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Abstract

Background: Methamphetamine is a commonly abused drug, and its neurotoxic effects have increased in recent years. There

is growing evidence that buprenorphine, a widely used drug for pain management, reduces the harmful effects of addiction

and is effective in treating opioid dependence.

Objectives: This study aimed to investigate the interaction between methamphetamine and buprenorphine on analgesia and

the expression of BDNF and CREB genes in the spinal cords of rats.

Methods: In this study, 56 male Wistar rats (200 ± 50 g) were randomly assigned to eight groups: Control, sham,

methamphetamine, two buprenorphine groups, two methamphetamine + buprenorphine groups, and a deprivation group. A

one-way ANOVA test was used to analyze the data.

Results: Intraperitoneal injection of methamphetamine (10 mg/kg) induced analgesia (P < 0.05) and increased CREB gene

expression in the lumbar spinal cord (P < 0.01), whereas buprenorphine alone (6 and 10 mg/kg) did not induce significant

analgesia or alter BDNF gene expression in the spinal cord. Pharmacological interactions revealed that buprenorphine (6 and 10

mg/kg, i.p.) enhanced the analgesic effect of methamphetamine. Additionally, while the lower dose of buprenorphine reduced

methamphetamine's effect on CREB gene expression (P < 0.05), the higher dose potentiated the effect of methamphetamine on

BDNF gene expression (P < 0.01) without significantly affecting CREB gene expression.

Conclusions: The findings suggest that buprenorphine may enhance the analgesic effects of acute methamphetamine

administration and modulate gene expression in the lumbar spinal cord of male Wistar rats.
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1. Background

Drug testing in pain management is essential for

ensuring patient compliance with prescribed opioids.

However, the destructive effects of addictive drugs on

the spinal cord have been less studied (1). Research has

shown that 25% of patients are already using opioids at

the time of surgery (2). Methamphetamine (Meth), a

highly addictive central nervous system stimulant,

poses a significant threat to public health due to its

acute side effects, including a strong propensity for

dependence, long-term neurotoxicity, and hyperthermia

(3). Methamphetamine abuse is a serious public health

concern, as it is associated with adverse

neuropsychiatric consequences such as addiction,

psychosis, and cognitive impairments in humans (4).

Buprenorphine (BUP), a partial μ-opioid agonist, is

considered less harmful than other opioid agonists,
such as methadone, and is eliminated from the body

more quickly (5). BUP is widely used for pain

management, reduces the harmful effects of addiction,

and is effective in treating opioid dependence (6).

However, BUP can present challenges to effective acute
pain management during perioperative and emergency

situations (7). At different doses, BUP affects synaptic

strength in spinal C-fibers (8).

The molecular mechanisms underlying the
neurotoxicity of amphetamines, including Meth, are

complex and ultimately lead to severe dysfunction in

dopaminergic, and in some species, serotonergic
neurotransmission (9, 10). The neurological effects of

chronic methamphetamine abuse disrupt various
neurotransmitter systems, including the dopamine
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system in the brain (11, 12). Meth appears to depress the

transmission of monosynaptic reflexes in the spinal

cord by influencing dopaminergic mechanisms (13).

The adverse effects of addictive drugs on the central

nervous system (CNS) are due to their actions on specific

genes and transcription factors, which are becoming

increasingly well-known. Meth treatment has been

shown to decrease the expression of genes such as

myelin-associated glycoprotein (MAG), myelin basic

protein (MBP), and cyclin-dependent kinase 5 (CDK5),

and also induces demyelination in the spinal cord (2).

