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Abstract:
Introduction: Methamphetamine (Meth) and Buprenorphine (BUP) modulate pain perception.
However, the antinociceptive effects of the interactions of these two substances, which belong to
different systems, in rats, are unclear. The purpose of this study was to compare the analgesic
effects of Meth, BUP, and their coadministration, and the effect of withdrawal from these
substances on nociception in male rats.
Methods: In this experiment, 40 male Wistar rats (250–300 g) were categorized into four groups:
control, Meth, BUP, or BUP+Meth. After seven days of once-a-day treatments, the antinociceptive
effects were assessed using the hot plate and the tail-flick tests. The differences among the groups
were analyzed with ANOVA and Tukey's post hoc tests, and p values less than 0.05 were
considered significant.
Results: Meth and BUP increased the reaction times during the hot plate and tail-flick tests. The
combination of Meth and BUP increased reaction time more than Meth and BUP alone.
Discussion: The significantly high reaction times in rats treated with Meth and BUP indicate that
these substances have antinociceptive effects. In addition, Meth enhanced the antinociceptive
effects of BUP. These synergistic effects might occur through the dopaminergic, serotonergic,
and/or adrenergic systems.
Keywords: Methamphetamine; Buprenorphine; Pain; Hot plate; Tail-flick; Interactions

1. Introduction
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Pain is an unpleasant sensory and emotional experience that is associated with an actual or
potential tissue damage, and is often accompanied by the desire to stop and avoid stimuli that cause
it (Ripamonti, 2012). The perception of pain and its sensitivity to analgesics are highly variable
(Bulka et al., 2004). Providing postoperative pain relief and analgesia is an important facet of pain
management (Garimella and Cellini, 2013), and a number of different analgesics have been used
for this purpose (Flecknell et al., 1999).
Buprenorphine (BUP) is approved for use as an analgesic for various types of pain (Johnson et al.,
2005). It is a clinically well-established opioid analgesic (Christoph et al., 2005) that is currently
used to treat opiate addiction and chronic pain (Browne et al., 2015). BUP is a highly lipophilic
derivative of oripavine (Cowan et al., 1977); it is a partial agonistic for the μ receptor, an antagonist
for the δ- and κ-opioid receptors, and produces limited euphoric effects (Lelong-Boulouard et al.,
2006; Mori et al., 2006). It has a rapid onset and long duration of action in rodents. Because it is a
partial μ-opioid agonist, it might have a wider safety profile than full μ-agonists, especially with
regard to respiratory depression (Johnson et al., 2005). The oral administration of BUP has been
suggested to be convenient and effective (Leach et al., 2010). Because it is 7–10 times more potent
than morphine, this may be an alternative to injected BUP for postoperative pain management
(Jessen et al., 2007).
In recent years, an increasing number of studies have examined the common mechanisms of
reward and the analgesic effects of addictive substances. Therefore, the brain reward circuitry has
been proposed as another key target for the pharmacological treatment of pain (Yamamotová et
al., 2011). Psychostimulant drugs can increase opioid-induced analgesia (Dalal and Melzack,
1998b). Accordingly, drugs of abuse are known to have analgesic effects (Yamamotová et al.,
2011). In this sense, opioid and psychostimulant drugs have long been used to relieve chronic pain
5

in the clinic (Altier and Stewart, 1999). Methamphetamine (Meth) is a psychostimulant drug of
abuse that acts on the central nervous system (Melo et al., 2012). It has a relatively high lipid
solubility, and can therefore cross the blood-brain barrier (Yamamotová et al., 2011).
Determining the drug-induced changes in the reaction times of animals exposed to heat is the most
widely used measure of analgesic activity. Among the thermal methods, the hot plate and tail-flick
tests are most commonly used to assess opioid analgesia (Gades et al., 2000). We tested the
antinociceptive effects of Meth, BUP, and their coadministration in Wistar rats with the hot plate
and tail-flick tests, in order to investigate enhancements of the antinociceptive effects of BUP. The
present study investigated the use of psychostimulant drugs, including Meth, as alternatives for
treating pain, instead of opioids such as BUP. Our aim was to explore ways for increasing the
antinociception of opiate drugs. Thus, we tested whether Meth could increase the antinociceptive
effect of BUP, how nociception was affected during withdrawal, and whether rats perceive pain
differently in this state in comparison with control animals.

