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hanges in the concentration of either 
brain or blood glucose level appear to 
modulate antinociceptive and basal no-
ciceptive processes. There are some 

contradictory data about the effect of diabetes on 
morphine antinociception. In this study the ef-
fects of alloxan-induced diabetes on morphine 
analgesia, tolerance and dependency were inves-
tigated, with a view to clarify the contradictions. 
Materials and Methods:  Experimental diabetes 
was induced by a single injection of alloxan (120 
mg/kg S.C.) in rats. Administration of morphine 
sulfate (7mg/kg i.p., 5 days) developed tolerance 
in animals. Acute and chronic pain in morphine 
treated diabetic and non-diabetic animals were 
evaluated using hot-plate and formalin tests re-
spectively. In tolerant animals withdrawal signs 
(jumping, chewing, urine and feces) were re-
corded for ten minutes by the use of naloxone 
(2mg/kg i.p.). 
Results:  Our results show that in the acute pain 
model, the antinociceptive effect of a morphine 
single dose was significantly enhanced (P < 
0.001) in the diabetic group as compared to non-
diabetic rats whereas, in diabetic tolerant rats in 
comparison with the non-diabetic tolerant ones 

morphine analgesia was extremely reduced 
(P<0.001). In the chronic pain model after a sin-
gle dose administration, the only antinociceptive 
potency of morphine was enhanced (P<0.05) in 
the early phase, whereas after the induction of 
tolerance it was markedly reduced (P<0.01) in the 
early phase; was slightly enhanced (P<0.05) in 
the late phase in the diabetic rats compared to 
the non-diabetics. The withdrawal signs were 
significantly decreased (P<0.001) in the diabetic 
compared to the non-diabetic animals.  
Conclusion: It appears that the effects of hyper-
glycemia on pain thresholds differ in specific re-
gions, using different tests and by duration of 
diabetes. Thus during the progress of diabetes, 
hyperglycemia might diminish the analgesic ef-
fect of morphine, blunt the development of de-
pendency and alter the induction of tolerance. 

 
Key Words: Diabetes, Morphine analgesia, Tol-
erance, Dependency, Rat 
 
Received: 16/07/2006- Accepted: 13/09/2006 
 
 
Introduction 

Earlier studies have demonstrated that the 
increase in blood glucose concentration 
whether induced or due to diabetes possibly 
affects neural mechanisms such as pain 
transmission and alters the potency of certain 
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narcotic analgesics such as morphine.1-4 This 
supports the hypothesis that glucose might 
interfere with morphine antinociception, tol-
erance and physical dependency. Drug toler-
ance and dependence represent experience-
dependent changes in the central and periph-
eral nervous systems.5-7 

The increase in blood glucose concentra-
tion or hyperglycemia in diabetes profoundly 
alters hypothalamic-pituitary function, in-
cluding the activity of endogenous opiate 
system.8 Changes in the concentration of ei-
ther brain or blood glucose levels appear to 
modulate antinociceptive and basal nocicep-
tive processes.9 Both clinical and animal 
studies show that morphine has a limited an-
algesic effect in the treatment of painful dia-
betic neuropathy.10-16 There are however 
some contradictory data on the effect of dia-
betes on nociceptive responses in laboratory 
animals.  

Some investigators have reported a higher 
level of pain threshold in streptozotocin 
(STZ)-induced diabetic male rats via the hot 
plate device.17 Likewise, Levine et al. dem-
onstrated prolonged tail-flick latencies to ra-
diant heat in diabetic mice,18 and Akunne & 
Soliman have done the hot plate test and re-
ported that diabetic animals have a signifi-
cantly higher pain threshold than non diabetic 
ones. It was also observed that glucose-
induced hyperglycemic rats have a signifi-
cantly higher pain threshold.19  

Conversely, others have reported that ex-
perimental diabetes mellitus attenuates the 
antinociceptive effect of morphine in rats and 
mice.20-25 They found that antinociception in-
duced by morphine injected either systemati-
cally or intracerebroventricularly (i.c.v.) was 
attenuated in STZ-diabetic mice. Also Lee et 
al. showed that elevated blood glucose levels 
contribute to a decrease in pain thresholds of 
alloxan-diabetic rats,26 and a significant de-
crease in tail flick latency in both diabetic 
and hyperglycemic control animals.27 Fur-
thermore Morley et al.3 demonstrated a low-
ered pain threshold in humans rendered 
acutely hyperglycemic by glucose injection 

but, could not demonstrate a significant 
change in pain thresholds of diabetic patients. 
In many studies diabetic rodents have been 
shown to exhibit analgesic tolerance to mor-
phine,1,2,23,25,28,29 and resistance to morphine 
dependence.5,6,30 Therefore, diabetic animals 
would be expected to be tolerant to the anal-
gesic effects of exogenous opiates.  