Previous studies have emphasized that brain-derived

neurotrophic factor (BDNF) is a neuronal growth factor

associated with nerve cell survival, neuronal protection,

and synaptic plasticity (14). The application of BDNF to

the spinal cord promotes neuronal survival and

sprouting in lesioned neurons in rats (15). Brain-derived

neurotrophic factor also mediates the activity of the

dopamine system and addictive drugs (16, 17), and acute

and chronic use of opiates such as Meth may affect BDNF

gene expression differently (18, 19). After opioid

withdrawal, serum BDNF levels gradually increase,

leading to nerve growth and pain associated with

craving (20).

cAMP response element-binding (CREB) Protein is a

transcription factor that regulates genes related to
neuronal survival, neuroprotection, and neural

plasticity, including BDNF (21). The role of CREB

signaling in Meth addiction is supported by Meth-

induced CREB phosphorylation in the rat striatum (22).

cAMP response element-binding mediates both the
positive and negative effects of opioid drugs (23), and

BDNF/TrkB-mediated signaling is activated by CREB

phosphorylation (23). Spinal nerve ligation increases

CREB phosphorylation in the ipsilateral spinal cord, and

hypersensitivity following spinal nerve ligation is

reduced by intrathecal CREB antisense administration

(24). Increased BDNF expression has been observed in

lumbar dorsal root ganglia (DRGs) from rats with

chronic heart failure compared to sham rats (25).

2. Objectives

Furthermore, tail flick tests are commonly used to
assess opioid analgesia (26). Since treatment with BDNF

has been shown to reduce nociceptive thresholds in rats

(27), this study aimed to investigate the role of Meth and
BUP interaction on analgesia and the expression of

BDNF and CREB genes in the spinal cords of rats.

3. Methods

3.1. Experimental Designs

Male Wistar rats, weighing 250 - 270 g at the time of
surgery, were used in the study. The animals were

housed in the animal facility of Tabriz University, with
free access to food and water, maintained on a 12:12 h

light/dark cycle (lights on at 07:00 h) and a controlled

temperature (23 ± 2ºC). The study adhered to ethical
guidelines for the investigation of experimental pain in

animals (28). The drugs used in the study included
Methamphetamine crystals (Sigma Chemical Co.),

Buprenorphine (Faran Shimi Co.), triazole solution,

chloroform, isopropanol, 75 - 70% ethanol, and 1%

agarose gel. Methamphetamine and Buprenorphine

were dissolved in sterile 0.9% saline and administered

intraperitoneally (i.p.) for five consecutive days.

The injection volumes and dosing patterns were

based on previous studies (18, 29, 30). The ethical

approval for this descriptive-analytical investigation was

granted by the Tabriz University of Medical Sciences

Ethics Committee.

3.2. Experimental Protocol

Each group: The control group did not receive any

drugs. The saline-treated group was administered 1 mL

of saline (i.p.) once daily for five consecutive days. The

Meth group received 10 mg/kg of Meth (i.p.) each day for

five consecutive days. The BUP groups were

administered 6 mg/kg and 10 mg/kg of buprenorphine

(i.p.) daily for five consecutive days. In the Meth + BUP

groups, Meth (10 mg/kg) was given daily for five days,

followed by buprenorphine (6 mg/kg or 10 mg/kg, i.p.)

for the same duration. Finally, the Meth-deprived group

(Dep) was deprived of Meth for four days after the last

injection.

3.3. Nociception Assay

Based on the D'Amour and Smith approach, the Tail

Flick test (Burj Sanat Co.) was used to assess the

nociceptive threshold (31). When the middle third of the
tail is exposed to intense heat from a scorching light, the

animal briefly retracts its tail (latency time). The tail

flick (TF) apparatus (Sparco, Iran) was calibrated to

produce a latency period of 4 to 5 seconds in an intact

animal by adjusting the light intensity. A 15-second
cutoff time was set to prevent any tissue damage. For

each set of the TF test, latency time was measured three

times at one-minute intervals. The average of these

recordings was taken as the tail flick latency, or thermal

pain threshold, and it was measured 30 minutes after

drug administration. This time frame was considered

https://brieflands.com/articles/jid-156689


Hosieni H et al. Brieflands

J Inflamm Dis. 2024; 28(2): e156689 3

sufficient for the drug to achieve complete systemic

distribution in adult rats. The maximum possible effect

percentage (MPE%) was calculated using the following

formula (32).