2. Materials and Methods
2.1. Animals
Adult male Wistar rats weighing 250–300 g were utilized in this investigation. The animals were
randomly arranged within four groups (Ten rats per each group); moreover, they were maintained
on a twelve hours light/dark program (lights on at 07:00) within a temperature-controlled (22 ±
2°C) place. (Shiri et al., 2016).
The rats were fed ad libitum with standard chow-diet and had access to water. During the three
days before the tests, the animals were housed in groups of four. All procedures of investigation
and animal care were established the Veterinary Ethics Committee of the Hamadan University of
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Medical Sciences (VECHUMS) and were performed by the National Institutes of Health Guide
for Care and Use of Laboratory Animals (NIH Publication No. 85-23, revised 1985).
2.2. Drugs
Meth hydrochloride was obtained from the Presidency Drug Control Headquarters (Tehran, Iran).
It was dissolved in 0.9% saline (Xu et al., 2015) and administered at a dose of 2 mg/kg (MiladiGorji et al., 2015; Etaee et al., 2017).
BUP (Faran Shimi Pharmaceutical Co., Tehran, Iran) was dissolved in 0.9% saline (Wala and
Holtman, 2011) and administered at a dose of 5 mg/kg (Thompson et al., 2006; Leach et al., 2010).
2.3. Groups
In this experiment, the 40 male rats were divided into the following four groups. The control group
was administered saline by intragastric (IG) gavage once a day for seven days. The Meth group
was intraperitoneally (IP) administered 2 mg/kg of Meth hydrochloride once a day (Chiang et al.,
2014) for seven days (Miladi-Gorji et al., 2015; Etaee et al., 2017).
The BUP group was administered 5 mg/kg of BUP by IG gavage once a day for seven days (Wala
and Holtman, 2011). The BUP+Meth group was administered BUP [IG; 5 mg/kg once a day for
seven days (prior to Meth)] and Meth hydrochloride (IP; 2 mg/kg once a day for seven days). On
the day of behavioral testing, Meth and BUP were administered 30 (Schutová et al., 2009) and 60
minutes (min) (Wala and Holtman, 2011), respectively before the tests. The withdrawal tests were
conducted seven days after the first round of behavioral tests, which included the hot plate and the
tail-flick test. Both tests were conducted on the same rats.
2.4. Hot plate test
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The hot plate device consisted of an electrically heated surface and an open Plexiglas tube (17 cm
high × 22 cm in diameter), which was used to confine the animals to the heated surface (Co. Burj
Sanat). The rats were placed on the surface of the hot plate, which was maintained at 50 ± 0.1°C,
to induce noxious thermal stimuli (Taheri Azandaryani et al., 2015). Licking of the hind limb was
noted as a nociceptive response (Shirafkan et al., 2013). The cut-off time was 30 seconds (s) in
order to avoid tissue damage (Bulka et al., 2004). The animals were tested after being treated with
the drug/drugs once a day for seven days and seven days after the abstinence period.
2.5. Tail-flick test
To evaluate the antinociceptive effects, a tail-flick apparatus was employed (Co. Burj Sanat). The
tip, base, and middle part of the tails of the rats were placed on a radiant heat source, which was
set at 5, and the reaction time of the animals was recorded. The mean of three measures were
calculated and used in the analysis. The lamp intensity was 30% (Shirafkan et al., 2013). The tailflick latency was defined as the time (in s) for the rat to withdraw its tail from the radiant heat
source. The cut-off time was 12 s in order to prevent tissue damage. The maximum possible
antinociceptive effect was considered to have been induced when the animals did not show a tailflick reaction within the cut-off time (Christoph et al., 2005). The animals were tested after the
drugs were administered once a day for seven days and seven days after the abstinence period. The
tail-flick test was conducted after the hot plate test, because the animals needed to be gently
immobilized in a small Plexiglas restrainer during the measurements (Yamamotová et al., 2011).
2.6. Statistical Analysis
The mean of three measures during the tail-flick (time for the tip, base, and middle of the tail) and
hot plate tests (time until hind limb licking) were calculated with computerized analyses. The
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differences between the groups were determined by one-way analysis of variance (ANOVA),
which was accompanied by the Tukey’s post-hoc test. The differences with p values lower than
0.05 were considered significant. The data were expressed as mean ± standard error of the mean
(SEM). We used the Student’s t-test to compare the results of the behavioral tests before and after
seven days of abstinence.

