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Abstract

Introduction: Tricyclic antidepressant have been shown to be effective in treatment of pain
of varying etiology, monoaminergic system seems to be implicated in this phenomena. This
research examines the role of beta-adrenergic receptor blockers on the antinociceptive effect
of imipramine in albino mice using thermal model of pain.

Methods: Different groups of five animals each were injected intraperitoneal by different
doses of imipramine only (2.5, 7.5,15, 30 mg/kg), atenolol (2 mg/kg), propranolol (6mg/kg), or
the combination of the different doses of imipramine with the fixed dose of atenolol or
propranolol. The degree of analgesia was measured as an increase in reaction time to pain in
the hot plate one hour after drugs injections.

Results: Imipramine produced dose dependent increase in reaction time from 129% with
the lowest dose to 196% with the highest dose. One-way ANOVA analysis has shown that the
addition of a fixed dose of propranolol antagonized significantly the increase in reaction time to
75% with the lowest dose and 118.9% with the highest dose of imipramine. On the other hand,
atenolol failed to antagonize significantly the increase in reaction time induced by imipramine.

Conclusion: Imipramine has a significant analgesic effect on albino mice in the hot plate
test. The antinociceptive action of imipramine seems to be of central origin and possibly
mediated, at least in part, by beta adrenergic receptors, as this analgesic effect can be blocked
by propranolol, a centrally acting non-selective beta adrenergic receptor antagonist, but not
with atenolol which blocks only the peripheral beta receptors.
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1. INTRODUCTION

It is generally agreed that adrenergic
receptors have a major role in the
modulation of pain, where descending
adrenergic tracts especially from locus
coeruleus (LC) were found to be inhibitory
to central pain pathways [1]. Many studies
have demonstrated that activation of spinal
az-adrenergic receptors exerts a strong
antinociceptive effect [1], where spinal
clonidine blocked thermal and capsaicin-
induced pain in healthy human volunteers
[2]. Activation of aj-adrenergic receptors
has been shown to inhibit nociceptive
transmission at the level of the spinal cord
through presynaptic activity, inhibiting
release of excitatory neurotransmitters
from primary afferent terminals, as well as
through postsynaptic sites [3]. Moreover,
activation of ai-adrenergic receptors

caused depolarization of GABA
interneurons  [4], demonstrating an
additional mechanism of enhancing

inhibition. Activation of spinal ai-adrenergic
receptors also enhances responses of dorsal
horn neurons to noxious inputs [5].

On the other hand, the role of beta
receptor in nociception is still not clear,
where a study in 1970 [6], and later in 1983
[7], showed that beta adrenergic receptor
agonists had a marked antinociceptive
effect by an action within the mouse
peritoneal. Furthermore, convincing
evidence that stimulation of betas-
adrenergic receptors by nortriptylline have
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a major role in the pain management effect
in neuropathic pain [8].

As it is not clear if central or peripheral
beta-adrenergic receptors are involved in
the antinociceptive effect of tricyclic
antidepressants (TCAs), we decided to
investigate the effect of centrally acting
beta-receptor antagonist (propranolol) and
peripherally acting beta-receptor antagonist
(atenolol) on the antinociceptive effect of
imipramine against thermal pain.

2. MATERIALS & METHODS
Animals used

Albino mice weighing 20-35 grams were
obtained from the animal house of the
Department of Pharmacology and Clinical
Pharmacy, Faculty of Pharmacy, University
of Tripoli one week before the experiments.
The animals were kept at a normal room
temperature of 20 to 25 °C with open
access to food and water. All experiments
were done between 9 am to 2 pm.

Drugs used

Imipramine  HCL  tablet  (Actavis,
Barnstaple, UK), containing 10 mg of
imipramine was dissolved in saline to make
a final concentration of 3 mg/ml. After
filtration, this stock solution was diluted to
prepare solutions of different
concentrations.

Propranolol ampule (Mibe GmbH
Arzneimittel, Brehna, Germany) containing
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1 mg/ml propranolol was diluted with
normal saline. Atenolol tablet (50
mg/tablet) (AstraZeneca-Egypt) was
dissolved in saline to make a final
concentration of 0.2 mg/ml.

