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Abstract

The effects of isoproterenol, a B-adrenoceptor agonist, on the production of interleukin-13 in the brain and on mechanical nociception
were examined in rats. Intracerebroventricular (i.c.v.) injection of isoproterenol at the dose of 3 wg/rat markedly induced interleukin-18
MRNA in the molecular layer of the hippocampus, medial preoptic area, paraventricular thalamic nucleus, paraventricular hypothalamic
nucleus, ventromedial hypothalamic nucleus, dorsomedial hypothalamic nucleus and central gray 1 h after injection. In these regions,
interleukin-18 mRNA was expressed mainly in the glia cells. The thresholds to the mechanical stimulation to the hind paw were
elevated by i.c.v. administration of isoproterenol (1 to 10 wg/rat). When isoproterenol was given at the dose of 3 wg/rat, the anagesic
effect showed two peaks. The first peak was observed at 60 min after injection and the second was observed at 180 min. The second
phase of analgesia was antagonized by coadministration of interleukin-1 receptor antagonist. These results suggest that isoproterenol
produces an analgesic effect, at least in part, through the induction of interleukin-13 expression in the brain. © 1997 Elsevier Science

B.V.
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1. Introduction

In the last decade, the regulation of nociceptive trans-
mission in the spinal cord has been progressively eluci-
dated. The catecholaminergic system, especialy the «,-
adrenergic system, was shown to be involved in the de-
scending regulation of nociceptive information (Kuraishi et
al., 1985). Furthermore, the intraspinal opioidergic system
has been vigorously studied by many groups, including our
laboratory (Kuraishi et al., 1983; Ueda et al., 1995). On
the other hand, supraspinal monoaminergic systems were
reported to play some roles in the regulation of nociceptive
transmission (Radouco-Thomas et al., 1967). The involve-
ment of the B-adrenergic system was suggested by Gardella
et a. (1970), who showed that intracerebroventricular
(i.c.v.) injection of isoproterenol produced analgesia in the
rabbit tooth pulp assay. However, the molecular mecha
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nisms for supraspinal regulation of nociceptive transmis-
sion remain unclear.

Interleukin-1 is a cytokine which has various effects on
the central nervous system such as increasing body temper-
ature (Kluger, 1991), inducing slow wave sleep (Krueger
et al., 1984) and activating the hypotha amus—pituitary—
adrenal axis (Berkenbosch et al., 1987). We have demon-
strated that i.c.v. administration of isoproterenol induces
the expression of interleukin-18 mRNA in the rat hypo-
thalamus (Yamaguchi et a., 1991). Furthermore, inter-
leukin-18, when administered i.c.v., produces analgesic
effects in rats (Yabuuchi et al., 1996). These observations
suggest that the B-adrenergic system in the brain regulates
nociceptive transmission through interleukin-18 produc-
tion.

In this study, we examined the effects of i.c.v. injection
of isoproterenol on the expression of interleukin-18 mRNA
in the rat brain using northern blot analysis and in situ
hybridization histochemistry. Secondly, we examined the
effects of i.c.v. administration of isoproterenol on mechan-
ical nociception using the rat paw-withdrawal test and the
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involvement of interleukin-18 in the effect of isoprote-
renol using interleukin-1 receptor antagonist, an endoge-
nous antagonist protein for interleukin-1 receptors.

2. Materials and methods
2.1. Animals

All experiments using male Sprague-Dawley rats
weighing 220—280 g (6—8 weeks old) followed the ethical
guidelines for investigations of experimental pain in con-
scious animals (Zimmermann, 1983). Animals were kept at
a constant ambient temperature (24 + 1°C) under a 12 h
light and dark cycle with free access to food and water.

2.2. Implantation of guide cannula

Under pentobarbital (50 mg/kg i.p.) anesthesia, a stain-
less steel guide cannula (0.d. 0.7 mm) was stereotaxically
(P 0.8, L 1.5, H 2.0) implanted on the right side according
to the atlas of Paxinos and Watson (1986). After surgery,
the animals were returned to the cages and housed individ-
ualy. They were allowed to recover for 5 to 7 days until
the following experiments.

