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Abstract 

Tolerance development to the antinociceptive effect of morphine is a major concern of its long-term 
administration. Objectives: Based on previous studies on the effect of some anticonvulsant drugs on 
morphine tolerance, the present study investigated the effects of Levetiracetam (LEV) on the 
development and expression of morphine tolerance in mice.  

To evaluate the LEV effects on the development or expression of morphine tolerance, animals 
received LEV (60, 300 or 900 mg/kg), either 30 min before the injection of morphine (50 mg/kg) during 
induction period once daily for 3 consecutive days; or 30 min before injection of challenging dose of 
morphine (5 mg/kg), before and after morphine-induced tolerance, respectively. The analgesic effect of 
LEV was evaluated by tail-flick analgesiometer 30 min after injection.  

LEV at the doses of 300 and 900 mg/kg significantly attenuated the development of morphine 
tolerance, but had no effect on expression of morphine tolerance. High dose of LEV (900 mg/kg) alone 
had antinociceptive effect and significantly increased the tail-flick latency time which was attenuated 
by naloxone.  

LEV showed antinociceptive effect, and could prevent the development of tolerance presumably via 
opioid’s receptors. Co-administration of LEV and morphine may be of great clinical implication. 
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Introduction 

Tolerance to the effects of drugs simply means 
that the drug loses its effectiveness over the time 
and an incremental dose is required to produce the 
same physiological response. On the other hand, 
increment of the dose may induce more adverse 
effects and drug toxicities (1). At first, the analgesic 
effect of Carbamazepine in trigeminal neuralgia (2) 
stimulated the use of antiepileptic drugs for 
treatment of neuropathic pain syndromes. Then, 
several studies have confirmed the analgesic effects 
of anticonvulsant drugs in different models and 
species (3, 4). For instance, Carbamazepine and 
Gabapentine have shown to possess analgesic 
effects in animal models of continues pain (5). 
Likewise, it has also been shown that Lamotrigine is 
effective against trigeminal neuralgia, HIV 
neuropathy, central post stroke pain (6, 7) as well as 
tail flick test (8).  

Recent studies suggest that anticonvulsants 
might decrease opioid consumption either by 
enhancing opioid analgesia or by suppressing 
mechanisms of opioid tolerance (4). For example, 
Carbamazepine (9), Phenytoin (10), Gbapentine (11), 
Topiramate (12) and Vigabatrin (13) have been 
shown to increase opioids antinociception. Other 
studies have also revealed that anticonvulsant drugs 
suppress opioid tolerance (1, 14-17). In addition it has 
been shown that some antiepileptic drugs such as 
Vigabatrine and Lamotrigine can attenuate the 
development and expression of tolerance to 
morphine-induced antinociception in mice, without 
having analgesic effect, alone (1, 8).  

Regarding the results of these studies, it was 
suggested that such a suppressive effect of 
anticonvulsants on morphine tolerance may be a 
general characteristic of all anticonvulsants, but 
selection of more efficacious and less toxic drug 
may conduct the study to the clinical applications. 

Levetiracetam (LEV) is a new safer and, at the 
same time, effective anti-epileptic drug with a 
unique pharmacological profile distinct from the 
traditional antiepileptic drugs (18). This dug was 
approved by the FDA in 1999 as an adjunctive 
therapy for the treatment of refractory partial 
epilepsy in adults (18). It has been shown that LEV 
induces an antihyperalgesic effect in two models of 

human neuropathic pain, suggesting a therapeutic 
potential in neuropathic pain patients (19, 20). In 
another investigation LEV has not altered nocipetive 
reflex threshold in no sedated animals (21). 
Moreover, LEV had no antihyperalgesic effect in the 
tibilal neuroma transposition model of neuroma 
pain and preoperatively LEV treated groups have 
shown a significant increase in pain withdrawal 
latency (21). Silva and coworkers have shown that 
post-incisional administration of LEV has no 
antihyperalgesic effect at any does in planter test 
model in rats (22). Also, Levetiracetam had no 
significant effect on the nociceptive threshold in 
normal mice, but there were significant decrease in 
pain threshold latency in diabetic mice, in hot plate 
test (23). Jungehulsing and coworkers have shown 
that the LEV mode of action does not exert 
analgesic effect in chronic CPSP (24). It has shown 
that LEV is able to increase the none steroidal anti-
inflammatory drugs and also Caffeine analgesia 
effects synergistically (25). 

