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SR 48968 specifically depresses neurokinin A- vs. substance P-induced
hyperalgesia in a nociceptive withdrawal reflex
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Abstract

To determine the role of neurokinin A and tachykinin NK, receptors in processing of nociceptive information at the spinal level, the
selective NK, receptor antagonist, SR 48968 (S)-N-methyl-N[4-(4-acetylamino-4-[pheny]l piperidino)-2-(3,4-dichlorophenyl)-
butyl]benzamide, was tested for its effects on the hyperalgesia produced in the tail flick reflex by intrathecal administration of neurokinin
A and of substance P. SR 48968 was also tested in a model in which noxious peripheral stimulation has been shown to produce
hyperalgesia via a substance P mechanism. SR 48968 given intrathecally had a dose-dependent inhibitory effect on both the behaviour
and the hyperalgesia induced by neurokinin A but not on either of these effects produced by substance P. In addition, systemic
administration of SR 48968 depressed the hyperalgesic effect of intrathecal administration of neurokinin A. First, this evidence indicates a
unique role for neurokinin A in the spinal cord as distinct from that of its homologue, substance P, and confirms that neurokinin A acts
via the tachykinin NK, receptor, rather than non-specifically via the NK, receptor. Second, the data indicate that in this model substance
P does not express any of its effects non-selectively via activation of NK, receptors. Third, SR 48968 appears to have access to the spinal
cord upon systemic administration. Fourth, intrathecal administration of the NK, receptor antagonist, CP-96,345 [(25,3S)-cis-2-(diphen-
ylmethy1)-N-[(2-methoxy-phenyl)-methyl]-1-azabicyclo[2.2.2]-octan-3-amine], had no effect on the responses to intrathecal administration
of neurokinin A. Finally, the hyperalgesia produced by sustained noxious thermal stimulation of the tip of the tail was unaffected by
intrathecal administration of SR 48968; thus, it remains to find a physiological response in which endogenous neurokinin A and NK,
receptors at the spinal level are involved in the rat in vivo.
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1. Introduction might expect a function of neurokinin A in somatosensory
physiology somewhat similar to that attributed to sub-
stance P. However, neurokinin A has been reported to
excite a population of non-nociceptive dorsal horn neu-
rones which are not excited by substance P (Salter and
Henry, 1991), suggesting an involvement of NK, recep-
tors in pathways which do not involve NK, receptors.
Furthermore, when given intrathecally in the tail flick test,
neurokinin A has less hyperalgesic effect than does sub-
stance P (Cridland and Henry, 1986), suggesting either that
NK, receptors are less abundant in nociceptive pathways
or that effects of neurokinin A on nociception are ex-
pressed via NK, receptors. In view of the possibility that
neurokinin A expresses at least some of its effects via
non-specific activation of NK, receptors (Geraghty et al.,
mponding author. Department of Physiology, McGill University, 1992, Nagahlsa et al, 1992; Hosoki et al., 1994; Guo et
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There is plentiful physiological, anatomical, immunocy-
tochemical and molecular information implicating the
tachykinin, substance P, and the tachykinin NK, receptor,
for which substance P is the preferential ligand, in so-
matosensory mechanisms in the spinal cord. Relatively less
is known about the involvement of neurokinin A and the
NK, receptor, for which neurokinin A is the preferential
ligand. As both peptides derive from the preprotachykinin-I
gene and from B and <y preprotachykinin mRNA (Nawa et
al., 1983; Krause et al., 1987), are colocalized in the same
primary afferents (Hua et al., 1985) and are released
simultaneously from spinal tissue (Saria et al., 1986), one
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non-peptide NK, receptor antagonist, SR 48968.

Thus, an attempt was made to determine the role of
NK, receptors in processing of nociceptive information at
the spinal level. The objective was to resolve the apparent
contradiction between the expected similarity of effects of
neurokinin A and substance P, as argued above, and data
indicating a different role of NK, vs. NK, receptors in
nociceptive processing at the spinal level. Thus, the pres-
ent study was done to test the effect of intrathecal injection
of SR 48968 on the hyperalgesia in the tail flick reflex
induced by intrathecal administration of neurokinin A and
of substance P.

