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Abstract

Background: Methamphetamine dependence is a growing global problem. Currently, there are no approved pharmacotherapy
options for the management of methamphetamine dependence. One of the alternatives to manage this addiction is the use of N
acetylcysteine (NAC) due to its capacity to restore homeostasis in the brain glutamate systems disrupted in addiction and its ability
to reduce craving and the risk of relapse.
Methods: Methamphetamine-dependent volunteers under methadone treatment (n = 38) were randomized to receive daily doses of
1200 mg of NAC, or placebo. The participants were followed for 12 weeks (two visits weekly). Craving and Beck Inventory Depression
(BDI) was determined at the beginning of the study and also after one month, two months, and three months. Addiction severity
index (ASI) was recorded at the beginning of the study and after three months. The data were analyzed via SPSS version 16.0 (SPSS
Inc. Chicago, Illinios, USA)
Results: The mean score of craving and BDI reduced after two months with NAC treatment. ASI (e.g., substance, familial, and psy-
chiatric categories) was significantly reduced at the end of the study in the NAC group compared to placebo (P < 0.001). The success
of the treatment in groups of NAC and placebo were 84% and 73%, respectively (P = 0.001). 63.2% of the NAC group patients avoided
substance use for more than a month, but this was 10.5% in the placebo group (P = 0.001).
Conclusions: The NAC showed good efficacy in suppressing methamphetamine craving, addiction severity index, and depression.
It may be a useful pharmacological treatment for methamphetamine dependency.
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1. Background

Methamphetamine dependency is one of the greatest
public health problems around the world, associated with
a wide range of psychiatric, medical, and social problems
(1). According to recent studies, approximately one percent
prevalence of methamphetamine use among the world’s
population (aged 15 - 64) increases the concern about the
global hazards of this substance (2).

Methamphetamine dependency affects the individ-
ual’s healthy social life. it leads to continuous consump-
tion and false illusion from which a person will not be able
to achieve lasting remission (3).

Although the information about the neurobiological
sequences of methamphetamine dependency is increas-
ing, no drug has been found as effective as a placebo to re-

duce methamphetamine use (4). The drugs used in the pre-
vious clinical trials include serotonin reuptake inhibitors
(fluoxetine (5) and sertraline (6), calcium channel blockers
(Amlodipine), three-cyclic antidepressants (imipramine,
baclofen, gabapentin) 5-hydroxy tryptamine receptor an-
tagonist (endonestrone, midarazapine), and antidepres-
sant drugs, none of which have not been effective in the
treatment of methamphetamine abuse (7-11). Studies that
examine the efficacy of bupropion and modafinil, alpha-
agonist drugs have shown inconsistent results on the de-
pendency of methamphetamine (6, 12).

Despite such drugs, there are some observations that
show glutamate abnormalities involves in the craving for
substances. N-acetyl-cysteine plays a role in either the inhi-
bition of glutamate receptors or reduction in released glu-
tamate from the synapse. It also regulates the cysteine syn-
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thesis and glutamate releasing at the synaptic surface and
stimulates the NMDA autoreceptor (13, 14).

Another potential effect of N-acetyl-cysteine is the
anti-inflammatory effect that prevents the production of
cytokines and regulates glutamate and oxidative stress
by stimulating glutathione production and regulating
cysteine-glutamate anti-porter (15).

Nevertheless, no effective drug has been identified to
treat methamphetamine addiction. Few studies evalu-
ated the efficacy of n-acetylcysteine in the treatment of
methamphetamine-dependent patients, which have been
methodologically limited and revealed contradictory re-
sults (13, 16, 17).

2. Objectives

Therefore, the present double-blind clinical trial aims
to exactly determine the efficacy of N-acetylcysteine in
the treatment of methamphetamine-dependent patients
treating with methadone.

3. Methods

3.1. Trial Design and Participants

This is a double-blind clinical trial. The study pop-
ulation includes methamphetamine-dependent patients
treating with methadone, referring to addiction treatment
centers in 2015. These centers were randomly selected from
the list of all addiction treatment centers located in Kashan
city.

The methamphetamine addicted people were acciden-
tally assigned to intervention and placebo groups accord-
ing to DSM-IV TR criteria, each patient went to the center
twice a week for urine samples.

Vital signs, incidence of any side effects, and the results
of urine analysis were recorded in each session. The repe-
tition of the Beck Scoring System to determine the degree
of depression and also drug craving test were done at the
4th, 8th, and 12th weeks. A complete physical and labora-
tory examination and ASI were performed for the patient
at the end of 12 weeks.

