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Background: Addiction disrupts the nervous system of the reward system, stimulus, and 
memory in the brain. The disruption of these systems in the brain causes biological, physiological, 
social, and psychological complications. Addiction is considered a psychological, social, and 
economic disorder in terms of medicine, psychology, and sociology, as well as philosophy, 
law, ethics, and religion. The most important place of narcotic effect is the brain, and receptors 
affect these substances. Dopamine and serotonin receptors are among the most important 
receptors, in which drugs affect them. Methadone is also an opiate drug that is even more 
addictive than morphine and heroin and is often used as a preservative to control heroin and 
narcotic addiction.

Methods: In this study, 3 genes of 5-Hydroxytryptamine Receptor 2 A (5HT2Ra), 
5-Hydroxytryptamine Receptor 3 A (5HT3Ra), and Monoamine Oxidases A (MAOA), 
which play an important role in serotonin function, were examined in Peripheral Blood 
Mononuclear Cells (PBMCs) of heroin addicts, who had been quitting addiction with 
methadone for 3 months. Therefore, peripheral blood PBMCs were isolated. cDNA was 
synthesized from mRNA; then, the expression of the gene was measured by real-time 
Polymerase Chain Reaction (PCR).

Results: The expression of MAOA gene in the PBMCs of the addicted patients with methadone 
was significantly reduced compared to the control group, while the expression of 5HT2Ra and 
5HT3Ra genes showed no change in the two groups.

Conclusion: These results suggest that Methadone Maintenance Treatment (MMT) may 
be moderated by 5HT2Ra and 5 HT3Ra serotonin receptors and returned to their previous 
efficacy, but MAOA was significantly reduced.
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1. Introduction

s a mental disease, addiction causes 
changes in the brain, resulting in drug ad-
diction [1]. Genetic factors and psychiatric 
disorders can greatly contribute to drug 
addiction [2]. For a long time, genetic fac-

tors associated with environmental factors (for example, 
mental disorders) have played an important role in the 
vulnerability of addiction [3]. According to a report in 
February 2017, the total number of addicts was more 
than 2.5 million in Iran. Around (17%) of people tend 
to use drugs according to the United Nations Office on 
Drugs and Crime (UNODC) in 2014. Iran has a signifi-
cant number of drug users; so, the drug use rate is a par-
ticular concern for our country.

As addiction develops, it changes the nervous system 
that may occur in the key circuits of the brain and help 
develop and maintain addiction. While dopaminergic 
and glutamatergic circuits play a decisive role in addic-
tion, important advances have been made in identifying 
serotonergic mechanisms and their addictive processes 
in recent years. In addition, the increasing evidence 
states that the impairment of serotonin regulation may 
cause drug dependence [4, 5].

Also known as 5-Hydroxytryptamine (5-HT), sero-
tonin can be found in almost every region of the central 
nervous system [5]. It affects the immune system, the 
digestive tract, neurology, para-quinone, and endocrine 
system. Serotonin is first metabolized to 5-hydroxyin-
dole acetaldehyde by monoamine oxidase; it is, then, 
catalyzed by aldehyde dehydrogenase to form 5-hy-
droxyindole acetic acid [6-9].

A number of studies have shown that a disorder in 
the serotonin 5-HT system can lead to behavioral dis-
orders, psychiatry, and substance abuse disorders [10]. 
Addiction also disrupts the serotonergic system [11]; 5 
HT receptors are present on nerve cell membranes and 
other types of cells in organisms, thereby mediating as 
serotonin-like ligand ion channel for the effects of se-
rotonin and a wide range of hallucinogenic and psycho-
tropic drugs [12, 13]. The increased synaptic effects of 5 
HT with amplified responses to 5HT3 may upsurge the 
transfer of dopamine to the reward path, which predicts 
an increased risk of addiction [14].

Because of the crucial role that Monoamine Oxidases 
(MAOs) play in the neutralization of neurotransmitters, 
it (dysfunction or excessive activity) is thought to be 
related to some psychiatric and neurological disorders. 

MAO inhibitors are one of the most important medica-
tions prescribed for the treatment of these disorders [15]. 
Methadone is an industrial drug that is often used as a 
preservative to control heroin and narcotic addiction 
[16]. It is also an analgesic drug that has a long half-life 
and, therefore, can accumulate and has an analgesic ef-
fect 8 to 12 hours after dosing [17]. Methadone is slow-
ly excreted; so, it can be taken only once a day [17]. Opi-
oid addiction is a major public health issue worldwide. 
Methadone Maintenance Treatment (MMT) is used to 
detoxify the users of illicit drugs [18].