In addition, as only one study (Poncelet et al., 1993),
has information regarding access of SR 48968 to the
central nervous system (CNS) from the periphery, experi-
ments were done to determine whether i.p. administration
of this antagonist alters the response to intrathecal adminis-
tration of neurokinin A.

Finally, we designed a model in which noxious periph-
eral stimulation provokes thermal hyperalgesic effects in
the tail flick reflex similar to those of substance P and
neurokinin A (Cridland and Henry, 1988). As this hyperal-
gesia is depressed by peptide and non-peptide NK-, recep-
tor antagonists (Cridland and Henry, 1988; Yashpal et al.,
1993), implying endogenous release of a ligand, the possi-
ble participation of NK, receptors in this response was
also investigated.

2. Materials and methods

Three types of experiment were run. In one, the effect
of intrathecal administration of SR 48968 (§)-N-methyl-
N{4-(4-acetylamino-4-[phenyl piperidino)-2-(3,4-dichloro-
phenyDbutyllbenzamide, CP-96,345 [(25,35)-cis-2-(di-
phenylmethyl)-N-[(2-methoxy-phenyl)-methyl]-1-azabicy-
clo[2.2.2]-octan-3-amine}, an NK, receptor antagonist, or
of artificial cerebrospinal fluid was tested on the thermal
hyperalgesia in the tail flick reflex provoked by intrathecal
administration of neurokinin A or of substance P. In a
second group of experiments, the effect of SR 48968 given
systemically was tested on the thermal hyperalgesia in-
duced by intrathecal administration of neurokinin A. In the
third group, the effects of SR 48968 on the thermal
hyperalgesia produced by immersion of the tip of the tail
for 90 s in water at 55°C were tested. All experiments
monitored effects on the tail withdrawal reflex.

2.1. Animal preparation

Male Sprague Dawley rats (250-300 g) were used. In
all cases, the guidelines described in The Care and Use of
Experimental Animals, of the Canadian Council on Animal
Care, Volumes I and II, were strictly followed. In addition,
the experimental protocols were reviewed and approved by
the McGill University Animal Care Committee.

Each rat was implanted with an indwelling intrathecal
catheter (Intramedic PE-10) under chloral hydrate anaes-
thesia (300 mg /kg i.p.). This catheter was inserted through
an incision in the dura at the atlanto-occipital junction and
was positioned so that the inner tip lay at the lower lumbar
vertebral level. Spinous processes were used as landmarks
for this positioning (Yashpal et al., 1985). The outer end of
the catheter was fixed with dental cement to a screw
embedded in the skull. The rats were allowed to recover
for 4-6 days after implantation of the catheter and only
those animals which were free of any neurological deficit
were used in the experiments. In addition, the viability of
the intrathecal catheter was checked before experimenta-
tion by injecting 20 w1 of lidocaine (a 1% aqueous solu-
tion); only those rats showing a temporally reversible
sensory deficit and motor paralysis were used in the
experiments. The exact location of the inner tip of the
catheter was verified routinely during post-mortem exami-
nation. Results were included only if the tip of the catheter
was confirmed to lie at the lower lumbar or sacral level.

2.2. Tail flick test

The awake rat was placed in a plastic restrainer covered
with a black cloth and a projector bulb was focused on the
tail 4 cm from the tip, at a site which had been blackened
to promote the absorption of heat (Yashpal et al., 1982). A
flick of the tail exposed the light beam to a photodetector
which in turn stopped a timer giving reaction time mea-
sured to 0.01 s (Isabel et al., 1981). Reaction time was
measured at 5 min intervals. The intensity of the stimulus
was set to give baseline reaction times of 610 s. Rats
were used only if the reaction time of 3 successive tail
flick tests had a standard deviation less than 10% of the
mean. This normally occurs with the first three or four
trials.

