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Abstract

Background & Objective: Buprenorphine (BUP), a synthetic opioid, treats pain and opioid use syndrome. The potential 
of BUP to cause liver toxicity has not been fully evaluated. The present literature review was designed to investigate the 
impact of BUP treatment on liver function in patients without a previous history of liver diseases. 
Materials & Methods: A literature review was implemented within databases of Scopus, PubMed, ISI, and Cochran until 
February 2022. Studies published in English were included in this study. Retrieved citations were screened and data were 
extracted by at least two independent reviewers.
Results: Of the 1853 studies screened citations, 14 research reports were eligible. Overall, among the randomized controlled 
trial, four studies reported hepatotoxicity in patients who had a history of hepatitis C or hepatitis B seroconversion under 
BUP treatment.
Conclusion: No strong evidence was found for hepatotoxicity of BUP in this study. Elevation in the liver enzyme levels in 
some patients may be related to other factors such as infectious diseases, illicit drugs, alcohol consumption, environmental 
pollutants, and chronic diseases. More experimental and clinical studies should be conducted to address this question.
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Introduction
BUP, a semi-synthetic opioid, is increasingly 

administrated as a first line standard treatment 
for opioid dependence due to its high safety and 
efficacy compared to other opioids (1).  It is a 
synthetic analog of thebaine, which is an alkaloid 
compound derived from the poppy flower. BUP

Effects of Buprenorphine on Liver Enzymes in Patients without a History of Liver 
Disease

is a potent analgesic that acts on the central 
nervous system (CNS). Numerous studies 
have confirmed the safety of BUP maintenance 
treatment in opioid addiction (1). It is as 
effective as methadone and is generally safe 
and well-tolerated (2). However, BUP offers 
some potential pharmacologic advantages 
over methadone in the management of opioid 
addiction, such as decreased respiratory 
depression, less sedation, fewer withdrawal 
symptoms, lower risk of toxicity at higher doses, 
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enzymes (especially CYP3A4 iso-enzyme) cata-
lyze the N-dealkylation of BUP to nor-BUP in 
the liver (13). BUP undergoes extensive first-
pass metabolism and therefore has very low 
oral bioavailability (14). However, most of the 
BUP administered sublingually may escape the 
first-pass metabolism and enter the systemic 
circulation (15). Approximately 80%-90% of 
BUP is excreted through the biliary system, 
where 10% of a dose can be detected in the urine 
(14). BUP has relatively high bioavailability 
with sublingual absorption (35%–55%)(16). Its 
sublingual administration causes a longer half-
life than the intravenous injection. There are two 
tablet forms of BUP including only BUP and 
mixes of BUP with the opioid antagonist nalox-
one (NLX)(17). NLX has been a highly effective 
evidence-based tool to reduce opioid overdose-re-
lated mortality and morbidity (18). A sublingual 
dose of BUP/NLX leads to a quick opioid-with-
drawal syndrome. NLX decreases the side 
effects of BUP and elevates its safety (19). The 
inhibition of BUP metabolism is not associated 
with opioid toxicity, i.e., respiratory depres-
sion, though it decreases the plasma levels (20).

Mechanism of Action
Mechanism of action describes the way BUP 

affects cell function or impacts a specific target 
within a cell. BUP is a partial opioid agonist 
(21). BUP has a slow onset of action. When 
taken sublingually, the peak effect is between 
three and four hours after administration. It also 
has a long duration of action, with a half-life 
of around 38 hours, meaning that it will stay 
active in the body for a long time after taking it, 
preventing withdrawal symptoms all day long 
(22). Its mechanism of action occurs at the μ-opi-
oid receptor. BUP binds to μ-opioid receptors 
throughout the body, including inside the brain, 
and induce endorphins that produce euphoria 
and block pain (23). BUP is a potent Schedule 
III opioid with high binding affinity at the μ-opi-
oid receptor that behaves as a partial agonist on 
the basis of in vitro studies (24).  Although BUP 
has less capacity to activate receptors or induce 