The level of avoidance from methamphetamine con-
sumption during the treatment period was revealed by de-
termining the proportion of people with negative urine
tests in each group. The primary outcome of the study
was considered as the number of weeks that all of the
qualitative tests evaluating the methamphetamine were
negative, and the secondary outcome was the number of
consecutive days that the person had not taken metham-
phetamine. The success of the treatment was defined as
not taking methamphetamine for 21 days or the report of

not taking methamphetamine more than 50% of initial
consumption by the individual himself. To prevent mea-
surement error, both of the measuring operator of out-
comes and the patients were blinded to the type of treat-
ment.

Before the implementation of the research, the de-
tailed explanations were given by the second author to
the patients in a meeting held individually for each one.
Also, all questionnaires and information were completed
anonymously and only by the allonym. After completion
of the checking and importing it into the data analysis
software, all personal information was eliminated. This
study was approved by IR.KAUMS.MEDNP.REC.1396.115 code
of ethics by the Deputy of Research and Technology of
Kashan University of Medical Sciences. The research was
also registered at the Iranian Center for Clinical Trials with
code: IRCT20170524034111N1.

3.2. Inclusion and Exclusion Criteria

The inclusion criteria were age over 18, dependence on
methamphetamine based on the Structured Clinical Inter-
view for the DSM-IV-TR (SCID), informed consent, lack of
medical conditions requiring hospitalization, the absence
of a current neurological disorder including organic brain
diseases, dementia or psychiatric disorders that are unre-
lated to methamphetamine abuse such as schizophrenia,
bipolar disorder, or suicide attempt within 30 days prior
to the onset of the study, no current use of drugs that have
interactions with N-acetylcysteine, lack of current depen-
dence on cocaine, alcohol, and benzodiazepines, and lack
of alcohol dependence during 3 years before the study be-
gan. Exclusion criteria also contained seizure, discontinu-
ation of drug therapy, detection of any substance abuse in
DSM-V (except caffeine and nicotine) and reluctance from
being maintained in the study.

3.3. Sample Size

The sample size was calculated as 19 for each group con-
sidering both the results of the previous studies and the
craving in two groups of N-acetylcysteine (3.38 ± 1.16) as
well as placebo (5.96 ± 1.03) with the confidence level of
95%, type I error of 20%, and a precision of 1. P-value less
that 0.05 was considered significant (18).

(1)n =

(
s21 + s22

)
2
(
z1−α

2
+ z1−β

)
2

(x1 − x2)

2

3.4. Intervention

The intervention group received 1200 mg N-
acetylcysteine daily in two divided doses for 12 weeks,
and the placebo group received a similar placebo in size
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and shape in the same manner. The subjects were ini-
tially evaluated for 2 weeks in which a complete medical
history and physical examination were performed. The
complete blood count and liver function tests were done.
The urine sample was taken to determine the baseline
methamphetamine content in patients. The presence of,
at least, one positive urine sample for methamphetamine
was necessary in the 2-week initial assessment. The par-
ticipants were either entirely known about the directions
and side effects of n-acetylcysteine or justified for taking
medication and placebo.

To assess the patient’s commitment to this, both
groups went under supervision a week before starting the
treatment to be evaluated for taking the placebo and their
reference to the hospital to answer the questions. These pa-
tients were also supervised during their treatment in our
study.

3.5. Instruments

3.5.1. Beck Depression Inventory - Second Edition (BDI-II)

The BDI-II questionnaire is a modified version of BDI,
which takes 5 - 10 minutes to be filled. The maximum score
of the subject is 63, indicating more symptoms of depres-
sion. The scale validity shows its correlation with previ-
ous versions (e.g., 0.93). Its correlation coefficient with the
Hamilton scale for depression, the Beck Despair Scale, and
the Beck Suicide Idea Scale is 0.71, 0.68, and 0.73, respec-
tively. In Iran, the alpha coefficient, the correlation coeffi-
cient between the two sides, and the coefficient of re-test
for one week for BID-II were reported 0.91, 0.89, and 0.94,
respectively (18, 19).

3.5.2. The Structure of the Craving forMethamphetamine Abuse

This structure was scored by visual analogue scale test.
The test consisted of ten images a person sees on a com-
puter, in each image, from the subject is asked how much
this image craves him. The examinant should display the
level of his craving on a 7-degree scale ranged from none to
extreme. A number between zero and seven was obtained.

This test was designed based on the studies conducted
by Ekhtiari et al. (2006, 2008, and 2010). Cronbach’s al-
pha coefficient of the test for methamphetamine users was
0.90 for all images indicating a great internal consistency
(20).

