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The Role of Duloxetine in Changing the Process of Tolerance to Morphine
Analgesic Effects in Male Rats

Abstract

Introduction: Among various neurological systems involved in the development of morphine tolerance,
serotonergic and adrenergic systems are very significant. In this study, we used duloxetine to further
investigate the association between serotonergic and noradrenergic systems and the occurrence of
opioid tolerance. Materials and Methods: Six groups of male Wistar rats were studied including saline,
morphine, morphine + duloxetine (15, 30, and 60 mg.kg'.day '), and duloxetine-treated groups. Base
latency time (BL) was determined using hot plate test (50 = 0.5°C). The latency times were reported as
MPE% (maximum possible effect) and AUC (area under the curve) was calculated for each MPE%-Time
curve (to evaluate global analgesic effect). Results: Morphine-treated group showed tolerance on the 9th
day. As the same way, the groups treated with morphine and duloxetine (15, 30, 60 mg/kg) showed tolerance
on the 13th, 17th, and 23rd days, respectively. Duloxetine-treated group was tolerated on the 11th day.
There was a significant difference between the mean AUC in morphine + duloxetine (60 mg/kg!/day ') and
morphine-treated groups. Conclusion: Previous studies revealed that chronic administration of morphine
would reduce serotonin release in the central nervous system (CNS). This study showed the effective role
of duloxetine and the serotonergic system in postponing the tolerance to analgesic effects of morphine.
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Introduction

There are various perspectives on the concept
of pain. Generally, pain can be discussed as
an unpleasant feeling resulting from physical
or mental damages and it has various negative
impacts on the quality of life. Therefore, finding
a suitable and rational solution to control
pain in patients is necessary.l'J Morphine,
codeine, their semisynthetic derivatives like
oxycodone, synthetic phenylpiperidines like
meperidine and synthetic pseudopiperidines
such as methadone belong to a group of
medications called opioid analgesics.™ The
most involved classes of the opioid receptors
in the mechanism of action of these analgesics
are Mu, Delta, and Kappa. These receptors are
found both in the central nervous system and
in the peripheral regions.[! Tolerance is one
of the most challenging problems during the
administration of these analgesics.” Tolerance
is seen in almost all patients using opioid
analgesics. The development of tolerance
causes the patient to increase doses of the
same drug or to use a more powerful opioid.
This leads to more severe side effects including
respiratory depression and an increased risk
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of drug dependence. In some cases, even the
highest dose of an opioid would not produce
the desired analgesic effect, if the tolerance
occurs.® Morphine is one of the most effective
available analgesics. However, the benefits of
this drug for the treatment of chronic pain are
limited by tolerance and dependence.l'” In
recent years, many attempts have been made
to find out the mechanisms of the tolerance
to opioid analgesic effects.!''! Many attempts
have also been made to find pharmacological
solutions to deal with morphine tolerance.!'”
So far, the roles for various neural systems
in tolerating the effects of opioid analgesia
have been studied, including studies of
glutamatergic, dopaminergic, and serotonergic
systems.[311 As stated, opioids apply part
of their analgesic effect by stimulating the
serotonergic system.['!] Duloxetine acts by
inhibiting the reuptake of serotonin and
norepinephrine.?” In addition to treating
depression, duloxetine is being used to
treat different types of pain which can be
caused by conditions like diabetic peripheral
neuropathy, fibromyalgia, and stress urinary
incontinence.??" In this study, duloxetine
was used as a reuptake inhibitor of serotonin
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and norepinephrine in order to investigate the role of these two
systems in the development process of morphine tolerance.

Materials and Methods
Drugs

Morphine sulfate ampoules were purchased from Darou
Pakhsh Pharmaceutical Mfg Co (Tehran, Iran). Duloxetine
enteric-coated capsules were purchased from Eli Lilly and
Company (Indiana) and were dissolved in normal saline (0.9%
w/v, Shahid Ghazi Pharmaceutical, Tehran, Iran).