2.3. Drug administration

Isoproterenol (1, 3 and 10 ug/5 wl) was usualy
dissolved in saline. In the case of the coadministration with
interleukin-1 receptor antagonist (100 ng/5 wl), it was
dissolved in phosphate buffered saline (pH 7.6) containing
0.02% bovine serum albumin. Morphine hydrochloride (10
ug/5 wl) was dissolved in saline. Drugs were adminis-
tered via the injection cannula which reached the right
lateral ventricle (P 0.8, L 1.5, H 4.0) when attached to the
guide cannula. The drugs were administered i.c.v. in a
volume of 5 ul at a constant rate of 5 wl /30 s.

2.4. Preparation of RNA probe

Rat interleukin-18 cDNA including the full length of
open reading frame (about 1.4 kbp) was a gift from Dr. S.
Nakai (Otsuka Pharmaceutical, Tokushima). The cDNA
was subcloned into pBluescript Il vector (Stratagene, La
Jolla). ¥ P-Labeled antisense RNA probe was synthesized
in the presence of [ o PJUTP (15 TBq,/mmol, Amersham)
using Riboprobe Systems (Promega, Madison). Northern
blot analysis using this RNA probe gave a single band
with appropriate length for interleukin-18 mRNA, indicat-
ing that the probe used in the present study was specific
for interleukin-18 mRNA. *S-Labeled antisense and sense
RNA probes were synthesized in the presence of [ o SJUTP
(30 TBg,/mmol, Amersham) with the same in vitro tran-
scription system as used for the ** P-labeled probe. Specific
activities of the *S-labeled probes were 1.0-1.2 x 10°

cpm/ g, and the probes were akaline hydrolyzed to
about 250 bases. In situ hybridization histochemistry with
sense RNA probe did not give any significant signals on
all sections examined (data not shown).

2.5. Northern blot analysis

The dose-dependency of the induction of interleukin-18
MRNA by isoproterenol was examined by northern blot-
ting. Sixty minutes after injection of isoproterenol at doses
of 0, 1, 3 or 10 wg/rat, animals were killed by decapita-
tion and the brain was rapidly removed. In addition, the
time course of interleukin-13 mMRNA induction by 3
ng/rat of isoproterenol was studied at 0, 30, 60, 90 and
120 min after injection. Both right and left sides of the
cerebral cortex, hippocampus, thalamus and hypothalamus
were excised and total RNA was extracted using 1sogen
(Nippon Gene, Tokyo) from each brain region pooled from
3 rats. Northern blotting was performed as previously
described (Minami et al., 1990). Total RNA samples (20
ng each) were fractionated by electrophoresis on 1%
agarose gels containing formaldehyde and transferred onto
nylon membranes (Biodyne A, Pall, New York). Blots
were prehybridized and then hybridized to *P-labeled
antisense RNA probe for rat interleukin-18 mRNA at
65°C. The expression level of B-actin mRNA was aso
analyzed by rehybridization to ** P-labeled DNA probe for
B-actin MRNA at 42°C. Autoradiograms were quantified
using bioimaging analyzer BAS2000 (Fuji, Tokyo). The
expression levels of interleukin-183 mMRNA were normal-
ized by those of B-actin mRNA.

2.6. In situ hybridization histochemistry

Isoproterenol (3 ug/rat) or saline was injected i.c.v.
and the brain was removed 60 min later. Fresh-frozen
sections (16 wm thick) were cut on a cryostat and in situ
hybridization was conducted as described in our previous
report (Yabuuchi et al., 1993). Briefly, sections were fixed
with 4% formaldehyde, treated with proteinase K (1
wg/ml) and acetylated in 0.25% acetic anhydride. After
dehydration, sections were hybridized with ¥3 |abeled
antisense RNA probe for rat interleukin-18 mRNA. They
were washed, dehydrated and dipped in autoradiographic
emulsion NTB-3 (Kodak, New York). After 3 weeks of
exposure, they were developed and counterstained with
cresyl violet.

