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=ABSTRACT =

Adenosine and its analogues are known to possess analgesic effects and to be involved in the
opiate-induced antinociception as well. This study was designed to investigate the effects of three
adenosine agonists, 5’-(N-cyclopropyl)-carboxamidoadenosine(CPCA), 5’-N-ethylcarboxamidoadeno-
sine (NECA) and N6-cyclohexyladenosine (CHA) on the signal transmission in the spinal cord and
also to elucidate mechanisms of their actions in the anesthetized cat. All the tested adenosine agonists
(i.v.) exerted inhibitory effects on the responsiveness of the wide dynamic range (WDR) cells, the
inhibitory action of CHA, an adenosine A, receptor agonist, (80ug/Kg) being most weak. The
intravenous CPCA, an adenosine A; receptor agonist, (20ug /Kg) and NECA, nonspecific adenosine
receptor agonist, (20pg/Kg) inhibited the responses of WDR cells to pinch and C fiber stimulation
more strongly than those to brush and A fiber stimulation. CPCA (i.v.) also suppressed the responses
of WDR cells to thermal stimulus. And all the CPCA-induced inhibitions were caffeine-reversible.
When CPCA was directly applied onto the spinal cord or intravenously administered into the spinal
cat, on average, about three quarters of the CPCA-induced inhibitory effect was abolished. On the
other hand, in the animal with spinal lesions in the ipsilateral dorsolateral area, the CPCA-induced
inhibition was comparable to that oberved in the spinal cats. In conclusion, this study shows that
adenosine agonists strongly suppress the responses of WDR cells to pinch, C fiber stimulation and
thermal stimuli mainly through the supraspinal adenosine Aj-receptors.
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Caffeine
ciceptive actions of adenosine analogues have been
INTRODUCTION repeatedly reported in animal studies in which
effects on acute pain behaviors were assessed by tail
Since Vapaatalo et al (1975) first demonstrated flick (Holmgren et al, 1983; Sawynok et al, 1986),
antinociceptive effect of an adenosine analogue, hot plate (Karlsten et al, 1991) and acetic acid
L-N°-(2-phenylisopropyl)adenosine in rats, antino- writhing tests (Yarbrough & McGuffin-Clineschmid,

1981; Herrick-Davis et al, 1989). Now it is well
* This study was supported by 1995 Grant from Korea Science established that adenosine and its analogues possess
& Engineering Foundation (951-0708-058-1) analgesic effects not only on acute pain but also
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tonic pain (Lee et al, 1993) in animals and human.
Adenosine and the related compounds produce

antinociception following systemic (Vapaatalo et al,

1975; Holmgren et al, 1983), intracerebroventricular

(Herrick-Davis et al, 1989) and intrathecal (Sawy-
nok et al, 1986; Karlsten et al, 1991) adminstration.
Adenosine-induced antinociception is abolished by
caffeine, theophylline and 8-phenyltheophylline
(Yarbrough & McGuffin- Clineschmidt, 1981;
Sawynok et al, 1986; Herrick- Davis et al, 1989),
suggesting the involvement of adenosine receptors in
mediating antinociceptive effects of adenosine.
Adenosine receptors were classified first on the basis
of opposing effects on adenylate cyclase (Van
Calker et al, 1979), but later on the basis of the rank
order of potency of adenosine receptor agonists
(Stone, 1985). At A,-receptor, N°-R- phenylisopro-
pyladenosine (R-PIA) is more potent than 5°-N-
ethylcarboxamidoadenosine (NECA), while the
reverse is true of As-receptors. Both A; and A;
receptors are known to be present in the central
nervous system of a variety of experimental animals
(Stone, 1991).

Sawynok et al (1986) and Karlsten et al (1991)
reported that tail flick and hot plate latencies were
significantly prolonged after intrathecal admini-
stration of adenosine A; receptor agonists but not by
adenosine A receptor agonists. However, DeLander
and Hopkins (1987) strongly suggested the in-
volvement of adenosine A; receptor in spinal
mechanism of antinociception. Recently, Fastbom et
al (1990) indicated that there is no compelling
evidence to ascribe the antinociceptive effect of
adenosine analogues to A; rather than A, receptors.
Both presynaptic and postsynaptic mechanisms have
been implicated in the adenosine-induced anti-
nociception. Adenosine and its analogues dose-
dependently suppress Ca™* uptake and.  -conotoxin-
sensitive Ca"" current measured in hippocampal
neurons (Scholz & Miller, 1991; Wu & Saggau,
1994), sympathetic ganglionic neurons (Zhu &
Tkeda, 1993), dorsal root ganglionic neurons (Gross

