 2001). These studies
have established that in that species, although NK; and NK3
receptors are expressed in the uterus, the contractile effects of
the mammalian tachykinins in tissues from non-pregnant
animals are mediated predominantly by NK, receptors. In
this respect the rat is similar to the human (Patak et al,
2000a,b,c). In the present study we describe the effects of
tachykinins on the smooth muscle of the mouse uterus since
this species potentially affords the possibility of using
genetically modified animals such as gene knockouts for
studying dysfunctions of the uterus. Moreover in the mouse
as in the human it has been proposed, as stated above, that
tachykinins may participate in stress-induced abortion (Arck
et al., 1995; Markert et al., 1997; Marx et al., 1999; Joachim
et al., 2001).

Preliminary communication of some of the results of this
study has been presented previously (Fleming et al., 1998).

Methods

Prior ethical approval for this study was obtained from the
Monash University Standing Committee on Ethics in Animal
Experimentation.

Animals and treatments

Female, virgin Balb C mice were housed in the Departmental
Animal house at 22°C where they were exposed to a photo-
period of 12 h light and 12 h dark and were allowed access to
food and water ad [libitum. Twenty-four hours prior to
experimentation mice were administered a single injection of
oestradiol cypionate (200 ug kg~') in peanut oil (0.1 ml kg™!
S.C.).

Animals weighed 20—25 g at the time of experimentation.
They were killed by firstly anaesthetizing with CO, followed
by decapitation. Vaginal smears were taken to confirm the
presence of cornified epithelial cells indicating an oestrous-
like state. These were stained with Giemsa stain which was
made by dissolving Giemsa in citric acid/phosphate buffer
(pH 4.0). This buffer contained 0.1 M of citric acid, 0.2 M
disodium hydrogen peroxide phosphate in 25% methanol.
Slides were dried and left overnight in the stain before rinsing
with methanol.

Preparations

Both uterine horns were removed, cleared of surrounding fat
and connective tissue and placed in a petri dish containing a
modified Krebs-Henseleit solution of the following composi-
tion (mM: NaCl 118.0; KCl1 4.7, MgS0,.7H,0 1.1; KH,PO,
1.18; NaHCOj5 25.0; glucose 11.66; CaCl,.2H,O 1.9). Each

horn was opened along the mesometrial border and
transected medially allowing for four preparations per
animal. These were tied to tissue holders so as to record
contractile force produced by the longitudinally-oriented
smooth muscle fibres. Preparations were placed into
siliconized, 5 ml isolated organ baths containing the modified
Krebs-Henseleit solution warmed to 37°C and continuously
bubbled with 95% O,, in 5% CO,, pH=74. Each
preparation was attached to a Grass FT03 force transducer
that was connected to a MACLAB data acquisition system.

Agonist log concentration-response-curves

Each tissue was allowed to equilibrate for 60 min under 1 g
force and washed every 20 min before drugs were added. To
prevent peptide inactivation, which is prominent in the
uterus (Fisher & Pennefather, 1997, Magraner et al., 1998)
the peptidase inhibitors thiorphan (3 um), captopril (10 um)
and bestatin (10 uM) were present throughout the experi-
ments, being replaced each time the bath was washed out.
Agonist log concentration-response curves, usually using a
progression ratio of half a log unit over 5.5 orders of
magnitude, were constructed on each tissue using the
discrete method. In a subset of experiments with SP the
progression ratio was 1 log unit. Each agonist concentration
remained in contact with the tissue for 5 min, the tissue was
then washed with 2—3 times the bath volume and a higher
concentration of agonist was added 15 min later. Only one
concentration-response curve was constructed on each
preparation. At the conclusion of each experiment each
tissue was exposed for S min to a single concentration
(0.1 um) of methacholine. Following this the tissue was
exposed to a modified Krebs solution (KPSS) in which
40 mM KCl replaced 40 mm NaCl; the responses to KPSS
were measured over the 5 min exposure period. Each
preparation was weighed at the end of each experiment;
the mean tissue weights of preparations used in this study
were 29.1+0.42 mg (n=440 preparations from 110 mice).