3.4. Gene Expression Analyses

At the conclusion of each trial, the rats in all

experimental groups were given deep chloroform

anesthesia. The rats' heads were separated to expose the

vertebral column. A precise incision was made 6 - 8 mm

above and below the lumbar spinal cord (33), and the

sections were carefully placed in 1.5 mL sterile DEPC

water tubes. The samples were then frozen at -80°C. For

RNA extraction, 100 mg of tissue was homogenized in a

grinder device using 700 µL of triazole solution. After

homogenization, 200 µL of chloroform was added, and

the mixture was incubated on ice for 10 to 15 minutes

before being transferred to a microtube.

The microtube was centrifuged at 13,000 rpm for 15

minutes at 4°C using a chilled centrifuge (Sigma Co.).

After centrifugation, the RNA-containing silt was dried
for 15 minutes at 60°C in a dry bath. The sample

concentration was measured using a Nanodrop device
(Thermo Co.). The quality and concentration of the

extracted RNA were assessed by two methods: One

percent agarose gel electrophoresis and
spectrophotometry using a Nanodrop instrument.

The first strand of cDNA was synthesized from the

total RNA isolated in the previous step, using a single-

stranded kit (TAKARA) in a final volume of 20 µL (34).

Table 1 lists the primers and their sequences. A real-time

PCR technique was employed to examine the expression

of the BDNF and CREB genes and their interactions.

Roche and SYBR Green were used as internal controls to

determine the expression levels of the CREB and BDNF

genes. The SYBR Green quantitative real-time PCR

method has been widely used in many investigations for

identifying, measuring, and distinguishing species and

is recognized as an effective approach for quantitative

detection and species discrimination (35).

3.5. Statistical Analysis

Using SPSS-22 software, a one-way ANOVA was

conducted to analyze the differences in the mean

expression of the genes under study across the various
experimental groups. Statistical significance for group

differences was established when P-values were less

than 0.05. Additionally, Excel 2010 was used for plotting

charts to visually represent the data and results.

4. Results

4.1. The Role of Intraperitoneal BUP, Meth, and Intervention
Injection of the BUP and Meth on Tail Flick Latency in the
Lumbar Spinal Cord of Rats

Methamphetamine injection at 10 mg/kg for five

consecutive days significantly increased tail flick latency

(P < 0.05; Figure 1, left panel) compared to the control

group, as revealed by one-way ANOVA and post hoc

Tukey analysis. However, tail flick latency was not

affected by buprenorphine doses (6 and 10 mg/kg)

administered for five consecutive days (P > 0.05; Figure

1, middle panel). Additionally, the findings

demonstrated that methamphetamine (10 mg/kg i.p.)

for five days had a more pronounced effect on Tail Flick

latency when combined with intraperitoneal

buprenorphine at doses of 6 and 10 mg/kg (P < 0.01;

Figure 1, right panel). The results indicate that

methamphetamine administered acutely has an

analgesic effect, and drug deprivation did not

significantly impact the rats. Furthermore, the findings

suggest that buprenorphine, when applied alone, does

not provide effective pain relief but may enhance

methamphetamine's analgesic effects when combined.

4.2. The Role of Intraperitoneal BUP, Meth, and Intervention
Injection of the BUP and Meth on the Expression of BDNF and
CREB Genes in the Lumbar Spinal Cord of Rats

One-way ANOVA and post hoc Tukey analysis revealed
that the injection of 10 mg/kg Meth (i.p.) for five

consecutive days did not significantly alter the

expression of BDNF (P > 0.05; Figure 2, left panel),

whereas it significantly increased the level of CREB (P <

0.01; Figure 3, left panel) in the lumbar spinal cord of

rats compared to the control group. These results

indicate that Meth administered over this period does

not modulate BDNF gene expression but does influence

CREB expression. Furthermore, Meth deprivation for

four days after the last injection did not significantly

affect the expression of BDNF (P > 0.05; Figure 2, right

panel] or CREB genes (P > 0.05; Figure 3, right panel]

compared to the Meth group.

Additionally, administration of buprenorphine (BUP)

at doses of 6 and 10 mg/kg for five consecutive days did

not significantly alter the expression of BDNF (P > 0.05;

Figure 2, middle panel] or CREB (P > 0.05; Figure 3,

middle panel]. This suggests that the doses of BUP

applied did not significantly affect the expression of

these genes in the lumbar spinal cord of rats.