et al, 1989; Kasai & Aosaki, 1989) and brain and
dorsal horn synaptosomes (Goncalves et al, 1991).
This inhibitory actions on inward Ca™" current was
potentiated by dipyridamole (Wu et al, 1982)
whereas antagonized by pertussis toxin (Gross et al,
1989), theophylline (Wu et al, 1982) and other A,
receptor antagonists (Scholz & Miller, 1991; Wu &
Saggau, 1994). Bath application of adenosine and
CADO reduced excitatory synaptic potential recorded
in presynaptic hippocampal neurons (Thompson et
al, 1992; de Mendonca & Ribeiro, 1993). All these
presynaptic mechanisms may lead to the suppression
of neurotransmitter release. In fact, adenosine
agonists have been reported to inhibit the releases
of acetylcholine (Ach) (Kirkpatrick & Richardson,
1993), noradrenaline (NA) (Fredholm et al, 1983),
5-hydroxytryptamine (5-HT) (Feuerstein et al, 1985)
and excitatory amino acids (Poli et al, 1991) from
various brain synaptosomes and also to reduce the
amount of SP-like and calcitonin gene-related
peptide-like (CGRP) immunoreactivities released
from capsaicin-sensitive ' primary afferent fibers
(Santicioli et al, 1992; 1993).

It has been suggested that ATP-sensitive K’
channels (Karp channels) play an important role in
adenosine-induced inhibition. In hippocampal and
striatal neurons, adenosine induced long-lasting
hyperpolarization accompanied by steady-state out-
ward current in association with an increase in
conductance, which was 4-aminopyridine- and
theophylline-reversible (Trussell & Jackson, 1985;
Gerber et al, 1989) and insensitive to tetrodotoxin
(TTX). This outward current was suggested to be K*
current and identified to be Karp channels in
ventricular myocytes (Kirsh et al, 1990). Hyper-
polarization induced: by opening the K* channels
leads presynaptically to the suppression of neuro-
transmitter release’ by preventing the opening of
voltage-dependent Cai" channels (Quast & Cook,
1989) and postsynaptically to the reduction of
excitatory postsynaptic potential (EPSP) (de Men-
donca & Ribeiro, 1993). K* channel opener has been
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known to have antinociceptive action and to
potentiate adenosine-induced analgesic effect (Ocana
& Baeyens, 1994). Few studies have focused on the
effect of adenosine agonist on the responses of wide
dynamic range (WDR) cells to nociceptive stimuli,
which have been known to play important role in
nociceptive transmission in the spinal cord.

In the present study, we investigated the effects
of adenosine agonists on the responses of WDR
cells to mechanical, electrical and thermal stimuli
and also examined whether adenosine agonists-
induced inhibition was mediated through spinal
and/or supraspinal mechanisms. A preliminary report
of this work has been published in an abstract form
(Choi et al, 1993; Kim et al, 1994).

MATERIALS AND METHODS

Forty two cats (2.5~3.5 kg) of either sex were
used in this experiment. After pretreating with
ketamine HC! (10 mg/kg, i.m), the animals were
anesthetized by the intravenous injection of ¢
-chloralose (60 mg/kg). A tracheostomy was made
and the animals were artificially ventilated with a
respirator (Model 665, Harvard, U.S.A.). Throughout
the entire period of experiment, pancuronium bro-
mide (0.3 mg/kg/hr) was intravenously infused to
paralyze the musculature. End tidal CO, was
monitored and maintained between 3.5 and 4.5%
(Ohmeda 5200, U.S.A.). The rectal temperature was
kept near 37°C with a homeothermic blanket system
(Harvard, Cat. NO.50-7129, U.S.A.). Also monitored
was the arterial blood pressure. The lumbosacral
spinal cord was exposed by laminectomy at the
L4-S1 levels. In some animals, spinal cord between
T13-L1 was additionally exposed for spinalization
and graded lesions. Seven aniamals were spinalized
at the T13-L1 levels and a lesion was made in the
ipsilateral (N=6) or contralateral (N=5) dorsolateral
area of the spinal cord (T13-L1). At the end of
experiments, the segment of spinal cord containing

lesions was removed and fixed in 5% formalin for

more than 1 week. Spinal cord lesions were
confirmed by histological examination. The common
peroneal and tibial nerves were dissected from the
surrounding tissues at popliteal fossa and the
paraffin pools were made over the exposed tissues.
After finishing all these surgical procedures, animals
were placed in a stereotaxic apparatus.

