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ABSTRACT

Introduction: Methadone overdose is a severe and possibly fatal situation. Its routine treatment is
naloxone therapy, meanwhile, N-acetylcysteine (NAC) may be effective in its clinical symptom
improvement.

Objectives: This study aimed to assess the effectiveness of combining NAC with naloxone in treating
patients who have overdosed on methadone.

Patients and Methods: This double-blind clinical trial was conducted on patients with methadone
intoxication referred to Kashani Hospital in Shahrekord, Iran, from May to December 2021. Before
the study began, written informed consent was obtained from the patients, and they were randomly
assigned to two groups of intervention and control, with 32 patients in each group. In the control group,
standard treatment with naloxone was administered, whereas in the intervention group, NAC was
added to the standard treatment. The outcome measures included hemodynamic parameters, arterial
blood gas analysis, and liver functional tests, which were assessed before and after the intervention,
were compared between the two groups using statistical tests.

Results: The study results indicated that the mean age of the control and intervention groups was 43.09
and 44.21 years, respectively. Demographic characteristics were similar between the two groups. The
comparative analysis of the mean differences in changes in hemodynamic and biochemical parameters
between the control and intervention groups revealed that the changes in mean arterial pressure (MAP),
respiratory rate (RR), temperature (T), pH, and bicarbonate (HCO,) were not statistically significant
(P>0.05). Conversely, the mean differences in changes of pulse rate (PR), partial pressure of carbon
dioxide (PCO,), partial pressure of oxygen (PO,), alanine transaminase (ALT), aspartate transaminase
(AST), and alkaline phosphatase (ALP) were found to be statistically significant (P<0.05). This
analysis demonstrated significant reductions in PR, PCO,, and liver function tests (LFTs) including
ALT, AST, and ALP in the intervention group compared to the control group. In contrast, the PO,
showed a positive change, with the intervention group exhibiting a greater increase compared to the
control group.

Conclusion: We conclude that NAC has a positive impact on the treatment of methadone intoxication,
especially in improving liver function and respiratory parameters.

Trial Registration: The trial protocol was approved by the Iranian Registry of Clinical Trials
(IRCT20210222050462N1, https://irct.behdasht.gov.ir/trial/55313; ethical code from Shahrekord
University of Medical Sciences; IR.SKUMS.REC.1399.244).

Implication for health policy/practice/research/medical education:

This study highlights the potential benefits of combining N-acetyl-cysteine with standard treatment in the management of
methadone poisoning, which can inform clinical practice and improve patient care.
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Introduction

The use of opioids for centuries has been an effective
option in pain management. When given at proper doses,
opioids not only eliminate pain but also help prevent its
recurrence in long-term recovery situations (1). Some
people benefit from the relieving effect of opioids in chronic
pain management (2); however, its abuse is a challenging
issue that imposes a substantial burden not just on the
individual but also on families and communities; around
10% of the United States population have experienced
illicit drug use, with 20 million Americans struggling with
it (3). Methadone is a synthetic opioid that can be highly
effective in managing withdrawal symptoms and cravings
associated with opioid use disorder; however, it can also
be dangerous if not used properly or in excessive doses
(4). Methadone poisoning is a serious and potentially
life-threatening condition that can occur when an
individual takes more than the recommended dose of
methadone commonly used to treat opioid addiction or
when combined with other substances that can enhance
its effects and cause consumer deaths (5). In the United
States despite the increasing federal resources for reducing
opioid-related mortality, found a 71% increase in opium
intoxication deaths in the 12 months ending in October
2021 compared to a similar duration in 2016 (6).

Naloxone as a standard treatment for methadone
intoxication (7,8) plays an important role in the
prevention of mortality caused by opium intoxication
through the reverse of respiratory depression (6). This
medication is used to reverse opioid overdoses by binding
to opioid receptors and blocking the effects of opioids. It
is often administered intravenously, intramuscularly, or
via nasal spray, and is commonly used in emergencies to
counteract the life-threatening effects of opioid poisoning
(9). However, some studies showed that, although
naloxone administration is the current approach to treat
methadone overdose, it may lead to serious problems
including respiratory arrest, endotracheal intubation, and
mortality (10), and naloxone antidote therapy in acute
opioid poisoning does not always clearly demonstrate its
sufficient efficacy (11). Overall, the literature indicates that
while naloxone is the standard treatment for methadone
overdose, its efficacy may be limited, and it can potentially
lead to serious adverse effects.