Animals

Forty-eight male Wistar rats weighing 225g to 275g were
divided into 6 groups as following: saline-treated group (1 ml.
kg!.day!, i.p.), morphine-treated group (10mg.kg'.day?,
i.p.), morphine and duloxetine-treated (15, 30, and 60 mg.kg'.
day!, i.p.) groups and duloxetine-treated group (60 mg.kg™'.
day™', i.p.). Duloxetine doses were administered immediately
following morphine injections. The animals were housed in
standard cages in a room maintained at the ambient temperature
(21°C-23°C) with an alternating 12-h light—dark cycle. Food
and water were available ad libitum. Each animal was used only
once in all experiments. All the procedures were in accordance
with the international guidelines. The study protocol was
designed and approved by the Ethics Committee for the Use of
Animals in Research at Tabriz University of Medical Sciences.

Hot plate test

Hot plate test has been known as a suitable test for evaluating
the acute pain and analgesic effects of morphine in in-vivo
studies. At first, the temperature of the hot plate was adjusted
to 50 £ 0.5°C. After stabilizing the temperature of the device,
the rats were placed gently on it one by one and the time it took
for each animal to react was recorded (The latency time). On
the first day before starting the injections, the hot plate test was
performed two times for each rat at an interval of one hour, the
latency times were recorded and the mean was considered as

base latency time (BL). After starting the injections, the latency
times were recorded every other day and were considered as
test latency times (TL) and then MPE% was calculated as
follows:

MPE% = [ (TL-BL) / (Time,,_, —BL)| x 100
Equation 1

where Time__.is the maximum time the animal can be placed
on the device. In our research, it was considered 45 s. The day
in which BL and TL did not show any significant differences
was considered as the tolerance day (marked by black arrows
in the figures). To evaluate global analgesic effect, the AUC of
the MPE%-Time curve was calculated.®

Statistical analysis

MPE% was expressed as mean = standard error of mean (SEM)
for each group and area under the curve was calculated for each
MPE%—time chart. The data were analyzed with analysis of
variance (ANOVA) followed by the multiple comparison test
of Tukey and differences between means were considered
statistically significant if P < 0.05.

Results

Effect of chronic morphine administration (10 mg.kg1.
day 1, i.p.) in the development of the tolerance to its
analgesic effects

As shown in Figure 1, the analgesic effect of morphine
was significant until the 9" day. Therefore the 9th day was
considered as the tolerance day.

Effect of duloxetine administration in inhibiting the
tolerance to analgesic effects of morphine (10 mg.kg1.
day1,i.p.)

As shown in Figure 2, various doses of duloxetine (15, 30, and
60mg.kg") would postpone the development of the tolerance
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Figure 1: Effect of chronic morphine administration (10 mg.kg.day-1, i.p.) in the development of the tolerance to its analgesic effects. The day in which BL
and TL did not show any significant differences was considered as the tolerance day (marked by black arrow in the figure)
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to analgesic effects of morphine. In duloxetine-treated groups
(15, 30, and 60 mg/kg), the tolerance to analgesic effects
of morphine occurred on the 13th, 17th, and 23rd days,
respectively.

Investigating the analgesic effects of duloxetine (60 mg.
kg1, i.p.)

The results obtained from the duloxetine-treated group (without
morphine administration), are shown in the following figure.
According to Figure 3, the results obtained from this group
are significantly different from the control group. The 11" day
was considered as the tolerance day.

In Figure 4, AUC (area under the curve) was compared between
the groups. The results indicated that there was a significant
difference between the mean AUC in morphine + duloxetine
(60mg/kg) and morphine-treated groups.

Discussion

The aim of this study was to investigate the effects of
duloxetine on the development of morphine tolerance.
According to the results, the development of morphine
tolerance in duloxetine-treated rats has been postponed in a
dose-dependent manner.
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Figure 2: Effect of duloxetine administration in inhibiting the tolerance to analgesic effects of morphine (10 mg/kg, i.p.). The day in which BL and TL did
not show any significant differences was considered as the tolerance day (marked by black arrows in the figure)
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Figure 3: Analgesic effects of duloxetine (60 mg/kg, i.p.). The day in which BL and TL did not show any significant differences was considered as the

tolerance day (marked by black arrow in the figure)
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Figure 4: Comparison of the mean AUC between groups: *** P < 0.001
compared to morphine group

Opiates are widely used as one of the best groups of analgesics
which reduce acute and chronic pains. Dependence and
tolerance to the analgesic effects of morphine are two important
limiting challenges during the administration of these drugs.['”
Therefore, identifying agents reducing the tolerance to opioid
analgesic effects would lead to improved pain management.”

