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Abstract

Opiate tolerance and dependence is a worldwide public health problem and gives a significant burden to
society. The aim of this study was to evaluate the effects of metformin (MET) on development and
expression of morphine tolerance and dependence in rats. For induction of tolerance, morphine sulfate was
injected (10 mg/kg, twice a day, s.c.) for 7 days. Animals received metformin (5 and 50 mg/kg, orally, daily)
during the examination period for assessing the development of morphine tolerance and dependence. In order
to evaluate the expression of morphine tolerance and dependence, single doses of MET (5 and 50 mg/kg,
orally) were administered on day 7. Tail flick test was performed to assess the induction of morphine
tolerance. For evaluation of morphine dependence, naloxone-induced jumping (5 mg/kg, s.c.) was
monitored. Our results showed that 7 days coadministration of 50 mg/kg of MET significantly reduced the
development of morphine analgesic tolerance versus morphine + saline treated rats (P < 0.001). Treatment
with 50 mg/kg MET reduced the incidence and frequency of jumping in naloxone injected animals
(P < 0.01). It is notable that single dose administration of MET, did not prevent the expression of analgesic
tolerance and physical dependence to morphine. Based on these results, it can be concluded that MET
attenuates the development of morphine analgesic tolerance and dependence in rats.
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INTRODUCTION mood disorders will occur (8). Although our

knowledge about opioid addiction and

For centuries, such as

opioid drugs
morphine have been widely used for
management of acute and chronic pain (1). It
has been shown that, chronic administration of
morphine leads to development of analgesic
tolerance and physical dependence in both
humans and animals (2-4). Although
morphine-induced effects have widely been
investigated in previous works, precise
mechanisms underlying morphine tolerance
and dependence are still unclear (5,6). Opioid
tolerance is characterized by an increased
responsiveness to an opioid agonist such as
morphine and is usually manifested by the
need to use increasing doses to achieve the
desired effect (7). Dependence to opioid drugs
is a compulsive drug use and if the opiate
consumption is ceased abruptly the withdrawal
sings including back and leg pain, sleep
disturbances, chronic fatigue, restlessness, and
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treatment are beginning to emerge but there is
no desirable treatment for the morphine
tolerance and dependency. These conditions
can be controlled or attenuated by some drugs
such as clonidine and methadone (9).
Therefore, morphine-induced tolerance and
dependence has become a real challenge that
limits the clinical use of morphine (10,11).
Opioid tolerance and dependence are complex
phenomena  that involve  multifaceted
mechanisms including free radicals generation
(12), down-regulation of opioid receptors (11),
inflammation of the central nervous system
(9), activations of glutamate receptor N-
methyl-D-aspartate (NMDA), and protein
kinase C (PKC) (7).
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Biguanide-class drugs such as metformin
(MET) are commonly used to treat and prevent
type 2 diabetes (13), obesity (14), and
polycystic ovary syndrome (15). MET has
pleiotropic effects that might be due to the
anti-inflammatory (16), neuroprotective (17)
and antioxidant properties (18) of the drug.
MET inhibits the production of free radicals
via decreasing the nicotinamide adenine
dinucleotide phosphate oxidase expression
(19). Moreover, several studies have shown
the anti-inflammatory effects of MET in many
experimental models of inflammation. These
studies have suggested that anti-inflammatory
effects of MET is mediated by inhibition of
NF-xB signaling (20), reduction in levels of
TNF-o and IL-6 (16). Furthermore, the
neuroprotective effects of MET has been
shown in some studies (17,21,22). Pan et al.
has reported that metformin can reduce
morphine tolerance in mice. They suggested
that metformin might inhibit microglial
activation and further suppress central
sensitization occurring in the spinal cord,
which contributes to the attenuation of
morphine tolerance (23). Thus, taken together,
the present study was aimed to investigate the
possible effect of MET on the development
and expression of morphine-induced tolerance
and dependence in rats.