2.7. Measurement of nociceptive threshold

The nociceptive threshold to mechanical stimulation
was measured by the Randall-Selitto method (Randall and
Selitto, 1957) with some modifications as previously de-
scribed (Yabuuchi et al., 1996). Namely, the nociceptive
threshold of the hind paw to mechanical stimulation was
measured using an analgesimeter (Ugo Basile, Milan) with
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a cone-shape piston. The piston was put on the ventra
surface of the hind paw and the pressure was loaded at a
rate of 32 g/s. The pressure which elicited paw with-
drawal behavior was determined as a nociceptive thresh-
old. The rats were habituated to the procedure for measur-
ing the threshold three times per day. After two days of
habituation, the threshold of each animal was measured
following two additional habituation procedures, and the
threshold value was taken as a control. Within 10 min after
measuring the control value of the threshold, the drugs
were administered as described above and the threshold
was measured at 15, 30, 60, 90, 120, 150, 180, 210, 240,
270 and 300 min after administration. In the case of the
examination of analgesic effect of morphine for compara-
tive purpose, the threshold was measured at 30, 60, 90 and
120 min after administration. Measurement of nociceptive
thresholds was performed between 11.30 and 17.00.

2.8. Materials

Human interleukin-1 receptor antagonist was a gift from
Otsuka Pharmaceutical (Tokushima). Proteinase K was
purchased from Merck (Darmstadt), salmon sperm DNA
and ribonuclease A were from Sigma Chemical (St. Louis)
and yeast tRNA was from Boehringer Mannheim (Man-
nheim). B-Actin cDNA was from Wako Pure Chemica
(Osaka). Morphine hydrochloride was from Takeda Chem-
ical (Osaka). pL-lsoproterenol and other chemicals were
purchased from Nacalai Tesque (Kyoto).

2.9. Satistical analysis

The threshold to mechanical stimulation at each time
point is presented as the mean of % of the control value +
SEM. Statistical analyses were performed using the
Mann-Whitney’s U-test. P < 0.05 was considered signifi-
cant.

3. Results

3.1. Northern blot analysis of interleukin-18 mRNA in-
duced by i.c.o. administration of isoproterenol

I.c.v. administration of isoproterenol induced inter-
leukin-18 mRNA in the hippocampus, hypothalamus and
thalamus. As insertion of the guide and injection cannula,
which caused traumatic damage to the cerebral cortex,
intensely induced interleukin-18 mRNA, we did not per-
form northern blot analysis of interleukin-18 mRNA in
the cerebral cortex. In the hippocampus, the induction of
interleukin-18 mRNA reached a peak (217% of control) at
30 min after injection of 3 wg of isoproterenol (Fig. 1a).
The levels of interleukin-13 MRNA were increased to 384
and 409% of control in the thalamus a 60 and 90 min,
respectively (Fig. 1a). In these regions, i.c.v. administra-
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Fig. 1. (@ Time courses of the induction of interleukin-18 mRNA by
i.c.v. injection of isoproterenol (3 wg/rat). (b) Dose-dependency of the
induction of interleukin-18 mRNA by isoproterenol at 60 min after i.c.v.
injection. The level of interleukin-13 mMRNA was normalized by that of
B-actin mRNA, and presented as % of control which was the level of
interleukin-18 mRNA in each brain region of saline-injected rats. |:
hippocampus, a : thalamus, @: hypothalamus.

tion of isoproterenol induced interleukin-183 mMRNA in a
dose-dependent manner (Fig. 1b). Ten micrograms of iso-
proterenol increased the levels of interleukin-18 mRNA to
219 and 467% of control in the hippocampus and thala-
mus, respectively. The induction of interleukin-18 mRNA
in the hypothalamus reached a peak at 90 min (266% of
control, Fig. 1a) and the maximum induction at 60 min
(180% of control) was observed at the dose of 1 ug/rat
(Fig. 1b).

3.2. Detailed distribution of interleukin-18 mRNA induced
by i.c.v. administration of isoproterenol

The detailed distribution of interleukin-183 mRNA was
examined using an in situ hybridization technique. In
saline-administered rats, interleukin-18 mRNA was in-
tensely expressed around the injection site in the cerebral
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cortex (Fig. 2a). No expression of interleukin-18 mRNA previously reported (Yabuuchi et a., 1993). Although
was observed in brain regions other than the injection site, intense expression of interleukin-13 MRNA was observed
except for the Purkinje cell layer of the cerebellum as around the injection site also in the cerebral cortex injected