N-acetylcysteine (NAC) is a compound with various
therapeutic applications that benefit in treating multiple
substance use disorders, including addiction. A meta-
analysis found that NAC significantly reduced craving
symptoms and withdrawal syndrome in individuals with
substance use disorders (12). Additionally, NAC has been
shown to attenuate neurotoxic damage in individuals using
methamphetamine (13); therefore, it may be effective in
alleviating cognitive and psychiatric symptoms associated
with methadone use.

NAC is known for its antioxidant properties and
potential in chelating heavy metals like lead (14), it has also

demonstrated efficacy in managing methamphetamine
dependence by reducing craving and addiction severity
(13). On the other hand, naloxone interventions have
been highlighted as crucial in addressing opioid overdose
rates, especially among methadone-treated individuals,
emphasizing the importance of enhancing naloxone
carry rates through targeted (15). Therefore, combining
NAC with naloxone could potentially offer a multifaceted
approach by addressing oxidative stress, reducing craving,
and improving harm-reduction behaviors in patients with
methadone poisoning, warranting further research to
explore its full therapeutic potential.

Objectives

The objective of this study is to evaluate the efficacy of
NAC in combination with naloxone for the treatment
of patients with methadone poisoning in a double-blind
randomized clinical trial. The study aims to determine
if the addition of NAC to the standard treatment of
naloxone can improve clinical outcomes in patients with
methadone poisoning.

Patients and Methods

Study design and participants

This double-blind, randomized clinical trial was conducted
on patients with methadone poisoning at Kashani
Hospital in Shahrekord, Iran from May to December
2021. Patients with methadone poisoning referred to
Kashani Hospital during the study period were eligible for
inclusion. The participants were divided into two groups;
the intervention group received standard treatment
(naloxone) plus NAC, while the other group received the
naloxone alone. Various parameters were monitored and
compared between the two groups to evaluate the efficacy
of NAC in the treatment of methadone poisoning.

Inclusion and exclusion criteria

Inclusion criteria included a confirmed diagnosis of
methadone poisoning, age > 18 years, and ability to
provide written informed consent. Exclusion criteria
included not being willing to continue the study, a history
of severe allergic reactions to the treatment medications,
severe liver or kidney disease, or other significant medical
conditions that could impact the study’s outcome.

Sample size

The sample size was determined based on the expected
rate of successful treatment in the control group and the
desired power to detect a significant difference between
the control and intervention groups. A total of 64 patients
were enrolled in the study, with 32 patients assigned to
each group.

Randomization
Patients were randomly assigned to either the control
or intervention group using a computer-generated
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randomization schedule. The allocation was concealed
from the researchers and patients until the end of the
study.

Blinding

Both the researchers (or the caregivers who take care
of patients) and patients were blinded to the treatment
assignment. The researchers or the caregivers who take
care of patients were unaware of the treatment group
assignments, and the patients were not informed of the
specific medications they were receiving.

Data collection

Prior to the initiation of any intervention, written
informed consent was obtained and signed by all
participating patients. The demographic characteristics
were collected. Subsequently, hemodynamic parameters
were meticulously monitored and recorded, including
vital signs such as blood pressure, heart rate, temperature,
and respiratory rate (RR). Additionally, blood samples
were collected for subsequent analysis, and arterial blood
gas (ABG) analysis and liver function tests (LFTs) were
performed to establish baseline values for these critical
parameters.