Thus this study was performed to resolve 
some aspects of the conflicting evidence re-
lating to the effect of diabetes on morphine 
antinociception in acute and chronic pain 
models and to clarify the role of diabetes on 
opiate tolerance and dependency.  

 
 Materials and Methods 

Animals: Male Sprague-Dawley rats 
weighing (180-250 g.) were used; animals 
were housed in animal room at 22±2°C with 
a 12-h light/dark cycle and free access to wa-
ter and food. Each animal was used only 
once.  

All experiments were performed in accor-
dance with the recommendations and policies 
of the International Association for the Study 
of Pain (Zimmermann, 1983)31 and the Insti-
tutional Animal Welfare Law. All study pro-
tocols were approved by the internal deputy 
for animal research and the respective local 
government committee which is advised by 
an independent ethics committee in our Neu-
roscience Research Center. 

Rats were divided into four main groups: 
diabetic, non-diabetic and their vehicle con-
trol groups. Each subgroup consisted of 6 
rats. 

Drugs: Alloxan, (Sigma, U.S.A.), 120 
mg/kg/s.c., dissolved in distilled water. 

 Naloxone, (Sigma, U.S.A.), 2 mg/kg/i.p., 
dissolved in distilled water. 

Morphine sulfate, (Temad, I.R. of Iran.), 7 
mg/kg/i.p., dissolved in distilled water. 

 URIYAB-8 tape-test (Bakhtar Cheimi, I.R. 
of Iran). 

Induction of experimental diabetes: Dia-
betes was induced by a single injection of al-
loxan (120 mg/kg s.c.) dissolved in 1 ml of 
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distilled water. Forty eight hours after ad-
ministration, the urine glucose was measured 
colorimetrically using the URIYAB-8 tape-
tests. Samples with urine glucose level less 
than 300 mg/100 were not included in this 
study. The urine glucose levels before the 
single dose of morphine were ≥ 300 
mg/100mL and before the last dose of mor-
phine were ≥ 1000 mg/100mL. 

Induction of tolerance: Morphine sulfate 
(7 mg/kg i.p.) was administered for 5 con-
secutive days to induce tolerance in animals. 
Tolerance was defined as a significant de-
crease in analgesia between single dose and 
repeated doses of morphine injections.  

Measurement of nociceptive effect: Hot-
plate test was used to evaluate the acute pain. 
Animals were placed on a hot plate (55±5°C) 
according to the procedure described by 
Eddy and Leimback.32 The reaction time(s) 
measured was either hind paw licking or 
jumping off the plate. The cut-off point im-
posed was 60 seconds to avoid tissue dam-
age.33 Each rat was tested twice in the first 
day, once before administration of morphine 
and next 30 minutes after the injection. The 
reaction time was subsequently assessed 30 
minutes after morphine administration on the 
fifth day. 

Chronic pain was assessed by the formalin 
test. First, morphine sulfate 7 mg/kg was in-
jected i.p. for a single dose or for five con-
secutive days. Then on the first day (single 
dose) or on the fifth day (chronic dose), 45 
minutes after the morphine injection, 50 µl of 
2.5% formalin was subcutaneously injected 
into the plantar region of the right hind paw 
with a 27-gauge needle for noxious stimula-
tion. The rats were placed in an open plexi-
glass chamber with a mirror positioned on the 
opposite side to allow unhindered observa-
tion of formalin-injected paw. Pain related 
behavior was quantified by counting the inci-
dences of spontaneous flinching/shaking of 
injected paw. Pain rating was recorded ac-
cording to the behavioral categories: 0,1,2 
and 3 as described by Dubuisson and Den-
nis.34 Pain scores were recorded every 15 sec-

seconds after the injection of formalin for one 
hour. Every 5 minutes was considered as one 
time block (12 time blocks for one hour). The 
results of the formalin tests are presented as 
mean of pain scores during the first 15 min-
utes (the early phase), and 20-60 minutes (the 
late phase) after formalin injection.  

