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Purine involvement in morphine antinociception
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1 The effects of a series of adenosine derivatives on morphine antinoceptive effect were investi-
gated in rats by the 'tail-flick' method.
2 2-Chloroadenosine (CADO) and L-N6-phenylisopropyladenosine (L-PIA), given intraperitone-
ally, caused decreased morphine antinociception.
3 Intracerebroventricular injections of CADO, L-PIA and 5'-N-ethylcarboxamide adenosine
(NECA), but not of 2'-deoxyadenosine, antagonized morphine antinociception.
4 The effects of both central and peripheral injections of CADO and L-PIA on morphine
antinociception were partially reversed by caffeine.
5 Intracerebroventricular injection of dibutyryl-cyclic 3', 5' adenosine monophosphate (db cyclic
AMP) had no effect on morphine antinociception.
6 These data indicate that adenosine plays a role in morphine-induced antinociception. The results
are discussed in terms of postulated effects of adenosine derivatives on adenylate cyclase.

Introduction

There is evidence that adenosine may be involved in
such effects of morphine as sedation, motor changes,
respiratory depression (Stone, 1982) and analgesia
(Gourley & Beckner, 1973).
Adenosine is a metabolite of adenosine 5'-

triphosphate (ATP), adenosine 5'-phosphate (AMP)
and cyclic adenosine 3'-5'-monophosphate (cyclic
AMP) (Stone, 1981) and in many systems adenosine
and cyclic AMP have similar activities. One of the
most important actions of adenosine is to control
intracellular levels of cyclic AMP through external
membrane located adenosine receptors (Ri, Ra)
(Londos et al., 1980) and an intracellular site as-

sociated with adenylate cyclase (P-site) (Londos &
Wolff, 1977). Both types of R receptors are blocked
by methylxanthines, while the P-site is not (Phillis &
Wu, 1981).

It has been suggested that opiate agonists exert
their action by decreasing the intracellular levels of
cyclic AMP, since opiates have been shown to reduce
basal or pharmacologically stimulated levels of cyclic
AMP in homogenates prepared from whole brain or

1Correspondence

from specific brain regions (Collier & Roy, 1974;
Wilkening et al., 1976; Tsang etal., 1978). However,
stimulation of adenylate cyclase by opiates (Puri et
al., 1975; Tang & Cotzias, 1978) and no effect on this
enzymatic activity (Katz & Catravas, 1977) have also
been reported. Ho et al. (1973) found that prior
administration of cyclic AMP to mice or rats an-
tagonized morphine analgesia. The specificity of this
effect of cyclic AMP was questioned by Gourley &
Beckner (1973) who found that the reversal of mor-
phine analgesia is not specific for cyclic AMP, be-
cause it also occurred after treatment with cyclic
AMP catabolic products, such as adenosine and
adenine. In contrast to the findings of Ho et al.
(1973), another group has found that microinjections
of dibutyryl cyclic nucleotides into brain stem sites
resulted in analgesia (Levy et al., 1981). In addition,
it has been reported that adenosine-related com-
pounds have antinociceptive effects in mice and rats
(Vapaatalo et al., 1975; Snyder et al., 1981; Yar-
brough & McGuffin-Clineschmidt, 1981; Holmgren
etal., 1983).
Hence, because of these discordant findings, the

present study was undertaken to determine the ef-
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fects of purinergic drugs, alone or in combination
with morphine, on nociception in the rat, using the
tail-flick method. The effects of purine analogues on
morphine analgesia were assessed after both central
and peripheral administration of the analogues, with
and without caffeine, which is known to be an
adenosine receptor antagonist in many systems (Phil-
lis &Wu, 1981).

Furthermore, to see if the purine effects on mor-
phine analgesia might be mediated through changes
in intracellular cyclic AMP, we tested the effects of
intracerebroventricular (i.c.v.) injections of dibutyryl
cyclic AMP (db cyclic AMP) alone or in combination
with morphine on morphine antinociception.
As modification of body temperature in animals

treated with purine analogues has been described
(Vapaatalo et al., 1975; Yarbrough & McGuffin-
Clineschmidt, 1981; Wager-Srdar et al., 1983), and
since adenosine is known to be a potent vasodilator in
various vascular beds (Fox & Kelly, 1978) the tail
temperatures were measured, because the tempera-
ture of the tail is an important factor in the tail-flick
response (Minfeng & Jisheng, 1979).

