
ejp 
ELSEVIER European Journal of Pharmacology 275 (1995) 109-113 

Short communication 

Antinociceptive effect of dihydroetorphine in diabetic mice 

Junzo Kamei a,., Tsutomu Suzuki a, Miwa Misawa a, Hiroshi Nagase u, Yutaka Kasuya a 
a Department of Pharmacology, Faculty of Pharmaceutical Sciences, Hoshi University, 4-41, Ebara 2-chome, Shinagawa-ku, Tokyo 142, Japan 

b Basic Research Laboratories, Toray Industries, Inc., Kamakura 248, Japan 

Received 14 November 1994; revised 29 December 1994; accepted 3 January 1995 

Abstract 

The antinociceptive potency of dihydroetorphine in diabetic mice was examined. Subcutaneous administration of dihydroetor- 
phine produced a dose-dependent antinociception in both non-diabetic and diabetic mice. The antinociceptive potency of s.c. 
dihydroetorphine was less in diabetic mice than in non-diabetic mice. The antinociception induced by i.c.v, dihydroetorphine 
(0.02 ~g) was also significantly less in diabetic mice than in non-diabetic mice. The antinociceptive effects of dihydroetorphine 
(10/xg/kg i.p.) in both diabetic and non-diabetic mice were significantly antagonized by s.c. administration of/3-funaltrexamine, 
a selective p~-opioid receptor antagonist. Furthermore, the antinociceptive effect of dihydroetorphine (10 ~g /kg  i.p.) in 
non-diabetic mice, but not in diabetic mice, was also significantly antagonized by naloxonazine, a selective /Xl-opioid receptor 
antagonist. The time course and the potency of the antinociceptive effect of dihydroetorphine (10 tzg/kg i.p.) in diabetic mice 
were similar to those in naloxonazine-treated non-diabetic mice. Naltrindole, a selective 6-opioid receptor antagonist, or 
nor-binaltorphimine, a selective K-opioid receptor antagonist, had no significant effect on the antinociceptive effect of 
dihydroetorphine (10/zg/kg i.p.) in both diabetic and non-diabetic mice. These results suggest that dihydroetorphine produces 
an antinociceptive effect through the activation of both tx 1- and iz2-opioid receptors in mice. Furthermore, the reduction in 
dihydroetorphine-induced antinociception in diabetic mice, as compared with non-diabetic mice, may be due to the hyporespon- 
sive to supraspinal /Xl-opioid receptor-mediated antinociception in diabetic mice. 
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I.  Introduct ion  

The development  of naloxonazine (Hahn et al., 
1982), a selective ~ - o p i o i d  receptor  antagonist, has 
allowed the identification of at least two /x-opioid 
receptor  subtypes; /z 1- and ~2-opioid receptors (Hey- 
man et al., 1988; Kamei  et al., 1993; Pasternak and 
Wood, 1986; Paul et al., 1989). We recently repor ted 
that the naloxonazine-sensitive pharmacological  ac- 
tions of morphine,  such as supraspinal antinociception 
(Kamei et al., 1994a) and Straub tail reaction (Kamei 
et al., 1994b), in diabetic mice were significantly less 
than those in non-diabetic mice. However,  there is no 
significant difference in the naloxonazine-insensitive 
pharmacological actions of morphine,  such as spinal 
antinociception (Kamei et al., 1994a) and antitussive 
effect (Kamei et al., 1994c), between diabetic mice and 
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non-diabetic mice. Based on this evidence, we pro- 
posed that diabetic mice are selectively hyporesponsive 
to /Xl-opioid receptor-mediated pharmacological ac- 
tion, but not to that mediated by/Xa-Opioid receptors. 

Bentley and Hardy (1967) synthesized dihydroetor- 
phine and reported that its equivalent antinociceptive 
dose was 12 000 times lower than that of morphine and 
one-fourth of that of etorphine. Recently, Tokuyama et 
al. (1993) reported that dihydroetorphine produced a 
potent  antinociceptive effect through the activation of 
/z-opioid receptors. However,  there is little information 
available regarding the involvement of /x-opioid  recep- 
tor subtypes in this /z-opioid receptor-media ted  
antinociceptive effect of dihydroetorphine. Thus, the 
first aim of the present  study was to investigate the 
influence of naloxonazine, a selective /Zl-opioid recep- 
tor antagonist, on dihydroetorphine to determine the 
role of  the/~-opioid  receptor  subtypes in the antinoci- 
ceptive effect of dihydroetorphine. An additional aim 
of this study was to investigate the effect of diabetes on 
dihydroetorphine to clarify our hypothesis that diabetic 
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mice are  select ively hyporespons ive  t o / x l - o p i o i d  recep-  
t o r - m e d i a t e d  p h a r m a c o l o g i c a l  act ion,  bu t  not  to tha t  
m e d i a t e d  by /x2 -op io id  recep tors .  