Hence, the present study designed to investigate 
the effect of LEV on morphine’s analgesia and its 
effect on the development and expression of 
tolerance to morphine-induced antinociception in 
the setting of acute nociception of tail-flick test in 
mice.  

Methods 

1.1. Animals 

Ninety six adult male albino NMRI mice (Pasteur 
Institute, Iran) weighing average of 25 g were used 
in these experiments. They were kept 6 per cage 
(25×30×15 cm) at a room controlled temperature 
(23±1°C) and maintained on a 12-h light/dark cycle 
(light on 07:00 h) with free access to the standard 
rodent breeding diet and tap water. Each animal 
was used only once and killed immediately after the 
experiment. All experiments were performed in 
accordance with the Guide for the Care and Use of 
Laboratory Animals (National Institutes of Health 
Publication No. 80-23, revised 1996) and were 
approved by the Research and Ethics Committee of 
Tehran University. 

1.2. Drug preparation 

Morphine sulphate (Temad Co, Iran) dissolved in 
saline and Levetiracetam (Bakhtar Biochem. Co, 
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Iran) were suspended in 0.9 % solution of NaCl. 
The LEV and morphine were prepared immediately 
before use and injected intraperitoneally (i.p.) and 
subcutaneously (s.c.) in a volume of 10 ml/kg, 
respectively. 

1.3. Assessment of morphine antinociception 

Nociception was assessed with the tail-flick 
apparatus (D’amour and Smith, 1941). Before the 
test, animals were allowed to adapt to the 
conditions of the laboratory room for at least 1 h. 
Moreover, animals were alternatively allocated in 
their restrainers for 1 min each 15 min before the 
test in order to attenuate the stress that has been 
shown to produce antinociception. Restrained 
animals were placed on the tail-flick apparatus (type 
812, Hugo Sachs Elektronik, Germany), a noxious 
beam of light was focused on the tail about 4 cm 
from the tip, and tail-flick latency was recorded 
automatically. Tail-flick latency (TFL) is a spinal 
response and, therefore, TFL is a measurement of 
pain threshold at the spinal level. In order to 
minimize injury in the animals, a cut-off time of 8 sec 
was used. Latency was assessed and recorded as an 
average of TFL time (TFL sec). 

1.4. Experimental protocols 

1.4.1. Development of tolerance to morphine-
induced antinociception 

Tolerance induction was begun on day 1, four 
hours after challenge dose of morphine (4 mg/kg; 
s.c.) by administration of morphine (50 mg/kg; s.c.) 
or saline (10 ml/kg; as control) once daily for 3 days 
as previously has been described (8). The 
antinociceptive response to a challenge dose of 
morphine (4 mg/kg; s.c.) was determined by tail-flick 
test 30 min after injection on day 1 and day 4 for 
tolerance evaluation (n= 6 in each group). The 
challenge dose of morphine was selected as already 
described by Saberi and Chavooshi (2009)(8). 

1.4.2. Effects of LEV on the development of 
morphine-induced tolerance 

In these experiments, to evaluate the effects of 
LEV on the induction of morphine’s tolerance, 
animals (n= 6) received various doses of LEV (60, 
300 or 900 mg/kg; i.p.), 30 min before morphine (50 
mg/kg; s.c.) or saline (10 ml/kg), once daily for 3 
consecutive days. The effect of the challenge dose 

of morphine (4 mg/kg; s.c.) was tested on day 1 prior 
to and on day 4 following the induction period of 
morphine tolerance. The doses of LEV were selected 
based on the study by Ozcan et al. (2008) that 
evaluated the antinociceptive efficacy of LEV in a 
mice model for painful diabetic neuropathy (23).  