MPE% =

Post − Drug Latency –  Pre − Drug Latency

Cut − Off time –  Pre − Drug Latency
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Table 1. Sequence of Primers Used for Brain-Derived Neurotrophic Factor and Brain-Derived Neurotrophic Factor cAMP Response Element-Binding Gene

Gene Name and Primer Type Primer Sequence Proliferation Piece Length

BDNF 85bp

Forward AAACCATAACCCCGCACACTC

Reverse AGCCTTCATGCAACCGAAGTA

CREB 85bp

Forward ATGGACTCTGGAGCAGACAAC

Reverse ATCTGTGGCTGGGCTTGAACT

Figure 1. Male rat tail flick latency as a function of methamphetamine deprivation syndrome and intraperitoneal injection of methamphetamine (10 mg/kg i.p.) alone or in
combination with buprenorphine (6 and 10 mg/kg). *P < 0.05, **P < 0.01 with relation to the baseline cohort. For each data set, the mean ± SEM (n = 7) is used.

Finally, the interaction of the drugs revealed that the

injection of 6 mg/kg BUP for five consecutive days

reduced Meth’s effect on CREB expression (P < 0.05;

Figure 3, right panel], but did not significantly affect

BDNF gene expression compared to the Meth group (P >

0.05; Figure 2, right panel]. Conversely, the 10 mg/kg

dose of BUP potentiated Meth’s effect on BDNF

expression (P < 0.01; Figure 2, right panel], but their

interaction did not significantly alter CREB expression

compared to the Meth group, although their effect

remained significant compared to the control group (P

< 0.01; Figure 3, right panel]. These findings suggest that

the differential effects of BUP and Meth on BDNF and

CREB gene expression may be dose-dependent.

5. Discussion

The present data showed that the injection of 10

mg/kg Meth (i.p.) for five consecutive days did not alter

the expression of the BDNF gene, whereas it increased
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Figure 2. Effect of intraperitoneal injection of methamphetamine (10 mg/kg i.p) alone or in combination with buprenorphine (6 and 10 mg/kg) and also methamphetamine
deprivation syndrome on the expression of BDNF gene in the lumbar spinal cord of male rats. **P < 0.01 compared to the control group. All data are expressed as mean ± SEM (n =
7).

the expression of the CREB gene in the lumbar spinal

cord and prolonged the Tail Flick latency in rats. Our

findings are consistent with some previous studies but

differ from others. Chronic Meth injections have been

reported to induce antinociceptive effects in rats (36).

Meth has been shown to increase BDNF expression in

the nucleus accumbens (NAc), improve memory, and

reduce pain (33). Additionally, BDNF expression in

mesocorticolimbic areas has been found to increase

following exposure to dopamine agonists, such as

amphetamine (37). However, other reports suggest that

chronic use of opioid substances not only causes

addiction and drug tolerance but also reduces BDNF

expression and disrupts central and peripheral nervous

system function (38). For instance, heroin use has been

associated with a decrease in BDNF serum levels (21),

while BDNF levels increase in the ventral tegmental area

(VTA), accumbens, and amygdala after withdrawal from

cocaine self-administration (39).

It has been proposed that chronic Meth

administration decreases BDNF, CREB (total and

phosphorylated), Akt-1 protein expression, and GSK3

levels in the hippocampus, leading to nerve damage, cell

apoptosis, inflammation, and oxidative stress (40). The

differences in BDNF gene expression observed in this

study compared to others may be attributed to factors

such as whether the drug was administered acutely or

chronically, the dosage, the methods used, and the type

of drug administered (13, 41). Furthermore, repeated

Meth administration has been shown to attenuate the

inhibition of dopamine release from the NAc via

presynaptic dynorphin-sensitive receptors (42). Meth

appears to depress the transmission of the

monosynaptic reflex in the spinal cord through its

effects on dopaminergic mechanisms (13).

