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Abstract

Injection of formalin into the hindpaw of mice produced a biphasic nociceptive response consisting of immediate (first-phase) and
tonic (second-phase) components. In diabetic mice, the flinching response of the first phase was increased while that in the second phase
was decreased in diabetic mice relative to the results in non-diabetic mice. To examine the role of supraspina and/or spinal endogenous
d,-opioid receptors in inhibiting the formalin-induced nociceptive response in diabetic mice, we assessed the effect of 7-benzyl-
idenenaltrexone, a selective 8;-opioid receptor antagonist, and naltriben, a selective ,-opioid receptor antagonist, administered either
i.c.v. or i.t., on the formalin-induced flinching response. The second-phase response appeared when diabetic mice were pretreated with
7-benzylidenenaltrexone (0.1 and 0.3 mg/kg, s.c.), but not with naltriben (0.3 and 1 mg/kg, s.c.). On the other hand, while
7-benzylidenenaltrexone (0.1, 0.3 and 1 pg/mouse) administered i.t. had no significant effect on the first phase, it significantly and
dose-dependently increased the second phase of the formalin-induced flinching response in diabetic mice. 7-Benzylidenenaltrexone (1 and
3 ng/mouse) administered i.c.v. had no significant effect on either the first- or the second-phase response in both non-diabetic and
diabetic mice. These results suggest that a spinal 8;-opioid receptor-mediated endogenous antinociceptive system may inhibit the

formalin-induced second phase of the nociceptive response in diabetic mice.
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1. Introduction

The formalin test has been accepted as a model of
chemogenic pain (Dubuisson and Dennis, 1977; Hunskaar
et a., 1985; Sugimoto et al., 1986; Murray et al., 1988;
Ohkubo et al., 1990). Injection of diluted formalin into an
anima’s hindpaw produces a biphasic nociceptive re-
sponse consisting of immediate (first-phase) and tonic
(second-phase) components (Dubuisson and Dennis, 1977;
Hunskaar et al., 1985; Sugimoto et al., 1986; Murray et al.,
1988; Ohkubo et a., 1990). Kuraishi et a. (1989) and
Kantner et al. (1986) showed that both substance P and
somatostatin were released from the dorsal horn by the
injection of formalin into the paw, indicating that both
substance P and somatostatin participate in the transmis-
sion of the formalin-induced nociceptive response.
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We previously demonstrated that although s.c. injection
of formalin into the hindpaw produced the first phase of
the nociceptive response, the second phase of the nocicep-
tive response was hardly observed (Kamei et al., 1993a).
Moreover, the time spent in the flinching response in the
first phase was significantly longer in diabetic mice than in
non-diabetic mice (Kamei et a., 1993a). The flinching
response in the second phase became apparent in diabetic
mice after pretreatment with natrindole, a selective 8-
opioid receptor antagonist (Kamei et al., 1993a). Recent
studies have demonstrated the existence of two 3-opioid
receptor subtypes, which have been referred to as §,-opioid
and 3,-opioid receptors (Jiang et al., 1991; Mattia et al.,
1991; Sofuoglu et al., 1991a,b). In this regard, we previ-
ously demonstrated that the antinociceptive effect of either
i.cv. or it administration of [p-Pen®°]enkephalin
(DPDPE), which was antagonized by 7-benzyl-
idenenaltrexone, a selective 3,-opioid receptor antagonist,
but not by naltriben, a selective 3,-opioid receptor antago-
nist, was significantly increased in diabetic mice compared
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to non-diabetic mice (Kamei et a., 1994b). On the other
hand, there were no significant differences in the antinoci-
ceptive effects of the i.c.v. administration of [p-Ala?]de-
[torphin 11, which was antagonized by naltriben, but not by
7-benzylidenenaltrexone, between diabetic and non-di-
abetic mice (Kamei et a., 1994b). Based on these results,
we proposed that mice with diabetes are selectively hyper-
responsive to supraspinal and spinal §,-opioid receptor-
mediated antinociception, but are normally responsive to
the activation of 3,-opioid receptors (Kamei et al., 1994b).
Thus, these findings led us to propose the possibility that
supraspinal and/or spinal 3,-opioid receptors may play an
important role in inhibiting the formalin-induced second-
phase nociceptive response in diabetic mice. Therefore, in
the present study, we assessed the effect of 7-benzyl-
idenenaltrexone, administered either i.c.v. or i.t., on the
formalin-induced flinching response in diabetic mice.

