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1 The role of PACAP receptor in nociceptive transmission was investigated in vitro using
maxadilan, a PACAP receptor selective agonist and max.d.4, a PACAP receptor selective antagonist.

2 Potentials, from a ventral root (L3 ±L5) of an isolated spinal cord preparation or a spinal cord ±
saphenous nerve ± skin preparation from 0 ± 3-day-old rats, were recorded extracellularly.

3 In the isolated spinal cord preparation, single shock stimulation of a dorsal root at C-®bre
strength induced a slow depolarizing response lasting about 30 s (slow ventral root potential; slow
VRP) in the ipsilateral ventral root of the same segment. Bath-application of max.d.4 (0.01 ± 3 mM)
inhibited the slow VRP in a concentration-dependent manner.

4 In the spinal cord ± saphenous nerve ± skin preparation, application of capsaicin (0.1 mM) to the
skin evoked a depolarization of the ventral root. This response was also depressed by max.d.4
(1 mM).

5 Application of maxadilan evoked a long-lasting depolarization in a concentration-dependent
manner in the spinal cord preparation. In the presence of max.d.4 (0.3 mM), the concentration
response curve of maxadilan was shifted to the right.

6 Reverse transcription-polymerase chain reaction (RT±PCR) experiments demonstrated the
existence of PACAP receptor and VPAC2 receptor in the neonatal rat spinal cord and [125I]-
PACAP27 binding was displaced almost completely by maxadilan and max.d.4, but not by
vasoactive intestinal peptide (VIP). These data indicate that PACAP receptor is dominantly
distributed in the neonatal rat spinal cord.

7 The present study suggests that PACAP receptor may play an excitatory role in nociceptive
transmission in the neonatal rat spinal cord.
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Introduction

Pituitary adenylate cyclase-activating polypeptide (PACAP) is
a member of the secretin-glucagon-vasoactive intestinal

peptide family and shows a 68% homology, of amino acids,
with vasoactive intestinal peptide (VIP) at its N-terminal
(Miyata et al., 1989; Arimura, 1992). PACAP has two

amidated forms: PACAP38, a 38-amino-acid polypeptide,
and PACAP27, a truncated form of PACAP38 containing 27
residues (Miyata et al., 1990). PACAP has been shown to

have functions as a hypothalamic hormone, as a neurotrophic
factor, as a neurotransmitter and as a neuromodulator
(Arimura, 1998).
Cloning of the receptors for PACAP revealed three distinct

subtypes; VPAC1, VPAC2 and PACAP receptor (Arimura,
1993). The PACAP receptor displays a much greater a�nity
for PACAP38 and PACAP27 than VIP, and the VPAC1 and

VPAC2 receptors display no marked selectivity for any of
them (Ishihara et al., 1992; Spengler et al., 1993). VPAC1

receptor mRNA appeared to be most widely expressed within
the adult rat spinal cord, occurring in a moderate number of
lamina II cells and also in laminae III ± IV, and VPAC2 and

PACAP receptor mRNAs were sparsely expressed through
laminae II ± IV of the dorsal horn (Dickinson et al., 1999).
Distinct distribution of these receptors in the spinal cord

suggested that they may have distinct functional roles in the
spinal cord.
Morphological studies revealed that PACAP immunoreac-

tive ®bres were concentrated in the super®cial layer of the

dorsal horn of rat spinal cord (Moller et al., 1993; Dun et al.,
1996). PACAP mRNA expression is localized primarily in
small to medium-diameter dorsal root ganglion (DRG)

neurons (Mulder et al., 1994). In addition, coexistence of
PACAP with substance P and calcitonin gene-related peptide
was shown in small DRG neurons (Moller et al., 1993;
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Mulder et al., 1994). This evidence strongly suggests that
PACAP is involved in spinal nociceptive transmission.
However, the exact role of PACAP in spinal nociceptive

transmission is still unclear. It has been reported that
intrathecal administration of either PACAP27 or PACAP38
reduced the instances of formalin-induced ¯inching behaviour
(Yamamoto & Tatsuno, 1995; Zhang et al., 1996). Spinal

application of PACAP27 and PACAP38 produced a
signi®cant and long-lasting suppression of the C-®bre evoked
¯exor re¯ex (Zhang et al., 1993). On the other hand, several