Treatment groups

All drugs were given in saline by the
intraperitoneal route (IP) in a volume of
1ml/100 grams body weight. Animals were
divided into 5 groups.

e The first group was divided into
subgroups of 5 animals each, each
subgroup was given either 2.5 mg/kg,
7.5 mg/kg, 15 mg/kg or 30 mg/kg
imipramine.

e The second group of five animals was
given 6 mg/kg propranolol.

e The third group of five animals was
given 2 mg/kg atenolol.

e The fourth group was divided and
treated as the first group, but
propranolol (6 mg/kg) was given with
the specific dose of imipramine each on
different side of the peritoneal cavity.

e The fifth group was divided and treated
as the first group, but atenolol (2
mg/kg) was given with the specific dose
of imipramine each on different side of
the peritoneal cavity.

The degree of analgesia was measured
one hour after drugs injections using
hotplate.
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Method of inducing nociception

Hot-plate Analgesia Meter (model —
DS 37 manufactured by Soael Milan-Italy)
was used as a mean of inducing thermal
pain as previously described [9]. The plate
temperature was held at a set point by
electronic thermostat set at (55+0.2) °C [10
& 11]. Mice were brought to the testing
room and allowed to acclimatize for 10
minutes before the test begins. Mouse was
placed on the hot plate and the latency to
respond with a hind paw lick or jump
(whichever comes first) was measured in
seconds. The mouse was immediately
removed from the hot plate and returned
to its home cage. If a mouse did not
respond within 30 seconds, the test was
terminated and the mouse was removed
from the hot plate. Baseline measurement
for each mouse was taken just prior to drug
administration (pre-treatment values or
self-control) and again 60 minutes after
drug administration.

The experiments were performed
according to a protocol approved by the
Animal Care Committee of the Department
of Pharmacology and Clinical Pharmacy,
University of Tripoli.

Data presentation and statistical analysis

The degree of antinociception for
each mouse (except for the group that
received propranolol or atenolol only) was
expressed as the percentage increase in
reaction time (RT) in seconds calculated
according to the formula (% increase in RT =
[T*100/C]), where C is the RT before
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treatment and T is the RT after treatment.
For the group that received atenolol or
propranolol only the comparison was made
between the means of the RT before and
after treatments.

Data generated from the above studies
were statistically analyzed with Microsoft
excel software. Results for each group were
expressed as Mean + S.E. One-way analysis
of variance (ANOVA) was used to see the
differences in the effects among the
different treatments (imipramine with or
without beta-blocker), and the paired or
unpaired t-tests to determine which
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population means were different. A P value
of <0.05 was considered statistically
significant.

3. RESULTS
3.1. Antinociceptive effect of imipramine

Different doses of imipramine (2.5 mg to
30 mg/kg) produced a significant dose
dependent increase in the reaction time in
the hot plate test as measured by ANOVA
(P<0.05). The highest dose of imipramine
produced a significantly stronger analgesic
effect when compared with the lowest dose
(unpaired t-test P<0.05) (Figure 1).
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Figure 1: The percentage increase in reaction time produced by imipramine (imi) in hot plate
test. *P<0.05 using unpaired student t-test between the two groups that were given either
2.5 mg/kg or 30 mg/kg imipramine. Values are means * SE of five animals.
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3.2. Antinociceptive effect of propranolol
and atenolol

Comparing pre-treatment and post-
treatment reaction times, propranolol (6.0
mg/kg) and atenolol (2.0 mg/kg) produced a
non-significant increase in the reaction time
in the hot plate test measured by the paired
t-test. (Figure 2).

3.3. Antinociceptive effect of the combined
treatment with propranolol and
imipramine.

Fixed dose of propranolol (6.0 mg/kg)
had antagonized the antinociceptive effect
of the different doses of imipramine
measured by ANOVA (P<0.05). Although this
antagonism was apparent for all doses of

RT for propranolol
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imipramine, it was significant only with the
lowest (2.5 mg/kg) and the highest (30
mg/kg) doses of imipramine as measured by
unpaired t-test (P<0.05) (Figure 3).