Antagonist studies

The effects of the antagonists on responses to each agonist
were determined by comparing the control agonist log
concentration response curve constructed on one preparation
from each animal with curves obtained on the other
preparations from the same animal in the presence of the
antagonist alone or in combination. Each antagonist was
added at the beginning of the equilibration period and
replaced each time the bath was washed out. In the series of
experiments with the NK; and NK, antagonists, SR140333
and SR48968 respectively, using mammalian tachykinins, the
ethanol vehicle used for solution of the antagonists was
present in a concentration of 0.001% in all four preparations.

Data analysis

Responses to all agonists were measured as area under the
force-time curve (gs), for the 5 min period that the agonist
remained in contact with the tissue. Responses were also
expressed as a percentage of the corresponding response to
40 mM KPSS. Results are expressed as mean+s.e.mean; n
values refer to the numbers of mice used.
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To determine agonist potencies in the absence and/or the
presence of antagonists mean log concentration-response
curves were constructed using non-linear regression analysis
in GRAPHPAD PRrRISM 3 to determine pD, values.
EnaxY0KPSS was defined as the maximum response to an
agonist, expressed as a percentage of the response to KPSS.
If pairs of mean regression lines over the linear range of the
log concentration-response curves were parallel, a potency
ratio with 95% confidence limits was obtained using the
analysis described in Documenta Geigy (1970) as described
previously (Fisher & Pennefather, 1997). Shifts were con-
sidered significant when the 95% confidence limits did not
include one. pK,, estimates (pKy,=1og (concentration ratio-1)
—log (antagonist concentration) were calculated when shifts
in the positions of log concentration-response curves were
parallel, with no evidence for significant depression of E ..
Other statistical procedures used included one- and two-way
analyses of variance followed by Student Newman Keuls’
pairwise test for multiple comparisons and Student’s unpaired
‘" tests to compare the means of two groups using
SIGMASTAT or INSTAT (Version 2). Statistical significance
was accepted when P<0.05.

Drugs and solutions

The drugs used were: acetyl-f-methylcholine chloride (metha-
choline chloride), atropine sulphate, bestatin (Sigma);
captopril (D-3-mercapto-2-methyl propanoyl-L-proline) (Sig-
ma); histamine (2-[-4-imidazolyl]ethylamine dihydrochloride
(Sigma); indomethacin (Sigma); [Lys’MeLeu’Nle'’]NKA(4-
10) (RBI); mepyramine maleate (Sigma); neurokinin A
(Auspep); neurokinin B (Auspep); [N-MePhe’INKB (Aus-
pep); N()-nitro-L-arginine (L-NOLA, Sigma) oestradiol-17 f
cypionate (Sigma); ranitidine(Sigma); [Sar’Met(O,)'']SP (Aus-
pep); SR140333 (1-{2-(3,4-dichlorophenyl)-1-(3-isopropoxy-
phenylacetyl)  piperidin-3-ylJethyl}-4phenyl-1-azonia-bicyclo
[2.2.2]octane, SR48968 ((S)-N-methyl-N[4-acetylamino-4-phe-
nylpiperidino)-2-((3,4-dichlorophenyl)butyl]benzamide)  and
SR 142801 ((S)-(N)-(1-(3-(1-benzoyl-3-(3,4-dichlorophenyl)pi-
peridin-3-yl)propyl)-4-phenylpiperidin-4-yl)- N-methylacetamide)
(all generous gifts from Dr X. Emonds-Alt, Sanofi
Recherche, France); substance P (SP, Auspep); [Glu’]SP,
[Glu>¢]SP, [GIu®]SP (all gifts from Auspep); DL-Thiorphan
(Sigma). Atropine, captopril, histamine, mepyramine, raniti-