Methods

Male Sprague-Dawley Charles River rats
(130-150g) were used. Animals were housed at a
constant temperature (23-242C). The tail-flick assay

of D'Amour & Smith (1941) was used to assess the
antinociceptive effect. The reaction time to heat was
measured in tenths of a second. The cut-off time was
8s. To prevent tissue damage, only one tail-flick
response was induced per time point. The tail temp-
erature was measured at room temperature (240C)
with a digital precision thermometer. The groups
were compared by the Dunnett test (Dunnett, 1964)
which is applicable to comparisons of more than 2
groups at a time.
Under barbiturate anaesthesia (Nembutal

35 mg kg-1 i.p.), permanent polyethylene cannulae
(PE10) were implanted into both lateral ventricles by
the method of Altaffer et al. (1970). Cannula posi-
tion was verified by the outflow of clear cerebrospinal
fluid. The tail-flick tests were carried out 7 days after
implantation.
Drugs and vehicle (0.9% w/v NaCl solution) were

administered simultaneously by intracerebroven-
tricular (i.c.v.; in 5-10 tlI) or intraperitoneal (i.p.) or
subcutaneous (s.c.) injections (route of administra-
tion designated in the text). Each dose of each drug
was tested in at least 6 rats. Adenosine, 2-
chloroadenosine (CADO), 2'-deoxyadenosine, N6,
02-dibutyryl adenosine 3':5'-cyclic monophosfate
(db cyclic AMP) and caffeine were obtained from the
Sigma Chemical Co., St. Louis; L-N6-
phenylisopropyladenosine (L-PIA) was obtained
from Boehringer Mannheim and 5'-N-
ethylcarboxamide adenosine (NECA) was a gift from
Dr Cattabeni.
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Fguwe 1 (a) Antagonism by caffeine (0) of the inhibitory effect of 2-chloroadenosine (CADO; A) on the
antinociceptive effect of morphine (-) in rats (6- 8 per group). Morphine (1.25 mg kg- 1 s.c.), CADO (5 gAmol kg-1
i.p.) and caffeine (15 mgkg-' i.p.) were injected simultaneously. Mean values are shown, vertical lines indicate
s.e.mean. NaCI/NaCl/morphine group (U) compared to CADO/NaCl/morphine group (A): **P<O0.1.
CADO/NaCV/morphine group (A) compared to CADO/caffeine/morphine (V): tP<0.01. (E) Effect of NaCl; (V)
CADO + caffeine + NaCl.

(b) Antagonism by caffeine (p) of the inhibitory effect of L-phenylisopropyladenosine (L-PIA; A) on the
antinociceptive effect of morphine (U) in rats (6 per group). Morphine (1.25 mgkg-' s.c.), L-PIA (0.26 jAmol kg-1
i.p.) and caffeine (15 mg kg-' i.p.) were injected simultaneously. Mean values are shown, vertical lines indicate
s.e.mean. NaCi/NaCl/morphine group (U) compared to L-PIA/NaCl/morphine group (A): P<0.05. L-

PIA/NaCl/morphine group (A) compared to L-PIA/caffeine/morphine group (V): tP<0.05. (O) NaCl group.
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Effects ofintraperitoneal injections ofCADOand
L-PIA on the antinociceptive effects ofmorphine and
theirantagonism by caffeine

Intraperitoneal injections of CADO (5 jimol kg-')
and L-PIA (0.26 yimolkg-1) were able to reduce
significantly the antinociceptive effects elicited by the
subcutaneous injection of morphine (1.25 mg kg-')
(Figure la and b). The animals injected with CADO
and L-PIA exhibited sedation. The intraperitoneal
injection of caffeine (15 mgkg-') significantly an-
tagonized the inhibitory effects of CADO and L-PIA
on the antinociceptive effect of morphine. CADO,
L-PIA and caffeine alone had no significant effects on
the threshold of pain, as compared with that of
controls injected with 0.9% NaCl solution.

Effects of i.c. v. -injected purine analogues on the
antinociceptive effect ofmorphine

CADO at a dose of 1 nmol per ventricle and L-PIA
and NECA at a dose of 0.1 nmol per ventricle, in-
jected simultaneously with morphine, (1.25 mgkg-'
s.c.) induced a significant decrease in the an-
tinociceptive effect of morphine, with no effect on
basal responses (Figure 2).
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Flgure 3 Antinociceptive effect of morphine (U) in
rats (6-7 per group) treated with 2'-deoxyadenosine
(A). Morphine (1.25mgkg-1) was administered s.c.
simultaneously with 2'-deoxyadenosine (100nmol per
ventricle). (O) Effect of NaCl alone; (A) effect of 2'-
deoxyadenosine + NaCl.

As shown in Figure 3, 2'-deoxyadenosine
(100 nmol per ventricle) had no effect on tail-flick
reaction time when administered simultaneously
with morphine (1.25 mg kg-' s.c.).