Assessment of Naloxone precipitated with-
drawal signs: The magnitude of physical 
dependency in the experimental groups was 
assessed by observing the characteristic signs 
of naloxone-precipitated withdrawal-like syn-
drome. On the fifth day of the experiment, 30 
minutes after the injection of morphine, the 
withdrawal syndrome was precipitated by in-
traperitoneal injection of naloxone HCl (2 
mg/kg). Immediately after the injection of 
naloxone the rats were placed in a plexiglass 
chamber and the following behaviors were 
observed continuously for ten minutes: chew-
ing, jumping, urine and feces. For the evalua-
tion of each sign the number of chews, 
jumps, urination and excretion of feces were 
counted for each rat.35 

Data analysis: Results were expressed as 
the Means ± S.E.M. Statistical analysis was 
performed by ANOVA analysis of variances 
with Tuckey’s post hock test. Data for two 
individual means was also analyzed by stu-
dent’s t-test. P≤0.05 was considered to be 
significant.  
 
Results 

Hot Plate Test: 1) At baseline, even before 
any morphine injection, the hot plate latency 
time (HPL) is a little higher in the diabetic 
group but there is no significant difference 
between diabetic (11.17±0.87) and non-
diabetic animals (8.00±0.52) in this state. The 
same result (11.67±0.71 vs. 6.83±0.60) is ob-
served between respective control groups 
(Fig.1.). 2) Single dose administration of 
morphine sulfate (7 mg/kg, i.p.) induced sig-
nificant analgesia in both diabetic 
(44.67±3.83) and non-diabetic (22.50±0.99) 
rats in comparison to their baselines [F(11, 
60)=65.830, P<0.001]. It is interesting that  
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Fig.1. Effects of diabetes on morphine antinociception and tolerance in rats using hot plate test.  Single 
Dose: Morphine sulfate 7 mg/kg, i.p. on first day, Chronic Dose: Morphine sulfate 7 mg/kg, i.p. 5 con-
secutive days, All data are expressed as Means ± S.E.M. - P (ANOVA)<0.0001, F(11, 60)=65.830, ** P < 
0.01, *** P < 0.001, -n=6 in each group. 
 

 
analgesia, or increase in HPL, is significantly 
higher in the diabetic compared to the non-
diabetic group [F (11, 60)=65.830, P<0.001]. 
3) After the induction of tolerance by chronic 
administration of morphine sulfate (7 mg/kg, 
i.p. for 5 consecutive days), the antinocicep-
tive effect of morphine in diabetic group 
(14.50±1.18) is highly reduced, and becomes 
almost equal to non-diabetic (14.17±0.83). 
Thus tolerance to morphine analgesia in the 
diabetic group (P<0.001) is more than non 
diabetic animals (P<0.01) in acute pain 
[F(11, 60)=65.830] (Fig. 1). 

Formalin test: Fig. 2A confirms the above 
results in the early phase of formalin test. 
Single dose administration of morphine 
(7mg/kg, i.p.) significantly [F (7,40)=36.685, 