2. Mater ia ls  and methods  

2.1. An imals  

M a l e  I C R  mice (Tokyo L a b o r a t o r y  A n i m a l s  Science  
Co.,  Tokyo,  Japan) ,  weighing  abou t  20 g at  the  begin-  
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Fig. 1. A: Time course of the antinociceptive effects of dihydroetor- 
phine in diabetic (open circle), non-diabetic (closed circle) and 
naloxonazine-treated non-diabetic (closed triangle) mice. The 
antinociceptive effects of dihydroetorphine (10 ~zg/kg s.c.) were 
measured in the tail-flick test 30, 60, 90 and 120 min after injection 
of dihydroetorphine. Each point represents the mean_+S.E, for 7 
mice in each group. Analysis of variance (ANOVA) revealed a 
significant relation (P < 0.01): F(11,72) = 15.7. * P < 0.05 versus the 
values for non-diabetic mice. B: Dose-response relationship of the 
antinociceptive effect of dihydroetorphine in diabetic (open circle) 
and non-diabetic (closed circle) mice. The antinociceptive effects of 
dihydroetorphine were measured in the tail-flick test 30 min after 
injection. Each column represents the mean+S.E, for 7-8 mice in 
each group, ANOVA revealed a significant relation (P < 0.01): 
F(7,53) = 30.6. * P < 0.05 versus the respective saline-treated group 
(non-diabetic mice, 1.6+0.2%MPE, n=8;  diabetic mice, 1.0+ 
0.2%MPE, n = 8). ~ P < 0.05 versus the values for non-diabetic mice. 

ning of  the  exper iments ,  were  used.  They  had  f ree  
access to food and wa te r  in an an imal  room tha t  was 
m a i n t a i n e d  at  22 + I°C with a 12-h l igh t -da rk  cycle. 
A n i m a l s  were  r e n d e r e d  d iabe t ic  by an inject ion of  
s t r ep tozo toc in  (200 m g / k g  i.v.) p r e p a r e d  in 0.1 N ci- 
t r a t e  buf fe r  at  p H  4.5. A g e - m a t c h e d  non-d iabe t i c  mice 
were  in jec ted  with the  vehic le  a lone.  The  expe r imen t s  
were  c o n d u c t e d  2 weeks  af te r  inject ion of  s t r ep tozo-  
tocin  or  vehicle.  Mice  with se rum glucose levels above 
400 m g / d l  were  cons ide red  diabet ic .  S tudies  in this 
r e p o r t  were  p e r f o r m e d  in acco rdance  with the  guide  
for  the  ca re  and use of  l abo ra to ry  an imals  as a d o p t e d  
by Hosh i  Univers i ty .  

2.2. Ant inocicept ive  assay 

T h e  an t inoc icep t ive  r e sponse  was eva lua ted  by 
r eco rd ing  the la tency  in the  tai l -f l ick test  using r ad ian t  
hea t  as a s t imulus.  T h e  intensi ty  of  the  t he rma l  s t imu- 
lus was ad jus ted  so tha t  the  an imal  f l icked its tai l  in 
2 - 3  s. A cut-off  l a tency  of  15 s was used  to p reven t  
injury to the  tail. A n i m a l s  which did not  r e spond  wi thin  
15 s were  r emoved  and  ass igned a score  of  15 s. The  
pe r c e n t  m a x i m u m  poss ib le  effect  ( % M P E )  was calcu-  
l a ted  for each  an imal  using the  formula :  % M P E  = 100 
x (pos t -d rug  la tency - p r e - d r u g  l a t e nc y ) / (15  - pre-  
d rug  latency).  

