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Comparative behavioural profile of centrally administered
tachykinin NK;, NK, and NK; receptor agonists in the guinea-pig

10dile Piot, Josette Betschart, Isabelle Grall, Sophie Ravard, Claude Garret & Jean-Charles
Blanchard

Rhoéne-Poulenc Rorer S.A., Centre de Recherche de Vitry-Alfortville, 13 quai Jules Guesde, 94400 Vitry sur Seine, France

1 The NK, tachykinin receptor agonists, septide, [Sar’,Met(O,)!']SP and [Pro’]SP produced locomotor
hyperactivity (10—20 min) when injected intracerebroventricularly (i.c.v.) in the guinea-pig. The most
potent in eliciting this hyperactivity was septide (from 0.63 to 5 ug), compared to [Sar’,Met(O,)"]SP,
which was active at 2.5 and 5 ug and [Pro’]SP which induced a non-significant increase even at 10 ug.
2 Wet-dog shakes were elicited by septide, [Sar®,Met(O,)"']SP and [Pro’]SP injected by the i.c.v. route
in the guinea-pig. [Sar®,Met(O,)!']SP, active from 0.16 to 2.5 ug was more potent than septide (active at
1.25 ug) and [Pro’]SP (active at 0.63 ug) in eliciting such behaviour. To a lesser extent, grooming was
also observed after injection of these agonists.

3 The NK, tachykinin receptor agonist, [Lys’, MeLeu®, Nle'’]NKA(4-10), up to the dose of 10 ug
i.c.v. had no effect in the guinea-pig. It neither modified locomotor activity nor induced a characteristic
behavioural response. At higher doses (20 ug), some toxic effects were noted.

4 The NK; tachykinin receptor agonist, senktide, contrasts with the NK, receptor agonists in that it
elicited only wet-dog shakes, at doses ranging from 0.32 to 1.25 ug. It neither modified locomotor
activity (1 pug) nor induced grooming (up to 5 ug) in the guinea-pig.

5 To our knowledge, these results are the first demonstration that the guinea-pig could be useful to
differentiate tachykinin agonists on the basis of their behavioural profile, distinct from those obtained in
mice and rats.
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Introduction

The tachykinins, substance P (SP), neurokinin A (NKA) and
neurokinin B (NKB) are widely distributed within the mam-
malian peripheral and central nervous system (Glowinski et al.,
1987). So far, three tachykinin receptors termed NK;, NK, and
NK; have been cloned (Nakanishi, 1991) and pharmacologi-
cally characterized with SP, NKA and NKB as the preferred
endogenous agonists, respectively (Buck & Burcher, 1986;
Guard & Watson, 1991; Mussap et al., 1993).

Various tachykinin receptor antagonists have been used to
characterize the receptor subtypes which mediate the cardio-
vascular and behavioural effects of the tachykinins in rats
(Picard et al., 1994). Interestingly, the use of a number of these
selective NK,; receptor antagonists has demonstrated that
species differences in NK,; receptors exist (Beresford et al.,
1991; Fardin & Garret, 1991). For example, CP-96,345 (Snider
et al., 1991) displays high affinity for NK, receptors found in
human subjects, guinea-pigs, rabbits and hamsters and a lower
affinity for those found in rat, mouse and chicken tissues while
the converse is true for RP 67580 (Garret et al., 1991; Fardin et
al., 1993). Thus NK, tachykinin receptor binding sites in the
guinea-pig brain could be more representative of human re-
ceptors than those in rat and mouse (Gitter et al., 1991;
McLean et al., 1993; Petitet et al., 1993a).

SP or related compounds, which possess a high affinity for
tachykinin NK, sites, lead to enhanced locomotor activity,
awareness, scratching, grooming and face-washing behaviour
when injected intracerebroventricularly (i.c.v.) in conscious
freely moving rats (Jolicoeur et al., 1980; Elliott & Iversen,
1986; Itoi et al., 1992; Tschope et al., 1992). In mice, the NK,
receptor agonists have been shown to increase locomotor ac-
tivity (Naranjo & Del Rio, 1984; Elliott et al., 1991) and to
induce scratching and grooming (Ravard et al., 1994). In gui-
nea-pigs, a locomotor hyperactivity, wet-dog shakes, face-
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washing and lachrymation have been reported (Brent et al.,
1988; Elliott et al., 1991; Johnston & Chahl, 1991; Chahl &
Johnston, 1993).