0 agonist addition ® wash

5 min
o] ]
T [}

SP 0.1 nM

1nM 3nM 10 nM 30 nM

dine and thiorphan were dissolved in distilled water.
Neurokinin B (NKB) and [MePhe’]NKB were dissolved in
0.1 M ammonia. Indomethacin was dissolved in a 0.1 M and
L-NOLA in 1 M sodium carbonate and were further diluted
in distilled water. SR140333, SR48968 and SR142801 were
dissolved in absolute ethanol and further diluted in distilled
water. All remaining compounds were dissolved in dilute
hydrochloric acid (0.01 M). Stock solutions of bestatin
(10 mMm), captopril (10 mM), histamine (1 mM), indomethacin
(10 mM), mepyramine (10 mM), methacholine (10 mM),
ranitidine (10 mM), SR140333 (1 mMm), SR48968 (1 mMm) and
SR142801 (1 mM) were stored in the refrigerator. Standard
solutions (1 mMm) of all peptides and thiorphan were aliquoted
into Eppendorf tubes and stored at —20°C. Oestradiol
cypionate was prepared by first dissolving it in 0.1 ml of
ethanol and then diluted in peanut oil (Crisco) up to 10 ml. It
was protected from light by foil wrapping and storage in the
dark.

Results
Vaginal smears

Histological examination of vaginal smears from oestrogen-
treated mice used in this investigation confirmed cornification
of the vaginal epithelium.

Agonist studies

All preparations initially exhibited spontaneous activity.
Figure 1 shows a typical log concentration response curve
to SP, together with responses to methacholine (0.1 uM) and
KPSS. No significant differences in the mean responses to
KPSS were observed in experiments in which the potencies of
the agonists were compared (Table 1; one-way ANOVA,
P>0.05). The mean responses to methacholine were also
similar in these experiments in which the potencies of
agonists were compared (one-way ANOVA, P>0.05). The
overall mean response to methacholine (0.1 uM) from the
agonist experiments shown in Table 1 was 52.4+4.38% (n=06
groups of 6—10 preparations) of the response to KPSS.

The mean maximal responses to the mammalian tachykinins
were similar to or significantly lower than the mean responses to

A A A A Al

0.1 uM 0.3 M 1M 0.1 uM

MCh

KPSS

Figure 1 Trace showing contractile responses of a myometrial preparation obtained from an oestrogen-primed mouse
(200 pug kg=" oestradiol cypionate s.c.) to increasing concentrations of SP in the presence of peptidase inhibitors thiorphan
(3 um), captopril (10 um) and bestatin (10 um). After construction of the concentration-response curve, the tissue was exposed to
methacholine (MCh, 0.1 uMm), washed, and exposed to a high potassium bathing solution (KPSS).
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Table 1 Effects of peptides, methacholine (0.1 um) and KPSS on myometrium from oestrogen-primed mice

Response to KPSS

Agonist n (gs/5 min+s.e.mean)
Sp 10 533.31+42.50
NKA 10 533.26+43.60
NKB 10 570.93+39.94
[Sar’Met(0,)'']SP 8 557.72+97.22
[Lys’MeLeu’Nle'’]NKA(4-10) 6 365.79+35.39
[N-MePhe’]NKB 6 389.60+74.40

Response to methacholine
(% KPSS +s.e.mean)

Peptide E,,,.
(% KPSS +s.e.mean)

Peptide potency
(pD;,+s.e.mean)

64.91+11.13 41.98+6.07 8.36+0.11
46.30+£4.66 37.06+5.04 8.07+0.19
66.50+7.67 39.28+4.42° 6.9840.15""
48.00+5.91 22.20+ 5.12%bee 7.80+0.35¢
48.26+5.72 11.63+2.49%¢ N/A
40.27+10.24 4.594+3.06" ¢ N/A

a-dSjgnificantly different from corresponding estimates for SP, NKA, NKB and [Sar’Met(O,)''SP, respectively; one-way ANOVA
P<0.001, and Student Newman Keuls multiple pairwise comparison; P<0.05; Significantly different from corresponding response to

methacholine. N/A not applicable.

methacholine (0.1 M) (Table 1). Figure 2a shows log concen-
tration-response curves to SP, NK A and NKB. All three agonists
produced maximal responses that did not differ significantly
from one another (Table 1, one-way ANOVA, P>0.05) whether
expressed as gs over the 5 min contact period (data not shown),
or as a percentage of the KPSS response (E.x% KPSS).

The relative order of agonist potency was
SP>NKA >NKB (Figure 2a, Table 1).