and decreased risk of diversion  (3). According to 
previous studies, the mortality rate of BUP was 
lower than methadone in patients who are being 
under treatment. Nevertheless, the mortality 
rate was increased in the first 12 months after 
discontinuing drugs (4). Additionally, it was 
found that the risk of overdose due to BUP was 
lower than methadone (5). Common adverse 
effects of BUP include headache, constipation, 
insomnia, asthenia, dizziness, somnolence, 
and sweating. Another main side effect of 
BUP treatment is psychological or physical 
dependency (6). There are several studies 
indicating liver damage, respiratory failure, and 
nervous system problems such as memory loss 
and cognitive function after BUP administration 
(7, 8). The previous studies indicated a risk of 
increased liver function tests (LFTs) for patients 
with hepatitis C undergoing BUP treatment 
maintenance or misusing BUP (9, 10). However, 
their findings are controversial. On the one 
hand, there have been several reports and case 
series of acute, clinically apparent liver injury 
arising after treatment with BUP. Almost all 
patients with this injury had concurrent chronic 
hepatitis C, and several appeared to resolve the 
chronic infection with the acute liver injury. 
On the other hand, several studies reported no 
significant pattern of liver enzyme elevations or 
hepatotoxicity following BUP therapy. Based on 
our knowledge, this is the first literature review 
in this context. The present literature review 
was designed to investigate the impact of BUP 
treatment on liver function in patients without 
a previous history of liver diseases. This study 
provides a review of the existing literature to 
help clinicians and patients better understand the 
approaches to microdosing of buprenorphine in 
various clinical settings and populations.

Materials & Methodes
Pharmacokinetics of BUP

Human and animal studies have investigated 
the absorption, distribution, metabolism, and 
excretion of BUP (11). BUP is metabolized by 
N-dealkylation to form the active metabolite 
Nor-BUP, and both undergo subsequent glucu-
ronidation (12). The cytochrome P450 (CYP) 
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multiple signaling pathways than full μ-opioid 
receptor agonists, it still effectively stimulates 
the analgesic signaling pathway from the μ-opi-
oid receptor. Moreover, other opioid receptors 
may also contribute to efficacy and tolerabil-
ity of BUP. BUP is a full agonist at the opioid 
receptor-like 1 (ORL1), which may contribute 
to analgesia, and it is an antagonist at the δ- and 
κ-opioid receptors (25). These receptors decrease 
constipation, dysphoria, and abuse potential and 
are involved in reducing mental depression  (26). 
However, μ-opioid receptor also can lead to the 
side effect of constipation. BUP exhibited a rela-
tive ceiling effect for respiratory depression after 
binding to µ-opioid receptors  (27). Although, 
the risk of respiratory depression appears to be 
lower than that of analgesic doses of full µ-opi-
oid receptor agonists, there is still a risk of 
respiratory depression with BUP  (28). However, 
our current knowledge about BUP receptors and 
their interactions needs further studies.

Drug-BUP interaction
Drug-BUP interaction is exerted via pharma-

cokinetic and pharmacodynamic interactions 
(29). Pharmacokinetic interactions are comprised 
of inhibition/induction of hepatic CYP enzymes 
and affect glucuronidation, the function of the 
drug transporter P-glycoprotein, and drug 
absorption (30). Other mechanisms include 
blood-brain barrier alteration. Pharmacodynamic 
interactions occur between BUP and depres-
sant agents of CNS including alcohol, another 
opioid, or psychotropic agents (31). The BUP 
action is lower than that of methadone. BUP 
converts to nor-BUP in sublingual adsorptions 
via CYP3A4 (32). BUP is not the main inducer/
inhibitor of P450 enzymes, but it competes 
with drugs metabolized by the pathway. BUP 
is a weak inhibitor of CYP3A4. This inhibition 
property is not dose-dependent. Plasma BUP 
levels may be reduced by CYP3A4 inhibitors, 
although the opioid toxicity might be reduced 
by the partial agonist effect of BUP (33).  BUP 
metabolism and its reduced plasma level might 
be the result of CYP3A4 inducers, which leads 