2.3. Intrathecal experiments

Once tail flick latency had stabilized, SR-48968 or
CP-96,345 was given intrathecally at a dose of 6.5 or 65
nmol in 10 pl. After three more readings, neurokinin A or
substance P was given intrathecally in a single dose of 6.5
nmol (as determined by peptide content) in 10 wl of
artificial cerebrospinal fluid (CSF; an aqueous solution of
128.6 mM NaCl, 2.6 mM KCI, 1.0 mM MgCl, and 1.4
mM CaCl,, phosphate- buffered to pH 7.33). This was
followed by an additional 10 pl of CSF to flush the
catheter (approximate internal volume was 8 p1). The end
of the flush was timed to occur 1 min before the next
reading; this was done because the maximum effect of
intrathecal administration of these peptides under these
conditions is at 1 min (Yashpal et al., 1982). CSF replaced
the antagonist solution in control rats. It was found earlier
(Cridland et al., 1987) that following intrathecal adminis-
tration, substance P penetrates into the spinal cord over a
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rostro-caudal distance of 1 c¢cm around the injection site.
Also, diffusion of substance P into the circulation is less
than 4% of the amount injected 15 min after intrathecal
administration. Five more readings were taken after the
second intrathecal administration.

2.4. Systemic administration of SR 48968

In other experiments, the NK, receptor antagonist or
saline was given systemically. Neurokinin A was adminis-
tered intrathecally. The experiments began with preadmin-
istration of SR 48968 (at a dose of 1 mg/kg) or saline
(0.9% NaCl) i.p. in a volume of 0.1 ml/100 g body
weight. Three more readings were taken to allow access of
the antagonist to the spinal cord and to determine any
effect of the antagonist on baseline readings. Then, neu-
rokinin A was given intrathecally in a single dose of 6.5
nmol as above, again timed to end 1 min before the next
reading. Following neurokinin A administration, 5 more
readings were taken.

2.5. Tail immersion experiments

In these experiments, each rat was lightly anaesthetized
by an i.p. injection of a freshly prepared solution of
sodium pentobarbital (20 mg /kg) and chloral hydrate (120
mg /kg). This level of anaesthesia is sufficient to prevent
any overt sign of discomfort to the rat during experimenta-
tion, yet a stable response is obtained in the tail flick test
for about 45 min. Pinching of the tail or hind leg produced
only a withdrawal response; there was no vocalization,
spontaneous movement or visible sign of distress. In this
case, to measure tail flick latency, a portion of the tail
close to the base (12—14 c¢m from the tip) was blackened
to facilitate the absorption of heat. This portion was posi-
tioned above the radiant heat source used to provoke the
tail flick reflex as in the previous series of experiments.
After baseline readings were taken, sustained noxious ther-
mal stimulation was applied by immersing the distal 4 cm
of the tail for 1.5 min in water at 55°C. This usually
produced an initial withdrawal response which subsided
rapidly so that the tail remained flaccid in the water
throughout the immersion. Just after the third reading
following immersion, 10 pl of CSF or 65 nmol of SR
48968 was administered intrathecally and three more read-
ings were taken. In all cases, the catheter was then flushed
with 10 pl of CSF. Then, the tail was immersed a second
time, as above, and readings were continued.

2.6. Statistical analvsis

The mean of the 3 readings immediately prior to the
first intrathecal administration was taken as 100% response
for each rat. All subsequent reaction times for each rat
were expressed as a percentage of this mean baseline
reaction time. The combined data were evaluated by analy-

sis of variance (ANOVA) and Tukey’s wholly significant
difference test was used for post-hoc pairwise comparisons
(Myers, 1979). The level of statistical significance was
P <0.05.

3. Results

3.1. Effects of intrathecal administration of SR 48968 on
neurokinin A-induced hyperalgesia in the tail flick reflex

The results of these experiments are illustrated in Fig. 1.
In rats pretreated with CSF (n = 5), intrathecal administra-
tion of neurokinin A transiently reduced the reaction time
to 58.6 + 4.5% of the baseline value at 1 min after its
administration. The reaction time then increased toward
the control levels by the second reading and, at 4 min after
administration, was 89.3 + 6.8% of the baseline value.