2. Materials and methods
2.1. Animals

Male ICR mice (Tokyo Animal Laboratory, Tokyo,
Japan), weighing about 20 g a the beginning of the
experiment, were used. They had free access to solid food
(MF; Oriental Yeast, Tokyo, Japan) and water in an animal
room which was maintained at 24 + 1°C with a 12-h
light-dark cycle. Animals were rendered diabetic by an
injection of streptozotocin (200 mg/kg, i.v.) prepared in
0.1 N citrate buffer at pH 4.5. Age-matched control mice
were injected with the vehicle alone. The experiments
were conducted 2 weeks after the injection of vehicle or
streptozotocin. Mice with serum glucose levels above 400
mg,/d were considered diabetic. This study was carried
out in accordance with the Declaration of Helsinki and /or
with the guide for the care and use of laboratory animals
as adopted by the committee on the care and use of
laboratory animals of Hoshi University, which is accred-
ited by the Ministry of Education, Science, Sports and
Culture, Japan.

2.2. Formalin-induced flinching response

The experiment was performed according to the method
described by Shibata et al. (1989). Each mouse was accli-
mated to an acrylic observation chamber (32 X 23 X 17
cm) for at least 5 min before the injection of formalin. 25
pl of a 0.5% solution of formalin in 0.9% saline was
administered into the dorsal surface of the right hindpaw.
Immediately after the injection, each animal was returned
to the observation chamber and its flinching response was
recorded for 30 min. The mouse licked and bit the injected
paw; these responses were distinct and easily observed.
The cumulative response time (s), i.e.,, the duration of
licking and biting of the injected paw, was measured for
each 5-min block.

2.3. Drugs

7-Benzylidenenaltrexone, naltriben and (—)-2-methyl-
4aa-(3-hydroxyphenyl)-1,2,3,4,4a,5,12,12 ac-octahydro-
quinolino [2,3,3,-g] isoquinoline ((—)-TAN-67) were syn-
thesized by Dr. Nagase (Toray Industries, Co.). Both drugs
were dissolved in 0.9% saline. Intracerebroventricular
(i.c.v.) and intrathecal (i.t.) administrations, in a volume of
5 wl, were performed according to the methods of Haley
and McCormick (1957) and Hylden and Wilcox (1980),
respectively. Each antagonist was injected either s.c., i.c.v.
or i.t. 10 min before formalin injection. (—)-TAN-67 was
injected 30 min before i.t. injection of 7-benzyl-
idenenaltrexone.

2.4. Satistical analysis

Data are expressed as the mean with SE. A one-way
analysis of variance (ANOVA) followed by Dunnett's
multiple comparison test was used for the statistical evalu-
ation.

3. Reaults

3.1. Effects of s.c. administration of 6,- and &,-opioid
receptor antagonists on the formalin-induced flinching re-
sponse

In non-diabetic mice, s.c. injection of 0.5% formalin
into the hindpaw caused an acute, immediate flinching
response, i.e., licking and biting, which lasted about 5 min
(first-phase response). The second-phase response then
began and lasted about 20 min. In diabetic mice, s.c.
injection of formalin into the hindpaw also produced
biphasic flinching responses (Fig. 1). The time spent in the
flinching response in the first phase was significantly
longer in diabetic mice than in non-diabetic mice (Fig. 1).
However, the time spent in the flinching response in the
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Fig. 1. Duration of the nociceptive response induced by the injection of
formalin in non-diabetic (open column) and diabetic (hatched column)
mice. Data are expressed as the total time spent in flinching (s) during the
first (0—10 min) and second (10—30 min) phases. Each column represents
the mean with SE. (n=10). ** P < 0.01 vs. non-diabetic mice.
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Fig. 2. Effects of s.c. administration of 7-benzylidenenaltrexone (0.1
mg,/ kg, hatched column; 0.3 mg/kg, dotted column) on the formalin-in-
duced biphasic nociceptive response in non-diabetic mice (A) and dia-
betic mice (B). Data are expressed as the total time spent in flinching (s)
during the first (0—10 min) and second (10—-30 min) phases. Each column
represents the mean with SE. (n=9). ** P <0.01 vs. sdine-treated
group (open column).
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Fig. 3. Effects of s.c. administration of naltriben (0.3 mg/kg, hatched
column; 1 mg/kg, dotted column) on the formalin-induced biphasic
nociceptive response in non-diabetic mice (A) and diabetic mice (B).
Data are expressed as the total time spent in flinching during the first
(0-10 min) and second (10-30 min) phases. Each column represents the
mean with SE. (n=10).

second phase was significantly shorter in diabetic mice
than in non-diabetic mice (Fig. 1).

