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Short Communication 

Can repeated exposure to morphine change the spinal analgesic effects of lido-
caine in rats?* 
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Abstract 
BACKGROUND:  Chronic opium exposure leads to altered response to opioid compounds. The aim of this study was to 
assess the behavioral effects of opium tolerance on the analgesic effects of intrathecal lidocaine in rats. 

METHODS:  Twenty-four adult male Sprague Dawley rats with intrathecal (IT) catheters were divided into 3 groups of 8. 
The first group was morphine tolerant and received IT lidocaine (ML). Rats in the second group were not morphine 
tolerant and received IT lidocaine (L), while the third group consisted of not morphine tolerant rats that received IT 
placebo. Tail flick test was done and maximal possible antinociceptive effects (MPAE) were compared using analysis 
of variance (ANOVA). 

RESULTS: While percent of MPAE significantly increased in the L group, it had a significant reduction in the ML group 
(P < 0.001). 

CONCLUSIONS: After intrathecal lidocaine administration, a hyperalgesic response was seen in morphine tolerant rats 
and an analgesic response was seen in the lidocaine group. 
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hronic opium exposure leads to a num-
ber of physiologic alterations1 espe-
cially regarding both clinical and recep-

tor-level response to opioid compounds in-
cluding neuroplastic changes in the spinal cord 
and response to anesthetic drugs.2, 3 In addi-
tion, chronic use of opioids causes abnormal 
pain states1-4 and enhanced abnormal sensitiv-
ity to painful stimuli.5 Besides, decreased effect 
of intrathecal local anesthetics has been de-
tected in chronic opium abusers undergoing 
spinal anesthesia with local anesthetic drugs.6, 7 
Some studies have noted the effect of analge-

sics in increasing spinal acetylcholine.8 Others 
have demonstrated decreased efficacy of spinal 
morphine possibly due to the reduced influ-
ence through brainstem-spinal pathways.9, 10 
However, since no previous study has focused 
on the cross tolerance between them, it is not 
still clear how the effect of lidocaine in spinal 
anesthesia is decreased among opium abusers. 
The aim of this study was to assess the effects 
of opium tolerance on the behavioral analgesic 
response after intrathecal lidocaine administra-
tion in rats. 
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Methods 
This study was the result of a university re-
search proposal (project number: 87-01-141-
5601) financially supported by the Neurosci-
ence Research Center, Shahid Beheshti Univer-
sity of Medical Sciences, Tehran, Iran. 
 After ethical approval of the research by the 
institutional review board (IRB), 24 adult male 
Sprague Dawley rats weighing 250-280 grams 
were divided into three groups of eight. Rats 
were bred using standard animal housing (in-
dividual cages, having available food pellets, 
free water, and a 12-hour dark and light cycle). 
They were 10 to 14 weeks old and matched by 
age. All the animals out of this classification or 
with failed catheter implantation were ex-
cluded. 
 The first group included opium tolerant rats 
which were implanted with intrathecal cathe-
ters for intrathecal administration of lidocaine 
(the ML group). The rats of the second group 
were not opium tolerant but had intrathecal 
catheters implanted for intrathecal lidocaine 
administration (the L group). Finally, the rats 
of the third group were not opium tolerant 
while they had intrathecal catheters to receive 
intrathecal normal saline as placebo (the con-
trol group). 
 In order to insert intrathecal catheter, in-
traperitoneal ketamine was administered for 
analgesia and the rats were cannulated with 
chronic indwelling intrathecal catheter (Yaksh 
and Rudy method).11 After a midline incision 
on the skull, from a line between the ears to a 
point 2 cm caudal, the fascia was retracted 
from the skull, about 0.5 cm on either side of 
the midline.11 Using a stereotaxis device, im-
plantation of intrathecal polyethylene (PE)-10 
catheters was done rostrally for 7 to 8 cm, pass-
ing the lumbar enlargement of the spinal cord. 
Finally, a 5-day recovery period was allowed. 
 The first group (ML) became tolerant to 
morphine sulphate compound (10 mg vials, 
Daroupakhsh, Iran) using two subcutaneous 
injections of 10 µg/g of body weight per day 
for 5 days (Javan et al.).12 Tail flick test was 
performed (Mao et al. and Liu et al.)2, 3 every 
morning, before and after morphine injection 

and the results were recorded. On the last day, 
intrathecal lidocaine was administered and tail 
flick test was done before and after intrathecal 
lidocaine administration.  
 The second group (L) did not receive subcu-
taneous morphine injections. However, in-
trathecal lidocaine was administered and tail 
flick test was done like the first group. Al-
though the tail flick test was performed on the 
third group (control group) with exactly the 
same procedure followed for the other 2 
groups, they did not receive morphine or in-
trathecal lidocaine. Instead of lidocaine, the 
same volume of normal saline (considered as 
placebo) was administered through the in-
trathecal catheter. 
 In order to make rats accustomed to re-
strainer devices and to prevent their agitation 
on the day of the test, every rat had a restrainer 
device in his cage for 3 days before tail flick 
test. Finally, they were anesthetized using ke-
tamine and put under a CO2 hood until they 
died. 
 The routine tail flick test had baseline laten-
cies of 4–6 seconds and a cutoff time of 10 sec-
onds for antinociceptive effects of morphine.2, 
12-14  
 The percentage of maximal possible antino-
ciceptive effect (%MPAE) was calculated ac-
cording to the following formula: 
%MPAE = [(TL - BL)/ (cutoff - BL)] * 100 
in which BL is test latency before the test and 
TL is latency after drug injection.2, 10, 12-14 

 Data entry and analyses were performed by 
SPSS 11.5. Analysis of variance (ANOVA) was 
used to compare the three groups. A p < 0.05 
was considered significant. 