In this study, Meth administration for five days

demonstrated only an antinociceptive effect, which
aligns with previous research (36, 43). Despite its effect

on increasing CREB gene expression, Meth did not
significantly alter BDNF gene expression, suggesting it

may not have addictive or destructive effects on the

nervous system at this dose. Consequently, Meth
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Figure 3. Effect of intraperitoneal injection of methamphetamine (10 mg/kg i.p) alone or in combination with buprenorphine (6 and 10 mg/kg) and also methamphetamine
deprivation syndrome on the expression of CREB gene in the lumbar spinal cord of male rats. **P < 0.01 compared to the control group and +P < 0.5 compared to the
methamphetamine group. All data are expressed as mean ± SEM (n = 7).

deprivation did not alter the expression of the CREB or

BDNF genes, supporting our hypothesis that the dose of

Meth used was not sufficient to cause addiction.

The present results also showed that the

intraperitoneal injection of the applied doses of BUP did

not affect Tail Flick latency or the expression of BDNF

and CREB genes. However, previous research has

indicated that BUP exhibits an analgesic effect (7, 36).

Prenatal exposure to BUP has been shown to increase

the expression of BDNF, enhance BDNF/TrkB/PKA/CREB

signaling, and promote neurogenesis (44). It is possible

that the doses of buprenorphine used in this study were

insufficient to induce an analgesic effect, which aligns

with the findings of previous studies. At an analgesic

dose, buprenorphine has been reported to depress

synaptic strength at spinal C-fibers through the

activation of spinal opioid receptors. In contrast, at an

ultra-low dose, buprenorphine has been shown to

facilitate synaptic strength at C-fibers in the dorsal horn

(8).

Our results revealed that the applied doses of BUP, by

modulating the expression of BDNF and CREB genes,

could potentiate the analgesia induced by Meth

administration. Specifically, treatment with 6 mg/kg of

BUP reduced Meth’s influence on CREB gene expression

and enhanced analgesia without affecting BDNF

expression. In contrast, both the antinociceptive effect

and the expression of BDNF and CREB genes were

significantly increased in the Meth + high-dose BUP

group compared to the control group. BUP not only

alleviates withdrawal symptoms and acute pain in

opioid addicts but also mitigates the behavioral damage

caused by chronic Meth use (45). Consistent with our

findings, the administration of 10 mg/kg Meth with

bupropion has been shown to increase CREB gene

expression in the hippocampus of male rats (46). It has

been suggested that lithium may protect hippocampal

neurons against Meth-induced oxidative stress,

apoptosis, and inflammation by enhancing the

expression of CREB (total and phosphorylated), BDNF,

and Akt-1, although the mechanism is not yet fully

understood (40).

Increased levels of BDNF may enhance the

neuroprotective potential against Meth-induced toxicity
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or play a crucial role in Meth uptake in the brain (47).

Meth-induced reductions in the size and dendritic

structure of dopaminergic neurons in the VTA and NAc

regions of the brain can be improved by BDNF

administration (48). Additionally, alterations in the

dopaminergic response to Meth under BUP treatment

suggest that BUP may be effective in treating Meth

addiction (49). Thioredoxin-1 (Trx-1) has been shown to

protect the spinal cord from demyelination caused by

Meth administration by suppressing ER stress and

inflammation (2). Based on our results and previous

studies, the interactions between Meth and BUP on gene

expression differ from the effects of each drug

administered alone. While both Meth and BUP alone

have been shown to have anxiolytic effects in rats, their

co-administration resulted in anxiogenic effects (43).

Both heroin and cocaine use have been associated

with reduced serum levels of NGF, with heroin also

linked to decreased BDNF levels (21). Rats treated with

both BUP and Meth exhibited significantly faster

reaction times, suggesting antinociceptive properties.

Furthermore, Meth amplified the antinociceptive effects

of BUP. These synergistic effects may involve the

adrenergic, serotonergic, and/or dopaminergic systems

(36). In summary, our results suggest that BUP may

attenuate Meth's adverse effects in the spinal cord by

influencing dopaminergic mechanisms (13) and

modulating the BDNF/CREB signaling pathway (37, 39).

Additionally, BUP enhances Meth's antinociceptive

effects.

5.1. Conclusions

Taken together, BUP likely modulates Meth’s effects

on CREB and BDNF gene expression and analgesia,

providing protection against neuronal impairment in

the spinal cord of rats. However, the effects of these

drugs are dose-dependent.
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