The search stimulus for dorsal hom cells was an
electrical stimulation of the afferent nerves. The
single unit activity of the spinal neuron was
recorded with the carbon filament microelectrode.
Once the single activity of the spinal neuron was
recorded, the type of neuron was determined ac-
cording to the response pattern to mechanical
stimulation of the receptive field (RF). Only wide
dynamic range (WDR) cells that responded both to
A and C fiber inputs were used in this experiment.
The recorded activities were amplified (WP,
DAM-80, U.S.A.), displayed on oscillosope and fed
into a window discriminator, whose output was used
by a computer to compile the poststimulus time
histogram. The A and C fiber responses of WDR
cells were compiled from 15 consecutive stimula-
tions of the afferent nerves with a single pulse
(0.1msec duration) or a train of three pulses (internal
frequency: 30~50Hz, 0.5msec duration), respectively.
The stimulus strength was expressed as times the
threshold (T) of the largest A fibers. The intensity
of stimuli was adjusted to activate only A fibers (5
~10T) or all A and C fibers (150~200T). Mecha-
nical stimulus was applied to RF for 10 sec.,
brushing the skin with a hair brush or pinching a
fold of skin with forceps. The intensities of thermal
stimulus were 44, 48 and 52°C and each thermal
stimulus was applied to RF for 20 sec.

In the animals with an intact spinal cord, the
control responses of WDR cells to mechanical sti-
mulation of RF or electrical stimulation of the
afferent nerves were compared with those obtained
after intravenous administration of N°-cyclohexy-
ladenosine (80 ug/kg, CHA), 5°-(N-cyclopropyl)-
carboxamidoadenosine (20 ug/kg, CPCA) and 5°-N-
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ethylcarboxamidoadenosine (20 pg/kg, NECA). The
thermal responses of WDR cells were recorded
before and after administration of CPCA (20 ug/kg,
1.v). In a few animals (N=6) with intact spinal cord;
CPCA solution (1 pg/ml) was applied directly onto
the spinal cord around the recording electrode after
carefully removing liquid paraffin. The changes in
the responses of WDR cells evoked by direct spinal
application of CPCA were compared with those
produced by intravenous infusion of CPCA. And
also studied were the effects of caffeine (25 mg/kg.
i.v) on the CPCA-induced changes in the responses
of WDR cells.

In the spinal animals or animals with lesions in
the spinal cord, the responses of WDR cells to
mechanical or electrical stimulation were recorded
before and after intravenous injection of CPCA (20
ugfkg). These changes in the responses induced by
CPCA were compared with those obtained in the
animals wi/th an intact spinal cord. The location of
dorsal horn cells was established by the depth of

microelectrode tip below the surface of the spinal

cord. Because the size of evoked responses varied
from one unit to another, data were expressed as

percentage of discharges in the control state.

RESULTS

About three quarters of all the WDR cells
recorded in this experiment were found to be located
in the depth of 1400~ 1800 ym below the surface
of spinal cord and remaining one quarter was
located in the deeper layers (1900~2500 um). The
maximal effects of adenosine agonists were ob-
served about 20~30 min after intravenous admi-
nistration. Therefore all data were collected at this
time periods.

We examined the effects of 3 adenosine agonists
on WDR cell responses to mechanical and electrical
stimulations. All the tested adenosine analogues
invariably suppressed activity of WDR cells. As
compared to CPCA and NECA, CHA exerted rather
weak inhibitory action even at much higher dose(80
ug/Kg). CHA reduced the responses to pinch and C
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Fig. 1. Inhibition of the responses of WDR cells to mechanical stimulation of the receptive field following intravenous
administration of N°-cyclohexyladenosine (CHA: 80 ug/kg), 5°-(N-cyclopropyl)- carboxamidoadenosine (CPCA: 20 ug/kg),
5’-N-ethylcarboxamidoadenosine (NECA: 20 ug/kg). BR: brush, PI: pinch. Each mechanical stimulus was applied to
the receptive field for 10sec. Al, BI & Cl: the control responses of WDR cells to brush and pinch. After intravenous
administration of CHA (A2), CPCA (B2) and NECA (C2), the responses of WDR cells to pinch were more strongly