1.4.3. The effect of LEV on the expression of 
morphine-induced tolerance 

In this set of experiments, to assess the effects of 
LEV on the expression of morphine-induced 
tolerance, animals (n= 6) received different doses of 
LEV (60, 300 or 900 mg/kg) or saline (10 ml/kg) 30 
min before challenge dose of morphine (4 mg/kg) 
following morphine-induced tolerance. The 
antinociceptive responses to the challenge dose of 
morphine for each animal was determined by tail-
flick test on day 4 (post- tolerance) as described in 
experiment (2) section. 

1.4.4. The antinociceptive effects of different 
doses of LEV in comparison to 
morphine and saline 

In this experiment, to evaluate the 
antinociceptive effect of either various single doses 
of LEV (60, 300 or 900 mg/kg; i.p.), saline (10 ml/kg), 
or morphine, animals in each group (n=6) tested by 
tail-flick test 30 min after injection. 

1.4.5. The effect of Naloxone on the 
antinociceptive effect of LEV 

To assess the effect of naloxone on the 
antinociceptive effect of LEV, animals in separated 
groups (n= 6) received naloxone (10 mg/kg) 30 min 
after the injection of LEV (60, 300 or 900 mg/kg; 
i.p.). Then animals in each group were tested by tail-
flick. 

1.5. Statistical analysis 

The results obtained are expressed as mean ± 
SEM (standard error of mean). The mean in all 
groups were subjected to ANOVA followed by 
Bonfferoni post test for multiple comparisons 
between groups, as needed. Data were processed 
by SPSS, P values less than 0.05 were considered to 
be statistically significant.
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Results 

1.1. Development of tolerance to morphine-
induced antinociception 

The antinociceptive response to a challenge dose 
of morphine (4 mg/kg; s.c.) for saline and pre-
tolerant groups on day 1 and day 4 was almost 
similar (Figure 1). To assess the morphine tolerance 
in this study, animals received morphine (50 mg/kg) 
or saline (10 ml/kg) once daily for 3 days. Figure 1 
shows the development of tolerance to morphine-
induced antinociception tested by challenge dose of 
morphine (4 mg/kg; s.c.) on day 4.  ANOVA indicated 
that antinociceptive response to the challenge dose 
of morphine on day 4 decreased significantly in 
morphine-treated animals that received morphine 
during the induction period in comparison with the 
saline-treated group [F(1,9)= 228.250, P<0.05; Figure 
1].  

1.2. Effects of LEV on the development of 
morphine-induced tolerance 

In this set of experiment, the animals were 
injected with different doses of LEV (60, 300 or 900 
mg/kg; i.p.), 30 min before morphine (50 mg/kg; s.c.) 
administration once daily for 3 days during the 
induction period. The lowest dose of LEV (60 mg/kg) 
had no significant effect on the development of 
morphine tolerance. ANOVA followed by bonferroni 
post hoc, indicated that in morphine-treated animals 
that received higher doses of LEV (300, 900 mg/kg) 
prior to morphine during the induction period, the 
antinociceptive responses to the challenge dose of 
morphine (4 mg/kg; s.c.) on day 4 significantly 
increased in comparison to vehicle group that 
received Saline as solvent of LEV [F(3,19)=46.96, 
P<0.05; Figure 2]. Our data revealed that 
pretreatment of animals with LEV significantly 
reduced the development of tolerance to morphine 
antinociceptive effect in a dose-dependent manner. 

1.3. The effect of LEV on the expression of 
morphine-induced tolerance 

We examined whether LEV blockade of morphine 
tolerance, required daily administration of LEV or if a 
single dose prior to challenge dose of morphine 
(tolerance expression) was sufficient. Thus, the 
animals received LEV (60, 300 or 900 mg/kg; i.p.) or 
saline (10 ml/kg), 30 min before challenge dose of 

morphine (4 mg/kg) prior to and following 
morphine-induced tolerance. ANOVA indicated that 
administration of LEV at any of doses could not 
attenuate the expression of morphine tolerance 
[F(3,19)=0.403, P<0.05; Figure 3]. 

1.4. The antinociceptive effects different doses 
of LEV in comparison to the morphine  

To determine the antinociceptive effect of LEV, 
tail-flick tests were done for each group of animal, 
30 min after single injection of LEV (60, 300 or 900 
mg/kg; i.p.). Data analysis indicated that LEV (900 
mg/kg) could significantly increase the latency when 
compared to saline [F(3,19)=46.32, P<0.05,; Figure 
4(a)]. 