A controversy exists concerning the existence of NK, ta-
chykinin receptors in the central nervous system (Quirion &
Dam, 1988; Saffroy et al., 1988; Dam et al., 1990; Hagan et al.,
1993; Maggi et al., 1993a). NKA is widely distributed in the
spinal cord and central nervous system of mammals, but the
presence of the NK, receptor mRNA in rodent brain has not
yet been demonstrated (Glowinski et al.,, 1993; Humpel &
Saria, 1993). Maggi et al. (1991) have not been able to de-
monstrate any specific binding in all investigated brain mem-
brane preparations by using the new selective NK, receptor
ligand, MEN 10,376. They have thus suggested that the den-
sity of the NK, tachykinin binding sites could be too low to be
detected, or that these sites are not present in the brain. Be-
havioural responses similar to those observed with SP, such as
grooming, have been observed after an i.c.v. injection of NKA
in the rat (Elliott & Iversen, 1986). An increase in locomotor
activity after infusion of NKA or GR 64349 into the median
raphe nucleus of the rat (Paris & Lorens, 1989; Mason &
Elliott, 1992) and contralateral rotational responses after
unilateral activation of the nigrostriatal dopaminergic path-
way by GR 51667 or GR 64349 (Elliott ez al., 1991) have also
been observed.

The existence of two different NK; tachykinin receptors has
been recently reported, on the basis of studies with antagonists
(Nguyen et al., 1994). However, as for NK, receptors, this
could correspond to species variants since the binding profile
of the guinea-pig receptor was different from that of the rat
receptor (Merchenthaler et al., 1992; Petitet et al., 1993b).
Behavioural studies performed in rats have shown that the
administration of the NK; receptor-selective agonist, senktide,
either subcutaneously or intracisternally (Stoessil et al., 1988a)
or into the lateral ventricle evokes only wet-dog shakes (Itoi et
al., 1992).

Since the pharmacology of tachykinin receptors in the
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guinea-pig brain may more closely resemble that of the re-
ceptor found in the human brain, compared to the rat or
mouse receptors, the purpose of the present study was to de-
termine the behavioural profile of a number of tachykinin
agonists administered by the i.c.v. route in guinea-pigs. The
agonists used were septide ([pGlu®,Pro’]SP(6—11), Wormser et
al., 1986), [Sar’,Met(O,)"']SP (Regoli et al., 1988) and [Pro’]SP
(Lavielle et al., 1986) for the NK; tachykinin receptor, [Lys®,
MeLeu’, Nle'YINKA(4-10) (Chassaing et al., 1991) for the
NK, tachykinin receptor and senktide (succinyl-[AspS,Me-
Phe®|SP(6—11), Laufer et al., 1986) for the NK; tachykinin
receptor. It has been demonstrated in mice that behavioural
responses induced by intrathecal or i.c.v. injection of SP or
NKA were rapid in onset and short-lasting, due to rapid en-
zymatic cleavage of the peptides (Hooper et al., 1985; Matsas
et al., 1983; 1984). Sakurada et al. (1990) have demonstrated
that these responses could be potentiated by the en-
dopeptidase-24,11 inhibitor, phosphoramidon. Therefore, in
our experiments the peptides were co-administered with
phosphoramidon in order to elicit reproducible, sustained re-
sponses.

Methods

Animals

Male Dunkin-Hartley guinea-pigs (Charles River Labora-
tories, France) weighing 145-215 g were used. The animals
were allowed free access to food and water and maintained on
a 12 h light/dark cycle (lights on 06 h 00 min—18 h 00 min)
with constant temperature (22+2°C) and humidity
(55+20%).

Experimental procedure

Animals were anaesthetized with a gaseous mixture of 3%
isoflurane (or 2.5% halothane), 11 min~! nitrous oxide and
0.5 1 min~—! oxygen, before the surgery required for the i.c.v.
injection. After incision of the skin on the skull, two holes were
made (2.5 mm lateral to the midline and 2.5 mm posterior to
the bregma) with a Monitor drill. Peptides were then infused
bilaterally in a volume of 7.5 ul/side, through a needle
(0.45x 12 mm) which descended 5 mm vertically from the
skull into the cerebral ventricle. The incision was finally glued
with cyanoacrylate adhesive.