Intervention

Patients were randomly assigned to the two groups of
intervention and control. Both groups received standard
treatment consisting of supportive care, including
activated charcoal administration, fluid resuscitation,
close monitoring of vital signs, and administration of
naloxone according to the standard protocol. Naloxone,
an opioid antagonist, was administered intravenously (IV)
to patients with methadone poisoning in this study, the
dosage and frequency were adjusted based on the patient’s
addiction status; in non-addicted patients, naloxone was
administered at a dose of 0.4 mg, repeated once every
5 minutes until the patient’s oxygen saturation (SpO,)
reached above 93%, while in addicted patients, a lower
dose of 0.05 mg was used, repeated once every 5 minutes
until the target oxygen saturation was achieved, to avoid
precipitating acute opioid withdrawal symptoms that
can occur with rapid opioid antagonist administration,
and the lower initial dose and slower titration aimed to
gradually reverse the opioid effects while minimizing the
risk of withdrawal symptoms. The maintenance dose of
naloxone was initiated at a rate of 2/3 of the wake-up dose,
which was defined as the dose that restored the patient’s
consciousness or alleviated respiratory depression. This
maintenance infusion was administered for 24 hours,
after which a naloxone taper was commenced. During
the taper phase, the naloxone dose was reduced by half
every 6 hours until it reached zero, ensuring a gradual and
controlled reversal of the opioid effects while minimizing
the risk of precipitated withdrawal symptoms (16). In the
intervention group in addition to the standard protocol,

Methadone poisoning

the administration of NAC was conducted as same as
the used protocol in the acetaminophen intoxication.
The 21-hour IV protocol of NAC involves a three-stage
administration regimen. The loading dose of 150 mg/kg
is administered in 200 mL of 5% dextrose in water (D5W)
for 60 minutes. This is followed by a continuous infusion
of 50 mg/kg in 500 mL of D5W over the next 4 hours,
which translates to a rate of 12.5 mg/kg/h. The final stage
involves a continuous infusion of 100 mg/kg in 1000 mL
of D5W over the remaining 16 hours, resulting in a rate of
6.25 mg/kg/h (17,18).

Outcome measurement

Following the completion of the intervention, the patient
was monitored for an additional 24 hours without receiving
any further naloxone or NAC administration. During this
period, the patient’s symptoms were closely monitored,
and once they had remained symptom-free for the full 24
hours, the outcome parameters including hemodynamic
parameters, ABG analysis, and liver LFTs test which was
measured at baseline were remeasured to determine the
efficacy of the treatment protocol in achieving a successful
reversal of the methadone poisoning.

Statistical analysis

The outcome measure was analyzed using the Statistical
Package for the Social Sciences (SPSS) version 27 (IBM
Corp., USA). The chi-square and Fisher’s exact tests
were used to compare the qualitative data between the
control and intervention groups. Quantitative data were
analyzed using the Wilcoxon rank-sum or paired t-test
and Mann-Whitney U or independent ¢ test, depending
on the data distribution. To assess the data normality,
the Kolmogorov-Smirnov test was conducted, and to
evaluate the homogeneity of variance, the Levene test was
employed. All statistical tests were two-tailed, and a P
value of 0.05 or less was considered statistically significant.

Results

At the inception of the study, 101 patients were enrolled
and evaluated for eligibility; 36 of them failed to meet the
inclusion criteria and were excluded. The 65 remaining
patients who met the inclusion criteria were randomly
assigned into two groups: a control group (n=32) and
an intervention group (n=33). All patients in both
groups received the allocated intervention, except for
one patient in the intervention group who did not receive
the intervention due to an adverse reaction to NAC. All
patients who received the intervention completed the
study protocol and were included in the final analysis
(Figure 1).

Results demonstrated that the mean age was
43.09+17.18 years in the control group and 44.21+15.15
years in the intervention group. The independent t-test
indicated that this difference in mean age between the
two groups was not statistically significant. Most patients
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Figure 1. CONSORT flow diagram of the study.

(n=61) did not have hypertension (HTN), with 50.8% in
the control group and 49.2% in the intervention group.
The chi-square test indicated that the difference in HTN
prevalence between the groups was not significant. Also,
the majority of patients (n=59) do not have diabetes, with
49.2% in the control group and 50.8% in the intervention
group; this difference in diabetes prevalence between the
groups was not statistically significant. Regarding height
and weight, the difference in their mean between the two
groups of control and intervention was not statistically
significant (Table 1).