In addition, we also compared the high dose of 
LEV (900 mg/kg) with morphine group (4 mg/kg) 30 
min after injection. ANOVA indicated that high dose 
of LEV (900 mg/kg) alone had antinociceptive effect 
[F(1,9= 4.01, P<0.05); Figure 4(b)]. 

1.5. The effect of Naloxone on the 
antinociceptive effect of LEV 

To evaluate the effect of naloxone on the 
antinociceptive effect of LEV, animals received high 
dose of LEV (900 mg/kg) 30 min before injection of 
naloxone (10 mg/kg) in one group and saline (10 
mg/kg) in the control group. ANOVA showed that 
naloxone could inhibit the antinocceptive effect of 
LEV [F(1,9)=43.23, P<0.05,; Figure 5]. 

Discussion 

In this study we observed that (a) LEV decreased 
the development of morphine tolerance, (b) LEV 
had no effect on expression of tolerance to the 
antinociceptive effect of morphine, (c) The LEV 
antinociceptive effect was attenuated by naloxone a 
full opioid’s receptors antagonist, in the tail-flick test 
as an acute pain model. Morphine-induced tolerance 
which is described as a shift to the right in the dose-
response curve occurs after repeated morphine 
administration. In order to maintain the same level 
of analgesia, higher dose is necessary over time 
(26). This common medical problem which is usually 
associated with hyperalgesia, limits opioid-induced 
analgesia efficacy for long-term therapy. One clinical 
approach used to prevent opioid tolerance (and 
consequent hyperalgesia) is their co-administration 
with other drugs such as anticonvulsants and 
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antidepressants. In this way optimal pain relief 
will be obtained while providing minimize opioid 
doses (27). There are some studies show that NMDA 
receptor antagonist such as MK-80 or 
cycloxygenase (COX) inhibitors are able to 
attenuate the development of morphine tolerance 
(28). It is suggested that anticonvulsant drugs might 
be able to decrease opioid consumption by either 
suppressing opioid tolerance development or 
enhancing opioid analgesia (Gilron, 2006). These 
agents affect voltage- and ligand-gated channels in 
central pain pathways and are commonly used to 
treat neuropathic pain conditions. Consistent with 
this, our data showed that LEV pretreatment could 
inhibit the development of morphine tolerance 
dose-dependently, while had analgesic effect when 
administered alone. In agreement with our recent 
study there are other investigations revealed that 
some anticonvulsants can suppress opioid tolerance 
such as lamotrigine (8), vigabatrin (1), gabapentin 
(17), topiramate (15), carbamazepine (16), valproic 
acid (29) and felbamate (14). Ardid and co-workers 
have shown that LEV is able to induce 
antihyperalgesic effect in two models of human 
neuropathic pain (20). One known mechanism of 
LEV effects is direct reduction in high-voltage, N-
type calcium channel currents in hippocampal 
neurons. It also facilitates GABA transmission 
indirectly (Ulloa et al., 2009, Poulain and 
Margineanu, 2002). According to previous studies, 
GABAergic system has a role in the progression of 
morphine tolerance (30). So, it may be concluded 
that the effect of LEV on GABA transmission could 
be one of the possible mechanisms explaining its 
inhibitory role on the development of morphine 
tolerance. On the other hand, morphine is a μ-opioid 
receptor agonist which inhibits N-type voltage-
sensitive calcium channel through a G-protein 
coupling mechanism (31). Some investigations 
reveal that using N-type voltage-sensitive calcium 
channel blocker increases morphine analgesia whilst 
preventing morphine-induced tolerance and 
physical dependence (32). The inhibitory effect of 
LEV on N-type calcium channels which is the main 
mechanism of LEV action and also involve in opioid 
tolerance development, can be another reason 
describing the ability of LEV to attenuate morphine 
tolerance.  Lee et al. have shown that levetiracetam 
modulates the presynaptic P/Q-type voltage 

dependent calcium channel and thus reduces 
glutamate release (33). There is a direct correlation 
between spinal cord glutamate and aspartate 
release and the development of morphine tolerance 
(34). Reducing glutamate release by LEV helps to 
attenuate morphine tolerance development.  