MATERIALS AND METHODS

Animals

A total of 56 male Wistar rats (weight
275 + 25 g) were used in this study. Rats were
obtained from the animal house of Rafsanjan
University of Medical Sciences. Rats were
housed in groups of four rats in a plastic cage
maintained at a 12-h light/dark cycle (lights on
07:00 to 19:00) with free access to food and
water and maintained at 23 + 2.0 °C. All
experimental procedures were carried out in
accordance with the guidelines for the care
and use of Ilaboratory animals in the
Rafsanjan University of Medical Sciences
and the European Communities Council
Directive 24 November 1986 (86/609/EEC)
(IR.RUMS.REC.1396.134). Each rat was used
only once in this study and each group
consisted of 6-8 animals. All behavioral
experiments were carried out at the same time
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of the day. The animals were divided into
8 experimental groups in this study: (1) saline,
the animals received saline (as metformin
vehicle) daily for 7 days; (2 and 3) metformin,
the animals received metformin (5 and
50 mg/kg) daily for 7 days; (4) morphine +
saline, the animals that received morphine (
10 mg/kg twice a day, s.c.) and saline daily for
7 days (for assessing the development of
morphine tolerance and dependence); (5 and 6)
morphine + metformin, the animals received
morphine (10 mg/kg twice a day, s.c.) and
metformin (5 and 50 mg/kg, orally) daily for
7 days; (7 and 8) morphine + metformin, the
animals received morphine (10 mg/kg twice a
day, s.c.) daily for 7 days and metformin
(5 and 50 mg/kg, orally) at day 7.

Drugs

The following drugs were used in this
study: morphine sulphate (Temad, Iran),
naloxone hydrochloride (Tolidaru, Iran), and
MET (Merck, Germany). All drugs were
dissolved in saline.

Morphine tolerance and dependence were
induced in rats by a repeated injection of
morphine (10 mg/kg; s.c.) twice daily
(8:00 a.m and 8 p.m) for 7 consecutive days
(23). Two doses of MET (5 and 50 mg/kg in
volume of 5 mL, p.o.) were administered once
a day for a 7-day period. Nociceptive response
of the animals to noxious heat stimulus was
measured by tail flick test every day. The control
group received only vehicle (5 mL saline, p.o.).

Tail flick test

In order to assess the morphine analgesic
effect, we used a tail flick analgesia meter
apparatus (UGO BASILE, Italy). This
apparatus was set to make a light beam
focused on the ventral part of the animal’s tail.
Intensity of the heat was adjusted to elicit 2-4 s
baseline responses. Tail-flick latency was
considered as the time between tail exposure
to radiant heat and tail withdrawal. The heat
stimulus was discontinued after 10 s to avoid
tissue damages (cut off point = 10 s). The
animals were allowed to habituate to
laboratory surroundings before tail flick test.
Rats were lightly restrained in a poly(methyl
methacrylate) (Plexiglas) rat restrainer box
during the test. The rat’s tail was exposed
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through gaps located in the inferior door of the
restrainer. For 3 days before the first trial,
rats were habituated to the test conditions to
reduce their stress during the assessment.
Antinociception was quantified by the
percentage of maximum possible effect
(MPE%), which was calculated according to
the following equation:

MPE% = [(T; — To) / (T> — T)] x 100 N

where, T, is pre-treatment latency, T; is
post-treatment latency, and T, is the cut off
time (24).
Evaluation of morphine tolerance and
dependence development

In order to examine the MET effects on the
development of morphine tolerance and
dependence, two doses of MET (5 and
50 mg/kg in volume of 5 mL; p.o.) or its
vehicle (5 mL normal saline) were given
during the period of examination. Every day of
experiment, the animals were assessed for
tolerance to morphine analgesic effects.
Nociceptive response of the animals to
noxious heat stimulus was measured by tail
flick test and the decrease in response was
used to assess the degree of tolerance.
Moreover, dependence was evaluated by the
incidence of jumping following administration
of naloxone (5 mg/kg, i.p.) 2 h after the last
dose of morphine on final (7th) day (25).
Immediately, after the naloxone injection, each
rat was placed in a Plexiglas box (35 cm long,
35 cm wide, 45 cm high) and frequency of

10 -
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jumps was recorded during 30 min. it is
notable that the control group received only
MET vehicle (5 mL saline, p.o.). The 5 and
50 mg/kg doses of MET or its vehicle were
administered only on the seventh day, 45 min
before morphine injection. Nociceptive response
of the animals to noxious heat stimulus and
physical dependence to morphine was
evaluated by the methods that describe earlier.

Statistical analysis

Data are expressed as mean = SEM.
Statistical —analysis was performed via
GraphPad Prism version 6.01 for Windows
(GraphPad Software, USA). Differences
between the groups were tested with two- or
one-way analysis of variance (ANOVA)
followed by the Tukey post-hoc test.
Differences between means were considered
statistically significant if P < 0.05.