The aim of this study was to measure the relative ex-
pression of the 5-HT2A, 5-HT3A, and MAOA receptor 
at mRNA level in PBMCs of the patients (quitting hero-
in) with methadone maintenance medication.

2. Materials and Methods

Sampling

The volunteers were selected from the addicts after 
reviewing and having the desired conditions. A total of 
40 addicted individuals, who had more than 6-month 
heroin addiction and were aged between 23 and 55 
years, were selected. The Peripheral Blood Mononu-
clear Cells (PBMCs) of heroin addicts, who had been 
quitting addiction with methadone hydrochloride oral 
solution (250 mg, Exir, Iran) once a day for 3 months 
were examined. After 3-month treatment with metha-
done hydrochloride once a day, we collected samples 
as below. Normal individuals from people, who lived 
without drug use, were selected from 40 healthy indi-
viduals aged 23 to 55 years old; they were not depended 
to any drug and addiction (Table 1). This project was 
confirmed by the Ethics Committee of Legal Medicine 
Research Center, Legal Medicine Organization, Tehran, 
Iran based on Helsinki declaration ethics. The partici-
pants signed the consent form.

PBMC separation

For syringe sampling, 5 mL of venous blood was taken 
from healthy and addicted individuals. Blood was dis-
charged into a sterile tube containing Ethylenediamine-
Tetraacetic Acid (EDTA). Subsequently, the Falcon tube 
was placed on a cool flask to transfer to the research in-
stitute. PBMCs were separated by Ficoll-Hypaque den-
sity gradient centrifugation (Pharmacia, Uppsala, Swe-
den). The lymphocyte layer was collected and washed 3 
times in Phosphate-Buffered Saline (PBS).

A
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RNA extraction and cDNA synthesis

The total mRNA from the lymphocytes was extracted 
by RNA mini kit (Roach, Germany), and the amount 
and purity of the RNA were measured by spectropho-
tometry. For cDNA synthesis, the cDNA synthesis kit 
(Fermentase, Germany) was used. Also, cDNA syn-
thesis, the basis of the production protocols, was per-
formed. Finally, cDNA samples were stored at -70°C 
and the reference cDNA was followed-up.

Primers, PCR, and Real-Time PCR Analyzes

Primers for 5HT2Ra, 5HT3Ra, MAOA, and the house-
keeping gene (β-actin) were designed, using Primer Ex-
press software to exclude the amplification of genomic 
DNA and pseudogenes and to confirm the validity of 
these primers by blasting these primers1. Table 2 pre-
sented primer sequences. A 75ng sample of cDNA was 
used for PCR amplification in a final volume of 25µL 
with 1 unit of Taq DNA polymerase.

We used Techne Flexigene PCR cycles, Minneapolis, 
MN, and USA to amplify target and control genes. Beta-
actin, 5HT2Ra, 5HT3Ra, and MAOA transcripts were 
quantified in samples, using real-time PCR (Rotor gene, 
Corbett, Germany) and LightCycler® FastStart DNA 
MasterPLUS SYBR Green I  kit (Roche, Germany) with 
specific primers (Table 2).

Statistical analysis

Real-time PCR data were inserted to LinReg software 
in order to calculate mean and individual efficiency and 
Cycle Threshold (Ct) of each sample. The gene expres-
sion ratios and P-value analysis of HTR2a, 5HTR3a, 
and MAOA were performed by REST 2009 (Relative 
Expression Software Tool 2009) program. P-values less 
than 0.05 were considered significant.

1. http://www.ncbi.nlm.ih.gov/tools/primer-blast/

The efficiency of each reaction was determined pre-
cisely by LinRegPCR software. Real-time PCR data 
were analyzed by Rest 2009 software. Also, the signifi-
cant value was less than 0.05 (P<0.05).

3. Results

As shown in Table 1, the age range of 40 cases (heroin 
addicts) and 40 patients in the control group was 23 to 
55 years. Men formed the case group; (70%) of the pa-
tients had a family history of addiction.

We evaluated the differences between the expres-
sions of two serotonin receptor subtypes (5HTR3A and 
5HTR2A) and MAOA genes in addicted and healthy 
individuals’ PBMC by a highly sensitive method of re-
al-time PCR. The amplicon size was confirmed, using 
gel electrophoresis and sequencing. The sizes of the 
target gene amp icon were 225bp, 180 bp, 466bp, and 
231bp for beta-actin, 5HTR2A, 5HTR3A, and MAOA, 
respectively.