In this study, naloxone (a non-selective opioid 
receptors antagonist) decreased the antinociceptive 
effect of LEV. The finding that LEV might interact 
with opioid receptors, can explain its inhibitory 
effect on morphine-induced tolerance. This result is 
in agreement with another study in which Micov et 
al. showed antihyperalgesic effect of LEV might 
incorporate opioid-induced antinociception (35). In a 
rat model of inflammatory pain, results showed that 
LEV produced antihyperalgesia which was, at least 
in part, mediated by GABAA, 5-HT and α2-adrenergic 
receptors (35). As spinal cord 5-HT takes part in 
opioid-dependent neural events, co-administration 
of serotonergic drugs (such as antidepressants or 
antiemetics) with opioids could attenuate the opioid 
tolerance (36). Thus, probable serotonergic effect 
of LEV could be another explanation for its 
beneficial use in attenuating morphine induced 
tolerance. 

 It is suggested that, α2-adrenoceptor agonists 
may have the potential for increasing opioid 
analgesia while inhibiting the development of opioid 
tolerance (37). Inhibition of morphine tolerance 
could be mediated via probable interaction of LEV 
with α2-adrenergic receptors. Taken together, 
investigated mechanisms of LEV action which links 
to mechanisms producing morphine induced 
tolerance, could more explain its ability to attenuate 
opioid tolerance well. Our results suggest that LEV 
produced a dose-related antinociceptive effect, and 
its coadministration with morphine can produce 
therapeutic analgesia with lower dose of morphine. 

In conclusion, based on the observed analgesic 
effects of LEV alone as well as its ability to attenuate 
the development of morphine tolerance, co-
administration of LEV and morphine may be of great 
clinical implication. 
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Figure 1. The effect of challenge dose of morphine (4 mg/kg; s.c.), on day 1 and following 3 consecutive days 
administration of saline 10 mg/kg (saline-treated group) or morphine 50 mg/kg (as an induction period) on day 4. Each 

column represents the Mean±SEM of latency in 6 mice. *P<0.05 in comparison to the morphine test dose group on day 1 or 
day 4 of saline group. 

 

 

 

Figure 2. Effects of different doses of levetiracetam (LEV) on development of morphine tolerance. Animals received LEV 
(60, 300, 900 mg/kg) or vehicle (Saline, 10 ml/kg), 30 min before morphine (50 mg/kg) once daily for 3 days during the 

induction period. On day 1 and day 4, the tail-flick latencies were determined after injection of challenge dose of morphine (4 
mg/kg). Each column represents the Mean±S.E.M. for 6 mice. *P<0.05 in comparison to the morphine tolerant group on day 

4. 
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Figure 3. The effect of different doses of levetiracetam (LEV) on the expression of morphine induced tolerance following 3 
days of morphine tolerance induction (50 mg/kg; once daily). Challenge dose of morphine (4 mg/kg; was injected on day 1 
and day 4). Various doses of LEV (60, 300, 900 mg/kg) or saline (10 ml/kg) were administered 30 min prior to injection of 

challenge dose of morphine (4 mg/kg; on day 4). Data expressed as Mean±S.E.M. for 6 mice. 

 

 

 

 

Figure 4. (a): The antinociceptive effects of the different doses of levetiracetam (LEV) alone in comparison to the saline 
group. (b) The antinociceptie effect of the high dose of LEV (900 mg/kg) alone in comparison to the morphine test dose (4 

mg/kg). Data expressed as Mean±S.E.M. for 6 mice. *P<0.05 in comparison to the baseline of the same group. 
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Figure 5. The effect of naloxone (10 ml/kg) on the high dose of levetiracetam (LEV, 900 mg/kg). Naloxone (10 ml/kg) was 
administered 30 min after injection of the high dose of LEV (900 mg/kg) in one group, and saline (10 ml/kg) in the control 

group. Tail-flick test was done once before injection of saline or LEV, and then 30 min after injection of naloxone. Each 
column is the Mean±SEM for 6 mice. *P<0.05, indicates significant when compared to the LEV alone group. 
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