3.5.3. Addiction Severity Index

The severity of the methamphetamines addiction was
calculated by the Addiction Severity Index (ASI) scoring sys-
tem. ASI is a semi-structured interview conducted face-to-
face with patients. This questionnaire listed the patient’s
problems in every issue during the past 30 days, in the past

year, and during their lives. In each section, it obtains a
combined score (0 - 1) and grades the individual’s status
in that section. The validity and reliability evaluation of
the Persian version of this questionnaire was cnducted by
Atef Vahid et al., the Research Deputy of the University of
Tehran, and with the collaboration of the National Center
for Addiction Studies (21).

3.5.4. Data Analysis and Statistical Survey

The comparability of study groups was checked apply-
ing independent t-test and chi-square tests. The repeated
measure analysis was used to assess the effect of treatment
(P = 0.05).

The findings of the study were described with the cen-
tral and peripheral indices and displayed with a table and
a chart. Based on the distribution of the outcomes, a pre
and post paired t-test and Wilcoxon was performed. Two
groups were compared with the t-test or Mann-Whitney.
The effect of confounding variables was assessed by sub-
group analysis or regression analysis. ANCOVA test was
used in the case of clear differences in the initial values.

4. Results

The present study investigated the effect of N-
acetylcysteine in the treatment of 38 methamphetamine-
dependent out-patients hospitalized in Kashan’s
methadone maintenance treatment centers in 2017.

As Table 1 shows, the mean age was 27.58 ± 4.85 years
in the N-acetylcysteine (NAC) group and 28.2 ± 4.3 years in
placebo group showing no significant difference between
the two groups (P = 0.781). The number of participants in N-
acetylcysteine and placebo groups were 84.2%, 73.7% male,
respectively (P = 0.426).

Table 1. Sexual Frequency Distribution and Mean Age of Patients in the Two Groups

Variable N-acetylcysteine (N
= 19)

Placebo (N = 19) P Value

Age (year) 27.58 ± 4.85 28.00 ± 4.42 0.781a

Sex, No. (%) 0.693b

Male 16 (84.2) 14 (73.7)

Female 3 (15.8) 5 (26.3)

Education, No. (%) 0.693b

Secondary
school

16 (84.2) 14 (73.7)

Diploma and
higher

3 (15.8) 5 (26.3)

aT-test
bFisher’s exact test

Table 2 shows the frequency distribution of drug abuse
per month and the average daily intake of the drug in
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the two groups. The daily intake of the drug in NAC and
placebo groups was 6.47± 1.61 and 5.05± 1.68 g/day, respec-
tively, which revealed a significant difference between the
two groups (P = 0.012).

Table 2. The Frequency Distribution of Substance Use per Month and the Average
Daily Intake of Drugs in the Two Groups

Variable N-acetylcysteine (N
= 19)

Placebo (N = 19) P Value

Substance use per
day

6.47 ± 1.61 5.05 ± 1.68 0.012a

Substance use per
month, No. (%)

0.501b

Fewer than
18 days a
month

8 (42.1) 6 (31.6)

More than or
equal to 18
days a
month

11 (57.9) 13 (68.4)

aT-test
bFisher’s exact test

Table 3 shows the frequency distribution in the avoided
duration of drug abuse and the success in treatment for
two groups. The success of treatment in both NAC and
placebo groups was 84% and 73%, respectively (P = 0.001).
63.2% of patients in the NAC group and 10.5% in the placebo
group avoided drug abuse more than one month (P =
0.001).

Table 3. The Frequency Distribution of Avoiding Drug Use and the Success of Treat-
ment in Two Groups

Variable N-acetylcysteine (N
= 19)

Placebo (N = 19) P Value

Avoiding
substance
consumption, No.
(%)

0.001a

Fewer than 1
month

7 (36.8) 17 (89.5)

More than 1
month

12 (63.2) 2 (10.5)

Success in
treatment, No. (%)

0.001a

Yes 12 (84.2) 2 (73.7)

No 7 (15.8) 17 (26.3)

aFisher’s exact test

Before analysis, the pre-requisite assumption of the
test was checked with the Mauchly test. In cases where
the assumption was not met, the Greenhouse-Geisser cor-
rection applied. The result of the analysis showed a sig-
nificant reduction at craving rate over time (F = 400.67),
P < 0.001).The between-group comparison revealed a sig-

nificant reduction rate in the NAC group (F = 18.35), P <
0.001).There was an interaction between group and time
(F = 23.13, P < 0.001). In other words, the treatment effect of
NAC increased over time (Figure 1).

The repeated measure analysis showed a within-group
significant reduction of BDI-II score over time (F = 1.19, P <
0.001). The between-group comparison showed no signifi-
cant difference; however, there was an interaction between
the effect of NAC’s effect and time (F = 362.25, P < 0.001).
In other words, the score of BDI reduced over time greatly
compared to the placebo group (Figure 2).