Fig. 2. Induction of interleukin-13 mRNA in the rat brain. Interleukin-13 mRNA was expressed around the sites of injection in both rats injected with
saline (a) and isoproterenol (b). Isoproterenol induced interleukin-18 mRNA in the hippocampus (c), paraventricular thalamic nucleus (d), medial preoptic
area (e) and central gray (f). 3V; third ventricle, Ag; Aqueduct, CA1; CA1 region of Ammon'’s horn, cc; corpus callosum, CG; central gray, D3V; dorsa

third ventricle, DG; dentate gyrus, MPA; medial preoptic area, PVA; paraventricular thalamic nucleus, anterior. Bar = 500 pm.
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with isoproterenol (Fig. 2b), the levels of expression in
other fields of the cerebral cortex were very weak. In the
hippocampus of the isoproterenol-injected rats, cells ex-
pressing interleukin-18 mRNA were sparsely observed in
the polymorphic layer (Fig. 2c). Interleukin-18 mRNA
was aso induced in the amygdala, medial preoptic area
(Fig. 2e) and paraventricular thalamic nucleus (Fig. 2d). In
the hypothalamus, signals of interleukin-18 mRNA were
observed in the paraventricular hypothalamic nucleus,
supramammillary nucleus, ventromedial hypothalamic nu-
cleus and dorsomedia hypothalamic nucleus (data not
shown). The expression was observed in the central gray
(Fig. 2f). In these regions, the signals of interleukin-1.3
mRNA were accumulated on cells which had relatively
small and densely counterstained nuclei (Fig. 3).

3.3. Effects of i.c.o. administration of isoproterenol on
mechanical nociception

|.c.v. administration of isoproterenol at the doses of 1, 3
and 10 ug/rat elevated the nociceptive threshold to the
paw-pressure stimulation (Fig. 4a). At doses of 1 and 3
ng/rat, the time course of the elevation of nociceptive
threshold showed two peaks. The first peak was observed
at 60 min after injection, at which time 1 and 3 ug/rat of
isoproterenol elevated the nociceptive thresholds to 114.6
+ 6.0% and 119.9 + 6.5% of the pre-injected control level,
respectively. These elevations were significant when com-
pared with the saline-injected group. The second peak was
observed at 180—210 min after injection of isoproterenol at
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doses of 1 and 3 wg/rat. At the second peak, 1 and 3
g /rat of isoproterenol elevated the nociceptive threshold
to 106.2+ 7.3% and 13194+ 6.5% of control, respec-
tively. On the other hand, 10 ng/rat of isoproterenol
elevated the nociceptive threshold with one peak at 180—
210 min after injection. The nociceptive threshold was
significantly elevated to 119.2 + 7.8% and 120.4 + 6.4%
of control a 180 and 210 min, respectively. For compari-
son with the analgesic effect of isoproterenol, we exam-
ined the analgesic effect of morphine (Fig. 4b). l.c.v.
administration of morphine at a dose of 10 ng/rat signifi-
cantly elevated the nociceptive threshold at 30, 60 and 90
min after injection. The peak of analgesic effect was
observed at 30 min, then the nociceptive threshold was
elevated to 149.6 4+ 13.8% of control. The threshold in the
morphine-injected group became similar to that in the
saline-injected group at 120 min after injection.

3.4. Effects of coadministration of interleukin-1 receptor
antagonist with isoproterenol

I.c.v. injection of interleukin-1 receptor antagonist (100
ng/rat) aone did not significantly alter the nociceptive
threshold compared with the vehicle-injected group (Fig.
5). Isoproterenol (3 ug/rat) dissolved in phosphate
buffered saline containing 0.02% bovine serum abumin
significantly elevated the nociceptive threshold at 120,
150, 180, 240 and 270 min after injection, and the thresh-
olds were elevated to 109.9 4+ 4.6%, 112.4 + 5.4%, 119.8
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Fig. 3. Cells expressing interleukin-18 mRNA in the media preoptic area of the isoproterenol (3 wg/rat, 60 min)-injected rat (arrow). Interleukin-13
mRNA was expressed in the cells which had relatively small and densely counterstained nuclel, probably glial cells. Bar = 50 pm.
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Fig. 4. Time courses of the effects of i.c.v. administration of isoproterenol
(a) and morphine (b) on nociceptive threshold to the mechanical stimula-
tion. The changes in threshold are presented as means of % of control +
S.E.M.. O: Sdine (n=10), v: isoproterenol 1 ug/rat (n=10), @:
isoproterenol 3 ug/rat (n=28), a: isoproterenol 10 ug/rat (n=19), O:
sdine (n=6) and m: morphine 10 ug/rat (n=5). “P <0.05, " "P <
0.01 compared with the saline-injected group (Mann-Whitney's U-test).
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Fig. 5. Time courses of the effects of coadministration of interleukin-1
receptor antagonist (100 ng/rat) with isoproterenol (3 wg/rat) on the
nociceptive threshold to mechanical stimulation. O: Vehicle(n=10), O:
interleukin-1 receptor antagonist 100 ng/rat (n= 8), @: isoproterenol 3
ug/rat (n=10) and m: interleukin-1 receptor antagonist 100 ng/rat+
isoproterenol 3 ug/rat (n=8). “ P < 0.05 compared with the vehicle-in-
jected group, *P < 0.05 compared with the group injected with isoprote-
renol 3 wg/rat alone (Mann-Whitney's U-test).