The motor activity was measured in an automated appa-
ratus (99.5 x 60 x 161.5 cm) with 8 compartments. Each com-
partment (48 x 58 x 36 cm) was equipped with an activity cage
(43x28x 19 cm) and fitted with infra-red emitters and re-
ceivers situated on the long axis of the compartment, 3 cm
above the cage floor. Interruptions of the light beams were
registered on-line by a computer (Imetronic, Bordeaux,
France). Since we tested for locomotor stimulation, guinea-
pigs were placed in the motor cages and allowed to habituate
for a period of 30 min before testing. The activity of the
control group was thus quite low, which allowed us sa-
tisfactorily to detect an increase in locomotor activity. After
the peptide injection, guinea-pigs were replaced in their origi-
nal photocell cage and the measurement began 10 min after the
animals were fully awake for a 40- min test session.

For the behavioural assessment, i.e. wet-dog shakes and
grooming, guinea-pigs were placed individually in boxes
(17 x 35 x 25 cm) immediately after the peptide injection, and
the observation began 10 min after the i.c.v. administration
and lasted 50 min.

Drugs

Septide, [Sar®,Met(0,)'']SP and senktide were obtained from
Bile Biochimie SARL (Bubendorf, Switzerland). [Lys®, Me-
Lev®, NIe!’J]NKA(4-10) was obtained from Neosystem
(Strasbourg, France) and [Pro’]SP was a generous gift from

Dr. S. Lavielle (Paris VI University, Paris, France). The me-
tallopeptidase inhibitor phosphoramidon was obtained from
Sigma (Sigma Chemical, St Louis, U.S.A.).

All the peptides were first dissolved in distilled water, except
septide and senktide, for which addition of dimethylsulphoxide
(8%) was necessary before they were dissolved in distilled
water. These compounds were stored frozen (—30°C) at the
concentration of 2 ug ul~'. On the test-day, phosphoramidon
was added to peptides at the concentration of 0.023%
(0.35 ug/animal) and dilutions were made in saline (0.9%
NacCl aqueous solution) from the thawed aliquots. They were
stored at +4°C and used within the day. For the comparisons,
absolute control groups were treated by i.c.v. route with saline
containing phosphoramidon.

Statistical analysis

The data are expressed as mean +standard error of mean
(s.e.mean) and analysed by the non-parametric Kruskal-Wallis
test. Subsequent post-hoc comparisons were made by the Dunn
test. A significance level of P<0.05 was accepted.

Results

Effects of NK, tachykinin receptor agonists

Enhanced locomotor activity was observed in guinea-pigs
treated with the NK, receptor agonists, whereas there were no
significant changes in the locomotor activity of the guinea-pig
due to the i.c.v. injection of vehicle (dimethylsulphoxide and
phosphoramidon in saline for septide and only phosphor-
amidon in saline for [Sar’,Met(O,)'']SP and [Pro’]SP at any
time). Septide, injected i.c.v. at doses ranging from 0.63 ug to
5 ug, increased for at least 30 min the number of transitions
[exploration; data not shown] and the number of small
movements [general activity] in the guinea-pig (Chi’=50.94,
d.f.=7, P=0.0001, Kruskal-Wallis test, drug-treatment vs.
vehicle-treatment; Figure la). Septide was the most potent
agonist in eliciting such hyperactivity. This effect was observed
only after treatment with doses of 2.5 and 5 ug of [Sar’,Met
(0)''ISP (Chi’=14.37, d.f.=6, P=0.0258, Kruskal-Wallis
test, drug-treatment vs. vehicle-treatment; Figure 1b). [Pro’]SP
also induced hyperactivity at 10 ug but this increase was not
statistically significant (Chi’=2.83, d.f.=3, P=0.4183, Krus-
kal-Wallis test, drug-treatment vs. vehicle-treatment; Figure
1c).