RESULTS

The effect of metformin on morphine
analgesic effect

By this experiment, we can examine the
effects of long term (7 days) MET treatment
on nociceptive response in order to exclude the
effect of MET on MPE%. As shown in Fig. 1,
oral administration of MET (5 and 50 mg/kg),
did not exhibit a significant change in
nociception compared to normal rats (saline
group) for the entire 7-day period of
examination.

—A&—MET 50

MPE (%)

-10 -

Time (day)

Fig. 1. Antinociceptive activity of metformin (MET) at doses of 5 and 50 mg/kg in the tail flick test in rats.
Antinociceptive effects are expressed as the percent of maximum possible effect (MPE%). There are no significant
differences between various groups. Data are expressed as mean + SEM of analgesic threshold of 6-8 rats.
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The effect of metformin administration on
development of morphine analgesic tolerance

Figure 2 shows the effects of long-term
administration of MET (5 and 50 mg/kg, p.o)
on analgesic threshold in morphine treated
animals during 7 days. MET at dose of
50 mg/kg, significantly increased the analgesic
latency on days 5-7 with comparison to
morphine-treated animals and prevented the
induction of morphine antinociceptive
tolerance (P < 0.001).

It is notable that, dose of 5 mgkg
metformin did not prevent the morphine
tolerance in morphine-treated rats.

To clarify the role of acute MET
administration on the expression of morphine
tolerance, we administered this drug (5 and 50
mg/kg) only once 45 min before the dose of
morphine on the day 7. Data showed that
metformin did not prevent the expression of
morphine tolerance in morphine-treated rats

(Fig. 3).
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Fig. 2. The effect of chronic treatment with metformin (MET) on morphine-induced tolerance. MET (5 and 50 mg/kg,
p.o.) was administered 7 days with morphine (10 mg/kg twice a day, s.c). Antinociceptive response to morphine is
shown as percent of maximum possible effect (MPE%). Data are expressed as mean + SEM of 6-8 rats. ***P < (0.001

vS. morphine-treated group.
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Fig. 3. The effect of acute administration of metformin (MET) on the expression of morphine tolerance. MET (5 and 50
mg/kg) was administered 45 min before the last dose of morphine (10 mg/kg twice a day, s.c) on day 7. Antinociceptive
response to morphine is shown as percent of maximum possible effect (MPE%). Data are expressed as mean + SEM of

6-8 rats.
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The effect of metformin administration on
development of morphine dependence

As shown in Fig. 4, saline-treated animals
exhibited no jumping behavior, whereas
morphine-treated rats showed the jumping
behavior, confirming development of
morphine dependence (P < 0.001). Seven
consecutive days' administration of MET
(50 mg/kg, p.o) before morphine injection

significantly reduced the frequency of jumps
(P <0.01). Data showed that 7 days treatment
with MET at dose of 5 mg/kg, did not prevent
the frequency of jumps in morphine-treated
rats (Fig. 4).

Data showed that metformin in both doses (5
and 50 mg/kg) did not prevent the expression
of behavioral withdrawal sign (jumping)
associated with morphine dependence (Fig. 5).
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Fig. 4. Effects of chronic administration of metformin (MET) on naloxone-precipitated morphine withdrawal jump.
Data are expressed as mean = SEM of 6-8 rats. “* P < 0.001 vs. saline-treated group and ** P < 0.01 vs. morphine-

treated group.
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Fig. 5. The effect of acute treatment with metformin (MET) on naloxone-precipitated morphine withdrawal sign
(jumping). MET (5 and 50 mg/kg) was administered 45 min before the last dose of morphine (10 mg/kg twice a day,
s.c) on day 7. Data are expressed as mean £ SEM of 6-8 rats. *** P <(.001 vs. saline-treated group.
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DISCUSSION