depressed than those to brush.
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Fig. 2. Effects of intravenously administered adenosine agonists on the A-fiber responses of WDR cells to electrical
stimulation of an afferent nerve. Arrows indicate the time at which single stimulus (0.1 msec, 10T) was applied to the
afferent nerve. Al, Bl & Cl: the control A-fiber responses of WDR cells to electrical stimulation of the common peroneal
nerve. There were no significant changes in the A-fiber responses of WDR cells after intravenous administration of
CHA(80 ug/kg, A2), CPCA(20 ug/kg, B2) and NECA (20 ug/kg, C2)
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rig. 3. Depressive actions of intravenously administered adenosine agonists on the C-fiber responses of WDR cells to
electrical stimulation of an afferent nerve. Arrows indicate the time at which 3 train stimuli (0.5 msec, 200T) were
applied to the afferent nerve. Al, Bl & Cl: the control C-fiber responses of WDR cells to electrical stimulation of
the common peroneal nerve. CPCA (B2) and NECA (C3) suppressed C-fiber responses more strongly than CHA (A2)

did.

fiber stimulation only by 30.9+7.1% (Fig.1 A2) and
23.6+5.3% (Fig. 3A2), respectively while had no
significant inhibitory effect on the brush and A fiber

responses (Fig. 1A2 & Fig. 2A2). However, CPCA
and NECA produced more strong and sustained
inhibition of WDR cell responses to pinch and C
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Fig. 4. Changes in the inhibitory effect of CPCA on the responses of WDR cell to mechanical and electrical stimulation
before and after intravenous administration of caffeine. BR: brush, PI: pinch. Arrows indicate the time at which 3 train
stimuli were applied to afferent nerve. Al & Bl: the control responses of WDR cells to mechanical stimulation of RF
(A1) and to C-fiber stimulation (Bl). A2 & B2: CPCA(20 ug/kg, i.v.) strongly suppressed pinch-(A2) and C-fiber (B2)
responses of WDR cells. A3 & B3: intravenously administered caffeine (25 mg/kg) almost completely antagonized
inhibitory action of CPCA on pinch- (A3) and C-fiber (B3) responses of WDR cells.

fiber stimulation than those to brush and A fiber
stimulation. After intravenous injection of CPCA,
the responses to pinch and C fiber stimulation
decreased to 42.8+6.4% (Fig. 1B2) and 47.6 +5.4%
(Fig. 3B2) of the control responses, respectively.
NECA also had comparable inhibitory actions on
pinch and C fiber responses (to 43.2+7.1%, and
37.0+6.7% of the control, repectively, Fig. 1C2 &
Fig. 3C2). As shown in Fig.4, the inhibitory effects
of CPCA on the responses to pinch and C fiber
stimulation were almost completely abolished or

sometimes exceeded the control level after inter-

avenous administration of caffeine.

As can be seen in Fig.5, WDR cells responded
to thermal stimulations with increasing discharges
when graded thermal stimuli were applied. CPCA
suppressed the thermal responses to about 23.9~
31.0% of
reversible. There was no trend that responses to

the control, which were -caffeine-
higher temperature were more strongly inhibited
than those to lower temperature. Compared to the
responses to mechanical and electrical stimulation,
thermal responses were suppressed by CPCA more

strongly.
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Fig. 5. Inhibitory action of CPCA(20 ug/kg, i.v.) on the
thermal responses of WDR cell in the cat. Al: the
control responses of WDR cells to graded thermal
stimulation (44°C ~48°C ~52°C). CPCA greatly inhibited
thermal responses of WDR cell (A2) which were
caffeine-reversible (A3)

To elucidate whether the CPCA-induced inhibi-
tion was mediated through spinal and/or supraspinal
mechanism, CPCA was intravenously administered
into spinal cats or applied directly onto the spinal
cord. As shown in Fig.6, the CPCA-induced in-
hibitory actions on the responses of WDR cells to

pinch and C fiber stimulation were attenuated in the

spinal cats. The responses to pinch and C fiber.

stimulation were inhibited to 89.7+5.2% and 82.4
+43% of the control in the spinal cats while
reduced to 42.8+6.4% and 47.6+5.4% of the
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Fig. 6. Effects of CPCA (20 ug/kg, i.v.) on the responses
of WDR cells to afferent inputs in the spinal cat. Al &
BI: the control responses of WDR cells to mechanical
stimulation of RF (Al) and to C-fiber stimulation (Bl).
CPCA did not have any inhibitory action on the
responses 10 mechanical (Al) and C-fiber (B2)
stimulation in the spinal cat.

control in the animals with an intact spinal cord,
respectively. The spinally applied CPCA also
induced inhibitory actions similar to those obtained
in the spinal cats (Figure not shown).