Furthermore, a quantitative behavioural assessment has
shown that NK, receptor agonists injected i.c.v. elicited wet-
dog shakes and grooming in the guinea-pig. Septide induced
these behaviours from doses of 1.25 ug (Chi’>=26.84, d.f.=6,
P=0.0002, Kruskal-Wallis test, drug-treatment vs. vehicle-
treatment; Figure 2a) and 2.5 ug (Chi’=21.43, d.f.=6,
P=0.0015, Kruskal-Wallis test; data not shown), respectively.
[Sar®,Met(0,)""]SP induced wet-dog shakes at doses ranging
from 0.16 to 2.5 ug (Chi®=44.07, d.f.=7, P=0.0001, Kruskal-
Wallis test, drug-treatment vs. vehicle-treatment; Figure 2b).
The time spent grooming was increased at similar doses
(Chi2=31.09, d.f.=7, P=0.0001, Kruskal-Wallis test, drug-
treatment vs. vehicle-treatment; data not shown). [Pro°]SP
elicited wet-dog shakes at doses ranging from 0.63 ug to at
least, 10 ug (Chi’=49.33, d.f.=9, P=0.0001, Kruskal-Wallis
test, drug-treatment vs. vehicle-treatment; Figure 2c). Relative
to septide, [Sar®,Met(O,)"']SP and [Pro’]SP were less potent in
inducing locomotor hyperactivity, but more effective in elicit-
ing wet-dog shakes.

Effect of a NK, tachykinin receptor agonist

When injected by the i.c.v. route at doses of 2.5, 5, 10 and
20 pg/animal, in the presence of phosphoramidon, [Lys®, Me-
Leu’, Nle'YINKA(4—10), a highly selective NK, receptor
agonist, neither modified the spontaneous locomotor activity
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Figure 1 Effects on locomotor activity of several doses of NK;
receptor agonists injected by the i.c.v. route (7.5pul/side) in the
guinea-pig. Open columns represent the control group. Septide
(n=10-39 animals per group; (a)) was studied at doses of 0.63,
1.25, 2, 2.5 and 5pg, [Sar’,Met(0,)'']SP (n=8-16 animals per
group; (b)) at doses of 0.63, 1.25, 2.5, 5 and 10 ug and [Pro’]SP (n=8
animals per group; (c)) at doses of 2.5, 5 and 10 ug. Septide: 0.63
(hatched columns), 1.25 (stippled columns), 2 (horizontally hatched
columns), 2.5 (solid columns) and 5ug (cross-hatched columns);
[Sar® Met(O,)''|SP: see septide plus 10 ug (plaited columns), [Pro’}SP:
2.5 (solid columns), 5 (cross-hatched columns) and 10ug (plaited
columns). Each value represents the meanzts.e.mean of small
movements observed in each group. A statistically significant
difference compared to the respective control group is indicated by
*P<0.05 and **P<0.01 (non-parametric Kruskal-Wallis test).

nor elicited any characteristic or reproducible behavioural re-
sponses in the guinea-pig (general activity: Chi®?=4.3, d.f.=3,
P=0.2305; Figure 3a; wet-dog shakes: Chi’=0.99, d.f.=3,
P=0.8032; Figure 3b). At the dose of 20 ug, dyspnoea and
cyanosis were observed for at least 20 min (data not shown).
No significant behaviour was noted after this period.

Effect of a NK; tachykinin receptor agonist

The most pronounced response to the injection of senktide in
the guinea-pig was wet-dog shake behaviour (Chi’>=24,
d.f.=6, P=0.0005, Kruskal-Wallis test, drug-treatment vs.
vehicle-treatment; Figure 4b); senktide did not induce any
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Figure 2 Effects of several doses of the NK; receptor agonists
injected by the i.c.v. route (7.5ul/side) in eliciting wet-dog shakes
(w.d.s.) in the guinea-pig. Open columns represent the control group
(n=12). Septide (n=6-12 animals Jer group; (a)) was studied at
doses of 0.63, 1.25, 2.5 and 5 ug, [Sar’,Met(O,) ISP (n=6-12; (b)) at
doses of 0.16, 0.32, 0.63, 1.25 and 2.5ug and, [Pro’]SP (n=6-18
animals per group; (c)) at doses ranging from 0.63ug to 10ug.
Septide: 0.63 (hatched columns), 1.25 (stippled columns), 2.5 (solid
columns) and 5 ug (cross-hatched columns); [Sar®,Met(O,)"'JSP: 0.16
(horizontally hatched columns), 0.32 (grey columns) and see septide;
[Pro’|SP: see septide plus 10ug (plaited columns). Each value
represents the mean+s.e.mean number of wet-dog shakes in each
group. A statistically significant difference compared to the respective
control group is indicated by *P<0.05 and **P<0.01 (non-
parametric Kruskal-Wallis test).