2.3. Drugs 

D i h y d r o e t o r p h i n e  was synthes ized  and kindly pro-  
v ided  by Dr.  T. I w a m u r a  (Gifu  Pha rmaceu t i ca l  Univer -  
sity). /3 -Funa l t rexamine ,  na loxonaz ine ,  na l t r indo le  and 
n o r - b i n a l t o r p h i m i n e  were  synthes ized  by Dr.  H. Na-  
gase (Toray  Indus t r ies ,  K a m a k u r a ,  Japan) .  Al l  of  the  
drugs  were  dissolved in sal ine.  /3 -Funa l t rexamine  (20 
m g / k g  s.c.) and  na loxonaz ine  (35 m g / k g  s.c.) were  
in jec ted  24 h be fo re  test ing.  Na l t r i ndo l e  (1 m g / k g  s.c.) 
was in jec ted  15 min be fo re  d i h y d r o e t o r p h i n e  inject ion.  
N o r - b i n a l t o r p h i m i n e  (20 m g / k g  s.c.) was in jec ted  3 h 
be fo re  d i h y d r o e t o r p h i n e  inject ion.  The  i.c.v, inject ions,  
in a vo lume of  5 ~1, were  p e r f o r m e d  accord ing  to the  
m e t h o d  of  H a l e y  and  M c C o r m i c k  (1957). 

2.4. Statistical analysis 

T h e  d a t a  a re  expressed  as the  m e a n  + S.E. T h e  
s ta t is t ical  s ignif icance of  d i f fe rences  was assessed with 
the  N e w m a n - K e u l s  test .  A level of  p robab i l i ty  of  0.05 
or  less was accep t ed  as significant .  T h e  s lope  of  the  
l inear  po r t i on  of  the  dose - r e sponse  l ine d e t e r m i n e d  by 
p lo t t ing  each  indiv idual  po in t  was ca lcu la t ed  using 
P r o g r a m  11 of  the  Pha rmaco log ica l  Ca lcu la t ions  Sys- 
tem of  Ta l l a r i da  and M u r r a y  (1987). 
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3. Results 

3.1. Effect of  i.p. and i.c.v, administration of  dihydro- 
etorphine on the tail-flick response 

Fig. 1A shows the time courses of  the antinocicep- 
tion produced by dihydroetorphine in both non-di- 
abetic and diabetic mice. Dihydroetorphine at a dose 
of 10 I zg /kg  i.p. significantly increased the tail-flick 
latency in both non-diabetic and diabetic mice. This 
effect reached its peak  at 30 min after the administra- 
tion of dihydroetorphine and then gradually decreased. 
The peak effect of  the antinociception induced by 
dihydroetorphine ( 1 0 / x g / k g  i.p.) was significantly less 
in diabetic mice than in non-diabetic mice. 

The  dependency of the antinociceptive effect on the 
amount  of  dihydroetorphine in both non-diabetic and 
diabetic mice is shown in Fig. lB. Dihydroetorphine at 
doses of 1-10 / zg /kg  i.p. produced a dose-dependent  
inhibition of the tail-flick response in both non-diabetic 
and diabetic mice. The  potency of dihydroetorphine to 
inhibit the tail-flick response in diabetic mice was less 
than that in non-diabetic mice. Indeed, the EDs0 val- 
ues ( m g / k g  with 95% confidence limits) were 2.0 (0.5-  
8.1) and 6.3 (2.4-16.4) for non-diabetic and diabetic 
mice, respectively. As shown in Fig. 1B, diabetes pro- 
duced a marked rightward shift of the dose-response 
curve of the antinociceptive effect of dihydroetorphine 
( Y = 7 3 . 1 X + 3 0 . 4  for non-diabetic mice and Y =  
5 2 . 8 X +  11.5 for diabetic mice, 3.1-fold right shift). 