The comparative analysis of clinical characteristics
between the control and intervention groups at admission
and after the intervention completion time revealed
that, at the admission time, the mean differences in
mean arterial pressure (MAP), RR, temperature (T),
pH, partial pressure of carbon dioxide (PCO,), partial
pressure of oxygen (PO,), bicarbonate (HCO3), alanine
transaminase (ALT), and alkaline phosphatase (ALP)
between the two groups were not statistically significant.
In contrast, the mean difference in pulse rate (PR) and
aspartate transaminase (AST) was found to be statistically

significant. Following the completion of the intervention,
a comparative analysis of clinical characteristics between
the control and intervention groups revealed that the
mean differences in MAP, RR, T, pH, and HCO3 between
the two groups remained non-significant. In contrast, the
mean differences in AST and PR persisted as statistically
significant. Furthermore, the PCO2, PO2, ALT, and ALP
exhibited a significant change from non-significant at
admission to significant after the intervention completion
time (Table 2).

A comparative analysis of clinical data within the
control and intervention groups at admission and post-
intervention completion revealed distinct patterns. In
the control group, the mean differences in MAP, PR,
PO2, HCO3, and AST was not statistically significant.
Conversely, the mean differences in RR, pH, PCO2,
ALT, and ALP were substantial. In contrast, within the
intervention group, the mean differences in RR, PR, pH,
PCO2, PO2, HCO3, AST, ALT, and ALP were statistically
significant before and after the intervention. Notably, MAP
and T did not exhibit significant differences (Table 3).

The comparison analysis of mean changes in clinical
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Table 1. Demographic characteristics of included patients and comparison between control and intervention groups

Group
Variable Sub-variable Control Intervention P value
No. % No. %
Male (n =39) 19 48.7 20 51.3 N
Gender 0.789
Female (n = 25) 13 52 12 48
No (n=61) 31 50.8 30 49.2 .
Hypertension 0.554
Yes (n =3) 1 33.3 2 66.7
. No (n =59) 29 49.2 30 50.8 .
Diabetes 0.641
Yes (n =5) 3 60 2 40
Variable Mean SD Mean SD P value
Age (y) 43.09 17.18 44.21 15.15 0.782™
Height (cm) 170.65 8.69 173.31 3.74 0.155™"
Weight (kg) 61.90 11.13 68.62 8.87 0.600""

*Chi-square; **Independent t-test; ***Mann-Whitney.

Table 2. Comparison of clinical data between control and intervention groups at admission time and after the intervention completion

Baseline After intervention
Variable Control Intervention P value Control Intervention P value
Mean + SD Mean * SD Mean * SD Mean * SD
MAP (mm Hg) 90.20 + 8.73 88.74 £10.29 0.711" 91.51+6.73 89.74 +6.38 0.220°
RR (n) 12.53+2.44 11.44+2.21 0.066" 14.84 +2.12 14.13 +1.40 0.056"
PR (n) 79.09 +9.53 89.38 +8.33 <0.001" 75.53 £8.57 79.63 £8.51 0.044"
T(°C) 36.72+0.36 36.85+0.47 0.330" 36.79+0.31 36.95+0.52 0.264"
PH 7.33+£0.07 7.31+0.12 0.830" 7.39£0.04 7.41 £0.05 0.452™
PCO, (mm Hg) 49.53 +8.40 50.38 +9.33 0.703™ 44.80 +7.65 40.22+6.93 0.015™
POz(mm Hg) 44.65 + 8.89 44.48 +5.95 0.931" 48.82 +5.55 55.72 £8.12 <0.001™"
HCOs(mEq/L) 25.04+£4.01 23.19+4.29 0.080" 29.92+3.71 25.38+4.77 0.072"
AST (1U/L) 30.91 + 8.46 45.44 +6.70 <0.001"" 28.81+6.18 23.34+1.41 <0.001"
ALT (1U/L) 44.88 +10.21 49.91+14.84 0.119" 34.84 +£8.49 25.24 + 6.68 <0.001"
ALP (1U/L) 228.6 +40.1 242.3+43.6 0.059" 179.2 +41.6 138.9 + 18.06 <0.001"

SD: Standard deviation; MAP: Moderate arterial pressure; RR: Respiratory rate; PR: Pulse rate; T: Temperature; PCO2: Partial pressure of carbon
dioxide; PO2: Partial pressure of oxygen; HCO3: Bicarbonate; AST: Aspartate transaminase; ALT: Alanine transaminase; ALP: Alkaline phosphatase.
*Mann-Whitney; **Independent t-test.