P<0.001] reduces the pain score in both dia-
betic and non-diabetic rats compared to their 
control groups (0.64±0.07 vs. 1.53±0.08 and 
1.10±0.14 vs. 1.94±0.07 respectively). This 
reduction in diabetic group is greater [F(7, 
40)=36.685, P<0.05] than in non-diabetics. 
Induction of tolerance by chronic administra-
tion of morphine sulfate (7 mg/kg, i.p. for 5 
days) significantly increased the pain score in 
both diabetic [F(7, 40)=36.685, P<0.001] and 
non-diabetic [F(7, 40)=36.685, P<0.05] rats 
compared to their single dose administration 
(2.09±0.08 vs. 0.64±0.07 and 1.55±0.11 vs. 
1.10±0.14 respectively). This increase is 
higher in the diabetic group compared to non-
diabetics [F(7,40)=36.685, P<0.01]. Though  
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Fig.2. Effects of diabetes on formalin-induced pain related behavior in rats; Single Dose: Morphine 
sulfate 7 mg/kg, i.p. on first day. Chronic Dose: Morphine sulfate 7 mg/kg, i.p. 5 consecutive days; The 
Early Phase is the mean of pain scores during the first 15 minutes, The Late Phase is the mean of pain 
scores from 20 to 60 minutes, Data are presented as Means ± S.E.M; A) P (ANOVA)<0.0001, F(7, 
40)=36.685; B) P (ANOVA)<0.0001, F(7, 40)=27.076, * P < 0.05, ** P < 0.01, *** P < 0.001; N = 6 in 
each group. 
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Fig.3.Effects of experimental diabetes on naloxone-precipitated withdrawal signs in morphine toler-
ated rats; Morphine sulfate was administered 7 mg/kg, i.p. for 5 consecutive days, At the fifth day, 30 
minutes after the injection of morphine, the withdrawal signs (chewing, jumping, urine and feces) were 
counted for ten minutes by the use of naloxone (2 mg/kg i.p.),  Data are presented as Means ± S.E.M 
- Chewing: P(ANOVA)<0.0001, F(3, 20)=41.613, Jumping: P(ANOVA)<0.0001, F(3, 20)=22.231, Urine: 
P(ANOVA)<0.0001, F(3, 20)=24.733, Feces: P(ANOVA)<0.0001, F(3, 20)=12.588, *** P < 0.001 in 
comparison with non-diabetic group; N = 6 in each group. 
 

 
there is still a significant [F(7,40)=36.685, 
P<0.05] analgesic effect of morphine in the 
non-diabetic group compared to their controls 
(1.55±0.11 vs. 2.01±0.09) but, there is no 
significant difference between diabetic toler-
ant rats and their control groups (2.09±0.08 
vs. 2.20±0.05). Similar to the results of HPL, 
in the early phase of formalin test which in-
dicates acute pain, the degree of tolerance in 
diabetic animals [F(7, 40)=36.685, P<0.001] 
is greater than non-diabetic [F(7,40)=36.685, 
P<0.05] ones.  

In the late phase of the formalin test (Fig-
ure 2B) the antinociceptive potency of mor-
phine single dose is the same in both diabetic 
and non-diabetic groups (1.33±0.10 vs. 

1.37±0.12). The reduction of pain score is 
also the same in both groups in comparison 
with their respective control ones [1.33±0.10 
vs. 1.92±0.06 & 1.37±0.12 vs. 2.21±0.05, F 
(7,40)=27.076, P<0.001 in both groups]. In 
chronic dose, morphine analgesia is enhanced 
(P<0.05, student’s T-test) in diabetic tolerant 
rats compared to non-diabetic tolerant ani-
mals (2.10±0.04 vs. 2.35±0.11). According to 
this figure the tolerance to analgesic effect of 
morphine in chronic pain is almost the same 
in diabetic and non-diabetic animals [F(7, 
40)=27.076, P < 0.001 in both groups). 

Withdrawal syndrome test: After the injec-
tion of naloxone (2 mg/kg, i.p.) all precipi-
tated withdrawal signs are significantly 
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(P<0.001) decreased in diabetic tolerated 
animals compared to non-diabetic tolerated 
ones (Fig.3.). The results are as follows: 

Chewing: 2.50±0.22 vs. 17.17±2.55, F(3, 
20)=41.613, P< 0.001. 

Jumping: 0.17±0.17 vs. 2.83±0.60, F(3, 
20)=22.231, P< 0.001. 

Urine: 0.33±0.21 vs. 2.00±0.26, F(3, 
20)=24.733, P< 0.001. 

Feces: 0.33±0.21 vs. 3.67±0.92, F(3, 
20)=12.588, P< 0.001. 

These behaviors are not seen in vehicle 
control groups. 