The results of real-time PCR showed that all 3 target 
genes and housekeeping gene were expressed in PBMC 
of addicted and healthy individuals; the expression of 
MAOA gene in PBMCs of addicted individuals treated 
with methadone was significantly reduced compared 
with the control group. While the expression of 5HT2Ra 
and 5 HT3Ra genes showed no significant change in no 
group (Table 3).

Figure 1 showed the comparison of expression of 
5HT2Ra, 5HT3Ra, and MAOA in the addicted indi-
viduals, who were quitting heroin under the treatment 
of methadone syrup compared with healthy individuals.

4. Discussion

The addiction is a major, chronic, and neurological 
disease that develops because of genetic, physiological, 

Table 1. Characteristics of addicted and healthy individuals (n=40)

Parameter Addicted Individuals Healthy Individuals

Median age (y) 23-55 23-55

Sex (male/female) 40 male 25 male/ 15 female

  Drug addiction Heroin -

The drug is consumed Methadone syrup -

Duration of treatment with methadone syrup 3 months -
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and social factors; the characteristic of the disease is a 
disturbance in the control of the practice or the feeling of 
being compelled to perform a certain act about danger-
ous consequences [19]. Addiction is a complex but cur-
able disease that affects brain function and behavior [2]. 
Additionally, addiction is a disorder in the brain reward 
system that occurs through transcriptional and epigen-
etic mechanisms, and over time, it is exposed to a high 
level of the addictive stimulus [20].

This anticipated the high rates of recurrence of addicts 
after detoxification as a result of the use of heroin and 
permanent impairment in the nervous system. Metha-
done compensates for this defect at the appropriate daily 
dose. Some patients with a long history of heroin use and 
after quitting heroin, while getting treatment, discon-
tinue. A major challenge for future research is identify-
ing specific defects in the receiver’s function and repair. 
Meanwhile, quitting methadone addiction is a safe and 
effective way to normalize the function of addicts [21].

Many clinical studies have shown that methadone 
is used to reduce the side effects of narcotics, such as 
heroin, and drug dependence; it prevents drug use by 
blocking all opioid receptors and reducing drug addic-

tion. Methadone was also used as a drug for the treat-
ment of addiction, and when properly used, people un-
able to engage in social activities can do this because 
they have been detoxified from heroin [21]. It is also 
important to maintain methadone with high doses for 
heroin inhibition [22]. One of the effective therapists 
at the center of addiction treatment is the use of metha-
done syrup as a supportive agent for drug discontinua-
tion, especially heroin [22].

In particular, methadone works by “occupying” brain-
receptor sites under the influence of heroin and other 
drugs; as e result, it stops the inevitable and sedative ef-
fects of the drug and also prevents drug-induced narcot-
ics [16] and significantly higher rates of levodil acetate, 
buprenorphine, and methadone in low doses of addictive 
symptoms decrease [17]. Thus, methadone stops the in-
evitable and sedative effects of narcotics while prevent-
ing drug trafficking.

It also significantly reduces the use of illegal drugs 
compared to high doses of levodil acetate, buprenor-
phine, methadone, and low doses of methadone [17]. So, 
we used it to help the addicted individuals as an auxiliary 
drug; it works as the “occupation” of brain-receptor sites 

Table 2. Primers used in real-time PCR

Locus Primers Accession Number Amplicon Size

Beta actin 
F 5’- AGACGCAGGATGGCATGGG-3’

NM_001101.3 161 bp
R 5’- GAGACCTTCAACACCCCAGCC-3’

5HTR2A
F 5’- CCATCCAGAATCCCATCCACC-3’

NM_001165947.2 180 bp
R  5’- GGACAAAGTTATCATCGGCGAG-3  

5HTR3A
F 5’- GGTACCGGCAGTACTGGA-3’

NM_001161772.2 466 bp
R 5’- CGGCGGATGACCACATAG-3’

MAOA
F 5’- GCTGGACAAAGACTGCTAGGCGG -3’

NM_000240.2 225 bp
R 5’- GCTTCACTTGGTCTCCGAGGAGGT -3’

Table 3. Gene expression analysis of target genes (5HT2AR, 5HT3AR, MAOA) in PBMC 

Gene P Expression Changes

5HTR2A 0.92 1.02 NORMAL

5HTR3A 0.84 1.04 NORMAL

MAOA 0.001 0.12 DOWN
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under the influence of heroin and other drugs. Hence, 
we sampled the addiction to heroin and chose metha-
done as an adjunct drug for patients, who wanted to quit 
the addiction. The main goals of this research were to 
prove these hypotheses; “Will the serotonin receptors 
(5HT2Ra and 5HT3Ra) and MAO enzyme in addicted 
people quitting heroin with their methadone syrup return 
to their previous performance?” Neuroscience, immuno-
logic, and drug studies emphasize the role of 5-HT2A 
and 5-HT3A serotonin receptors in the pathophysiology 
of addiction.