3. Results
3.1. Hot plate test
Meth administration significantly increased the reaction time during the hot plate test (Meth group,
7.91 ± 0.12 s; Control group, 3.99 ± 0.25 s; p < 0.001). The rats in the BUP group reacted faster
(11.19 ± 0.33 s) than those in the Meth (p < 0.001) or control (p < 0.001) groups. The
coadministration of BUP and Meth resulted in a significantly higher (14.08 ± 1.23 s) reaction time
than the one induced by the single administration of BUP (p < 0.01), Meth (p < 0.001), or saline
(p < 0.001) (Fig. 1).
3.2. Tail-flick test
Meth administration significantly increased the reaction time during the tail-flick test (Meth group,
5.87 ± 0.56 s; control group, 2.70 ± 0.23 s; p < 0.001). Rats in the BUP group showed a slower
response (10.15 ± 0.27 s) than those in the Meth (p < 0.001) or control (p < 0.001) groups. The
coadministration of BUP and Meth resulted in a significantly higher tail-flick test reaction time
(11.95 ± 0.43 s) than that obtained after single administration of BUP (p < 0.05), Meth (p < 0.001),
or saline (p < 0.001) (Fig. 2).
3.3. Hot plate test after seven days of drug abstinence
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The abstinence from Meth, BUP (11.19 ± 0.33 s), or BUP and Meth (14.08 ± 1.23 s) resulted in
significantly higher hot plate latencies than the respective saline values (Meth, 7.91 ± 0.12 s; BUP,
11.19 ± 0.33 s; BUP+Meth, 14.08 ± 1.23 s; saline, 3.99 ± 0.25 s; p < 0.001). Additionally, the
combined withdrawal from BUP and Meth resulted in longer reaction times than that obtained
after abstinence from Meth alone. No significant changes were seen among the other groups (p >
0.05) (Fig. 3).
3.4. Tail-flick test after seven days of drug abstinence
The abstinence from Meth, and BUP and Meth combined significantly increased the tail-flick test
times in comparison to the respective saline values (Meth, 6.06 ± 0.74 s; BUP, 6.15 ± 0.19 s;
BUP+Meth, 6.70 ± 0.03 s; saline, 2.27 ± 0.107 s; p < 0.001). There were no significant changes in
the reaction times of the other groups (p > 0.05) (Fig. 4).

3.5. Comparison of the hot plate test reaction times between Meth and BUP treatment and
after their withdrawal
As revealed by t-test analysis, there were no significant differences in the reaction times of the
different groups between treatment and withdrawal from any of the drugs tested. (p > 0.05) (Fig.
5).