Table 3. Comparative analysis of clinical characteristics within control and intervention groups at admission and after intervention-completion times

Control group intervention group
Variable Before After P value Before After P value
Mean = SD Mean * SD Mean * SD Mean * SD

MAP (mm Hg) 90.20 + 8.73 91.51+6.73 0.648* 88.74 +10.29 89.74 +6.38 0.945*
RR (n) 12.53+2.44 14.84 +2.12 <0.001* 1144 +2.21 14.13 +1.40 <0.001%**
PR (n) 79.09 £9.53 75.53 £ 8.57 0.213* 89.38 £8.33 79.63 £8.51 <0.001
T(°C) 36.72+0.36 36.79 +0.31 0.209* 36.85 +0.47 36.95+0.52 0.536
PH 7.33+0.07 7.39£0.04 <0.001** 7.31+0.12 7.41+0.05 <0.001*
PCO, (mm Hg) 49.53+8.40 44.80 +7.65 0.002* 50.38+9.33 40.22 £6.93 <0.001**
PO, (mm Hg) 44.65 +8.89 48.82 +5.55 0.052** 44.48 +5.95 55.72 +8.12 <0.001*
HCO, (mEq/L) 25.04 +4.01 29.92+3.71 0.152* 23.19+4.29 25.38+4.77 0.016**
AST (1U/L) 30.91 +8.46 28.81+6.18 0.338* 45.44 +6.70 23.34+1.41 <0.001*
ALT (1U/L) 44.88 +10.21 34.84 +£8.49 <0.001** 4991 +14.84 25.24 + 6.68 <0.001%*
ALP (IU/L) 228.6 +40.1 179.2 £41.6 <0.001* 242.3+43.6 138.9 + 18.06 <0.001*

SD: Standard deviation; MAP: Moderate arterial pressure; RR: Respiratory rate; PR: Pulse rate; T: Temperature; PCO2: Partial pressure of carbon
dioxide; PO2: Partial pressure of oxygen; HCO3: Bicarbonate; AST: Aspartate transaminase; ALT: Alanine transaminase; ALP: Alkaline phosphatase.
*Wilcoxon, **Paired t-test.
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data between the intervention group, which received NAC
administration, and the control group revealed different
patterns. The mean differences in changes of MAP, RR,
T, pH, and HCO3 between the two groups were not
statistically significant. In contrast, the mean differences
in changes of PR, PCO2, PO2, ALT, AST, and ALP were
statistically significant. This analysis revealed significant
reductions in PR, PCO2, and LFTs including ALT, AST,
and ALP in the intervention group compared to the
control group. In contrast, the PO2 showed a positive
change, with the intervention group exhibiting a greater
increase compared to the control group (Table 4).

Discussion

Methadone, a long-acting synthetic agonist of opioid
receptors, is commonly employed within the framework
of diverse opioid-driven addiction cessation programs.
Its therapeutic utility is predicated on its ability to bind
to opioid receptors, thereby mitigating the symptoms of
withdrawal and facilitating the management of opioid
dependence. This pharmacological property has made
methadone an integral component of various treatment
regimens aimed at addressing opioid addiction, including
maintenance therapy and detoxification protocols (19).
It is used in medication-assisted treatment for opioid use
disorder and helps reduce opioid cravings and withdrawal
symptoms (20). Methadone has a high potential for
abuse and can lead to physical dependence, which makes
it a risk factor for methadone abuse and intoxication
in the consumer (21). NAC is a safe and well-tolerated
glutamatergic agent that has shown promise as a potential
pharmacotherapy for substance use disorders (22). It
can restore homeostasis to brain glutamate disrupted
in addiction, thereby reducing craving and the risk of
relapse. Additionally, NAC has antioxidant properties that
may protect against methadone-induced toxicity (23). In

this study, we evaluated the therapeutic potential of NAC
in combination with naloxone for the management of
methadone intoxication, examining its effects on various
hemodynamic parameters and LFTs.