In another series of experiments, the CPCA-in-
duced inhibitory effects were examined in the
animals with spinal lesion in the ipsilateral or
contralateral side of dorsolateral area. In the animals
with lesions in spinal cord ipsilateral to recording
electrode, CPCA induced small amount of inhi-
bitions which were comparable to those obtained in
the spinal cats (Fig.7). On the other hand, strong
inhibitory actions of CPCA still were produced in
the animals with lesions in the spinal cord con-
tralateral to recording electrode (Fig.8). The
responses to pinch and C fiber stimulations were
inhibited to 48.18+4.9% and 41.561£6.9% of the

control, respectively.
DISCUSSION

Adenosine agonists have been known to be

implicated in a number of receptor-mediated phy-
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Fig. 7. Changes in the inhibitory action of CPCA (20 ug/kg, i.v.) on the WDR cell responses in the cat with lesion
in the ipsilateral dorsolateral funiculus (DLF). Al & BI: the control responses of WDR cells to mechanical (A1) and
C-fiber (Bl) stimulation. Most of CPCA-induced inhibitory action was blocked in cats with lesion in ipsilateral DLF
(A2 7 B2). C: schematic representation of lesioned area which was located in ipsilateral DLF to recording site.
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Fig. 8. Effects of CPCA (20 ug/kg, iv.) on the responses of WDR cells to afferent inputs in the cat with lesion in
the contralateral dorsolateral funiculus (DLF). A1 & Bli: the control responses of WDR cells to mechanical (Al) and
C-fiber (B1) stimulation. Pinch- and C-fiber-induced responses were greatly suppressed even after making lesion in
contralateral DLF. C: schematic representation of lesioned area which was located in the contralateral DLF to recording
site.

siological actions. In the central nervous system, neurotransmitter release (Fredholm et al, 1983;
adenosine agonists protect against ischemic damage Feuerstein et al, 1985; Kirkpatrick & Richardson,
(Simpson et al, 1992), alter cyclic AMP con- 1993), neuronal firing rate (Stone, 1982) and -

centration (Van Calker et al, 1979) and inhibit synaptic transmission at neuromuscular junction
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(Redman & Silinsky, 1993) and the sympathetic
ganglia (Alkadhi et al, 1984).

In the present study,all the tested adenosine
agonists invariably produced inhibitory actions on
the responses of WDR cells to mechanical, electrical
and thermal stimulations, the responses to pinch and
C fiber stimulation being more strongly inhibited
than those to brush and A fiber stimulation. NECA,
known to have similar affinity to A, and A, re-
ceptors, and CPCA, an adenosine A, receptor
agonist, induced more strong inhibitory actions than
CHA, an adenosine A; receptor agonists, suggesting
strong involvement of A-receptor in the mediation
of antinociception. Dosage of CHA (80ug/kg) was
4 times those of CPCA and NECA, but the
CHA-induced inhibitory action was weaker than
those induced by CPCA and NECA. These results
obtained in the cat experiment are in sharp contrast
with the finding that most inhibitory actions are
mediated through adenosine A, receptors in the rat

(Sawynok et al, 1986; Karlsten et al, 1991; Kirk- 4

patrick & Richardson, 1993; Redman & Silinsky,
1993). However, Yarbrough and McGuffin-
Clineschmidt (1981) reported that intrathecally
administered CPCA produced much stronger and
caffeine-reversible antinociception than adenosine
A receptor agonist, CADO in mouse hot plate test.

Though adenosine receptor subtypes and their
roles in regulating physiological actions have been
well documented in the rat (Linden, 1991; Stone,
1991), few studies have been conducted on the
adenosine receptor subtypes and their characteristics
in the cat. From the resulis obtained from the
present study, we can not intelligently discuss which
type of adenosine receptor is more responsible for
the mediation of adenosine-induced antinociception.
But differences in species or G protein to be coupled
to the adenosine receptor might be possible causes.
Another important fact confirmed by this study was
that most of the inhibition induced by CPCA was
mediated through a supraspinal mechanism while
remaining one quarter of the CPCA-induced in-

hibition was mediated through a spinal mechanism.
This is in good agreemeni with the observation by
Herrick-Davis et al (1989) that intracerebroven-
tricullary administered (ICV) adenosine agonists
induced stronger antinociception than intraperi-
toneally administered adenosine agonists. Adenosine
and its analogues are known to act through multiple
mechanisms. These include an increment in K’
channel conductance, reduction in Ca' channel
conductance and mobilization of Ca'" from the
intracellular stores.