+ 5.6%, 118.6 + 7.9% and 115.5+ 6.2% of control, re-
spectively. This analgesic effect was abolished by coad-
ministration with the interleukin-1 receptor antagonist.

4, Discussion

We demonstrated that interleukin-13 mRNA was in-
duced in severa brain regions by i.c.v. administration of
isoproterenol. In previous studies, we showed that inter-
leukin-18 mRNA was induced by intraperitonea (i.p.)
administration of kainic acid (Minami et al., 1990) and
methamphetamine (Yamaguchi et al., 1991). We have
reported that the induction of interleukin-18 mRNA by
i.p. treatment with methamphetamine, which exerts its
pharmacological effects by releasing biogenic amines from
the nerve terminals, was significantly inhibited by i.c.v.
injection of propranolol, a B-adrenoceptor antagonist
(Yamaguchi et al., 1991). Furthermore, we observed that
the induction of interleukin-18 mRNA by kainic acid was,
at least in part, suppressed by propranolol (unpublished
data). These findings combined with the present results
strongly suggest that the expression of interleukin-18
mRNA in the brain is regulated by the pB-adrenergic
system.

Using an in situ hybridization technique, we examined
the distribution of interleukin-18 mRNA induced by i.c.v.
injection of isoproterenol. In the brain of control rats
administered with saline, interleukin-13 mRNA was in-
tensely expressed around the site of injection. Intense
expression around the site of injection was aso observed
in the group treated with isoproterenol. As interleukin-1-
like activity was reported to be increased by brain trauma
(Yan et al., 1992), the intense expression of interleukin-1.3
mRNA around the site of injection was considered to be
due to the traumatic damage. In other brain regions in
control rats, interleukin-18 mRNA was not detected ex-
cept in the Purkinje cell layer of the cerebellum. I.c.v.
administration of isoproterenol markedly induced inter-
leukin-18 mRNA in several brain regions. Interleukin-18
MRNA was expressed in cells which had relatively small
and densely counterstained nuclei. Such characteristics
suggest that the cells expressing interleukin-183 mRNA
were gliad cells. Our previous study demonstrated that
interleukin-183 mMRNA was induced by kainic acid in
microglial cells rather than astrocytes (Yabuuchi et al.,
1993). This may also be the case in the brain treated with
isoproterenol. This possibility was supported by the results
of in vitro study which showed the induction of inter-
leukin-183 mRNA and production of interleukin-18 pro-
tein in microglia but not in astrocytes following the treat-
ment with isoproterenol (Tomozawa et al., 1995).