Dihydroetorphine at a dose of 0.02 /zg i.c.v., when 
assessed 15 min after administration, produced a signif- 
icant (F(3,24) = 257.1, P < 0.01) antinociception in 
both non-diabetic (saline, 0.8 _+ 0.5%MPE, n = 7; dihy- 
droetorphine,  96.2 _+ 3.8%MPE, n = 7) and diabetic 
(saline, 0.7 + 0.5%MPE, n = 7; dihydroetorphine, 45.2 
+ 4 . 1 % M P E ,  n = 7 )  mice. The antinociception in- 
duced by i.c.v, dihydroetorphine (0.02 Izg) was also 
significantly less in diabetic mice than in non-diabetic 
mice. 
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Fig. 2. Blockade of the antinociceptive effects of dihydroetorphine 
(10 Izg/kg s.c.) by opioid receptor antagonists in non-diabetic (A) 
and diabetic (B) mice. Naltrindole (NTI, 1 mg/kg) was injected s.c. 
15 min before administration of dihydroetorphine. Nor-binaltorphi- 
mine (BNI, 20 mg/kg s.c.) was injected 3 h before administration of 
dihydroetorphine. /3-Funaltrexamine (FNA, 20 mg/kg) was injected 
s.c. 24 h before administration of dihydroetorphine. Naloxonazine 
(NXZ, 35 mg/kg), a selective ~ropioid receptor antagonist, was 
injected s.c. 24 h before administration of dihydroetorphine. The 
mice were tested 30 min after the injection of dihydroetorphine using 
the tail-flick test. Each column represents the mean ± S.E. for 7 mice 
in each group. ANOVA revealed a significant relation (P < 0.01): 
F(4,30) = 16.6 in non-diabetic mice (A) and F(4,30) = 15.2 in diabetic 
mice (B). * P < 0.05 versus the saline-treated group. 

3.2. Effects of  13-funaltrexamine, naloxonazine, nal- 
trindole and nor-binaltorphimine on the antinociception 
induced by dihydroetorphine 

The effects of selective opioid receptor  antagonists 
on the antinociceptive effect of dihydroetorphine are 
summarized in Fig. 2. Pre t rea tment  with /3-funal- 
trexamine, a selective iz-opioid receptor  antagonist, 24 
h before testing, antagonized the antinociceptive effect 
of dihydroetorphine (10 /xg /kg  i.p.) in both non-di- 
abetic and diabetic mice. When naloxonazine, a selec- 
tive tZl-opioid receptor  antagonist, was injected 24 h 
before testing, the antinociceptive effect of dihydro- 
etorphine (10 I zg /kg  i.p.) in non-diabetic was signifi- 
cantly reduced. In diabetic mice, naloxonazine had no 

significant effect on the antinociceptive effect of dihy- 
droetorphine (10 /xg /kg  i.p.). However, the antinoci- 
ceptive effect of a higher dose of dihydroetorphine (20 
/xg /kg  i.p.) in diabetic mice was significantly (F(1,14) 
= 4.6, P <  0.05) reduced by naloxonazine (without 
naloxonazine, 95.2 + 3.2%MPE, n = 8; with naloxona- 
zine, 61.7_+ 13.2%, n =8) .  Furthermore,  the time 
course and the potency of the antinociceptive effect of 
dihydroetorphine ( 1 0 / x g / k g  i.p.) in diabetic mice were 
similar to those in naloxonazine-treated non-diabetic 
mice (Fig. 1A). On the other hand, administration of 
naltrindole, a selective 6-opioid receptor  antagonist, 15 
min before administration of dihydroetorphine, did not 
significantly affect the antinociceptive effects of dihy- 
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droetorphine (10/xg/kg i.p.) in either diabetic or non- 
diabetic mice. Moreover, when nor-binaltorphimine (20 
mg/kg s.c.), a selective K-opioid receptor antagonist, 
was injected 3 h before the administration of dihydro- 
etorphine, the antinociceptive effect of dihydroetor- 
phine (10 /xg/kg i.p.) was not significantly reduced in 
either non-diabetic or diabetic mice. 

4. Discussion 

The results of the present study demonstrate that 
i.p. administration of dihydroetorphine increased tail- 
flick latency in a dose-dependent manner in both non- 
diabetic and diabetic mice. The results of the present 
experiments also clearly indicate that the antinocicep- 
tive potency of dihydroetorphine is significantly lower 
in diabetic mice than in non-diabetic mice. Dihydro- 
etorphine-induced antinociception in both non-diabetic 
and diabetic mice was markedly antagonized by s.c. 
pretreatment with f3-funaltrexamine, a selective /z- 
opioid receptor antagonist, but not by naltrindole, a 
selective 6-opioid receptor antagonist, or nor-bi- 
naltorphimine, a selective K-opioid receptor antagonist, 
indicating that the antinociceptive effect of dihydro- 
etorphine results from the activation of /z-opioid re- 
ceptors. These results suggest that diabetic mice are 
hyporesponsive to the /x-opioid receptor-mediated 
antinociceptive effect of dihydroetorphine. The results 
of this study agree with our previous findings that the 
antinociceptive effects of /x-opioid receptor agonists 
are significantly lower in diabetic mice than in non-di- 
abetic mice (Kamei et al., 1992a,b, 1994a,c), and sup- 
port our hypothesis that diabetic mice are selectively 
hyporesponsive to /z-opioid receptor-mediated phar- 
macological actions. 