to opioid withdrawal (34). BUP pharmacokinet-
ics is also gender-dependent. For example, in a 
study, women showed higher plasma concentra-
tions for BUP and its metabolites than men. It is 
reported that BUP interacts with several antide-
pressants and antiviral drugs (35). It seems that 
there is a link between drug-drug interactions 
and mortality associated with BUP since such 
interactions cause P-glycoprotein inhibition 
(36). P-glycoprotein is a drug transporter with 
a crucial protective role that can contribute to 
the incidence of respiratory distress following 
the administration of BUP (37). However, in 
vitro studies reported nor-BUP as a substrate 
of human P-glycoprotein. Pharmacodynamic 
interactions may be related to other CNS depres-
sants, including alcohol and benzodiazepines. 
Co-administration of diazepam in high doses 
with BUP may increase the effects of psychedelic 
drugs and reduce psychological performance 
(38). According to animal studies, such regi-
mens could also alter respiratory functions.  BUP 
alters the profiles of desmethyl flunitrazepam 
and flunitrazepam (FZ)(39). High-dosage BUP 
consumed concomitantly with benzodiazepines 
(BZDs) including FZ may cause life-threaten-
ing respiratory depression (39). Furthermore, 
BUP and FZ combination caused a toxic impact 
on rat ventilation. Active benzodiazepine and 
alcohol consumption are clinically risk factors 
for relapse in BUP maintenance (39). The BUP 
respiratory outcomes with and without NLX 
are similar in animal models (40). Note that the 
respiratory effects of BUP are higher if being 
co-administered with diazepam compared to its 
combination with NLX. Indeed, BUP-associated 
death occurs in co-administration with other 
psychotropic agents (40). Thus, psychotropic 
drugs should be administered to opioid addicts 
cautiously.

Search strategy
A literature review was implemented within 

databases of Scopus, PubMed, ISI, and Cochran 
until October 2021. Studies published in English 
were included in this study. Retrieved citations
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were screened and data were extracted by at least two 
independent reviewers. We used database‐specific 
combinations of the following index terms and text 
words: buprenorphine, buprenorphine/naloxone, 
liver enzymes, hepatotoxicity, transdermal buprenor-
phine, buprenorphine‐dosing protocol. Our search 
for these databases generated 1853 results. Two 
authors blindly screened all articles obtained through 
the search, based on titles and abstracts, to identify 
relevant articles for full‐text consideration. After 
excluding all duplicates (543 studies) and completely
off‐topic titles (1296 studies), 14 citations were left. 

Remaining citations were manually screened by 
two authors for exclusion based on their titles 
and abstracts, that is, those clearly incompat-
ible with the purpose of our review or those 
written in languages other than English. The 
authors reviewed and determined each article 
based on the title and the abstract. A total of 
14 papers meeting the criteria were included 
in the review. Table 1 & Figure 1 demon-
strate the search strategy and keywords 
used (“Buprenorphine” and “liver enzymes” 
and “Buprenorphine” and “hepatotoxicity”. 

Study Key criteria keywords

Lange, 1990

Heroin-dependent subjects
Participants in this treatment research study were not 
required to have clinical laboratory parameters of liver 
function within the limits of normal in order to qualify for 

inclusion.

Singh, 1992 Abused BUP subjected (mean 14 months)

Assadi, 2004

Addicted outpatient that met DSM-IV criteria for opioid 
dependence.

No pregnancy  or  lactation, clinically unstable medical 
illness, liver transaminases exceeding twice the upper limit  
of  normal,  history  of psychosis, mania  or severe major 
depression, concurrent  dependency  to alcohol, antisocial 

or borderline personality

Di Petta, 2005

Addicted  polydrug abusers with previous methadone 
treatment

No pregnancy,  acute active liver or chronic liver diseases

Lofwall, 2005
Outpatient opioid-dependent subjects

No pregnancy , mental and chronic medical diseases

Gerra,  2006

Heroin-dependent subjects met the criteria of the fourth 
edition of the Diagnostic and Statistical Manual of Mental 

Disorders; American Psychiatric Association, 1994.
No exclusion criteria are applied to select patients in the 
public health system. All the patients were evaluated 
using a self-report and observer-rated questionnaire, a 
psychometric test, and a psychiatric diagnostic screening
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Fiellin,  2008

Opioid-dependent subjects
No alcohol or benzodiazepines dependency, psychotic or 

major depression

Bogenschutz, 2010

Opioid dependent subjects
No pregnancy or lactation, serious medical conditions, and 

under psychotropic medication.

Strain,  2011

Opioid dependent subjects met the DSM-IV-TR,  age 18–65 
years

No pregnancy or lactation, serious medical conditions, and 
under psychotropic medication, concurrent  dependency  to 
alcohol and sedative-hypnotics, active aphthous stomatitis 
or oral herpes, dental caries requiring immediate medical 
intervention, and  no ongoing prescription medications 

that interact with the P450 3A4 system.

