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Short communication

Evidence for the involvement of the nitric oxide–cGMP pathway in the
antinociception of morphine in the formalin test
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Abstract

The effect of inhibition of nitric oxide synthesis and guanylate cyclase on the peripheral antinociceptive effect of morphine was
G Ž .assessed by using the formalin test in the rat. Saline, N -monomethyl-L-arginine, a nitric oxide synthesis inhibitor 50 mg and methylene

Ž . Ž .blue, a guanylate cyclase inhibitor 500 mg , did not exhibit any antinociceptive activity. However, morphine 10 mg produced a
significant antinociceptive effect in phases 2a and 2b, which was reduced by pretreatment with either N G-monomethyl-L-arginine or
methylene blue. These results suggest that the local administration of morphine induces antinociception by the activation of the
L-arginine–nitric oxide–cGMP pathway. q 1997 Elsevier Science B.V.
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1. Introduction

In addition to the supraspinal and spinal sites of action
of morphine, it has been found that opiates cause periph-

Žeral antinociception Ferreira and Nakamura, 1979b; Fer-
.reira, 1983 . This observation was further confirmed by

Ž .several authors Stein, 1993 . The molecular mechanism
underlying the peripheral antinociceptive action of opiates,
however, is still a matter of debate. Because inflammatory
hyperalgesia was thought to be due to an increased neu-

2q Žronal content of Ca rcAMP Ferreira and Nakamura,
.1979a and this notion was supported by the in vitro

Ž .studies of Collier and Roy 1974 , it was suggested that the
peripheral antinociceptive effect of opiates was associated

Žwith inhibition of activation of adenylate cyclase Ferreira
.and Nakamura, 1979b . These results have been extended

Ž .by several observations of Levine and Taiwo 1989 and
Ž .Taiwo and Levine 1992 . Recently, however, we proposed

that peripheral opiate antinociception was due to the acti-
vation of the L-arginine–nitric oxide–cGMP pathway. This
proposal was based on the observation that local adminis-
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tration of L-arginine produces antinociception in rats with
carrageenin-induced hyperalgesia, the effect being blocked
by nitric oxide synthesis inhibitors and methylene blue
Ž .Duarte et al., 1990 . In prostaglandin- and carrageenin-in-
duced hyperalgesia the local administration of opiates or
non-enzymatic nitric oxide donors also produces antinoci-
ception. While pretreatment of the paws with methylene
blue inhibit the action of morphine and of the nitric oxide
donor, the nitric oxide synthase inhibitor only inhibited

Ž .opiate analgesia Duarte et al., 1990; Ferreira et al., 1991 .
The effect of morphine was potentiated by specific in-

Ž .hibitors of cGMP phosphodiesterase MY5445 , and intra-
plantar injections of dibutyryl–cGMP caused antinocicep-

Ž .tion Ferreira and Nakamura, 1979a . The finding that
Žmorphine stimulates cGMP formation Minneman and

.Iversen, 1976 is in line with our suggestion.
There are, however, several observations indicating that

the arginine–nitric oxide–cGMP pathway plays a hyperal-
gesic rather than a peripheral antinociceptive effect. In

Žfact, it has been reported that either intraplantar Haley et
. Gal., 1992 or systemic administration of N -nitro-L-

Ž .arginine methyl ester L-NAME , but not D-NAME, pro-
duces dose-dependent antinociception in the second phase
of the formalin test. The nociceptive or inflammatory role
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of the arginine–nitric oxide pathway has been described
for bradykinin, substance P, carrageenin and dextran
Ž .Kawabata et al., 1994 . The simplest explanation for these
apparent contradictions may lie in the fact that the argi-
nine–nitric oxide–cGMP pathway may have different roles
depending on the different groups of nociceptive stimuli
involved in the participation of different types of primary
sensory neurons. Moreover, some agents that are assumed
to be specific inhibitors of nitric oxide synthase may have
additional effects. Intraplantar L-NAME, for example,

Žcauses antinociception in both formalin Haley et al., 1992;
.Malmberg and Yaksh, 1993 and paw mechanical hyperal-

gesia tests. L-NAME, however, is a rather peculiar agent
since it seems to block, and even to induce if given
chronically, nitric oxide synthase and guanylate cyclase in

Ž .neural tissue Miller et al., 1996 . In the present study, we
reinvestigated, using the behavioral nociceptive response
induced by formalin in the rat, the peripheral effects of

G Žmorphine, N -monomethyl-L-arginine L-NMMA, a nitric
. Žoxide synthesis inhibitor , and methylene blue an inhibitor

.of the soluble guanylate cyclase and of their joint admin-
istration.

2. Material and methods

2.1. Animals

Male Wistar rats weighing 130–180 g with free access
to food and water were used. All experiments were carried
out according to the IASP guidelines on the use of animals
in pain research.

Fig. 1. Contribution of the nitric oxide–cGMP pathway to the peripheral
antinociceptive effect of morphine. Blockade by N G-monomethyl-L-

Ž .arginine L-NMMA, 50 mgrpaw of the antinociceptive effect of locally
administered morphine on the 1% formalin-induced nociceptive responses
Ž .number of flinches . Each bar represents the mean number of flinches of
5–7 animals"S.E.M. Statistical comparison was made by analysis of

Ž .variance followed by the Bonferroni test P -0.05 . The stars indicate
significant differences between morphine and saline. S indicates signifi-
cant differences of L-NMMA and L-NMMAqmorphine groups from the

Ž .morphine P -0.05 group.