Responses to tachykinin receptor-preferring agonists

The effects of [Sar’Met(O,)""]SP (tachykinin NK; receptor-
preferring), [Lys°MeLeu’Nle'’]NKA(4-10) (tachykinin NK,
receptor-preferring) and [N-MePhe’INKB (tachykinin NK3
receptor-preferring) were investigated. Figure 2b shows log
concentration-response curves to these peptides. Only
[Sar’Met(O,)""|SP acted as an agonist in these experiments,
its maximal effect was lower than that of SP but its potency
was similar to that of SP (Figure 2b, Table 1).

Responses to Gluw’ analogues of SP

In a separate series of experiments (n=6) the potencies of
three analogues of SP in which GIn® and/or GIn® were
replaced with Glu were compared with SP. In this series of
experiments the mean responses to KPSS and methacholine
were similar in each of the four treatment groups (one-way
ANOVA, P>0.05). All three analogues acted as full agonists,
thus the mean E,,,,%KPSS did not differ significantly from
those for SP (one-way-ANOVA, P>0.05) in this series of
experiments, and the pD, values were similar to those for SP.

Effects of atropine, L-NOLA, and indomethacin alone and
in the presence of ranitidine or mepyramine on the
response to SP

Two series of experiments were conducted to determine
whether the effects of SP were mediated or modified through
the release/formation of acetylcholine, nitric oxide, histamine
or prostanoids. In the first series the effects of atropine
(0.1 uM) or L-NOLA (100 uM) on log concentration-response
curves to SP were determined (n=4). Neither shifted the SP
curves (two-way ANOVA, P>0.05).

In the second series of experiments (z=11) the effects of
indomethacin (10 uM), alone or in combination with
mepyramine (0.1 uM) or ranitidine (10 uM) on responses to
SP were determined. None of the inhibitor combinations led
to significant shifts in the log concentration-response curves
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Figure 2 Log concentration-response curves to tachykinin peptides
on oestrogen-primed mouse uterus. Data points are mean respon-
sest+s.e.mean and are expressed as a percentage of the response to
KPSS. (a) Mean responses to SP (n=10), NKA (n=10) and NKB
(n=10). The curve for SP lies to the left of that for NKA and that
for NKB lies to the right of both SP and NKA. (b) Mean responses
to [Sar’Met(0,)''|SP (tachykinin NK; receptor-selective, n=38),
[Lys°MeLeu’Nle'’]NKA(4-10) (tachykinin NK, receptor-selective,
n="6), and [MePhe’]NKB (tachykinin NK; receptor-selective, 7= 6).
Only [Sar’Met(O,)'']SP was an effective agonist over the concentra-
tion range applied.

to SP. Nor did they alter the mean responses to KPSS or
methacholine (two-way ANOVAs, P>0.05).
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Figure 3 Log concentration-response curves to SP (a; n=10), NKA (b; n=9) , NKB (c; n=9) and [Sar’Met(0,)'']SP (d; n=6) on
oestrogen-primed mouse uterus in the absence and presence of SR140333 (tachykinin NK; receptor-selective antagonist, 10 nm),
SR48968 (tachykinin NK, receptor-selective antagonist, 10 nM) and both SR140333 and SR48968 (each 10 nm). Data points are
mean responses +s.e.mean and are expressed as a percentage of the response to KPSS. SR140333, alone and in combination with
SR48968, significantly reduced responses to the peptides (ANOVA, P<0.05). SR48968 caused a marked rightward shift in the
position of the log concentration-response curve to NKB, a lesser effect on the curve to NKA (ANOVA, P<0.05), but was without
significant effect on responses to SP and [Sar’Met(0,)'']SP (ANOVA, P>0.05).

Tachykinin receptor antagonist studies

Effects of SRI140333 and SR48968 Neither antagonist
significantly affected the responses to KPSS or methacholine
in these experiments using SP, NKA, NKB or
[Sar’Met(O,)"']SP, (one-way ANOVAs P>0.05). Figure 3a
shows the effects of SR140333 and SR48968, alone and in
combination, on responses to SP. The tachykinin NK;
receptor-preferring antagonist, SR140333 (10 nM), signifi-
cantly shifted the log concentration-response curve to the
right (potency ratio 108.3; 95% confidence limits 34.6, 1049.3;
d.f.=64). This yielded an approximate pK; value of 10 for
SR140333 versus SP. There was no significant effect on the
Eax value (one-way ANOVA, P>0.05).