Most of the studies conducted on these receptors and 
enzymes are related to neurological diseases, such as 
alcoholism, mania, depression, schizophrenia, and be-
havioral disorders, because these receptors play a role 
in regulating the charge of cell membranes; hence, they 
are involved in mental states, as well as molecular stud-
ies in this regard [23, 24]. A study has shown that the 
long-term use of drugs causes changes in the delivery of 
cellular transducers and brain receptors (systems that are 
responsible for sending messages in the brain) [25]. The 
study also states that the drug increases the activity of at 
least 3 neurotransmitters and their receptors, including 
serotonin, dopamine, and norepinephrine, which affect 
the brain [26-28].

National Institute on Drug Abuse (NIDA) states that 
drugs increase the level of neurotransmitters and their 
receptors in the synapse (by increasing their release from 
the nerve endings and or inhibiting their recruitment) 
[28-30]. MDMA releases more serotonin and norepi-
nephrine than dopamine. Serotonin is a neurotransmitter 
that plays an important role in regulating mood, sleep, 
pain, appetite, and other behaviors. The excessive release 
of serotonin by MDMA is likely to increase the morale 
of individuals. [31, 32]. By releasing a large amount 
of serotonin, the brain significantly destroys this neu-

rotransmitter, resulting in negative psychosocial effects 
that may remain several days after ingestion [33, 34].

Therefore, we presented the expression of 5HTR2a se-
rotonin receptors that are receptors of G protein and 5 
HTR3a, which is the only serotonin receptor-dependent 
on the ion channel, as well as MAOA, a serotonin-in-
hibiting enzyme located in the mitochondrial membrane, 
which is studied in methadone-treated addicted patients.

A study has also reported that addictive substances, in-
cluding heroin and amphetamine derivatives (MDMA), 
are associated with serotonergic toxicity; this includes 
decreasing the level of serotonin receptors, reducing the 
activity of synthetic erode, and the serotonergic activity 
of serotonergic fibers in animal models [35, 36]. Alterna-
tive amphetamines cause serotonin to pass the neurons 
[36, 37]; so, it is unclear whether serotonergic fibers ac-
tually disappear after taking narcotic drugs [25, 38].

Based on our finding, the expression of 5HT2Ra and 
5HT3Ra receptors in heroin-addicted patients, who have 
quitted the methadone supplementation drug, was normal 
and showed no significant decrease or increase. These 
results indicate that 5HT2Ra and 5HT3Ra receptors in 
serotonergic systems can be restored. In line with our 
hypothesis, NIDA recommends that an addict should re-
main on the treatment for at least 90 days, if necessary, in 
a treatment program. It is time for the brain to provide new 
neurotransmitters, new habits, and brain chemistry [25].

In 2010, the Department of Psychology and the Drug 
Abuse Research Center at Temple University studied 
restoring brain function after the end of various drugs 
recreations, including hemp, MDMA, and methamphet-
amine. Addicts that refused to be addicted for 6 months 
were poorer in motor and verbal skills, as well as psy-
chological duties than in similar peers, who had never 
used them. After 12 and 17 months, their ability to per-
form many tasks with motor and verbal skills improved 
by the lack of the consumption of users [25].

Brain image studies also show that the brain neurobio-
logical disorders as a result of the use of addictive drugs 
can remain for a long time, but the brain of methadone-
addicted patients' brain to the brain of the control group 
who never consumed the drug is more similar than that 
of the addicted patients [38]. It has also been proven 
that narcotics such as heroin inhibit the activity of the 
MAOA enzyme; they also increase the activity of mono-
amine promoters, such as dopamine and serotonin, and 
are responsible for the strengthening and developing 

Figure 1. Expression of 5HTR2A, 5HTR3A, and MAOA in 
addicted and healthy individuals
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drug addiction [39]. They are opiate, Methadone has also 
been shown to be a serotonin-reuptake inhibitor [40, 41].

5. Conclusion

The results of this study suggest that MMT may be 
moderated by 5HT2Ra and 5 HT3Ra serotonin receptors 
and returned to their previous efficacy, but not MAOA 
enzymes. The result, which gives a glimpse of this re-
search, is the fact that methadone plays a very important 
role in modulating the serotonin system.
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