 
Discussion 

The results of the present study demon-
strate that after a single dose administration 
of morphine, the pain threshold is signifi-
cantly enhanced in the diabetic state com-
pared to non-diabetic animals. This en-
hancement is seen both in the acute pain 
model (Fig.1), and in the first phase of the 
formalin test (Fig. 2A). In other words, in 
diabetic group, after a single injection, mor-
phine analgesia is enhanced in acute pain. 
This finding is also supported by the early 
phase of the formalin test. It has been re-
ported by other investigators that in the dia-
betic state, endogenous opiates are released 
acutely along with ACTH, in response to cell 
hypoglycemia.36 Raz and co-workers20 pro-
posed that in diabetes, generally, the pain 
threshold is adequately maintained, despite 
the antagonistic effect of glucose, partly due 
to a compensatory increased secretion of en-
dogenous opioid peptides. Thus, from the 
present work and evidence in literature, it ap-
pears that in the diabetic state an endogenous 
opiate system may be activated first and po-
tentiates morphine analgesia (Fig.1). Kamei 
and associates22 demonstrated that a δ-opioid 
receptor-mediated endogenous antinocicep-
tive system is enhanced in diabetic mice. 
They have also shown that diabetic mice are 
selectively hyporesponsive to supraspinal µ-
opioid receptor-mediated antinociception, but 
they are normally responsive to activation of 
δ and κ-opioid receptors.21 Thus in accor-

dance to acute pain mechanisms which are 
mainly mediated by spinal opioid receptors, it 
can be assumed that in the early stages of 
diabetes the spinal mechanisms are mainly 
involved in response to acute pain and the 
opioid system is over activated due to cell 
hypoglycemia. It has been reported that the 
elevated serum glucose levels may be re-
sponsible for the changes in sensitivity of 
opioid receptor subtypes only during the in-
cipient stages of diabetes.37 It was also ob-
served that glucose-induced hyperglycemic 
rats had a significantly higher pain thresh-
old.19 Thus it seems that acute hyperglycemia 
can affect pain transmission in spinal centers 
rather than supraspinals. 

However after chronic treatment and the 
induction of tolerance, the antinociceptive ef-
fect of morphine in acute pain model (Fig. 1) 
in diabetic group was more reduced than in 
non-diabetic tolerated animals. Thus the dia-
betic group shows more tolerance to mor-
phine analgesia. This is also seen in the early 
phase of formalin test (Fig. 2A). The com-
parison of single dose and chronic dose indi-
cates that in the diabetic group, tolerance is 
more than, non- diabetic animals (Fig 2A). 
Thus in acute pain with chronic morphine 
treatment the tolerance is higher in the dia-
betic group; it can therefore be proposed that 
in diabetes the increase of blood glucose and 
the duration of hyperglycemia cause some 
pathologic mechanisms which may make 
changes in second/third messengers and/or 
ion channels.13 It may be due to the changes 
that occur in the first phase and influence the 
release of some chemical mediators or neuro-
transmitters such as glutamate,38 nitric ox-
ide39,40 prostaglandins,41 substance P,42 
noradrenalin,43 etc. Also the number of opioid 
receptors may be reduced1,2 or their sensitiv-
ity to response to morphine may be 
changed.21 Since a difference between central 
and peripheral mechanisms is observed, we 
can assume that in early diabetes the κ and δ 
opioid receptors which are hyper-responsive, 
are involved but in late diabetes the hypo-
responsive µ-opioid receptors may be in-
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volved. This difference may also be due to 
the changes in signaling pathways of opioid 
receptors which can reduce the active at-
tachment of agonist to its receptor. Anyhow 
it appears that there are many different path-
ways involved in this process, and all of these 
changes can induce hyperalgesia in diabetic 
group in a manner that the degree of toler-
ance to morphine analgesia in acute pain is 
even higher than in the non-diabetic group. 

 But, in the late phase of formalin test (Fig. 
2B), morphine analgesia, after a single dose, 
is almost the same in the diabetic and non-
diabetic groups. And the comparison of sin-
gle dose with chronic dose in this figure indi-
cates that the level of tolerance in both 
groups in chronic pain model is almost the 
same. Thus differences in literature could be 
due to using different pain models (acute or 
chronic), differing durations of morphine us-
age (single or repeated) or the time of study 
(2 days, 5 days, or more). In the early stage 
that the glucose level is about ≥ 300 mg/100, 
the insulin deficiency is not remarkable, the 
endogenous opiates are released and the 
pathologic mechanisms are not yet estab-
lished, the increase in morphine analgesia is 
seen in diabetic group. But in the later stages 
of diabetes, with the increase of blood glu-
cose (≥ 1000 mg/100 in the last day), the de-
crease of insulin and the activation of patho-
logic mechanisms, the tolerance to morphine 
analgesia is established in a way that acute 
pain tolerance is more than in non-diabetics 
but chronic pain tolerance is the same. Fur-
thermore the antinociception of morphine in 
the diabetic group is slightly more than in the 
non-diabetics (Fig. 2B, chronic dose). Thus 
in the chronic pain model, after the induction 
of tolerance, the antinociceptive effect of 
morphine in the diabetic group is reduced in 
the early phase (Fig.2A) but is enhanced in 
the late phase of formalin test (Fig. 2B). 
Therefore it is observed that diabetes can 
progressively reduce the acute pain threshold 
but can slightly enhance the chronic pain 
threshold. Also it seems that as diabetes pro-