3.6. Comparison of the tail-flick test reaction times between Meth and BUP treatment and
after their withdrawal
The t-test analysis showed that the BUP and BUP+Meth groups exhibited significant decreases in
the tail-flick test reaction times between treatment and after abstinence (p < 0.001 for both). No
significant differences were observed for the Meth and control groups (p > 0.05 for both) (Fig. 6).
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4. Discussion
The results from the two behavioral tests revealed that chronic injections of Meth in healthy rats
significantly prolong their reaction time to the delivered stimulus compared to saline
administration. Therefore, the dose of Meth used in this study exhibited antinociceptive effects. In
addition, similar results were obtained in the case of BUP administration, indicating the analgesic
effects of this drug. The coadministration of BUP and Meth resulted in an even more pronounced
increase in the reaction times. Therefore, Meth enhanced the antinociceptive effects of BUP.
Our analyses showed that the tail-flick test latency times seven days after drug abstinence was
significantly lower than those after seven days of drug treatment in the BUP and BUP+Meth
groups. However, we did not detect any significant differences in the case of the hot plate test. The
withdrawal from Meth, BUP, or BUP and Meth combined significantly increased the latency times
in both behavioral tests. Therefore these drugs, during treatment or during the state of abstinence,
have analgesic effects.
In this study, BUP exhibited antinociceptive effects, in agreement with previous studies (Johnson
et al., 2005). In addition, our results revealed that chronic Meth injections induce antinociceptive
effects in rats. Consistent with these findings, psychostimulant drugs have been reported to induce
analgesic effects (Dalal and Melzack, 1998b) and potentiate opioid analgesia (Dalal and Melzack,
1998a). The analgesic and reinforcing effects of drugs of abuse are mediated by similar receptors,
similar sites of action, and overlapping neural substrates. Recent studies have suggested that
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activation of the mesolimbic dopamine neurons that originate from the ventral tegmental area
(VTA) and go to the nucleus accumbens (NAc) plays an important role in mediating the
suppression of tonic pain (Altier and Stewart, 1999). These similarities suggest that the reinforcing
effects of these drugs may also produce analgesia by transforming the aversive affective states
evoked by pain into more positive states (Franklin, 1998). Central dopamine systems have been
implicated in reward-related behavior (Bubenikova-Valesova et al., 2009). Partial agonists of μopioid receptors, such as BUP, increase the extracellular concentrations of dopamine in the NAc
(Nantwi et al., 1998) and striatum when they are administered systemically or into the VTA or
substantia nigra (SN) (Johnson and North, 1992; Chefer et al., 2009). Accordingly, the
dopaminergic neurons in the VTA that project to various forebrain sites, including the NAc, are
involved in this process. The dopamine-containing neurons of the VTA play a critical role in the
reinforcing effects of drugs of abuse, including opiates, and their turnover in the NAc, suggesting
that these effects are mediated by an increased output of dopamine (Nantwi et al., 1998). Most of
the afferents to the SN dopaminergic neurons are GABAergic, while dopaminergic neurons
express GABA receptors and μ-opioid receptor mRNA is found both in the SN and VTA in rats
(Mori et al., 2016). The opioid-induced release of dopamine in the NAc and striatum is probably
caused by the inhibition of GABA interneurons, which subsequently disinhibit the dopaminergic
neurons (Chefer et al., 2009). Accordingly, the systemic administration of opiates has been shown
to increase the firing of VTA dopamine neurons, as shown by in vivo recordings (Johnson and
North, 1992). Substantial evidence indicates that psychostimulant drugs directly increase the levels
of extracellular dopamine. In line with this, Meth has been reported to increase the release of
dopamine (Yamamotová and Slamberova, 2012) and its extracellular concentration partly by
reversing the dopamine transporter and depleting cytoplasmic as well as vesicular dopamine stores
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(Wallace et al., 1999). Consistent with these reports, the onset of Meth-induced analgesia, occuring
30 min after administration of the drug, correlates with the peak of the extracellular dopamine
concentrations in the striatum. In order to understand the analgesic effects of psychostimulants, it
is important to take into account that VTA neurons receive nociceptive information and are
involved in pain modulation (Yamamotová et al., 2011). Psychostimulants and opioids both
increase the extracellular concentrations of dopamine in the NAc (Mori et al., 2016).
Moreover, besides dopamine, Meth also increases the levels of 5-hydroxytryptamine (serotonin)
and norepinephrine in several brain regions in adult rats (Bubenikova-Valesova et al., 2009).
Serotonin and norepinephrine are considered important modulators of pain transmission,
especially in the descending antinociceptive system (Jacobs et al., 2002). A large body of evidence
implicates the serotonin pathway, especially the serotonergic neurons that are localized in the
nucleus raphe magnus (NRM) and that directly project to the dorsal horn of the spinal cord, in
analgesia (Jacobs et al., 2002). Both opiate and stimulus-induced analgesia appear to depend on
these descending connections to the spinal cord. NRM has been suggested to regulate the relief
and the transmission of spinal pain induced by opiates or by stimulation of the periaqueductal gray
(Basbaum et al., 1976).
The reinforcement of noradrenergic neurotransmission might, therefore, add to the efficacy of
opioids, while, at the same time, norepinephrine uptake inhibitors have been shown to enhance the
antinociceptive actions of systemically or centrally administered opioids in rats (Driessen et al.,
1993). The μ receptors, located at discrete and anatomically distant brain sites, mediate opioid
peptide-induced catecholamine secretion through activation of the central sympathetic outflow to
the adrenal medulla and sympathetic nerve terminals (Appel et al., 1986). Increased extracellular
norepinephrine increases pain thresholds by acting on α2-adrenergic receptors (Bohn et al., 2000).
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The descending noradrenergic system and nociceptive system are closely related in the spinal cord
of rats (Kuraishi et al., 1985). In addition, most psychostimulants increase norepinephrine
neurotransmission (Drouin et al., 2002). Accordingly, the involvement of norepinephrine has been
suggested in the arousal-promoting actions of psychostimulants (Berridge, 2008).
The results of the present study strongly support the hypothesis that psychostimulants, such as
Meth, have analgesic effects and can increase the antinociception effects of opiate drugs. Based
on former investigations, we postulate that the dopaminergic, serotonergic, and noradrenergic
systems perform important functions in the enhancement of the antinociceptive effects of BUP by
Meth. Although Meth and BUP both increase the extracellular concentrations of dopamine in the
NAc, serotonin in the NRM, and norepinephrine in the brainstem, their exact mechanisms of action
should be further investigated in order to better understand their different analgesic effects.