Saxon, 2013

Opioid-dependent subjects meet DSM-IV-TR
Not having ALT and  AST value > 5 times, or ALP value >3

times the upper limit of normal (ULN)

Al-Tawil,  2013

Healthy individuals  without chronic condition requiring
frequent analgesic therapy, no-smoking in 89.2% pf 

participants

Ciftci Demirci, 2015 Heroin-dependent adolescents with normal liver enzymes

Fareed,   2017

Patients had nor-buprenorphine level in urine
Important risk factors for hepatotoxicity including HCV 

were adjusted in this study

Haight, 2019

Opioid-dependent subjects meet DSM-IV-TR
Moderate or severe alcohol, cocaine or cannabis use 

disorders.

Table 1. Inclusion criteria of selected studies
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Exploded keywords were included 
and MESH terms for  MEDLINE

 Study characteristics and liver outcome findings
Among the selected studies, twelve papers 

were randomized clinical trials (RCTs). Details 
of these studies are summarized in Table 2. 

and modified truncation according 
to the different search platforms.

Figure 1. Search strategy

Lange,   
1990 USA

Clinical 
trial Heroin

Group 1: 
BUP (8 

mg) for 18 
days, from 
day 19-36 

daily

M:8

26-45
Sublingual

36 days

12 (71%) 
of patients 

had 
higher 

levels of 
ALT and 

AST, 
those 

elevations 
could not 

be directly 
related to 

BUP.

Group 
2: BUP 

(8mg) for 
18 days, 
from day 

19-36 
alternate 

days.

M:10

Singh, 
1992 India Case 

report

Abused 
BUP (60 

mg)
M:18

Average
26

IV
Mean 14 
months

No change 
in the liver 
function.

Table 2. Characteristics of the selected studies
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Assadi, 
2004 Iran

Clinical 
trial Opioid

Experimental 
group: BUP 12 
mg in 8 divided 

doses during 24 h

M:17
F:3 32.2 ± 

6.2

IM
24h

No patient had 
abnormal ALT at the 

end.
Five patients had 
AST levels above 
the upper limit at 

the end.

Conventional 
group: BUP 

administration as 
follows:

3 mg/day on day 1
3 mg/day on day 2

2.7 mg/day on 
day 3

1.2 mg/day on 
day 4

0.6 mg/day on 
day 5

M:20 30.5± 
8.9

IM
5 days

Five patients at the 
end of the study had 

ALT levels above 
the upper limit of 

normal.
ALT levels  never 

exceeded
twice the upper 

limits of normal.
Eight patients at the 

end
showed AST levels 
above the normal 

upper limit.
AST level of one 

patient
in this group 

exceeded twice the 
upper  normal limit

Di Petta, 
2005 Italy Clinical 

trial Polydrugs
BUP (average 
dose 28 mg) 

treatment group

M:610
F:40

Average
30

Sublingual
3o months No change in the 

liver function.

Lofwall, 
2005 USA Clinical 

trial Opioid

BUP (average 
dose 8.9 mg) 

treatment group

M:57
F:27 32.5± 

5.7

Sublingual
16 weeks There is no 

evidence that BUP 
is selectively related 

to abnormal liver 
function compared 
with methadone.

Methadone 
(average dose 54 

mg) treatment 
group

M:59
F:21 32.7 ± 

6.0

Orally
16 weeks

Gerra,  
2006 Italy Clinical 

trial Heroin

Group 1: BUP 
(4mg)+naltrexone 
(50mg) treatment 

group

30 31.51± 
1.3

BUP: 
Sublingual
Naltrexone: 

Orally
12 weeks

No change in the 
liver function.

Group 2: 
Naltrexone (50 
mg) treatment 

group

30 30.29± 
0.92
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Di Petta, 
2005 Italy Clinical 

trial Polydrugs
BUP (average 
dose 28 mg) 

treatment group

M:610
F:40

Average
30

Sublingual
3o months No change in the 

liver function.

Lofwall, 
2005 USA Clinical 

trial Opioid

BUP (average 
dose 8.9 mg) 

treatment group

M:57
F:27 32.5± 

5.7

Sublingual
16 weeks There is no 

evidence that BUP 
is selectively related 

to abnormal liver 
function compared 
with methadone.