In the second group of rats (n =8), 6.5 nmol of SR
48968 was administered instead of CSF, 15 min prior to
neurokinin A administration. Administration of SR 48968
had no significant effect on baseline reaction time in this
or subsequent groups of animals. At the reading | min
after neurokinin A administration, reaction time had de-
creased to 59.85 + 7.59% of the baseline value. The next
reading was 68.90 + 4.23% of this baseline value. The
ANOVA indicated that there was no difference at any
sample time between the readings in this group vs. those in
the group given CSF.
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Fig. 1. Effects of intrathecal administration of SR 48968 on thermal
hyperalgesia in the tail withdrawal reflex induced by intrathecal adminis-
tration of neurokinin A (6.5 nmol; given at the time indicated by the
vertical dotted line on the right). Withdrawal of the tail was provoked by
a noxious radiant heat stimulus applied to the tip of the tail. Rats were
pretreated intrathecally with CSF (v -v: n=35), with 6.5 nmol SR
48968 (1-0J; n=8) or with 65 nmol SR 48968 (O-0O; n=6) at the
time indicated by the vertical dotted line on the left. Statistical analysis
indicated that only the value at 1 min after administration of neurokinin A
in the group given 65 nmol SR 48968 was different from the respective
value in the CSF-pretreated group. Vertical bars represent +S.E.M.



44 K. Yashpal et al. / European Journal of Pharmacology 308 (1996) 41-48

The third group (n=6) was given 65 nmol of SR
48968 instead of CSF. Following neurokinin A administra-
tion, the reaction times were 106.5 + 11.6 and 104.3 +
13.3% of the baseline values at 1 and 4 min after adminis-
tration, respectively. At 1 min after administration, the
value was significantly different (P < 0.01) from that of
the CSF-treated group; there was no difference at any
other time.

3.2. Effects of intrathecal administration of SR 48968 on
substance P-induced hyperalgesia in the tail flick reflex

The results of these experiments are illustrated in Fig. 2.
In rats pretreated with CSF (n = 8), intrathecal administra-
tion of substance P transiently reduced the reaction time to
43.7 + 4.3% of the baseline value at 1 min after adminis-
tration. The reaction time then increased toward control
levels by the second reading. Substance P also produced
behavioural effects which suggested that the animal had
perceived a noxious stimulus. These latter effects usually
consisted of movement, defecation and restlessness in the
restrainer, lasting about 1 min and an allodynia such that
there was a squeak and withdrawal of the tail from a light
mechanical stimulus; this effect lasted about 2 min.

In rats pretreated 15 min previously with 6.5 nmol of
SR 48968 (n = 6), the reaction times following substance
P administration were 37.9 + 4.7 and 82.6 + 9.3% of the
baseline values at 1 and 4 min after administration, respec-
tively. The post-administration values were not signifi-
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Fig. 2. Effects of intrathecal administration of SR 48968 on thermal
hyperalgesia in the tail withdrawal reflex induced by intrathecal adminis-
tration of substance P (6.5 nmol; given at the time indicated by the
vertical dotted line on the right). Rats were pretreated intrathecally with
CSF (O~0; n=28), with 6.5 nmol of SR 48968 (v —v: n=6) or with
65 nmol of SR 48968 (O-O; n= 6) at the time of the dotted line on the
left. The experiments were otherwise run in the same way as described in
Fig. 1. Statistical analysis indicated that values for all groups were
identical at all readings.
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Fig. 3. Effects of intrathecal administration of CP-96,345 on thermal
hyperalgesia in the tail withdrawal reflex induced by intrathecal adminis-
tration of neurokinin A (6.5 nmol; given at the time indicated by the
vertical dotted line on the right). Rats were pretreated intrathecally with
CSF (v - v; n=5) or with 65 nmol C-96,345 (R —M; n=6) at the time
indicated by the vertical dotted line on the left. The experiments were
otherwise run in the same way as in Fig. 1. Statistical analysis indicated
that the values for all groups were identical at all readings.

cantly different (P> 0.05) from those of the CSF-pre-
treated group at any time. The behavioural response to
substance P in this group did not differ from that in the
group given CSF.