variation in spontaneous motor activity at the dose of 1 ug
(general activity: Chi?=0.16, d.f.=1, P=0.6852; Figure 4a).
The number of wet-dog shakes was increased from the dose of
0.32 ug with a maximal response reached at 1.25 ugi.c.v.. The
higher doses of 2.5 and 5 ug were devoid of significant activity
(Figure 4b).

Discussion
The present study shows that i.c.v. injection of selective NK,

tachykinin receptor agonists in freely-moving guinea-pigs
caused a significant increase in locomotor hyperactivity. This
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Figure 3 Effects of several doses of the NK, receptor agonist, [Lys®,
MeLeu’, Nle'’]NKA (4 10) injected by the i.c.v. route on locomotor
activity (a) and in eliciting wet-dog shakes (w.d.s.) (b) in the guinea-
pig. Ogen columns represent the control group (n=6-8). [Lys®,
MeLeu’, Nle'®)NKA(4—10) (n=6-8 animals per group) was studied
at doses of 2.5 (solid columns), 5 (cross-hatched columns) and 10 ug
(stippled columns). Each value represents the meanzs.e.mean
number of movements (a) and number of wet-dog shakes (b) in
each group.

observation is in agreement with previous studies that reported
an enhanced locomotion in the guinea-pig (Brent ez al., 1988;
Seymour et al., 1991) and in the rat (Jolicoeur et al., 1980;
Naranjo & Del Rio, 1984). Interestingly, the potency of each
agonist in eliciting behavioural responses did not reflect the
differences of affinities that each displays for NK, tachykinin
receptors in radioligand binding assays. In inducing locomotor
hyperactivity, septide, active from 0.63 ug (0.79 nmol) to 5 ug
(6.39 nmol), was more potent than [Sar’,Met(O,)''ISP, active
at 2.5 and 5 ug (1.79 and 3.58 nmol, respectively) and, espe-
cially more potent than [Pro’]SP, which was not active even at
doses as high as 10 ug (6.37 nmol). However, septide was
about 1000 fold less active than [Sar’,Met(O,)"']SP and
[Pro°]SP at displacing [*H]-SP from NK, binding sites in the
rodent brain (Drapeau et al., 1987; Lew et al., 1990; Petitet et
al., 1991) and in the guinea-pig brain (K;= 142 nM vs. 0.19 and
0.20 nM, respectively; Fardin et al., 1993). As has been pre-
viously suggested, this discrepancy between functional and
binding assays observed with septide and other NK, receptor
agonists could be indicative of the existence of NK, tachykinin
receptor subtypes (Petitet et al., 1992; Geraghty et al., 1993;
Maggi et al., 1993b; Pradier et al., 1994) or could be due to a
differential peptide degradation. The number of wet-dog
shakes and the time spent grooming, (even if more regularly)
were also significantly increased by the NK, receptor agonists.
These results partially differ from those reported in rats by
Unger et al. (1988) and by Itoi et al. (1992), which indicated
face-washing, scratching and grooming as the most prominent
behaviours in conscious rats after i.c.v. SP. Moreover, the re-
lative potency of these agonists at inducing wet-dog shakes was
quite different compared to their efficacy on locomotion, since
[Sar®,Met(O,)'']SP and [Pro’]SP were more potent (minimum
effective doses = 0.11 and 0.50 nmol, respectively) than sep-
tide (1.59 nmol).
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Figure 4 Effects of the NK; receptor agonist, senktide, injected by
the i.c.v. route on locomotor activity and in eliciting wet-dog shakes
(w.d.s.) in the guinea-pig. Open columns represent the control group
(n=6-8). For the motor activity measurement (a), a dose of 1ug
(plaited columns, n=8) was used. For the behavioural assessment (b),
senktide (n=6-12) was studied at doses of 0.32ug (horizontally
hatched columns), 0.63, 1.25, 2.5 and 5ug (cross-hatched columns).
Each value represents the mean +s.e.mean number of movements (a)
and number of wet-dog shakes (b) in each group. A statistically
significant difference compared to the respective control group is
indicated by *P<0.05 and **P<0.01 (non-parametric Kruskal-
Wallis test).