Methadone 
(average dose 54 

mg) treatment 
group

M:59
F:21 32.7 ± 

6.0

Orally
16 weeks

Gerra,  
2006 Italy Clinical 

trial Heroin

Group 1: BUP 
(4mg)+naltrexone 
(50mg) treatment 

group

30 31.51± 
1.3

BUP: 
Sublingual
Naltrexone: 

Orally
12 weeks

No change in the 
liver function.Group 2: 

Naltrexone (50 
mg) treatment 

group

30 30.29± 
0.92

Fiellin,  
2008 USA Clinical 

trial Opioid
BUP/NLX (16 to 
24 mg) treatment 

group

M: 43
F: 10 36± 9.4

Sublingual
2-5 year No change in the 

liver function.

Bogenschutz, 

2010 USA Clinical 
trial Opioid

BUP treatment 
group: 24 (31%) 
received 2 to 8 

mg and 53 (68%) 
received 9 to 14 

mg.

M:42
F: 32 19.14 ± 

1.4

Sublingual
12 weeks

No change in the 
liver function.Detox group: 20 

(27%) received 2 
to 8 mg, 43 (59%) 
received 9 to 16 

mg, and 10 (14%) 
received 17 to 24 

mg

M:48
F:30 19.2 ± 

1.6

Sublingual
2 weeks

Strain,  
2011 USA Clinical 

trial Heroin

Soluble-film BUP 
(16 mg) treatment 

group

M:14
F:4 40.5

Sublingual
5 days

One patient had 
normal liver 

function at baseline 
but at the end, he/

she had a significant 
increase

(3 times) in the 
upper limit of 

normal.
Follow-up liver 
function tests 
showed slight 

increase in AST 
(105 U/L).

BUP/NLX (16 
mg) treatment 

group

M:11
F:5 40.1
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Saxon, 
2013 USA Clinical 

trial Opioid BUP (24 ± 8.2) 
treatment group

M:242
F:98

39.3 ± 
11.3

Sublingual
24 weeks

9 (2.1%) of subjects 
had extreme 

increase in liver 
enzyme levels.

They were more 
likely to have 

both hepatitis C 
and hepatitis B 
seroconversion 
during the study

Al-
Tawil,  
2013

Sweden
Clinical 

trial - Younger group:  
BUP 

M:12
F:25 53.8±3.1 Transdermal 

patch
A transient increase 

in

5 μg/h) treatment 
as analgesic drug

2 weeks

liver enzymes for 
two participants
in the younger 

age group, which 
returned to normal 

at the end.

Elderly group: 
BUP 

(5 μg/h) treatment 
as analgesic drug

M: 8
F:29 78.7 ± 

3.3

Haight, 
2019 USA Clinical 

trial Opioid

Two groups under 
BUP-XR

Group 1:  six 
doses of BUP-XR 

300
Group 2:  two 

doses of BUP-XR 
300 mg followed 
by four doses of 
BUP-XR 100 mg

Group1:
M:132
F:64

Group2:
M:128
F:66

18-65
Subcutaneous 
injection for 

28 days

Increased liver 
enzymes for some 
individuals without 

liver injury

Ciftci 
Demirci, 

2015
USA Case 

Series Heroin

BUP/NLX 
(4.79±1.76 mg/
day) treatment 

group

59 17.25±0.81
Sublingual

8 weeks

The liver enzyme 
levels at weeks 
2 and 4 were 

significantly higher 
than the baseline

No change in liver 
function at week 8.