5. Conclusion
The clinical implications of the results of the present study are that psychostimulant drugs, such
as Meth, are good candidates for enhancing antinociceptive effects. This is crucial for reducing
opiate drug doses and preventing their adverse effects while at the same time enhancing their
analgesic effects. Future studies are required to examine the effects of different doses, different
routes of administration, and different treatment duration of these drugs.
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Figure Legends:
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Fig. 1. Effects of Meth (2 mg/kg, IP) and BUP (5 mg/kg, IG) administration on the reaction time
during the hot plate test. The data are presented as the mean ± SEM (n = 10). The comparisons
were made with one-way ANOVA and Tukey's post-hoc test. ***: p < 0.001, for all groups in
comparison to the control group; $$: p < 0.01, for comparison of the BUP+Meth to the BUP group;
###: p < 0.001, for comparison of the BUP+Meth to the Meth group.

Fig. 2. Effects of Meth and BUP on the latency time during the tail-flick test. ***: p < 0.001, for
all groups in comparison to the control group; $: p < 0.05, for comparison of the BUP+Meth to the
BUP group; ###: p < 0.001, for comparison of the BUP+Meth to the Meth group.

Fig. 3. Effects of abstinence from Meth and BUP for seven days on the latency time during the hot
plate test. ***: p < 0.001, for all groups in comparison to the control group; #: p < 0.05, for
comparison of the BUP+Meth to the Meth group.

Fig. 4. Effects of abstinence from Meth and BUP for seven days on the latency time during the
tail-flick test. ***: p < 0.001, for all groups in comparison to the control group.

Fig. 5. Comparison of the latency time during the hot plate test between the periods of Meth and
BUP treatment and abstinence. p > 0.05 for all groups.

Fig. 6. Comparison of the latency time during the tail-flick test between the periods of Meth and
BUP treatment and abstinence. ***: p < 0.001, for the BUP and BUP+Meth groups.
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