Results 
The results of the tail flick test were calculated 
as %MPAE and are presented in Table 1. A 
significant difference between the 3 groups 
was observed regarding % MPAE, i.e. the 
highest scores for MPAE were seen in the pure 
lidocaine group (26.54 ± 27.62), while the mor-
phine tolerant group (20.25 ± 8.44) and the con-
trol group (1.18 ± 4.42) stood next (ANOVA 
test; F = 15.4; DF = 23; p < 0.001). Therefore, a 
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significant increase in MPAE was observed in 
the lidocaine group (that were not made 
opium tolerant) compared with the placebo 
group. Moreover, there was a significant in-
crease in MPAE in the lidocaine group (that 
were made opium tolerant) compared with the 
placebo group. The differences were found af-
ter ANOVA and its post hoc analysis which 
resulted in a statistically significant difference 
between the three groups. 

 

Table 1. The results of the percentage of max-
imal possible antinociceptive effect in the 3 rat 

groups (8 rats in each group). 

Group Mean 
Standard  
Deviation 

ML 20.25 8.44 
L 26.54 27.62 

Control 1.18 4.42 

Discussion 
The results of this study demonstrated a statis-
tically significant increase in %MPAE among 
rats that were not tolerant to morphine but re-
ceived intrathecal lidocaine compared with the 
control group. A significant increase in 
%MPAE was also detected among rats that 
were morphine tolerant and received intrathe-
cal lidocaine. 
 These results suggested that morphine tol-
erant rats had a hyperalgesic response to the 
tail flick test after administration of intrathecal 
lidocaine, while administering the same dose 
of intrathecal lidocaine with the same method 
to the other group (not tolerant to morphine) 
in similar conditions resulted in analgesic 
properties expressed as an increase in 
%MPAE. This hyperalgesic response to the tail 
flick test after intrathecal administration of li-
docaine in morphine tolerant rats has not been 
reported before in similar studies of rats.  
 On the other hand, a state has been clini-
cally seen in opium abusing patients when re-
ceiving intrathecal lidocaine6 or bupivacaine7 
in which the duration of local anesthetics was 
shortened.  
 Therefore, as previously shown,14-16 chronic 
morphine administration caused desensitiza-
tion of the spinal cord receptors to morphine in 

rats in our study. In addition, Mao et al. found 
chronic morphine use to cause down regula-
tion of spinal glutamate transporters and ab-
normal pain sensitivity.2 In this study, mor-
phine tolerant rats expressed an unpredicted 
response to the tail flick test after intrathecal 
administration of lidocaine. 
 This study has an aspect of novelty in ex-
plaining the human model, i.e. the clinical 
model applied in this study was not ever re-
ported before6, 7 in clinical or animal models 
resembling the opium abuser patients under-
going spinal anesthesia for surgery.8-10, 12, 16 

A similar study did not create a model of 
opium tolerant rats and concluded that in-
trathecal infusion of lidocaine in combination 
with intrathecal infusion of morphine could 
not develop cross-tolerance.10 Likewise, an-
other study on rats demonstrated functional 
synaptic connections mediating tonic descend-
ing inhibition in the neonatal rats but did not 
indicate lack of morphine analgesia or barbitu-
rate analgesic characteristics.16 

 Furthermore, this study found that when 
spinal cord receptors of rats encountered mor-
phine, a change in their response happened 
and the antinociceptive response was changed 
to an unexpected hyperalgesic response ex-
pressed in this study as decreased %MPAE 
and hyperalgesia. 
 Spinal cord mediators could change the 
pain toleration process including glutamate8-10, 
12, 17 and adenylyl cyclase.18-20 Opioid drugs af-
fect through the process of activating inhibi-
tory guanine nucleotide-binding regulatory 
protein-linked mu, delta, and kappa opioid 
receptors21, 22 in which adenylyl cyclase type 5 
receptor is an important component.23, 24 

 There were a number of limitations in our 
study. First, the study mandates a complemen-
tary assessment of mediators like adenylyl cy-
clase and glutamate. Second, the study could 
be completed after assessment of cerebrospinal 
fluid of the opium abuser patients after spinal 
anesthesia. Third, a complementary study to 
assess possible neuroplastic changes in the re-
ceptors of the spinal cord neurons in morphine 
tolerant rats  would be necessary. 
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