Fareed,   
2017 USA Cross-

sectional
BUP (23± 9 mg) 
treatment group M:31 47±13

Sublingual
6 year No change in liver 

function.
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The results of RCT studies conducted by 
Lofwall et al. (2005), Di Petta & Leonardi 
(2005), Gerra et al. (2006), Fiellin et al. (2008), 
Bogenschutz et al. (2010), Al-Tawil et al. (2013), 
and Haight et al., (2019) did not report BUP 
hepatotoxicity in any patient (40-44). Lofwall 
et al. (2005) assessed the liver consequence of 
BUP and oral methadone in 164 opioid-depen-
dent patients (84 receiving BUP and 80 receiving 
methadone). All patients had normal baseline 
AST levels. However, 39.6% (n=19) of the BUP 
and 26.2% (n = 11) of the methadone-treated 
patients showed an increase in AST level during 
treatment. Twenty-five patients had abnormal 
levels of ALT at baseline (13 patients in the BUP 
group and 12 patients in the methadone group). 
Specifically, 17 out of 43 patients under BUP 
treatment (39.5%) and 11 out of 40 patients 
under methadone treatment (27.5%) showed 
an elevation in ALT level. These increases may 
be associated with other factors such as infec-
tious diseases, illicit drugs, alcohol consumption, 
environmental pollutants, and chronic diseases. 
They suggested that the abnormality in the 
liver enzymes was not induced by BUP and 
methadone (45). Di Petta & Leonardi (2005) 
conducted an RCT to evaluate the efficacy and 
safety of high-dose sublingual BUP tablets in 
650 addicted individuals with previous meth-
adone treatment. The subjects included in the 
study had no history of acute or chronic liver 
diseases. Liver function was normal in all 
patients (46). Gerra et al. (2006) determined the 
impact of 50 mg oral naltrexone daily (Nalorex) 
as well as 50 mg oral naltrexone plus BUP (4 mg 
sublingual) on the levels of liver enzymes in 60 
heroin-addicted individuals who were divided 
into two groups for 12 weeks. The liver function 
did not change in any subject (42). Fiellin et 
al. (2008) evaluated the effect of BUP/NLX on 
the liver function of 53 opioid patients with a 
normal liver enzyme at the baseline. BUP admin-
istration was performed at 16 mg/d and 24 mg/d 
doses and serum levels of liver enzymes were 
analyzed every 12 weeks. Result showed that

the liver function did not change in any patient 
(43). Bogenschutz et al. (2010) assessed alter-
ations in the serum levels of transaminase 
related to BUP medication. Twenty-eight out 
of 152 patients were found hepatitis C (HCV) 
positive at baseline, with four subjects being 
seroconverted within 12 weeks in each group. 
The participants were randomized into groups 
including 2-week detoxification with BUP/
NLX (DETOX) or 12 weeks of BUP/NLX 
(BUP) treatment. The levels of transaminases 
were analyzed at baseline, 4, 8, and 12 weeks. 
HCV status was significantly related to ALT 
and AST levels. HCV status affected ALT and 
AST levels in subjects in the DETOX group but 
not in the BUP group. The increase was 5 times 
greater than the upper limit of the normal range. 
They did not find evidence of hepatotoxicity by 
BUP in any group (44). Al-Tawil et al. (2013) 
conducted an open-label RCT to study BUP 
transdermal patches for treating pain in healthy 
elderly (≥75 years) and younger (50–60 years) 
individuals (37 participants in each group). The 
subjects received BUP 5 μg/h transdermal patch 
for two weeks. No hepatotoxicity was reported 
in this study (45). An RCT (phase 3 trial) was 
conducted at 36 treatment centers in the USA 
on adults of 18-65 years who received BUP-XR 
(extended-release BUP) at dose 300 mg/300 
mg (n= 203) and dose 300 mg/100 mg (n=201) 
for 28 days. Although elevation in the levels of 
liver enzymes was observed for some individ-
uals under BUP-XR treatment, BUP could not 
cause liver damage (46). However, four studies 
Lange et al. (48), Assadi et al. (2004)(49), Strain 
et al. (2011)(50), and Saxon et al. (2013)(51) 
reported hepatotoxicity under BUP treatment. 
Lange et al. (1990) recruited 18 heroin-depen-
dent addicts without a clinical symptom of liver 
disease and divided them into two BUP interven-
tion groups. All patients completed the treatment 
course (36 days), and were followed for 4 weeks 
after discharge. They reported elevated serum 
levels of aminotransferase enzymes (AST or 
ALT) in some patients under BUP treatment.
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However, those elevations could not be directly 
related to BUP treatment (47). Assadi et al. 
(2004)(35) randomized 40 opioid-addicted 
patients in two BUP-treated groups. Twenty 
patients have been treated with BUP at a dose 
of 12 mg in 8 divided doses for 24 h (experi-
mental group), while 20 patients received the 
following: 3 mg/day on day 1; 3 mg/day on day 
2; 2.7 mg/day on day 3; 1.2 mg/day on day 4; 
0.6 mg/day on day five within 24 h (conventional 
group) for five days. No patient had abnormal 
ALT, while five patients had AST levels above 
the upper limit in the experimental group. Also, 
five patients had ALT levels above the normal 
range in the conventional group (48). Strain et al. 
(2011) evaluated liver function in 34 opioid-de-
pendent subjects. They divided patients into BUP 
and BUP/NLX film-treated groups. Patients 
received either BUP  (16 mg) or BUP/NLX (16/4 
mg) for five days. Liver enzymes did not change 
after the treatment (49). Saxon et al. (2013) 
conducted an RCT study with four phases to 
assess the liver outcomes in patients treated with 
BUP/NLX or methadone. A total of 1,269 partic-
ipants were randomly assigned to two treated 
groups: firstly, at a 1:1 ratio and later at a 2:1 
BUP/NLX: MET ratio. The subjects adminis-
trated for 24 weeks, and liver enzymes assessed 
eight times in this period. Nine participants in 
the BUP group and 15 participants in the metha-
done group showed elevated liver enzyme levels.