Numerous research activities have been conducted on the
analgesic activity of selective serotonin reuptake inhibitors
(SSRIs) and serotonin-norepinephrine reuptake inhibitors
(SNRIs).Bo31

Duloxetine is an antidepressant acting through inhibiting the
reuptake of serotonin and norepinephrine. It also has a low
tendency to bind to adrenergic receptors as well as serotonin,
histamine, muscarinic, cholinergic, and dopamine receptors.*
Studies investigating the effect of serotonin and norepinephrine
reuptake inhibitors (especially duloxetine) in relieving chronic
pains, showed that the effect of duloxetine on relieving neuropathic
pain and fibromyalgia was probably due to its ability to increase
the level of serotonin and norepinephrine.*3% These findings
were in accordance with our results in the 6th group. Pathways
involved in the sensation of pain include nerves entering posterior
horn of the spinal cord. These descending fibers which inhibit
the transfer of pain signals in the spinal neurons are likely to act
through hyperpolarization of sensory neurons using endogenous
opioid, serotonin, and norepinephrine as the primary mediators.5®
Previous studies showed that continuous injection of duloxetine
into rats affects serotonergic and noradrenergic parameters. This
drug appears to be responsible for the desensitization of 5-HT
autoreceptors and also the alpha, adrenergic heteroreceptors
in the serotonergic terminals, and thus reduces the serotonin
and norepinephrine function on its receptors.*? In our study,
tolerance to duloxetine (in duloxetine group) may be developed
in such a way.

The results of previous studies on the synergistic effects of
the medicines inhibiting the reuptake of monoamines (such
as duloxetine) and morphine to produce analgesic effects
indicated that inhibition of both norepinephrine and serotonin
carriers was required for producing synergistic analgesic

effects with opioids. Also, high levels of serotonin and its
effect on serotonin receptors (5-HT,) may reduce the potential
synergistic effects with opioids (such as morphine).F#!1 Our
study also focuses on synergistic effects between morphine
and duloxetine and postponing the tolerance to the analgesic
effects of morphine.

In an attempt to investigate the effect of serotonin and
norepinephrine reuptake inhibitors (such as amitriptyline and
venlafaxine) and serotonin receptor agonist (dihydroergotamine)
on the analgesic effects of morphine in male rats and the
tolerance to these effects, Ozmedir et al.[*? reported that
chronic administration of morphine resulted in a decrease
in serotonergic activity in the posterior raphe nuclei. As a
result, it can be assumed that the serotonergic system in
the posterior raphe nuclei would play an important role in
developing tolerance to the analgesic effects of morphine. Also,
during this study, coadministration of morphine with serotonin
and norepinephrine reuptake inhibitors (amitriptyline and
venlafaxine) increased the analgesic effects of morphine and
decreased the development of tolerance to these effects. In our
study, duloxetine probably delayed the onset of the tolerance to
morphine by increasing serotonin levels and its effects on the
serotonergic system in the posterior raphe nuclei.

Venlafaxine (a reuptake inhibitor of serotonin and
norepinephrine) has analgesic effects. This effect is not
antagonized by naloxone, which indicates that the opioid
system does not play a role in SNRIs’ analgesic activity and
inhibiting serotonin and norepinephrine reuptake is the main
mechanism for the anxiolytic activity of venlafaxine.[** This
mechanism may also play an important role in the duloxetine
antinociceptive activity.

On the contrary, Arends et al.*¥ have shown that chronic
administration of morphine, decreases serotonin release from
the terminals of serotonergic neurons, and at the same time,
tolerance to morphine is induced in a short time. Acute
administration of morphine increases serotonin synthesis and
release, whereas chronic morphine administration reduces
serotonin release from nerve terminals.?®*! In our study,
duloxetine is also likely to slow down the onset of morphine
tolerance by increasing serotonin levels. In sum, duloxetine
can postpone morphine tolerance through the mechanisms
discussed.

Conclusion

According to the results, duloxetine postponed the tolerance
to the analgesic effects of morphine significantly, which could
be hoped to achieve a pharmacological treatment that would
eliminate or delay the clinical problems associated with long-
term use of opioids. These effects are often applied through
nor-adrenergic and serotonergic systems but other systems such
as dopaminergic, histaminergic, and cholinergic systems may
also be involved. Further clinical studies are needed to find
out the exact mechanisms and clinical effects.
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