ceeds and the interaction between hypergly-
cemia and opioid system continues the pain is 
modulated in supraspinal centers. Forman 
suggested that diabetes results in a progressive 
degeneration of the neuroendocrine system 
over time and many of the complications pro-
duced by diabetes develop over an extended 
period rather than an immediate response to 
hyperglycemia.9 It has also been reported that 
the antinociceptive effects of opioid receptor 
agonists in diabetic mice are altered in a re-
gion- specific manner in the central nervous 
system.37 They postulated that in the late 
stages of diabetes, the elevated serum glucose 
levels do not influence the attenuation of µ-
opioid receptor-agonist-induced antinocicep-
tion in diabetic mice.37 Therefore the differ-
ences in data obtained may be attributed to 
the time course for the development of dia-
betic complications. Thus as diabetes pro-
ceeds the central mechanisms and the µ-
opioid receptors are more involved and with 
the increase of blood glucose the µ-opioid re-
ceptors are adapted in a manner that seems to 
be hyper-responsive in chronic pain which is 
less tolerated in the diabetic group. This is 
supported by extremely significant reduction 
of withdrawal signs or dependency in dia-
betic group (Fig. 3). This finding is consis-
tent with other reports.5,6,30,44,45 It can be as-
sumed that chronic morphine injections can 
antagonize the blood glucose effects in pain 
processes in a manner that tolerance and de-
pendency will be reduced in the late stages of 
diabetes. Kamei & Ohsawa,44 have reported 
that the functional changes in central 
noradrenergic systems may be involved in 
the reduction of naloxone-precipitated jump-
ing in morphine-dependent diabetic mice. 
They have also shown that intracellular cal-
cium has some role in the modifications of 
naloxone-precipitated withdrawal jumping in 
morphine-dependent mice.45. Some investiga-
tors have reported that KATP channels have 
some role24 and the others suggested that ni-
tric oxide,40 glutamate46 or substance P,42 are 
involved. 
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Nevertheless it seems that when the ani-
mals are in a diabetic state, in the early stages 
the hyperactivity of spinal responses is in-
volved but, as the diabetes proceeds the al-
teration of opioid receptor function in the su-
praspinal region is less affected by hypergly-
cemia than in the spinal region, and here in-
crease in central responses are seen. There-
fore the effects of hyperglycemia on pain 
threshold are different in specific regions, 
with different tests and by duration of diabe-
tes. Thus with the progression of diabetes, 
hyperglycemia lowers morphine’s analgesic 
potency and increases the pain sensation and 
somehow hinders the production of morphine 
tolerance such that with the increase of glu-
cose concentration in diabetes the sensation 
of pain is enhanced, and the dependency is 
reduced.  

These findings support the hypothesis that 
hyperglycemia might diminish the analgesic 
effect of morphine, and blunt the develop-
ment of dependency to this drug. Diabetes 
may also alter the induction of tolerance, by 
exerting a direct antagonistic effect on the 
opiate receptor, affecting receptor numbers 
(up regulation), or an alteration in its con-
formation or expression. The antagonistic ef-

fect of hyperglycemia might be overcome by 
hyper secretion of endogenous peptides, such 
as β-endorphin. In addition some neuro-
transmitters including glutamate and nitric 
oxide could be involved in this process. Fur-
ther studies are needed to clarify the exact 
mechanisms that increase antinociceptive ef-
fect of morphine as a consequence of the 
early diabetes and decrease the antinocicep-
tve effect of morphine as a consequence of 
the late diabetes.  

Considering the results of this study we can 
suggest that in acute pain treatment, the use 
of hypertonic glucose may help reduce the 
morphine dosage in normal patients and also, 
lessen the withdrawal signs in addicted pa-
tients.  
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