Discussion 
Buprenorphine undergoes extensive first pass 

hepatic extraction and is metabolized primarily 
by the cytochrome P450 system (CYP 3A4)(51). 
BUP is well tolerated at recommended sublin-
gual dosages, while some individuals have an 
increase in blood alanine aminotransferase (ALT) 
activity (52). The risk of diversion and toxic-
ity of opioid prescription drugs, including BUP,
causes significant concerns (53). There are two 
possible molecular pathways for buprenorphine-in-
duced toxicity. First, BUP is a lipophilic tertiary 
amine (54). Several such drugs are taken up by

mitochondria and impair fatty acid b-oxidation 
and/or mitochondrial energy production, causing 
adenosine triphosphate (ATP) depletion and cell 
death (55). Second, BUP depletes cellular gluta-
thione (GSH) in cultured human hepatocytes (56). 
Although the Food and Drug Administration 
(FDA) approved the safety of BUP, data about 
its safety in liver is controversial (57). This 
literature review investigated the effects of BUP 
therapy on the liver function in opioid-dependent 
subjects without liver diseases.  According to our 
research, there was no strong evidence confirm-
ing the association between BUP administration 
and increased liver enzyme levels (58, 59). 
However, some clinical studies indicated liver 
injury in BUP-treated patients. Hepatotoxicity 
was found only in patients who had a history 
of hepatitis C or hepatitis B seroconversion (60, 
61). Additionally, Ciftci Demirci et al. found 
an increase in the liver enzymes in the partici-
pants after 2 and 4 weeks, but the liver enzymes 
returned to the normal range after 8 weeks. In 
their study, 60% of patients used psychoac-
tive drugs so the interaction between BUP and 
psychoactive drugs may have been the cause of 
transient elevation of liver enzymes in their study 
(9). Although Lange et al. reported that 71% 
of patients had elevated ALT and AST levels, 
they did not report any clinical signs or symp-
toms related to liver injury in BUP users. They 
declared that those increases could not be directly 
associated with buprenorphine. The articles
selected in the present study were conducted on 
patients without a history of liver diseases, and 
our findings did not indicate the hepatotoxicity of 
BUP. However, it was reported that BUP admin-
istration in patients with viral infections could 
trigger liver dysfunction and hepatitis. Viral 
hepatitis such as Hepatitis B and C were more 
implicated, and anti-HCV antibodies or posi-
tive HCV-RNA were positive in some patients. 
It is suggested that BUP could trigger hepatitis 
in a few patients whose mitochondrial function 
is already deteriorated by other toxic factors. 
Furthermore, Herve et al. (2004) observed that 
cytolysis and jaundice in their study patients 
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improved quickly in all subjects, and ALT levels 
returned to the normal range during the third 
week of the monitoring period. It seems that BUP 
can cause liver failure in susceptible patients,
possibly through direct mitochondrial toxicity 
(62).  Although a higher risk of hepatotoxicity 
in HCV carrier patients under BUP therapy has 
been found, there is not sufficient evidence for 
this association. In patients under treatment 
with BUP with positive HCV, mitochondrial 
dysfunction induced by viral infection caused 
an increased risk of hepatotoxicity (60). In 
conclusion, although the association between 
BUP administration and hepatitis is not clear, 
monitoring of liver function should be improved 
in patients with mitochondrial dysfunction 
induced by viral infections or other toxic factors.

Conclusion
No strong evidence was found for hepa-

totoxicity of BUP in this study. Elevation in 
the liver enzyme levels in some patients may 
be related to other factors such as infectious 
diseases, illicit drugs, alcohol consumption, 
environmental pollutants, and chronic diseases. 
More experimental and clinical studies 
should be conducted to address this question.
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