In rats pretreated 15 min previously with 65 nmol of SR
48968 (n = 6), the reaction times following substance P
administration were 50.1 + 6.9 and 76.2 + 6.7% of the
baseline values at 1 and 4 min after administration, respec-
tively. The post-administration values were not signifi-
cantly different (P > 0.05) from those of the CSF-pre-
treated group at any time. Again, the behavioural response
to substance P in this group did not differ from that in the
group given CSF.

3.3. Effects of intrathecal administration of CP-96,345 on
neurokinin A-induced hyperalgesia in the tail flick reflex

Fig. 3 shows the results from the group of rats pre-
treated with 65 nmol of CP-96,345 (n = 6) to determine
whether some of the effects of neurokinin A might be
mediated via activation of NK, receptors. Administration
of CP-96,345 had no effect on baseline reaction time. The
reaction times 1 and 4 min following neurokinin A admin-
istration were 39.97 +3.23 and 99.00 &+ 8.83% of the
baseline values, respectively. None of the values after
neurokinin A administration differed significantly (P >
0.05) from those of a group pretreated with CSF rather
than CP-96,345 (n = 5).

3.4. Effects of systemic administration of SR 48968 on
neurokinin A-induced hyperalgesia in the tail flick reflex

To determine whether SR 48968 passes from the pe-
riphery into the spinal cord, the antagonist was given
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systemically (1 mg/kg i.p.) 20 min prior to intrathecal
administration of neurokinin A (6.5 nmol; n=35). The
results, illustrated in Fig. 4, show that in this case neu-
rokinin A had no effect on reaction time. The readings at 1
and 4 min after administration were 98.76 + 8.42 and
102.31 £ 10.34 of the baseline value, respectively. When
comparison was vs. a control group given saline instead of
SR 48968 (n=15), the two groups differed significantly
only at the reading | min after neurokinin A administra-
tion.

3.5. Effects of SR 48968 on hyperalgesia induced by
noxious cutaneous stimulation in the tail flick reflex

The results of these experiments are illustrated in Fig. 5.
In the group given CSF (n =6), the reaction time to
noxious stimulation of the tail was transiently decreased;
the first reading after this first immersion was 60.94 +
2.77% of the baseline value (P < 0.01). The reaction time
showed a recovery toward the baseline value over the next
3 min. After the second immersion, 15 min after the first,
there was a hyperalgesia similar to that in response to the
first immersion; the reading | min after this second immer-
sion was 66.66 1 2.20% of the baseline value.

In the second group of rats in this series, following a
first immersion of the tail in water at 55°C for 90 s, the
rats were treated with 65 nmol of SR 48968 intrathecally
instead of CSF (n = 8). The first reading after the first
immersion was 55.48 + 2.09% of the baseline value (P <
0.01). The reaction time showed a recovery toward the
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Fig. 4. Effects of systemic administration of SR 48968 on thermal
hyperalgesia in the tail withdrawal reflex induced by intrathecal adminis-
tration of neurokinin A (6.5 nmol; given at the time indicated by the
vertical dotted line on the right). Rats were pretreated with i.p. adminis-
tration of saline (A—A; n=15) or of 1 mg/kg SR 48968 (@ -@; n=75)
at the time indicated by the vertical dotted line on the left. The experi-
ments were otherwise run in the same way as described in Fig. I.
Statistical analysis indicated that only the value at 1 min after administra-
tion of neurokinin A in the group given 1 mg/kg SR 48968 was different
from the respective value in the saline-pretreated group.
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Fig. 5. Effects of intrathecal administration of SR 48968 on thermal
hyperalgesia in tail withdrawal reflex induced by immersion of the tip of
the tail in water at 55°C for 1.5 min. In these experiments, the tail
withdrawal was provoked by a noxious radiant heat stimulus to the base
of the tail rather than to the tip. Immersion was done two times, during
the periods indicated by the two vertical hatched bars. Rats were treated
intrathecally with CSF (v —v: n=6) or with 65 nmol of SR 48968
(O-0: n=8) at the time shown by the dotied line between the hatched
bars.

baseline value over the next 3--6 min. At the second
immersion, timed as for the first group in this series, there
was a decrease in reaction time to 64.77 + 4.52% of the
baseline value taken before the first immersion. In this
case, there was no difference at any sample time between
this group and the group given CSF, including the baseline
sample times before immersion and the test sample time at
1 min after the immersion.