Effects ofcaffeine on i. c. v. -administeredCADO and
L-PIA-induced inhibition ofthe antinociceptive effect
ofmorphine

Treatment of rats with caffeine (15 mgkg-' i.p.)
significantly antagonized the inhibitory effects of
CADO (4 nmol per ventricle) and L-PIA (0.13 nmol
per ventricle) on the antinociceptive effect of mor-
phine (1.25 mgkg-' s.c.). CADO, L-PIA and caf-
feine alone had no significant effects on basal re-
sponses (Figure 4a and b).

Effects ofdb cyclicAMP on the antinociceptive effect
ofmorphine

45 60 db cyclic AMP injected simultaneously with mor-
phine (1.25mgkg-' s.c.) at a dose of 7.5pg per
ventricle did not modify the tail-flick responses eli-
cited after morphine. db cyclic AMP alone had no

morphine (-) in effect on the threshold of pain; each animal served as
-chloroadenosine his own control (Figure 5). The animals injected with
)sine (L-PIA; V) this dose of db cyclicAMP exhibited a modest hyper-
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Effects ofpurine analogues and db cyclicAMPon tail
temperature

As shown in Table 1, the doses of CADO (4 nmol per
ventricle) and L-PIA (0.13 nmol per ventricle) used

Results
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FIgure 4 (a) Antagonism by caffeine (p) of the inhibitory effect of 2-chloroadenosine (CADO; A) on the
antinociceptive effect of morphine (U) in rats (6-8 per group). Morphine (1.25mgkg-1) was injected s.c.
simultaneously with CADO (4 nmol per ventricle) and caffeine (15 mg kg 1 i.p.). Mean values are shown, vertical
lines indicate s.e.mean. NaCl/morphine/NaCl group (U) compared to CADO/morphine/NaCI group (A):
**P<0.01. NaCI/morphine/NaCl groups (-) compared to CADO/morphine/caffeine groups (V): **1P<0.01.
CADO/morphine/NaCI group (A) compared to CADO/morphine/caffeine group (V): tP<0.05; tP<0.01. (-)
NaCl alone.

(b) Antagonism by caffeine (0) of the inhibitory effect of L-phenylisopropyladenosine (L-PIA; A) on the
antinociceptive effect of morphine (U) in rats (6-8 per group). Morphine (1.25mgkg-1) was injected s.c.
simultaneously with L-PIA (0.13 nmol per ventricle) and caffeine (15 mg kg 1 i.p.). Mean values are shown: vertical
lines indicate s.e.mean. NaCI/morphine/NaCl group (-) compared to L-PIA/morphine/NaCI group (A): *P<O.05;
**P<0.01. L-PIA/morphine/NaCl group (A) compared to L-PIA/morphine/caffeine group (V): tP<O.05;
tP<0.01. (0) Effect of morphine + caffeine + NaCl.

in the experiments for assessing the specific effects of
these compounds on morphine antinociception did
not change the tail temperature during a 60 min
period, nor did the dose of db cyclicAMP (7.5 ,ig per
ventricle). The tail temperature was measured in the
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F;gure 5 Antinociceptive effect of morphine (U) in
rats (7 per group) treated with dibutyryl cyclic AMP
(A). Morphine (1.25mgkg-1 s.c.) was administered
simultaneously with dibutyryl cyclic AMP (7.5 tLg per
ventricle). (A) Dibutyryl cyclic AMP + NaCl.

tail segment we selected for the tail-flick latency
study.

Discussion

Recently, binding sites for radiolabelled metabolical-
ly stable adenosine analogues, such as NECA, L-PIA
and CADO, have been characterized in mammalian
brain (Schwabe, 1981). These compounds have low
affinity for the uptake systems and for adenosine
deaminase (ADA) (Stone, 1981), and thus remain in
the extracellular environment to act as 'long-lasting'
adenosine. Furthermore, these adenosine analogues
have the advantage that they react with the R-site
receptors and only weakly, if at all, with the 'P-site'
(Daly et al., 1981). In our experimental conditions,
both CADO and L-PIA, when injected intraperito-
neally at relatively high doses, decrease morphine
antinociception. The CADO and L-PIA reductions
of morphine analgesia seem to be specific, since
caffeine treatment reversed the effects of these
purines on morphine antinociception. CADO, L-PIA
and caffeine, at the doses used, did not perse alter the
tail-flick responses. Caffeine was chosen as the
methylxanthine to use because it enters the brain
more rapidly than theophylline after parenteral ad-
ministration (Sattin, 1971) and is even less potent
than theophylline as a phosphodiesterase inhibitor
(Fredholm, 1980).
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Table 1 Effect of i.c.v.-injected 2-chloroadenosine, L-N6-phenylisopropyladenosine and dibutyryl cyclic AMP on
tail temperature

Treatment
(dose per ventricle)

Tail temperature
(x ±s.e.)