3.4. Antinociceptive effect of the combined
treatment with atenolol and imipramine.

Fixed dose of atenolol (2.5 mg/kg) had no
significant effect on the antinociceptive
effect of the different doses of imipramine
as measured by ANOVA (P>0.05). However,
atenolol had antagonized significantly the
antinociceptive effect of the highest dose
(30 mg/kg) of imipramine as measured by
unpaired t-test (P<0.05) (Figure 4).

RT for atenolol

Pre-treatment  Post-treatment

Figure 2: The pre-treatment and post-treatment reaction time produced by propranolol and
atenolol in hot plate test. Values are means * SE of five animals.
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Figure 3: The percentage increase in reaction time produced by imipramine only (imi) or the
combined treatment with a fixed dose of propranolol (prop.) and imipramine. Values are
means * SE of five animals. (*P<0.05 using unpaired student t-test between the group that
received imipramine only or imipramine plus propranolol).
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Figure 4: The percentage increase in reaction time produced by imipramine only (imi) or the
combined treatment with a fixed dose of atenolol (aten.) and imipramine. Values are means
+ SE of five animals. (*P<0.05 using unpaired student t-test between the group that received
imipramine only or imipramine plus propranolol).
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4. DISCUSSION

Imipramine produced dose dependent
analgesic effect against hotplate. One-way
ANOVA analysis have shown that the addition
of a fixed dose of propranolol antagonized
the analgesic effect of different doses of
imipramine. On the other hand, atenolol
failed to antagonize the analgesic effect of
imipramine using one-way ANOVA. When the
un-paired t-test was used, it was found that
the antagonism by propranolol took place
with the lowest and highest dose of
imipramine, with a non-significant trend of
antagonism with the middle doses. These
results are in good agreement with previous
studies, where penbutolol (a non-selective
beta-blocker with central effects)
antagonized the analgesic effect of another
TCA desipramine [12]. Moreover, both CGP
20712A, a selective betaj-adrenoceptor
antagonist, and ICI 118551, a selective beta,-
adrenoceptor antagonist inhibited the
analgesic effect of desipramine and
nortriptyline in the hotplate test [12].

This study shows that the analgesic effect
of imipramine in hot plate test was inhibited
by propranolol (centrally acting non-selective
beta blocker), but not with atenolol (selective
betai-antagonist with no central effect). The
main reason for this disparity is probably due
to the difference in the lipophilic nature of
propranolol and it is ability to cross the blood
brain barrier [13], in contrast to atenolol with
it is hydrophilic nature [14]. Thus,
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propranolol antagonized the analgesic effect
of imipramine by blocking beta-adrenergic
receptors centrally. In accordance with this
proposal, it was shown that stimulation of
central beta adrenergic receptors increased
the latency in the licking response of mice in
the hot plate [15], implicating a role for these
receptors in modulating pain processes.
Moreover, beta-adrenergic receptors are
closely related to serotonergic [16] and
opioid [15] neural systems that are directly
implicated in pain modulation, which in turn,
may have participated indirectly in the
mechanism of action of imipramine.

5. CONCLUSIONS

This study has shown that the
antinociceptive action of imipramine in hot
plate seems to be of central origin and
possibly mediated, at least in part, by beta-
adrenergic receptors, as this analgesic effect
can be blocked by propranolol, a centrally
acting non-selective beta adrenergic receptor
antagonist, but not with atenolol which have
mainly peripheral effects.

6. LIMITATION OF THE STUDY

This study examined the effect of beta
adrenergic receptor blockers on the
antinociceptive action of imipramine only.
Other antidepressants should have been
included for comparison. This is a suggestion
for further research in this field.

Key Message: Central and not peripheral Beta-adrenergic receptors are involved directly or
indirectly in the antinociceptive effect of imipramine in the thermal model of pain.
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