SR140333 (10 nM) and SR48968 (10 nM) in combination
produced a significant depression in the E. .. value for SP

(one-way ANOVA, P<0.05; Student Newman Keuls
P <0.05), as well as a marked rightward shift in the position
of the log concentration-response curve (Figure 3a).

The tachykinin NK, receptor-preferring antagonist,
SR48968 (10 nM) given alone, was without significant effect
on the log concentration-response curve to SP (Figure 3a).

Figure 3b shows that SR140333 (10 nM) produced
significant rightward shifts in the position of the log
concentration-response curve to NKA (3.7 fold, 95%
CL=1.4, 14.7, d.f.=68). SR48968 (10 nM) also caused a
rightward shift (4.7 fold, 95% CL=1.7, 14.8; d.f.=87). In
combination the two antagonists produced a non-parallel shift
in the log concentration-response curve to NKA (Figure 3b).

Both SR140333 (10 nm) and SR48968 (10 nMm), produced
significant rightward shifts in the log concentration-response
curves to NKB (Figure 3c). The rightward shifts were 63.6
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fold (95% CL=17.9, 3663.0; d.f.=47) and 53.6 fold (95%
CL=14.1, 513.1; d.f.=59) respectively. In combination, the
antagonists produced a very marked shift of the log
concentration-response curves to NKB, including a depres-
sion of maximal response (Figure 3c). Responses to KPSS
and methacholine were unaffected by the combination of
these antagonists (one-way ANOVAs, P>0.05).

SR140333 (10 nMm) produced a significant attenuation of
the log concentration-response curve to [Sar’Met(O,)'']SP,
but SR48968 (10 nM) was without effect (Figure 3d).

Effects of SR142801

SR142801 (0.3 uM) was without effect on responses to KPSS
and methacholine in these experiments (one-way ANOVA,
P>0.05). The effects of this antagonist on responses to SP
and NKB are shown in Figure 4. Mean pD, and E,.x

%KPSS estimates for SP and NKB were not significantly
altered by the presence of the antagonist.

50+
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Figure 4 Log concentration-responses curves to SP (a; n=10) and
NKB (b; n=10) on oestrogen-primed mouse uterus in the absence
and presence of SRI142801 (tachykinin NKj receptor-selective
antagonist, 0.3 uM). Data points are mean responses +s.e.mean and
are expressed as a percentage of the response to KPSS. SR142801 did
not antagonize the responses to either peptide (ANOVA, P>0.05).

Discussion

Although a number of studies have reported enhancement of
rat myometrial activity by tachykinin peptides (Barr et al.,
1991; Fisher et al., 1993; Pennefather et al., 1993; Magraner
et al., 1997; 1998; Fisher & Pennefather, 1997; 1998; 1999;
Shintani et al., 2000; Candenas et al., 2001) there have been
few previous studies of tachykinin actions on mouse
myometrium. We have herein demonstrated that the
mammalian tachykinin peptides, SP, NKA and NKB cause
contractions of longitudinal myometrium from the oestrogen-
primed mouse. While the three mammalian tachykinin
peptides produced similar maximal effects, the order of
agonist potency differed from that previously reported for the
rat uterus, and more recently the human uterus.

In the oestrogen-primed rat uterus the order of potency of
the mammalian tachykinin peptides is NKA>SP>NKB
(Pennefather et al., 1993; Fisher & Pennefather, 1997;
Magraner et al., 1998). We have recently reported a similar
order of agonist potency in myometrium from non-pregnant
women as well as from women undergoing elective Caesarean
section near term (Patak et al., 2000b,c). However in this
study with the oestrogen-primed mouse, the order of potency
was SP>NKA >NKB. This indicates that the tachykinin
receptor mediating contraction of the oestrogen-primed
mouse uterus differs from that of the oestrogen-primed rat
uterus which has now been confirmed to be the NK, receptor
(Magraner et al., 1998; Fisher & Pennefather, 1998; 1999).
The experiments reported herein suggest that, in contrast to
the rat and the human, tachykinin-induced uterine contrac-
tions in the oestrogen-primed mouse are mediated primarily
by the NK; receptor, while the NK, receptor plays a less
important role.