Table 4 shows the mean of ASI for methamphetamine
before and after treatment in both groups. The score was
significantly lower in subgroups of drug, family, and psy-
chiatry at the end of treatment in NAC than in the placebo
group.

Table 4. The Mean of the Degree of Dependence of Methamphetamine (ASI) Before
and After Treatment in Both Groups

Degree of
Metham-
phetamine
Dependency (ASI)

N-acetylcysteine
(N = 19)

Placebo (N = 19) P Valuea

Medical

Before 0.39 ± 0.27 0.38 ± 0.31 0.817

After 0.29 ± 0.27 0.33 ± 0.31 0.544

Job

Before 0.58 ± 0.26 0.57 ± 0.29 0.815

After 0.27 ± 0.25 0.32 ± 0.30 0.537

Alcohol

Before 0.43 ± 0.26 0.48 ± 0.29 0.540

After 0.26 ± 0.23 0.39 ± 0.28 0.107

Substance

Before 0.63 ± 0.26 0.81 ± 0.20 0.024

After 0.26 ± 0.23 0.71 ± 0.20 < 0.001

Logical

Before 0.58 ± 0.26 0.57 ± 0.29 0.817

After 0.29 ± 0.27 0.33 ± 0.31 0.538

Family

Before 0.39 ± 0.27 0.38 ± 0.31 0.817

After 0.26 ± 0.23 0.71 ± 0.20 0.001

Psychiatry

Before 0.58 ± 0.26 0.57 ± 0.29 0.815

After 0.17 ± 0.22 0.71 ± 0.20 < 0.001

aMann-Whitney test
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Figure 1. The effect of NAC on medical caving score

5. Discussion

The present study aimed to determine the effect of N-
acetylcysteine in methamphetamine-dependent patients
treating with methadone. 38 patients were randomly di-
vided into two groups of 19 to receive NAC or placebo. The
mean scores of both craving rate and BDI decreased by
NAC after two months in all 38 patients who completed the
study.

At the end of the study, ASI (including subgroups of
drug, family, and psychiatry) significantly decreased in
the NAC group compared to that in the placebo group (P
< 0.001). The success of the treatment in the NAC and
placebo groups was 84% and 73%, respectively (P = 0.001).

63.2% of the patients in the NAC group and 10.5% in the
placebo group avoided taking drugs more than a month
(P = 0.001).

Few studies have assessed the effect of N-acetylcysteine
on the treatment of methamphetamine-dependent pa-
tients. Mousavi et al. in 2015 investigated the effect of
N-acetylcysteine in the treatment of 23 patients addicted
to methamphetamine. They found that N-acetylcysteine
and matrix reduced the craving for methamphetamine use
(22) which is similar to our results. In addition to increas-
ing the sample size, we determined the amount of daily
intake and increased the duration of treatment with N-
acetylcysteine at the same dose of 1200 mg/day. We also
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Figure 2. The effect of NAC on the BDI score

measured other criteria, such as ASI, depression, and dura-
tion of avoidance. In this study, there were different tests
for methamphetamine abuse craving and drug adminis-
tration. Moreover, Th patients were also being treated by
methadone. It is believed that the synergism effect be-
tween methadone and N-acetylcysteine on glutamate reg-
ulation can be effective on study results as well.

LaRowe et al. conducted a study on 13 cocaine-
dependent patients who received both N-acetylcysteine
and placebo for 3 days. After one week, the results showed
that N-acetylcysteine reduced the drug withdrawal symp-
toms as well as the craving for cocaine 13. Such results are
consistent with our study.

Laro et al. (2013) found that acetylcysteine did not de-
crease cocaine abuse rates (23). This study was not contra-
dictory to the results of our study due to some problems,
including low sample size, lack of random allocation, and
random selection.

Glutamate abnormality has an important role in drug

abuse craving, and N-acetylcysteine inhibits glutamate re-
ceptors. It decreases glutamate releasing from synapse.

studies with greater sample size regarding the amount
and the purity of the substance consumed by the patient in
different sex and age groups.

The intake of 1200 mg N-acetylcysteine per day for 12
weeks can reduce the craving for methamphetamine con-
sumption, the severity of the addiction, and depression.

It is suggested that the results of this study be in-
terpreted according to the limitations, such as the un-
certainty about the use of methamphetamine by the pa-
tient. To complete the present study, different doses of N-
acetylcysteine should be examined, larger studies should
be conducted with larger sample sizes, and other con-
founding factors should be considered, such as personal-
ity disorders, anxiety. Despite the mentioned limitations,
this study provides guidance on how to prescribe one of
the few existing drugs with efficacy in the treatment of
methamphetamine dependency.
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