4. Discussion

Recently, a number of non-peptide tachykinin receptor
antagonists have been developed, providing useful tools
for a better understanding of the functions of various
tachykinins, specifically substance P and neurokinin A,
which were of interest in the present study. Autoradio-
graphic techniques showed NK, and NK, receptors, for
which substance P and neurokinin A are the respective
natural ligands (Henry, 1987), to be predominantly located
in laminae I and II of the spinal dorsal horn (Yashpal et
al., 1990), where nociception is processed {Sugiura et al.,
1986; Light and Perl, 1979). However, the density of NK,
receptors in these areas has been shown to be relatively
low compared to that of NK, receptors (Yashpal et al.,
1990). While the role of substance P in various biological
functions, especially in nociception, is becoming well es-
tablished, the precise role of neurokinin A remains elusive.
For instance, it has been shown that intrathecal injection of
neurokinin A induces hyperalgesia in the tail flick and
flexor reflex tests in the rat (Cridland and Henry, 1986; Xu
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and Wiesenfeld-Hallin, 1992), but less potently than sub-
stance P (Cridland and Henry, 1986). Neurokinin A simi-
larly administered elicits biting and scratching in the mouse
(Sakurada et al., 1992), but the specific link of this re-
sponse to nociception remains to be established. Electro-
physiological studies have also indicated that neurokinin A
excites dorsal horn nociceptive neurones and potentiates
their response to noxious stimulation (Fleetwood-Walker
et al., 1993; Salter and Henry, 1991), but does not share
the preferential excitatory effect of substance P on noci-
ceptive dorsal horn neurones (Salter and Henry, 1991). In
vitro, dorsal horn neurones are excited by substance P and
neurokinin A, and capsaicin-evoked depolarization of dor-
sal horn neurones is depressed by a peptide NK, receptor
antagonist (Nagy et al., 1993), but again the specific link
to nociception remains to be established.

The results of the present study indicate that the NK,
receptor antagonist, SR 48968, has a dose-dependent in-
hibitory effect on expression of the hyperalgesic response
to intrathecal injection of neurokinin A in a nociceptive
spinal reflex test. SR 48968 did not alter this type of
response induced by substance P in this test. Thus, the
present results are consistent with the proposed action of
SR 48968 as a specific antagonist at NK, receptors
(Emonds-Alt et al., 1992; Advenier et al., 1992; Burcher et
al., 1993), including NK , receptors in the CNS (Tremblay
et al., 1992; Poncelet et al., 1993).

Our data also indicate that SR 48968 has access to the
spinal cord after peripheral administration. Thus, these
data support the results of an earlier study indicating that
the antagonist has access to the brain after peripheral
administration, because turning behavior produced by in-
trastriatal administration of a neurokinin A analog was
blocked by both i.p. and p.o. administration of SR 48968
(Poncelet et al., 1993).

The suggestion that neurokinin A may express its ef-
fects via NK, rather than NK, receptors (Geraghty et al.,
1992; Nagahisa et al., 1992; Hosoki et al., 1994; Guo et
al., 1993) raises the question of whether SR 48968 might
show some effect on NK, receptors. In the present experi-
ments, as SR 48968 blocked the hyperalgesia induced by
neurokinin A but had no effect on the hyperalgesia in-
duced by substance P, it is suggested that SR 49868 acted
selectively on NK, receptors. This suggestion is consistent
with a recent report that intrathecal injection of SR 48968
blocks the effects of a selective peptide agonist for the
NK, receptor (Picard et al., 1993). The present data also
agree with our earlier evidence that neurokinin A is less
efficacious than substance P in nociceptive pathways in the
rat (Cridland and Henry, 1986) and that in the cat neu-
rokinin A has effects on non-nociceptive neurones which
are insensitive to substance P (Salter and Henry, 1991).
Thus, the evidence provided here indicates a unique action
of neurokinin A in the spinal cord as distinct from its
homologue, substance P, and confirms that neurokinin A
acts via the NK, receptor, rather than non-specifically via