The present study also used naloxonazine, a selec- 
tive /xl-opioid receptor antagonist (Hahn et al., 1982), 
to compare the sensitivity of the antinociceptive effect 
of dihydroetorphine in diabetic and non-diabetic mice. 
Naloxonazine partially, but significantly, antagonized 
the antinociceptive effect of i.p. dihydroetorphine in 
non-diabetic mice. In diabetic mice, although naloxon- 
azine had no significant effect on the antinociceptive 
effect of a low dose of dihydroetorphine (10 /xg/kg 
i.p.), the sensitivity of the antinociceptive effect of 
dihydroetorphine to naloxonazine appeared when 
naloxonazine was tested against a high dose of dihy- 
droetorphine (20 /zg/kg i.p.) that produced approxi- 
mately 100%MPE. The sensitivity of the antinocicep- 
tive effect of dihydroetorphine to naloxonazine indi- 
cates that dihydroetorphine produces antinociception, 
at least in part, through the activation of /Zl-opioid 
receptors, i.e., the antinociceptive effect of dihydro- 
etorphine may be mediated through the activation of 
both /z~- and /Xz-Opioid receptors. 

We recently demonstrated that the antinociceptive 
effect of i.c.v, morphine, which is mediated mainly by 
iz~-opioid receptors, in diabetic mice was significantly 
less than that in non-diabetic mice (Kamei et al., 
1994a). However, there were no significant differences 
in the antinociceptive effects of i.t.-administered mor- 
phine, which is mediated mainly by /Ze-opioid recep- 
tors, in diabetic and non-diabetic mice (Kamei et al., 
1994a). Based on these results, we proposed that mice 
with diabetes are selectively hyporesponsive to /z 1- 
opioid receptor-mediated pharmacological action, but 
not to that which is mediated by /Ze-Opioid receptors. 
This hypothesis is further supported by the present 
results that (1) the antinociceptive effect of dihydro- 
etorphine is significantly less in diabetic mice than in 
non-diabetic mice, (2) naloxonazine, a selective ~L- 
opioid receptor antagonist, significantly reduced the 
antinociceptive effect of dihydroetorphine (10 /zg/kg) 
in non-diabetic, but not in diabetic mice, (3) the sensi- 
tivity of the antinociceptive effect of dihydroetorphine 
to naloxonazine in diabetic mice appeared when nalox- 
onazine was tested against a high dose of dihydroetor- 
phine (20 /zg/kg i.p.) that produced approximately 
100%MPE, and (4) the time course and the potency of 
the antinociceptive effect of dihydroetorphine (10 
/xg/kg) in diabetic mice were similar to those in nalox- 
onazine-treated non-diabetic mice. On the other hand, 
the results obtained in the present study indicate that 
the antinociceptive effect of i.c.v, dihydroetorphine is 
smaller in diabetic mice than in non-diabetic mice. 
This attenuation cannot be explained by pharmacoki- 
netic considerations since the dihydroetorphine was 
administered directly into the brain. 

We previously demonstrated that transfer of 
mononuclear spleen cells or the supernatant of spleen 
cell homogenate from diabetic mice to naive mice 
significantly reduced the antinociception mediated by 
/z-opioid receptor agonists in these mice (Kamei et al., 
1992b, 1994c). Furthermore, Brase et al. (1987) have 
suggested that the number and the affinity of/~-opioid 
receptors in diabetic animals are not significantly dif- 
ferent from those in non-diabetic animals. Therefore, 
we proposed that factor(s) derived from spleen cells of 
diabetic mice reduced the antinociceptive effect medi- 
ated by /~-opioid receptor agonists by modifying the 
/x-opioid receptor-effector coupling mechanisms or by 
modifying the binding of/x-opioid receptor agonists to 
/x-opioid receptors (Kamei et al., 1992b, 1994c). 

In conclusion, the present results suggest that dihy- 
droetorphine produces an antinociceptive effect 
through the activation of both ~1- and t~2-opioid re- 
ceptors in mice. Furthermore, the reduction in dihy- 
droetorphine-induced antinociception in diabetic mice, 
as compared with non-diabetic mice, may be due to the 
hyporesponsive to supraspinal /xl-opioid receptor- 
mediated antinociception in diabetic mice. 
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