Subcutaneous injection of 7-benzylidenenaltrexone (0.1
and 0.3 mg/kg), an antagonist of &;-opioid receptors, had
no significant effect on either the first phase or the second
phase of the formalin-induced flinching response in non-
diabetic mice (Fig. 2A). 7-Benzylidenenaltrexone (0.1 and
0.3 mg/kg, s.c.) also had no significant effect on the first
phase of the formalin-induced flinching response in dia-
betic mice (Fig. 2B). However, in contrast to the results in
non-diabetic mice, the second phase of the formain-in-
duced flinching response in diabetic mice was dose-depen-
dently and significantly increased when 7-benzyl-
idenenaltrexone (0.1 and 0.3 mg/kg, s.c.) was injected 10
min before formalin injection.

In contrast, naltriben (0.3 and 1 mg/kg, s.c.), a selec-
tive d,-opioid receptor antagonist, had no significant effect
on either the first or second phase of the formalin-induced
flinching response in both non-diabetic and diabetic mice
(Fig. 3A,B).

3.2. Effects of i.t. and i.c.o. administration of 7-benzyl-
idenenaltrexone on the formalin-induced flinching re-
sponse

Intrathecal injection of 7-benzylidenenaltrexone(0.1 .g)
had no significant effect on either the first or second phase
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Fig. 4. Effects of i.t. administration of 7-benzylidenenaltrexone (0.1 g,
hatched column; 0.3 g, dotted column; 1 g, cross-hatched column) on
the formalin-induced biphasic nociceptive response in non-diabetic mice
(A) and diabetic mice (B). Data are expressed as the total time spent in
flinching during the first (0—10 min) and second (10-30 min) phases.
Each column represents the mean with SE. (n=8-10). ** P < 0.01 vs.
respective saline-treated group.
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Fig. 5. Duration of and the effect of (—)-TAN-67 on the nociceptive
response induced by the i.t. injection of 7-benzylidenenaltrexone (0.3 and
1 @ in non-diabetic mice. (—)-TAN-67 (30 mg,/kg) was injected s.c.
30 min before i.t. injection of 7-benzylidenenaltrexone (1 p.g). Each point
represents the mean with S.E. (n=10) of the time spent in flinching per
30-min period. ** P <0.01 vs. salinetreated group. ¥ P <0.01 vs.
7-benzylidenenaltrexone alone.

of the flinching response in non-diabetic mice (Fig. 4A).
However, higher doses of 7-benzylidenenaltrexone (0.3
and 1 g, i.t), by itself, caused a marked flinching re-
sponse, i.e., licking and hiting, which lasted about 15 min
(Fig. 5). The 7-benzylidenenaltrexone-induced flinching
response was significantly reduced by pretreatment with
(—)-TAN-67 (30 mg/kg, s.c.), a selective 3;-opioid re-
ceptor agonist (Fig. 5). In diabetic mice, 7-benzyl-
idenenaltrexone, at doses of 0.3 and 1 pg, i.t.,, had no
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Fig. 6. Effects of i.c.v. administration of 7-benzylidenenaltrexone (1 g,
hatched column; 3 g, dotted column) on the formalin-induced biphasic
nociceptive response in non-diabetic mice (A) and diabetic mice (B).
Data are expressed as the total time spent in flinching during the first
(0—10 min) and second (10-30 min) phases. Each column represents the
mean with S.E. (n=8-10).

effect on the first phase of the formalin-induced flinching
response, as in non-diabetic mice (Fig. 4B). In contrast, the
second phase of the formalin-induced flinching response in
diabetic mice was dose-dependently and significantly in-
creased when 7-benzylidenenaltrexone (0.1, 0.3 and 1 pg)
was injected i.t. 10 min before formalin injection. How-
ever, 7-benzylidenenaltrexone (1 g, i.t.), by itself, did not
cause a flinching response in diabetic mice (saline, 1.0 +
0.8 s/30 min, n= 10; 7-benzylidenenaltrexone, 0.0 + 0.0
s/30 min, n = 10).

Intracerebroventricular injection of 7-benzyl-
idenenaltrexone (1 and 3 w.g) had no significant effect on
either the first phase or the second phase of the formalin-
induced flinching response in non-diabetic mice (Fig. 6A).
7-Benzylidenenaltrexone (1 and 3 g, i.c.v.) aso had no
significant effect on either the first phase or the second
phase of the formalin-induced flinching response in dia-
betic mice (Fig. 6B).