Fig. 2. Contribution of the nitric oxide–cGMP pathway to the peripheral
Žantinociceptive effect of morphine. Blockade by methylene blue MB,

.500 mgrpaw of the antinociceptive effect of locally administered mor-
Žphine on the 1% formalin-induced nociceptive responses number of

.flinches . Each bar represents the mean number of flinches of 5–7
animals"S.E.M. Statistical comparison was made by analysis of variance

Ž .followed by the Bonferroni test P -0.05 . The stars indicate significant
differences between morphine and saline. S indicates significant differ-

Ž .ences of MB and MBqmorphine groups from the morphine P -0.05
group.

2.2. Nociception test

Rats were placed in an open plexiglas observation
chamber for 30 min to allow them to accommodate to their
surroundings, then they were removed for formalin admin-
istration. The right hind paw of the rat was injected with

Ž .50 ml of dilute formalin 1%–5% , using a 30-gauge
needle. The animal was then returned to the chamber for
observation. A mirror was placed behind the chamber to
enable unhindered observation of the formalin-injected
paw. The rats were observed for nociceptive behavior
immediately after formalin injection in periods of 5 min
until 60 min after injection. Nociceptive behavior was
quantified as the number of flinches of the injected paw
during the observation period. After the 1 h observation
period, animals were immediately killed by cervical dislo-
cation.

2.3. Drugs

The following drugs were used: Morphine sulfate
Ž . G Ž .Merck , N -monomethyl-L-arginine Wellcome , methy-

Ž .lene blue Reagen, Brazil .

2.4. Statistical analysis

All results are presented as means"S.E.M. for 5–7
animals per group. Statistical comparisons were made by
using an analysis of variance followed by the Bonferroni
test. A P-0.05 was considered significant.
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3. Results

Local administration of 10 mg of morphine, given 20
Ž .min before formalin 1% , produced a significant reduction

Ž .P-0.05 in the number of flinches in the second phase,
Ž . Ž .60 and 50% for phase 2a 5–40 min and 2b 40–60 min ,

Ž .respectively, when compared to saline Figs. 1 and 2 . This
Žeffect was not observed in the first phase 0–5 min, Figs. 1

.and 2 or when morphine was administered in the con-
Ž .tralateral paw or when a higher concentration 5% of

Ž .formalin was injected data not shown . Pretreatment of
the paws with either 50 mg of N G-monomethyl-L-arginine
Ž . Ž .Fig. 1 or 500 mg of methylene blue Fig. 2 , given 30
min before formalin, did not alter control responses but
significantly attenuated the antinociceptive effect of mor-

Ž .phine in phases 2a and 2b P-0.05 .

4. Discussion

It is now becoming clear that the results obtained in the
formalin test are highly susceptible to the concentration of
formalin or agent tested. Low formalin concentrations
elicit sub-maximal nociceptive behaviors. This facilitates
the detection of the effects of weak analgesics. However,
with injection of fixed concentration of formalin, intraplan-

Žtar injections of L-arginine either enhance low doses
. Ž .0.1–1 mg per paw or diminish 10 mg per paw the

frequency of the second-phase nociceptive response
Ž .Kawabata et al., 1994 . In the present investigation we
were able to detect peripheral morphine analgesia with 1%
but not with 5% of formalin. Under these conditions, local
pretreatment of the paw with N G-monomethyl-L-arginine
or methylene blue had no effect on the flinch frequency of
the control groups but abolished morphine antinociception.
Thus it is plausible that the molecular basis of peripheral
analgesia induced by morphine in this test is similar to that

Žof opiates and carbachol in other nociceptive tests Ferreira
.et al., 1991; Duarte and Ferreira, 1992 .

The results of the present experiments confirm pub-
lished data showing the antinociceptive effect of the L-
arginine–nitric oxide–cGMP pathway both in the periph-

Ž . Žery Ferreira et al., 1991 and centrally Duarte and Fer-
.reira, 1992 . The present results for the formalin test are

similar to those observed for different pain models such as
E prostaglandin- and carrageenin-induced hind paw hy-2

Žperalgesia and even the tail-flick test Duarte and Ferreira,
.1992 . These results, however, are in contrast with the

antinociceptive effect of nitric oxide synthesis inhibitors
Žobserved in the formalin test Haley et al., 1992; Malm-

.berg and Yaksh, 1993; Kawabata et al., 1994 . As we
pointed out earlier in the introduction, the simplest expla-
nation for these apparent contradictions may lie in the fact

that the L-arginine–nitric oxide–cGMP pathway may have
different roles depending on the nociceptive stimuli and
the type of primary sensory neurons involved. This sugges-
tion may be particularly important for drugs injected into
the central nervous system because of the complexity of
the neuronal network involved in the relay and interpreta-
tion of nociception. In conclusion, our results show that
the local administration of morphine induces antinocicep-
tion as a result of the activation of the L-arginine–nitric
oxide–cGMP pathway.
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