groups showed that intrathecally-administered PACAP27 or
PACAP38 facilitated nociceptive ¯exor re¯ex in the rat (Xu
& Wiesenfeld-Hallin, 1996; Narita et al., 1996). These

di�erences may be explained, at least partly, by the existence
of receptor subtypes, such as PACAP receptor, VPAC1

receptor and VPAC2 receptor. However, the functional

signi®cance of receptor subtypes for PACAP in the spinal
nociceptive neurotransmission could not be examined due to
the lack of selective agonists and antagonists.
Recently, a novel PACAP receptor selective agonist and an

antagonist were reported. Maxadilan, a vasodilator 61-amino
acid peptide isolated from the sand ¯y Lutzomyia longipalpis,
was shown to activate PACAP receptor with a high a�nity

and did not have any a�nity for VPAC1 or VPAC2 receptors
(Moro & Lerner, 1997). Max.d.4, which was developed by
the deletion of 19 amino acids of maxadilan, was demon-

strated to be a speci®c antagonist for PACAP receptor (Moro
et al., 1999; Uchida et al., 1998). In the present study, we
examined the role of PACAP receptor in the primary a�erent

®bre-evoked nociceptive re¯ex of the neonatal rat spinal cord
using maxadilan, and max.d.4. We also examined whether
maxadilan and max.d.4 shared binding sites with PACAP38
or PACAP27 in the neonatal rat spinal cord or not. In

addition, we investigated which receptor subtypes for
PACAP were expressed in the neonatal rat spinal cord by
using a reverse transcription ± polymerase chain reaction

(RT±PCR) method.

Methods

The following investigations were performed under a
protocol approved by the university's animal care committee.

Neonatal Sprague-Dawley rats (0 ± 3-day-old) were used in
this experiment.

Preparations and electrophysiology

An isolated spinal cord preparation and a spinal cord-

saphenous nerve-skin preparation were used. The isolated
spinal cord preparation was prepared as described previously
(Otsuka & Yanagisawa, 1988). Under ether anaesthesia, the

spinal cord below the lower thoracic level together with
spinal nerve roots (L3 ±L5) was isolated. The spinal cord was
hemisected, and placed in a recording chamber of 0.3 ml
volume. The chamber was perfused with arti®cial cerebro-

spinal ¯uid (CSF) at a rate of 2.5 ml min71. The composition
of arti®cial CSF was as follows (mM): NaCl 138.6, KCl 3.35,
NaHCO3 20.9, glucose 10.0, CaCl2 1.25 and MgCl2 1.15. The

solution was equilibrated with a gas mixture of 95% O2 : 5%
CO2 at room temperature (25 ± 278C). Tight-®tting suction
electrodes were used for extracellular recording from a

ventral root (L3 ±L5) and for electrical stimulation of the
dorsal root of the same segment. Intense electrical stimulation
of a dorsal root at C-®bre strength (single shocks with a

square pulses of 200 ms in duration and 20 ± 30 V in
amplitude) elicited a mono-synaptic re¯ex followed by a
prolonged depolarization lasting about 30 s (hereafter
referred to as the slow ventral root potential; slow VRP). A

preparation that satis®ed the following criteria was used; the
amplitude of the dorsal root-evoked control monosynaptic
re¯ex was higher than 6 mV and the level of the integrated

area of the slow VRP was more than 0.3 mV min.
The isolated spinal cord-saphenous nerve-skin preparation

consisted of a hemisected spinal cord that remained

connected to the femoral and saphenous nerves and a piece
of skin (approximately 565 mm) of the hind limb
(Yanagisawa et al., 1992). The recording chamber consisted

of two wells, which were independently perfused with
arti®cial CSF at a rate of 2.5 ml min71. The spinal cord
was placed in one well (0.3 ml volume) and the skin was
placed with the inside surface upwards in the neighbouring

well (0.1 ml volume). The saphenous nerve was led through a
break (0.5 mm width) in a thin septum (1 mm width) into the
skin well. The break in the septum was sealed with Vaseline.

Capsaicin (0.1 mM) was applied to the skin for 30 s by
perfusing the skin well with solutions containing the drug at
intervals of 45 min to minimize tachyphylaxis (Kurihara &

Yoshioka, 1996). The evoked potentials were recorded
extracellularly from the L3 ventral root.