the NK, receptor. However, it must be added that our
recent electrophysiological studies in the cat indicate that
neurokinin A expresses its effects via NK,, not NK,
receptors (Radhakrishnan and Henry, 1994); thus, there
may be a species difference in the expression of the effects
of neurokinin A.

In addition, the observation that the neurokinin A-in-
duced hyperalgesia was not affected by the non-peptide
NK, receptor antagonist, CP-96,345 (the inactive isomer,
CP-96,344, was not used here as it has been shown that
this dose of the antagonist has no effect on substance
P-induced hyperalgesia in the tail flick test (Yashpal et al..
1993)). indicates that neurokinin A did not express any of
its effects via NK, receptors. These data are consistent
with the earlier report that intrathecal administration of the
racemic mixture of CP-96,345 did not block the facilita-
tory effects of neurokinin A on the flexion reflex (Xu et
al., 1992).

As the substance P-induced hyperalgesia was not
blocked by SR 48968 in the present experiments, but has
been reported to be blocked by CP-96,345 (Yashpal et al.,
1993), the conclusion can be drawn that substance P does
not appear to act even partially via NK, receptors, at least
in this test and at the doses used. These data agree with
results of our recent studies showing that NK, receptor
antagonists totally block the effects of substance P on the
tail flick reflex (Yashpal et al., 1993) and completely block
substance P-induced excitation of spinal nociceptive neu-
rones (Radhakrishnan and Henry, 1991). Thus, it is sug-
gested that the effects of substance P on spinal nociceptive
mechanisms are expressed via an action on NK, receptors
but not on NK, receptors.

The NK, receptor antagonist did not block the hyperal-
gesic response induced by noxious thermal stimulation.
We reported earlier that an NK, receptor antagonist only
partially decreases the hyperalgesic response to this nox-
jous stimulation (Yashpal et al, 1993). The fact that
intrathecal administration of SR 48968 does not even
lessen the original facilitation of the tail flick response
suggests the lack of a role of NK, receptors, and thus
neurokinin A, in this test. This is surprising considering
the fact that endogenous neurckinin A is released in the
spinal dorsal horn by prolonged thermal stimulation (Dug-
gan et al., 1990) and that both tachykinins can induce
hyperalgesia in the tail flick test, although neurokinin A is
less potent (Cridland and Henry, 1986). Our data therefore
do not provide any evidence indicating a role for this
endogenously released neurokinin A. Thus, it remains to
find a physiological response, mediated at the spinal level,
in which endogenous neurokinin A and subsequently NK,
receptors, are involved in vivo.

It is important to point out that despite the fact that the
facilitatory effect of neurokinin A was depressed by SR
48968, the antagonist had no effect on the baseline reac-
tion time in any group. Therefore, NK, receptors, and
presumably endogenous neurokinin A, do not participate in
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the fast nociceptive response to the brief noxious thermal
stimulus which provokes the tail flick reflex. Our data
therefore fail to support the results of recent in vivo
(Fleetwood-Walker et al., 1993) and in vitro (Thompson et
al., 1993) electrophysiological studies indicating a role of
NK, receptors in nociceptive responses to brief noxious
stimuli.

Conclusions which can be drawn from this study are
that neurokinin A acts via NK, receptors in the rat spinal
cord, that SR 48969 has access to the spinal cord from the
circulation, that the role of endogenous neurokinin A and
thereby NK, receptors in nociception in vivo remains to
be determined and, finally, that the roles of NK, and NK,
receptors in nociception differ.
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