Given that the mammalian tachykinins, SP, NKA and
NKB in high concentrations are not totally selective for
tachykinin NK;, NK, and NKj receptors, respectively, we
undertook additional experiments with tachykinin receptor-
selective agonists. The results of these experiments lend
additional strong support to the notion of the involvement of
the NK; receptor in mouse uterine contraction. In mouse
myometrium, the tachykinin NK; receptor-selective agonist,
[Sar’Met(O,)"'|SP (Drapeau et al., 1987) was approximately
equipotent with SP in causing uterine contraction, although
its maximal effect was less than that of SP. In contrast,
neither the tachykinin NK, receptor-selective agonist
[Lys°MeLeu’NIe’]NKA(4-10) (Chassaing er al., 1991) nor
the tachykinin NK; receptor-selective agonist, [N-Me-
Phe’INKB (Drapeau et al., 1987), were effective in producing
myometrial contraction. This finding again differs from
previous studies in the rat (Fisher et al., 1993; Fisher &
Pennefather, 1997, Moodley et al., 1999) and the human
(Patak et al., 2000b,c) in which, of these peptides, only
[Lys’MeLeu’NIe'’]NKA(4-10) had efficacy and potency
approaching or exceeding that of NKA, consistent with
activation of tachykinin NK, rather than NK; receptors.

Additional support for the involvement of tachykinin NK;
receptors in the mouse uterus comes from our findings that
the three SP analogues, in which Gln at positions 5 and/or 6
were replaced with Glu were effective and full agonists on the
mouse myometrium.

Strong evidence for the involvement of the tachykinin NK;
receptor in mediating responses to SP, NKA and NKB comes
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from studies using the selective tachykinin receptor antago-
nists, SR140333, SR48968, and SR142801. The tachykinin
NK;-selective antagonist, SR140333 (Emonds-Alt er al.,
1993) in a concentration of 10 nM, effectively antagonized
the actions of SP, NKA and NKB. The rightward shift in the
response to SP was approximately 100 fold, indicating a pA,
value for SR140333 versus SP of approximately 10, in
keeping with the estimates obtained in a variety of smooth
muscle preparations by Emonds-Alt et al. (1993). It should be
noted that Emonds-Alt et al. (1993) despite quoting pA,
values, noted that the antagonism produced by this
antagonist was apparently non-competitive. Some depression
of responses to higher concentrations of agonists by
SR140333 was also evident in the present study although
only in the presence of SR48968 was this clearly significant
statistically. The rightward shifts produced by SR140333 in
the log concentration-response curves to NKA, NKB as well
as those of SP and [Sar’Met(O,)''] SP indicate the
involvement of a tachykinin NK; receptor in responses to
all four peptides. It should be noted that this antagonist is
also a potent antagonist of septide in some tissues (Oury-
Donat et al., 1994). It is not clear whether the ‘septide’
variant of the tachykinin NK; receptor, for which NKA and
NKB have some affinity (Torrens et al., 1997, Wijkhuisen et
al., 1999) is present in mouse tissues. The effects of NKB, and
to a lesser extent NKA, but not those of SP or
[Sar’Met(O,)""]SP, were, however, susceptible to antagonism
by the potent non-peptide tachykinin NK, receptor-selective
antagonist, SR48968 (Advenier et al., 1992; Emonds-Alt et
al., 1992). This indicates that the NKA and NKB may exert
some of their effects on the oestrogen-primed mouse uterus
through activation of a tachykinin NK, receptor.

In contrast, the non-peptide tachykinin NKj receptor
antagonist, SR142801 (Emonds-Alt et al., 1995) was
ineffective in blocking the effects of SP and NKB, indicating
the non-involvement of NKj3 receptors in eliciting uterine
contraction in the oestrogen-primed mouse. However, it
should be noted that the affinity of this antagonist for the
tachykinin NKj receptors is species dependent (Patacchini et
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