In these preparations, potential changes of the ventral root

were led to a d.c. ampli®er and then to a pen recorder and a
computer recording device (Axoscope version 7, Axon
Instruments). The magnitude of depolarization was measured
by computer software (Fetchan, Axon Instruments). The fast

time course spinal re¯ex was stored in a transient memory
device and then recorded on the pen recorded with an
expanded time-scale.

To estimate the e�ect of drugs on the slow VRP, the
integrated area (mV min) of the depolarization between
immediately after the electrical simulation and the time when

the level of ventral root potential decreased to 0.1 mV above
the base-line level was calculated. Drugs were applied to the
spinal cord in a cumulative manner. The magnitude of the
depolarization by noxious skin stimulation was also

estimated by the integrated area (mV min). In addition, we
examined the e�ect of drugs on the ventral root potentials. In
this case, the peak amplitude of depolarization of the ventral

root was measured.

Analysis of the expression of PACAP/VIP family
receptor

Binding assay Binding assay was performed as described

previously (Tatsuno et al., 1990; 1991). Brie¯y, spinal cords
of neonatal Sprague-Dawley rats (1-day-old) were isolated as
discribed above and homogenized using a glass Te¯on
homogenizer in ice-cold 50 mM Tris bu�er (pH 7.4) contain-

ing 5 mM MgCl2, 0.5 mg ml71 bacitracin and 0.5 mM p-
amidinophenyl methanesulphonyl ¯uoride hydrochloride with
a protease inhibitor cocktail (10 mg ml71 of pepstatin A,

10 mg ml71 of antipain, 10 mg ml71 of chymostatin,
10 mg ml71 of leupeptin) (membrane bu�er). The homogenate
was centrifuged at 2506g for 10 min. The supernatant was
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centrifuged at 50,0006g for 30 min. After removing the
supernatant, the pellet was resuspended and centrifuged at
50,0006g for 30 min. Finally, the pellet was resuspended in

the membrane bu�er. All procedures were performed at 48C,
except as indicated. The binding assay was performed in a
total volume of 300 ml of the membrane bu�er containing 1%
bovine serum albumin (binding bu�er) at 228C. [125I]-

PACAP27 membrane preparations and various concentra-
tions of peptides were incubated. The assay was terminated
by rapid ®ltration, through Whatman GF/B glass paper

®lters which were pre-soaked in 0.5% polyethylenimine, using
a cell harvester (Brandel Biomed. Res. & Dev. Labs.,
Gaithersburg, MD, U.S.A.). Each ®lter was counted for

radioactivity by an automatic gamma counter. The binding
data were analysed with a computer program for Scatchard
plot analysis called `Ligand'. The program was kindly

provided by Dr Peter J. Munson (National Institute of
Health, Bethesda, MD, U.S.A.).

RT±PCR to analyse mRNA expression of PACAP/VIP

family receptors Total RNA was isolated by the guanidi-
nium isothiocyanate/CsCl procedure from neonatal rat spinal
cord (1-day-old). RT ±PCR was performed using RNA PVR

Kit (TaKaRa, Ohtsu, Japan). Three micrograms of RNA was
used for each RT±PCR. The template produced from the
RT reaction was ampli®ed using one of three sets of primers

dependent upon the PACAP/VIP receptor as reported by
Rawlings et al. (1995). For PACAP receptor, the two primers
used were PACAP-FL(5'-TTTCATCGGCATCATCATCAT-

CATCCTT-3') and PACAP-VK(5'-CCTTCCAGCTCCTC-
CATTTCCTCTT-3'), which would be expected to produce
PCR product sizes of 280 base pairs (bp) for the short
receptor, 364 bp for a single cassette insert (hip, hop1 or

hop2), and 448 bp for a double insert (hiphop1 or hiphop2)
(Propato-Mussa®ri et al., 1992). For VPAC1 receptor, the
primers used were VIP1-AI (5'-GCCCCCATCCTCCTCTC-

CATC-3') and VIP1-EL(5'-TCCGCCTGCACCTCAC-
CATTG-3'), which should give a PCR product of 299 bp.
The VPAC2 primers used were VIP2-AE (5'-ATGGATAG-

CAACTCGCCTTTCTTTAG-3') and VIP2-QL (5'-GGAAG-
GAACCAACACATAACTCAAACAG-3'), yielding a
predicted PCR product 325 bp in length.