I.c.v. injection of isoproterenol resulted in significant
elevation of the nociceptive threshold to mechanical stimu-
lation. The analgesic effect of isoproterenol (3 wg/rat)
showed two peaks at 60 min and 180-210 min after
administration. At the second peak, 3 ng/rat of isoprote-
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renol elevated the nociceptive threshold to 131.9 4+ 6.5%
of control. The elevation of nociceptive threshold was of
similar degree observed in the group injected with 10
ng/rat of morphine (149.6 + 13.8% of control). The sec-
ond peak of the analgesic effect of isoproterenol was
antagonized by coadministration with interleukin-1 recep-
tor antagonist. These results, together with the finding that
interleukin-18 mMRNA was induced by i.c.v. administra-
tion of isoproterenol, suggest that the analgesic effect of
isoproterenol was, at least in part, mediated by interleukin-
18 produced in the brain. In this context, we previously
reported that i.c.v. injection of interleukin-18 (1 and 10
ng/rat) caused analgesia in mechanical nociception
(Yabuuchi et a., 1996). Interleukin-18 at a dose of 10
ng/rat elevated the nociceptive threshold to about 130%
of the control level. In the present study, a similar degree
of elevation in the nociceptive threshold was observed in
the rat treated with 3 wg/rat of isoproterenol. These
findings suggest that interleukin-183 mMRNA was translated
and a considerable amount of interleukin-13 protein was
produced in the brain. Furthermore, the elevation of the
nociceptive threshold by i.c.v. injection of interleukin-18
was observed about 120 min after injection. Thisis consis-
tent with the present results that the peak of the analgesic
effect mediated by interleukin-13 was observed at 180—
210 min after i.c.v. injection of isoproterenal, taking into
account that the induction of interleukin-13 mRNA by
isoproterenol reached the peak 30—60 min after injection.
On the contrary, morphine, which can produce its anal-
gesic effect probably without newly synthesized proteins,
showed the analgesic effect at 30 min after injection.
Although we reported that i.c.v. injection of interleukin-
18 at the lower doses (10-100 pg/rat) caused hyperalge-
sia, we did not observe any algesic effect of isoproterenol
in the present study. The algesic effects of interleukin-13
were observed only at optimal i.c.v. doses (Oka et al.,
1993; Yabuuchi et al., 1996). The doses of isoproterenol
used in this study possibly produced interleukin-18 be-
yond the adequate amount to cause algesic effects. Alterna
tively, algesic effects of interleukin-18 might be masked
by the first phase of the analgesic effect of isoproterenol,
which seems not to be mediated by interleukin-18. As
well as the first phase of the analgesic effect of isoprote-
renol, algesic effects of interleukin-18 were observed
within 90 min after i.c.v. injection (Y abuuchi et al., 1996).
Oka et a. (1995) reported that microinjection of inter-
leukin-18 into the ventromedial hypothalamic nucleus
prolonged the paw-withdrawal latency in the hot plate test.
We previously demonstrated that type 1 interleukin-1 re-
ceptors are localized on the neuronal cells in the ventrome-
dia hypothalamic nucleus (Yabuuchi et al., 1994). In
addition, the present study showed that interleukin-13
mMRNA was induced by isoproterenol in this nucleus. These
findings suggest the possible involvement of this nucleus
in the analgesic effect of isoproterenol which were medi-
ated by interleukin-18 production, while the involvement

of the other brain regions in which interleukin-18 mRNA
was induced by isoproterenol can not be excluded. Oka et
al. (1995) also showed that microinjection of interleukin-18
into the medial and lateral part of the preoptic area and
median preoptic nucleus produced the algesic effect in the
hot plate test. In the present study, we observed a bell-
shaped dose—response curve for the analgesic effect of
isoproterenol. This might be due to the opposing effects of
interleukin-18 on nociceptive behavior in the ventrome-
dial hypothalamic nucleus and preoptic area. Further stud-
ies including the microinjection of isoproterenol into these
brain regions are necessary to elucidate which brain re-
gions are involved in the analgesic and/or algesic effects
of isoproterenal.

Our previous study (Y abuuchi et al., 1996) revealed that
the analgesic effect of interleukin-18 was not atered by
the i.c.v. pretreatment with sodium salicylate. This sug-
gested that the analgesic effect of interleukin-18 was not
mediated via a cyclooxygenase-dependent pathway. On the
other hand, we showed that the analgesic effect of inter-
leukin-18 was inhibited by the prior administration of
a-helical corticotropin releasing factor (CRF) [9-41], a
CRF receptor antagonist, indicating that the analgesic ef-
fect of interleukin-18 are mediated by endogenous CRF.
Reportedly, i.c.v. injection of interleukin-18 stimulates
CRF neurons in the hypothalamus (Ju et al., 1991) and
thereby activates the hypothalamus—pituitary—adrenal axis
(Berkenbosch et al., 1987). These findings suggest the
possibility that activation of the hypothalamus—pituitary—
adrenal axis is involved in the analgesia induced by i.c.v.
injection of isoproterenol, which is thought to be mediated,
at least in part, by interleukin-18 produced in the brain.
Such a possibility should be elucidated by the experiments
using glucocorticoid receptor antagonists or adrenolec-
tomized rats. Further experiments are necessary for clarify-
ing the mechanism of analgesic effect of i.c.v. isoprote-
renol.
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