The results of our study on NAC treatment for
methadone poisoning revealed significant differences in
several key parameters. The combination of NAC and
naloxone treatment demonstrated significant reductions
in PR, PCO2, and LFTs, including ALT, AST, and ALP,
compared to the naloxone alone. Conversely, the PO2
showed a positive change, with a greater increase in
the NAC and naloxone group. These findings suggest
that NAC had a positive impact on the treatment of
methadone poisoning, particularly in terms of improving
liver function and respiratory parameters. The reduction
in LFTs such as ALT, AST, and ALP indicated that NAC
may have helped to mitigate liver damage caused by
methadone poisoning. Similarly, the decrease in PCO2
and increase in PO2 suggest that NAC may have improved
respiratory function, which is critical in managing
methadone poisoning.

A comprehensive review of the existing literature did
not yield any studies specifically examining the effect
of NAC on the treatment of methadone poisoning.
However, a similar study by McKetin et al investigated
the efficacy of NAC in managing methamphetamine
dependence. Their findings indicated that NAC treatment
did not significantly reduce drug dependence in patients
with methamphetamine dependence (23). In a study by
LaRowe et al, the results demonstrated that NAC is a
tolerable treatment in healthy, cocaine-dependent patients
and may reduce their withdrawal symptoms and cravings
(24). Also, our results are consistent with previous studies
that have demonstrated the therapeutic potential of NAC
in various conditions. For example, NAC has been shown
to have antioxidant and anti-inflammatory effects, which

Table 4. Comparison of mean changes in clinical data during the times of admission until intervention completion between control and intervention groups

Control group

Intervention group

Mean difference

Variable Pvalue
Mean sD Mean sD Mean Standard error
MAP (mm Hg) +1.30 7.88 +1.87 10.22 0.57 2.28 0.925°
RR (n) +2.31 2.81 +2.68 2.34 0.37 0.64 0.565™
PR (n) -3.56 12.88 -9.75 10.90 6.18 2.98 0.013"
T(C) +0.06 0.33 +0.09 0.68 0.03 0.13 0.861"
PH +0.05 0.06 +0.09 0.12 0.04 0.02 0.358"
PCO, (mm Hg) -4.73 7.96 -10. 16 11.91 5.43 2.53 0.036™
PO, (mm Hg) +4.17 11.66 +11.23 11.75 7.06 2.92 0.019™
HCOS(mEq/L) +0.87 5.22 +2.19 4.85 1.32 1.26 0.301™
AST (IU/L) -2.10 9.68 -22.09 6.51 19.99 2.06 <0.001™
ALT (1U/L) -10.03 11.88 -24.66 14.90 14.63 3.36 <0.001™
ALP (1U/L) -49.40 39.30 -103.41 46.20 54.01 10.72 <0.001™

SD: Standard deviation; MAP: Moderate arterial pressure; RR: Respiratory rate; PR: Pulse rate; T: Temperature; PCO2: Partial pressure of carbon
dioxide; PO2: Partial pressure of oxygen; HCO3: Bicarbonate; AST: Aspartate transaminase; ALT: Alanine transaminase; ALP: Alkaline phosphatase.

*Mann-Whitney; **Independent t-test.
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can help to protect against oxidative stress and tissue
damage (25).

Overall, this study highlights the potential benefits
of NAC in the treatment of methadone poisoning,
particularly in terms of improving liver function and
respiratory parameters. The findings support the use
of NAC as a therapeutic agent in managing methadone
poisoning and suggest that it may be a valuable adjunct to
standard treatment regimens. While a clinical trial is still
needed to approve the efficacy of NAC in the treatment
of methadone intoxication, the preliminary evidence
suggests that NAC may be a useful adjunct therapy in the
management of methadone poisoning. However, further
research is needed to definitively establish the efficacy
and nature of the benefit of NAC in treating methadone
poisoning.

Conclusion

The comparative analysis of hemodynamic and
biochemical parameters between the control and
intervention groups revealed significant differences
in PR, PCO2, PO2, and LFTs. The intervention group
demonstrated significant reductions in PR, PCO2, and
LFTs, including ALT, AST, and ALP, compared to the
control group. Conversely, the PO2 showed a positive
change, with the intervention group exhibiting a greater
increase compared to the control group. These findings
suggest that NAC had a positive impact on the treatment of
methadone poisoning, particularly in terms of improving
liver function and respiratory parameters.

Limitations of the study
This study was conducted on a limited number of the
patients. We suggest larger studies on this subject.
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