Drugs

The substances used in this study were obtained from the

following sources: maxadilan and max.d.4 (donated by
Shiseido Co., Tokyo, Japan); PACAP27, PACAP38, PA-
CAP(6-38) (PACAP/VPAC2 receptor antagonist; Dickinson

et al., 1997) and VIP (Peptide Institute Inc., Osaka, Japan);
tetrodotoxin (TTX; Sankyo Co., Tokyo, Japan); capsaicin
(Sigma Chemicals, St. Louis, MO, U.S.A.). Capsaicin was

dissolved in dimethyl sulphoxide to form a stock solution of
10 mM. Other drugs were dissolved in water and diluted in
arti®cical CSF to various concentrations. Iodination of
PACAP27 was performed by the lactoperoxidase method as

previously described (Tatsuno et al., 1990; 1991).

Statistical analysis

Experimental data are expressed as mean values+s.e.mean
and were analysed with one-way or two-way analysis of

variance (ANOVA). For multiple comparisons, Fisher's
Protected Least Signi®cant test was used. P50.05 was
considered as being signi®cant.

Results

Electrophysiological experiments

Bath-application of max.d.4 (0.1 ± 3 mM) to the spinal cord

exerted a depressant e�ect on the dorsal root-evoked slow
VRP in a concentration-dependent manner (n=5, P50.05,
by one way ANOVA, Figures 1B and 2) with no e�ect on the

baseline ventral root potential. On the other hand, max.d.4
did not a�ect the monosynaptic re¯exes at any concentration
examined in this study (n=5, P40.5, by one-way ANOVA,

Figure 1A). PACAP(6-38) also depressed the dorsal root-
evoked slow VRP in a concentration-dependent manner
(0.1 ± 3 mM, n=5, P50.05, by one-way ANOVA, Figure 2)
without a�ecting the monosynaptic re¯exes (P40.5, by one-

way ANOVA).
In the spinal cord ± saphenous nerve ± skin preparation,

application of capsaicin (0.1 mM) to the skin for 30 s

produced a depolarizing response of the L3 ventral root of
a slow time course (0.64+0.16 mV min). This depolarization
was signi®cantly depressed by pre-application of max.d.4

(1 mM) for 15 min to the spinal cord (to 0.37+0.19 mV min)
(n=5, P50.05, by one way ANOVA, Figure 3). The
capsaicin evoked-depolarization almost completely recovered

after a 45 min washout (to 0.62+0.21 mV min).
Bath-application of maxadilan for 60 s to the spinal cord

evoked a long-lasting depolarization of the ventral root
(Figure 4). The amplitude of depolarization became

maximum within 30 s after the application and the
depolarization decreased gradually. The peak amplitude of
depolarization evoked by maxadilan increased in a concen-

tration-dependent manner between 0.01 and 1 mM (n=4,
P50.001 by two-way ANOVA, Figure 5). In the presence of
TTX (0.3 mM), which completely blocked the spinal re¯exes

evoked by dorsal root stimulation (Kurihara & Yoshioka,
1996), the depolarization induced by maxadilan (0.03 ±
0.3 mM) was markedly depressed (n=3, P50.001 by two-
way ANOVA, Figure 5).

Pre-application of max.d.4 (0.3 mM) depressed the max-
adilan (0.01 ± 0.1 mM) induced-depolarization and signi®cantly
shifted the concentration-response curve for maxadilan to the

right (n=4, P50.001, by two-way ANOVA, Figure 5).

Expression of PACAP/VIP family receptors in the spinal
cord

Binding assay In neonatal rat spinal cord, [125I]-PACAP27

binding was displaced by 100 nM of PACAP27 and PA-
CAP38, but not VIP, indicating that PACAP receptor, and
not VPAC1 nor VPAC2 receptor, is dominantly distributed in
the spinal cord. The indication of dominant distribution of

PACAP receptor was further supported by data showing that
both maxadilan, a speci®c agonist of PACAP receptor, and
max.d.4, its speci®c antagonist, displaced the [125I]-PACAP27

binding in the neonatal rat spinal cord (Figure 6). The
Scatchard analysis of the displacement of [125I]-PACAP27
binding indicated the existence of a single class of binding
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sites (data not shown) and the dissociation constants (KD)
were calculated (Table 1). The a�nities of maxadilan,
PACAP38 and their related peptides were as follows:

PACAP384maxadilan=PACAP274max.d.444VIP. The
maximum binding capacity in neonatal rat spinal cord was
5.2+1.5 pmol mg71 protein.

mRNA expression of PACAP/VIP family receptors analysed
by RT±PCR in spinal cords The mRNA expression of

PACAP/VIP family receptors in rat spinal cords was
analysed by the RT±PCR method (Figure 7) as previously
reported by others (Rawlings et al., 1995). The PCR products
for PACAP receptor at both 280 bp of the short form

receptor and 364 bp of a single cassette insert (hip, hop1 or
hop2) were equally present. In addition, the PCR products
for VPAC2 receptor were also detected. In contrast, the PCR

product for VPAC1 receptor was not detected. However, the
number of VPAC2 receptors seemed to be very restricted
from the data of binding assay.

Discussion

In the present study, we clearly demonstrated that spinally-
applied maxadilan, a PACAP receptor selective agonist,
induced ventral root depolarization in a concentration-

dependent manner and this e�ect was antagonized by
max.d.4, a PACAP receptor selective antagonist. This
indicated that the activation of spinal PACAP receptor

resulted in the ventral root depolarization. Furthermore, the
maxadilan-induced depolarization was markedly reduced in
the presence of TTX, suggesting that a major component of

Figure 2 Concentration-inhibition curves showing the e�ects of
max.d.4 and PACAP(6-38) on the slow VRP. Ordinate scale:
integrated area of slow VRP expressed as a percentage of the
averaged three consecutive control responses just before the drug
application. Abscissa scale: logarithmic concentration of max.d.4 and
PACAP(6-38). Each point and vertical bar represent mean+s.e.mean
(n=5) *P50.05.

Figure 1 E�ect of max.d.4 on the primary a�erent evoked potential in the neonatal rat spinal cord. A single-shock stimulus
(200 ms 20 V) was given to the dorsal root (L4) at the time indicated by ~ and the potential was recorded extracellularly from the
ispilateral ventral root. Max.d.4 was applied to the spinal cord in a cumulative manner. (A) Sample records of the fast time course
monosynaptic and polysynaptic re¯exes that were stored in a transient memory device and recorded by a pen recorder with a 500
fold expansion of the time base. (B) Sample records of slow ventral root potential (VRP) recorded by a pen recorder.

Table 1 Dissociation constants (KD) of peptides in the
neonatal rat spinal cord using [125I]-PACAP27

Peptides KD (nM)

PACAP38 0.031+0.031
PACAP27 0.357+0.327
maxadilan 0.233+0.165
max.d.4 1.836+1.494

(mean+s.d.)
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the depolarization resulted from a summation of the trans-
synaptic action through spinal interneurons and the con-

tribution of direct action on motoneurons appeared to be
relatively small.
Spinally applied max.d.4 had no e�ect on the fast re¯ex

response, but it depressed slow VRP, evoked by the

activation of primary a�erents at C-®bre strength, in a
concentration-dependent manner. In addition, PACAP(6-38),
a putative PACAP/VPAC2 receptor antagonist, also de-

pressed slow VRP evoked by the activation of primary
a�erents in a concentration-dependent manner. Furthermore,
in the spinal cord ± saphenous nerve ± skin preparation,

depolarization induced by the application of capsaicin to
the skin was signi®cantly depressed by max.d.4. These data

strongly suggest that, when C-®bres are stimulated, PACAP
receptor is activated by endogenous PACAP, thereafter
generating slow VRP.
Of course, PACAP activates not only PACAP receptor,

but also VPAC1 and VPAC2 receptors. The RT±PCR study
showed that the mRNA expression of PACAP receptor and
of VPAC2 receptor, but not of VPAC1 receptor, were

demonstrated in the neonatal rat spinal cord. However, it is
supposed that PACAP receptor is dominantly expressed, and
that there may be only a small number of VPAC2 receptors

Figure 3 E�ect of max.d.4 on the ventral root depolarization evoked by noxious skin stimulation. Potentials were recorded
extracellularly from the L3 ventral root of a spinal cord-saphenous nerve-skin preparation prepared from a 1-day-old rat. Capsaicin
(0.1 mM) was applied to the skin during the period (30 s) indicated by the bars. (A) Sample records of capsaicin-induced
depolarization. (a) Control response. (b) After pretreatment of max.d.4 (1 mM) to the medium superfusing the spinal cord for
15 min. (c) Forty-®ve minutes after the removal of max.d.4. (B) Each column and vertical bar represent mean+s.e.mean of the
magnitude of capsaicin-induced depolarization (n=5) *P50.05.