0 15min
26.7± 0.5 26.4±0.5
27.0 ±0.4 28.5 ±0.8

30min
26.9± 0.8
26.1 ±0.4

45min
26.2± 0.5
25.9 ±0.4

60min
26.3± 0.6
26.1 ±0.3

27.6 ±0.9 25.9 ±0.6 26.1 ±1.0 25.8 ±0.4 25.1 ±0.8

26.3 ±0.3 26.3 ±0.7 25.8 ±0.8 26.2 ±0.3 25.9 ±0.4

As we do not know whether the effects of peripher-
ally administered purines are exerted directly on the
central nervous system or occurs as a consequence of
actions elsewhere in the body, the effects of i.c.v.
injections of the purine analogues on morphine an-

tinociception were assessed. L-PIA and NECA were

the most potent of these compounds, eliciting equi-
valent decreases in morphine action when tested at
equimolar doses. Adenosine, at a dose of 100 .tg per
ventricle, caused a brief decrease in morphine an-

tinociception (data not shown). This is consistent
with the poor activity of adenosine when adminis-
tered in vivo, as it is rapidly metabolized in the
organism by adenosine deaminase (ADA) (Davies et
al., 1980). CADO was less potent than L-PIA and
NECA, but more potent than adenosine. These cen-

tral effects of CADO and L-PIA also appear to be
specffic.

In contrasr, 2'-deoxyadenosine, a known agonist
at the so-called P-site (Londos & Wolff, 1977), was

ineffective in decreasing morphine analgesia. Be-
cause 2'-deoxyadenosine is deaminated by ADA
(Fox & Kelly, 1978), it was injected at high doses.
Furthermore, the data presented here support the

idea that blockade of the purine effects on morphine
antinociception involves the R-site adenosine recep-
tors. The site of purines action seems to be central,
since they act in much smaller quantities when given
centrally than after peripheral administration.
Our data on the inhibition of morphine analgesia

by purines are in accordance with the findings of
Gourley & Beckner (1973). However, several other
investigators have obtained results seemingly in con-
flict with ours. Antinociceptive effects after both
intracisternal injection of L-PIA, CADO and NECA
(Yarbrough et al., 1981) and peripheral injection of
L-PIA (Vapaatalo et al., 1975; Snyder et al., 1981;
Holmgren et al., 1983) have been described. The
reason(s) for the disparity is not at present clear, but
one possibility is that the increase in the hot plate
reaction time that follows purine administration
might be secondary to a decrease in body tempera-

ture. In this context, we measured the tail tempera-
tures after central injection of L-PIA andCADO and
found no change after the doses we used.
One of the most important actions of adenosine is

to increase intracellular levels of cyclic AMP by
reacting with external membrane-located adenosine
receptors (Sattin & Rall, 1970; Shimizu & Daly,
1970; Schultz, 1975). As it is not altogether clear if
the effects of adenosine derivatives on cyclic AMP
generating systems parallel their physiological activi-
ty (Dunwiddie & Hoffer, 1982), we tested the possi-
bility that cyclicAMP might be involved in the effects
of purines on morphine antinociception. Therefore,
db cyclic AMP, known to gain access to the intracel-
lular space (Posternak et al., 1962), was injected into
the lateral ventricles of the rat simultaneously with
morphine to reduce the possibility that db cyclic

AMP would be deacylated to monobutyryl cyclic
AMP and then to cyclic AMP, 5'-AMP and
adenosine. To make sure that the analgesiometric
tests were not affected by severe motor disturbance,
we used doses of db cyclic AMP (15 rg) that have no
substantial motor effects and did not modify the tail
temperature. This dose of db cyclic AMP also had no
effect on the tail flick latency time or morphine
antinociception.

In view of the depressant effects of adenosine
analogues on morphine antinociception and the lack
of modification of the responses after db cyclic AMP
administration it is difficult to argue that these effects
of adenosine are mediated by elevation of intracellu-
lar cyclic AMP levels. Nevertheless, adenosine might
increase intracellular cyclic AMP in a different com-
partment, and as a consequence, the physiological
effect might be far different from that induced by an

injection of db cyclic AMP.
In conclusion, even though the antagonistic effect

of adenosine analogues on morphine antinociception
seems to be specific, the way in which adenosine
analogues act to block morphine analgesia remains to
be determined.

NaCI
CADO
(4 nmol)
L-PIA
(0. 13 nmol)
db cyclic AMP
(7.5 fg)
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