The spinal mechanism of adenosine can be easily
explained by pre- and postsynaptic mechanisms. In
the presynaptic nerve terminals and the pbstsynaptic
neurons (Trussel & Jackson, 1985; Gerber et al,
1989; Thompson et al, 1992; Li & Perl, 1994),
adenosine is known to produce hyperpolarization
accompanied by a steady-state outward current in
association with an increase in ionic conductance,
which is antagonized by tetracthylammonium and
cesium. This hyperpolarization induced by the
activation of K' channel prevents the opening of
voltage-sensitive Ca’" channels (Quast & Cook,
1989). Adenosine and its agonists also dose-de-
pendently suppress Ca’" uptake and @ -conotoxin-
sensitive Ca™ current measured in a variety of
neurons (Kasai & Aosaki, 1989; Zhu & Ikeda, 1993;
Wu & Saggau, 1994) and also postsynaptically
depress the excitatory postsynaptic potentials
(Gerber et al, 1989; Li & Perl, 1994). All these
factors together can reduce neurotransmitter release
from the presynaptic terminals and in turn inhibit
synaptic transmission. Santicioli et al (1992, 1993)
demonstrated in in vitro experiments that adenosine
suppressed the release of SP-like and CGRP-like
immunoreactivities from the capsaicin-sensitive
primary afferent fibers in the dorsal spinal cord
slices but not in the ventral spinal cord preparations.
In fact, these two substances have been known to
be nociceptive neurotransmitters. Others also
reported that adenosine agonists inhibited neuro-
transmitter release from the terminals of various
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kinds of neurons (Fredholm et al, 1983; Feuerstein
et al, 1985; Poli et al, 1991; Kirkpatrick &
Richardson, 1993).

The known pre- and postsynaptic mechanisms can
not satisfactorily explain the supraspinally mediated
CPCA-induced inhibition observed in the present
experiment. This supraspinally induced inhibitory
action is suggested to be transmitted to the spinal
neurons through dorsolateral area of the spinal cord
ipsilateral to the recording electrode. To explain the
mechanism by which ICV  morphine induces
antinociception, Zambotti et al (1982) and Moreau
and Field (1986) proposed a hypothesis that the
periaqueductal gray (PAG) neurons which are
implicated in the descending inhibitory control have
synaptic connections with the GABAergic inhibitory
neurons and then are under the tonic inhibitory
action of these neurons. They suggested that
morphine suppressed these GABAergic neurons and
in turn PAG neurons were disinhibited. Adenosine
(i.c.v.) has been known not only to induce an-
tinociceptive action (Ocana & Baeyens, 1994) but
also to activate K~ channels (Trussell & Jackson,
1985; Gerber et al, 1989), consequently suppressing
the K'-evoked GABA release from the cere-
brocortical sliées (O’Regan et al, 1992). ICV cro-
makalim, a K’ channel opener, is reported to
produce antinociception and also increased the
spinal noradrenaline turnover (Narita et al, 1993).
Norepinephrine has been known to be one of the
neurotransmitters released from the nerve endings
which is implicated in descending inhibition. Al-
though we could not find any study on the effect
of adenosine- on the serotonergic descending in-
hibitory control system, the possibility that ade-
nosine may alter serotonergic descending inhibitory
mechanism can not be ruled out. Putting all these
informations together, adenosine may lead to the
suppression of inhibitory GABAergic neurons
through activation of K* channels. The PAG neurons
and other neurons responsible for the descending
inhibitory control are released from inhibition of

GABAergic neurons. If this is the case, the de-
scending inhibitory control system can be relatively
activated and signal transmissions at the spinal cord
may be suppressed. But the above hypothesis and
the exact supraspinal site(s) on which CPCA acts
need to be investigated further in the near future.

In conclusion, this study shows that adenosine
agonists strongly suppress the responses of WDR
cells to pinch, C fiber stimulation and thermal
stimulation mainly through supraspinal adenosine

A,-teceptors.
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