Figure 4 Ventral root depolarization evoked by maxadilan. Potential was recorded extracellularly from the L4 ventral root of an
isolated spinal cord from a 1-day-old rat. Maxadilan was applied to the medium superfusing the spinal cord during the period (60 s)
indicated by the bar. (a) 0.01 mM (b) 0.1 mM (c) 1 mM.
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in the neonatal rat spinal cord because the binding data
showed that [125I]-PACAP27 binding was almost completely
displaced by maxadilan, a speci®c agonist of PACAP

receptor, and that [125I]-PACAP27 binding was displaced by
VIP only 20% of control binding even at the highest
concentration. Thus, it is not unreasonable to suppose that
endogenous PACAP acts mostly through the activation of

PACAP receptor.

It has been reported that PACAP(6-38) inhibited sustained
neuronal ®ring of the wide dynamic range (WDR) neurons of
adult rat spinal cord induced by topical application of

mustard oil to the skin (Dickinson et al., 1997). PACAP(6-
38) also demonstrates inhibition of sustained neuronal ®ring
of the WDR neurons induced by 58C cold stimulation in the
rats with an experimental peripheral mononeuropathy

(Dickinson et al., 1999). As mentioned above, PACAP(6-38)
interacts with both PACAP receptor and VPAC2 receptor
(Dickinson et al., 1997) and the data of the study using

PACAP(6-38) did not reveal which receptor, PACAP or
VPAC2, is important for the transmission of nociceptive
information in the spinal cord. Maxadilan and max.d.4 are

the ®rst reported totally speci®c PACAP receptor agonist and
antagonist, respectively, and our present study has now

Figure 5 E�ects of max.d.4 (0.3 mM) and tetrodotoxin (TTX
0.3 mM) on the concentration-response curve for maxadilan. Max-
adilan was applied to the medium superfusing the spinal cord for
60 s. Max.d.4 and TTX were pre-applied for 15 min before the
application of maxadilan. Ordinate scale: peak amplitude (mV) of
ventral root depolarization. Abscissa scale: logarithmic concentration
of maxadilan. Each point and vertical bar represent mean+s.e.mean
(n=3±4) *P50.05.

Figure 6 Displacement curves of [125I]-PACAP27 binding to neonatal spinal cord preparations by related peptides. Ordinate scale:
[125I]-PACAP27 binding expressed as a percentage of control. Abscissa scale: logarithmic concentration of peptides. Each point and
vertical bar represent mean+s.e.mean (n=3).

Figure 7 The mRNA expression of PACAP/VIP family receptors in
neonatal rat spinal cord using RT±PCR. Total RNA was isolated by
the guanidinium isothiocyanate/CsCl procedure from neonatal rat
spinal cord (1-day-old). RT±PCR was performed using RNA PVR
Kit (TaKaRa, Ohtsu, Japan) as described in `Methods'.
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provided the ®rst physiological evidence that PACAP
receptor itself plays an important role in the nociceptive
transmission in the spinal cord.

As mentioned in the introduction, VPAC1 receptor mRNA
is most widely expressed and VPAC2 and PACAP receptor
mRNAs are sparsely expressed in the adult rat spinal cord
(Dickinson et al., 1999). On the other hand, the data indicate

that, in the neonatal rat spinal cord, VPAC1 receptor mRNA
is not expressed and PACAP receptor is the most abundant
receptor among the receptors for PACAP. It is possible that

the role of PACAP receptor in the nociceptive transmission
in the neonatal rat spinal cord might be di�erent from that in
the adult rat spinal cord.

In conclusion, it was found that the PACAP receptor
agonist evoked ventral root depolarization and this response
was depressed by the PACAP receptor antagonist. Further-

more, the PACAP receptor antagonist depressed the primary
a�erent ®bre-evoked nociceptive transmission in neonatal rat
spinal cord. Although the role of PACAP receptor in the

nociceptive transmission in the neonatal rat spinal cord may
be di�erent from that in the adult rat spinal cord, these
®ndings indicate a possibility that PACAP receptor plays an
excitatory role in nociceptive pathway in the neonatal rat

spinal cord.
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