4, Discussion

The first phase of the formalin-induced flinching re-
sponse may represent a direct effect on nociceptors,
whereas the second phase may represent an enhanced
response of sensitized dorsal horn neurons resulting from
low-level neurona input due to periphera inflammatory
insult (Hunskaar and Hole, 1987). Peripheral inflammatory
processes may elicit changes in spina levels of endoge-
nous opioids. Recently, Ossipov et al. (1996) demonstrated
the presence of an opioid-inhibitory tone which acts to
limit the intensity of the nociceptive signal. Furthermore,
they reported that this inhibitory tone appears to be medi-
ated via activation of 8- and k-opioid receptors. We
recently proposed that mice with diabetes are selectively
hyper-responsive to both supraspinal and spinal 3,-opioid
receptor-mediated antinociception. However, we did not
observe a significant difference in either supraspina or
spinal k-opioid receptor-mediated antinociception between
diabetic and non-diabetic mice (Kamei et a., 1992a,b). In
the present study, we demonstrated that the time spent in
the second phase of the formalin-induced flinching re-
sponse in diabetic mice was significantly increased when
the mice were pretreated with 7-benzylidenenaltrexone, a
selective 3,-opioid receptor antagonist, but not with nal-
triben, a selective 3,-opioid receptor antagonist. Thus, it is
possible that the d-opioid receptor-mediated tonic effect on
the second phase of the formalin-induced flinching re-
sponse, and activated 3,-opioid receptor-, rather than 8,-
opioid receptor-mediated antinociceptive systems, may ac-
count for the selective reduction of the second phase of the
formalin-induced flinching response in diabetic mice.

It has been suggested that substance P is involved in
nociceptive transmission during the first phase of the
formalin-induced nociceptive response in mice (Ohkubo et
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al., 1990). When the first phase of the formalin-induced
nociceptive response was decreased to the level observed
in non-diabetic mice by pretreatment with spantide, a
substance P antagonist, the second phase appeared (Kamei
et al., 1993a). It has been well established that exposure to
a stressful experience induces pronounced antinociception
in animals. In this regard, we previously demonstrated that
forced swimming stress significantly reduced the duration
of the second phase, but not that of the first phase, of the
formalin-induced flinching response (Kamei et al., 1993b).
Furthermore, forced swimming stress-induced antinocicep-
tion of the second phase of the formalin-induced flinching
response was antagonized by pretreatment with naltrindole
(Kamei et al., 1993b). Moreover, we recently proposed
that the enhanced forced swimming stress-induced
antinociception in diabetic mice may be due the activation
of d,-opioid receptors (Kamei et al., 1994a). In connection
with the formalin-induced flinching response, Alois et al.
(1995) reported that a higher formalin concentration in-
duced a stronger flinching response, and was associated
with higher levels of plasma 3-endorphin in rats. In con-
trast, a low concentration of formalin did not induce a
significant increase in plasma B-endorphin levels. On the
other hand, we recently demonstrated that the antinocicep-
tive effect of B-endorphin in diabetic mice is markedly
greater than that in non-diabetic mice (Kamei et al., 1993c).
Furthermore, the antinociceptive effect of B-endorphin in
diabetic mice is more responsive to naltrindole than that in
non-diabetic mice (Kamei et a., 1993c). In the present
study, we demonstrated that although i.c.v. administration
of 7-benzylidenenaltrexone had no significant effect on the
second phase of the formalin-induced flinching response,
i.t. administration of 7-benzylidenenaltrexone significantly
increased the second phase of the formalin-induced flinch-
ing response in diabetic mice. Accordingly, we considered
that excessive nociceptive transmission in diabetic mice
during the first phase of the formalin-induced nociception
could represent a stressful experience, which activates the
endogenous spinal §;-opioid receptor-mediated antinoci-
ceptive system.

The results of the present study were unexpected, but
important. 1.t. administration of 7-benzylidenenaltrexone,
at doses of 0.3 and 1 g, by itself, produced hyperalgesia
in non-diabetic mice, but not in diabetic mice. This conclu-
sion is based on the finding that 7-benzylidenenaltrexone
given i.t. produced a flinching response, i.e., scratching
and biting. Furthermore, the 7-benzylidenenaltrexone-in-
duced flinching response in non-diabetic mice was signifi-
cantly reduced by pretreatment with (—)-TAN-67, a selec-
tive 3,-opioid receptor agonist (Kamei et al., 1995, 1997;
Tseng et al., 1997). The doses of 7-benzylidenenaltrexone
which produced a flinching response in non-diabetic mice
were the same as those which significantly increased the
second phase of the formalin-induced flinching response in
diabetic mice. The exact mechanism which produces hy-
peralgesiais not clear at thistime. One possibility isthat in

non-diabetic mice, a 3,-opioid receptor-mediated tonic
inhibitory tone is not only the consequence of a nocicep-
tive stimulus, but is also present in the normal state.

In conclusion, the data presented in this paper provide
strong evidence that formalin-induced nociception may
activate spinal, but not supraspinal, endogenous &,-opioid
receptor-mediated antinociceptive systems which selec-
tively reduce the second phase of the formalin-induced
flinching response in diabetic mice.
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