In the present study, we investigated the
MET effect on development and expression of
morphine tolerance and dependence in rats.
Our results suggest that long term oral
treatment with MET (50 mg/kg) significantly
attenuated development of morphine tolerance
and dependence in rats. We also showed that
acute oral treatment with MET (5 and
50 mg/kg) does not inhibit expression of
morphine tolerance and dependence in
morphine dependent rats. Moreover, we found
that oral administration of MET (5 and 50
mg/kg) has no significant effect on thermal
nociception in non-morphine dependent rats. It
is well established that, chronic morphine
administration, alters the synaptic plasticity
and structural changes in the brain (26).
Moreover, it was shown that, opioid
administration has neurotoxic effects and
cause neuron degeneration in the rat brain
(27). On the other hand, in different studies
neuroprotective effects of MET have been
reported by inhibiting apoptosis (21,22).
Accordingly, MET may possibly prevent the
pathological conditions associated with long
term  morphine-induced antinociceptive
tolerance and dependence through the
neuroprotective effects. Emerging studies have
shown that inflammatory mediators such as
IL-1B, IL-6, TNF-0, and NF-kB have critical
roles in the development of morphine
tolerance and dependence (28,29). Previous
studies have reported the anti-inflammatory
effects of MET. MET exhibited anti-
inflammatory effects on human monocytes/
macrophages by reducing the levels of TNF-a
and attenuating the mitogen-activated protein
kinases (MAPKSs) as well as NF-xB signaling
(20). Moreover, long term administration of
MET regulated pancreatic inflammation via
reduction in inflammatory cytokines such as
TNF-a and IL-6 (16). Hence, it seems that
these effects could be possible mechanisms in
the effects of MET on induction of morphine
tolerance and dependence. It is well
established that activation of NMDA receptors
has important role in the development of
morphine tolerance and dependence (30). It
has been shown that NMDA receptor
antagonist such as MK-801 could prevent
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morphine-induced tolerance and dependence
(31). In this regard, a recent investigation by
Zhou et al. has demonstrated that MET
directly inhibits glutamate-induced
neurotoxicity via inhibition of NMDA receptor
(17). Lee et al. showed that phenformin,
another drug from the biguanide-class having a

similar effect like MET, exhibits
neuroprotective effects through modulating the
NMDA receptors in a manner, which

decreases glutamate-induced calcium influx
(32). So, there is the possibility that MET
treatment could prevent developing morphine
tolerance and dependence via inhibition of
glutamate neurotransmitter and NMDA
receptors. The role of nitric oxide (NO) in
morphine tolerance and dependence has been
well characterized (33). It has been reported
that repeated exposure to morphine elevated
the level of NO that contributes to neuronal
adaptations (33). Therefore, inhibition of NO

synthase (NOS) and NO production
ameliorates morphine withdrawal signs in
animal models (34,35). Previous works

demonstrated the inhibitory effects of MET on
NO production. Chung et al. showed that MET
protects against diabetic neuronal impairment
which induced by glycosylation end product in
human neural stem cells via decreasing the
expression of inducible nitric oxide synthase
(36). Moreover, it has been reported that MET
has anti-aging effect by reducing NO levels
(37). Accordingly, MET may possibly show
these effects through the suppression of NO. It
was demonstrated that morphine
administration increased oxidative stress in
brain and spinal cord (38,39). Importantly,
several investigations reveal that
pharmacologic inhibition of superoxide and
peroxynitrite with antioxidant compounds can
prevent or inverse the characteristic
pathologies associated with morphine-induced
tolerance and dependence (40-42). The
antioxidant properties of MET have been
demonstrated in previous studies. In a study, it
has shown that metformin decreases the
intracellular reactive oxygen species (ROS)
levels by increasing the expression of the
antioxidant thioredoxin (43). Additionally,
metformin has been shown to attenuate
intracellular ROS amount by augmentation the
antioxidative glutathione system activity (44).



Fatemi et al. / RPS 2018; 13(4):316-323

Furthermore, it has been reported that MET
could reduce malondialdehyde, protein
carbonyl and ROS in brain of naturally aged
and accelerated senescence model of rat (37)
implying that the effect of MET might be
possibly mediated by antioxidative mechanism.

CONCLUSION

In conclusion, we found that acute
administration of MET had no effect on
expression of morphine tolerance and
dependence. In the other hands, long term
MET administration could attenuate the
development of morphine tolerance and
dependence. This phenomenon may reveal that
MET needs more time to change/regulate the
cellular and molecular mechanisms involved
in  morphine tolerance and dependence
attenuation. We also found, for the first time,
that oral administration of MET alone has no
analgesic effect. Our study supports the idea
that co-administration of metformin and
morphine might be a helpful approach for
increasing the clinical use of morphine and
other opioids in treating chronic pain and
attenuating the tolerance following repetitive
morphine treatment. Also, one of the most
important strategies for the treatment of drug
addiction is reducing the withdrawal
syndrome. Results of our study suggest that
MET could attenuate withdrawal symptoms.
However, further investigations are required to
unveil the precise underlying mechanisms.
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