The selective NK, tachykinin receptor agonist [Lys’, Me-
Lev’, NIe'’INKA(4-10) did not induce, up to the dose of
20 ug, any behavioural responses in the guinea-pig in our ex-
perimental design. The data obtained in this species appeared
quite different from those reported at the same doses in mice
and rats, in which excessive grooming and washing are seen
when given various NK, receptor agonists [Lys®, MeLeu’,
Nle'’J]NKA(4-10), NKA and D-septide (Elliott & Iversen,
1986; Sakurada et al., 1989; Tschépe et al., 1992; Culman et
al., 1993; Picard et al., 1994; Ravard et al., 1994). Moreover,
rotational responses to intranigral infusion of selective NK,
receptor agonists in rats have been described (Elliott et al.,
1991). A pharmacological heterogeneity of this receptor has
been also demonstrated: the NK, tachykinin receptor ex-
pressed in guinea-pig, rabbit and human smooth muscle is
distinct from that expressed in rat or hamster smooth muscle
(Maggi et al., 1991; 1992). Thus the apparent discrepancy be-
tween our results and those previously reported in rodents may
be species-related (Hall et al., 1993). Even if Stratton et al.
(1993) have observed anxiolytic-like properties of different
tachykinin NK, receptor antagonists in the mouse light/dark
box test, and despite some evidence suggesting the presence of
discrete NK, tachykinin binding sites in the mammalian brain
(Dam et al., 1990), the involvement of NK, tachykinin re-
ceptors in centrally-related behaviours still remains to be
confirmed. In our study, the lack of effects of [Lys®, MeLeu’,
NIe'’]NKA(4-10) was noted in the presence of 0.6 nM of
phosphoramidon,; it is possible that this concentration of the
neutral endopeptidase 24.11 inhibitor was not able to prevent
the degradation of [Lys®, MeLeu®, Nle'’JNKA(4-10).

When injected by the i.c.v. route into the guinea-pig, the
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NK,; tachykinin receptor agonist, senktide, elicited wet-dog
shakes occurring over a period of at least 30 min following
i.c.v. injection. Whereas the dose-response relationship for the
NK, receptor agonists seemed to be sigmoid, that for senktide
was bell-shaped. The maximum response rate was seen at
1.25 ug (1.48 nmol), while the higher doses of 2.5 and 5 ug
were without effect in eliciting this behaviour. Neither loco-
motor activity (1 ug) nor an increase of the time spent
grooming, at doses ranging from 0.16 to 5 ug, was seen with
senktide. Our results are partially in agreement with those re-
ported in rodents, indicating that NK; receptor stimulation
induced mainly wet-dog shakes behaviour (Stoessl et al.,
1988a; 1990; Picard et al., 1994). However, intracisternal or
subcutaneous administration of senktide in the rat has been
also reported to produce a syndrome mediated by endogenous
5-HT including forepaw treading and hindlimb splaying
(Wormser et al., 1986; Stoessl et al., 1987) and acetylcholine-
mediated behaviours, yawning, chewing mouth movements
and sexual arousal (Stoessl ez al., 1988b). Petitet et al. (1993b)
have shown by using the NK, tachykinin receptor antagonist
SR 48968, that a species difference also exists between NK;
tachykinin binding sites, this compound eliciting NK; receptor
antagonist properties in the guinea-pig but not in the rat. In
this context, only the development of selective NK; receptor
antagonists could confirm the inter-species difference (Boden &
Woodruff, 1994).

Anatomical and pharmacological studies in rodents have
demonstrated the potential for both tachykinin NK, and NK;
receptors to modify locomotion by influencing dopaminergic
systems (Dam & Quirion, 1986; Stoessl et al., 1991). Surpris-
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