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Interactions of ‘club drugs’ with
HIV medication
There are concerns about the effects of drugs used by HIV-positive individuals on
antiretroviral medications because of issues relating to adherence as well as serious
drug interactions (Table A1).1,2 Case studies have been published on severe problems
caused by drug interactions3 and even death.4 Studies have also shown the immuno
suppressant effect of substances.5–7 Recreational drug use has consistently been
linked to lower rates of adherence to HIV medication,8,9 with especially low levels
among poly-drug users.10 There is also some evidence of a dose-response relationship
between the use of certain drugs and medication adherence which suggests that
binging or heavy use may have a particularly detrimental effect on medication
adherence,11 although this needs to be investigated further.
A major concern is the interaction of GHB/GBL with antiviral medications for
HIV-positive patients.1 Romanelli et al. say that HIV-positive patients who use GHB/
GBL must be warned about the potential dangers of a drug interaction with protease
inhibitors (especially ritonavir). This is because clearance of GHB is mediated partially
by systemic oxidation and partially by first-pass metabolism via the CYP450 system. In
the case report described by Romanelli et al. the inhibition of the CYP450 system by
ritonavir might explain this patient’s exaggerated response to the GHB. It illustrates
the potential adverse effects that may be seen when club drugs such as MDMA and
GHB are co-administered with antiretroviral, particularly protease inhibitors with
CYP450-inhibitive properties2 and possibly efavirenz.1
It has also been recommended that GHB/GBL be used with caution by HIV-positive
patients with predisposing seizure disorders or with opportunistic infections that
may lower seizure threshold (e.g. toxoplasmosis, cryptococcal meningitis) as GHB/
GBL may precipitate seizure-like activity. GHB/GBL use may also cause severe nausea,
vomiting and gastrointestinal-tract irritation, which will adversely affect absorption
of antiretroviral medication.2 There are also concerns about compliance with HIV
medication while intoxicated, especially during prolonged binges.2
The use of ketamine raises general issues of adherence to antiretroviral regimens and
cardiovascular effects of the drug may be deleterious among patients with underlying
heart disease or lipid abnormalities. As a substrate of the CYP450 system (specifically
3A4 and 2B6), ketamine may interact with certain antiretroviral medications,
particularly protease inhibitors and their boosters (ritonavir and cobicistat) as they are
characterised by CYP3A4- and CYP2B6-inhibitive properties.2 On the other hand, nonnucleoside reverse-transcriptase inhibitors ( NNRTIs ) like efavirenz and nevirapine
are inducers of CYP3A4 and 2B6 and lead to a decrease in ketamic effects. This may
lead individual to inject ketamine to avoid first-pass metabolism and maintained the
desired effects.
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Efavirenz

Antiretro
viral drug

Reduced effect of
ketamine

Reduced effect of
GBL/GHB

Unlikely to be
significant

Hypothetical
DDI outcome

Comments

Potential for ketamine
to be less effective and
for subjects to inject
it to increase effect
and avoid first pass
metabolism

None

Unlikely to interact
with ARVs

Efavirenz may reduce
ketamine systemic
exposure by CYP3A4
and CYP2B6 induction
(but may also inhbit
CYP2C9 and lead
to mild increases in
ketamine)

Potential DDI Efavirenz may
mechanism
reduce GHB
systemic exposure
by CYP3A4
induction

Reduced effect of
mephedrone
Potential for
mephedrone to be
less effective and for
subjects to inject it
to increase effect
and avoid first pass
metabolism

None

Unlikely to interact

Efavirenz may reduce
mephedrone systemic
exposure by CYP3A4
and UDP-glucuronyltranferases induction

Potential involvement
of CYP2D6 and CYP3A4
in mephedrone first
pass metabolism;
involvement of UDPglucuronyltransferase
as elimination pathways

First pass metabolism
by CYP2D6

Nitrous oxide (N2O)
is not metabolized
in human tissues
but is reductively
metabolized by
rat and human
intestinal bacteria to
molecular nitrogen
(N2). Therefore th
epotantial for DDI
with ARVs is very low

First pass
metabolism by
CYP2D6 and
CYP3A4; oxidation
to succinic acid

First-pass metabolism
by CYP3A4 (major),
CYP2B6 (minor), and
CYP2C9 (minor)

CD/PS
metabolism

Mephedrone

Metamphetamine

Nitrous oxide

Ketamine (and
methoxetamine)

GHB/GBL

Unlikely to be
significant

Potential minor
reduction of
MDMA effect

None or very
mild reduction
in MDMA
systemic
exposure
by CYP3A4
induction

First pass
metabolism by
CYP2D6 and
CYP3A4 (minor)

MDMA
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Table A1. Potential for drug–drug interactions (DDI) between the most commonly used antiretroviral (ARV) agents and
club drugs/psychoactive substances (CD/PS)
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Etravirine

Nevirapine

Etravirine may reduce
mephedrone systemic
exposure by CYP3A4
and UDP-glucuronyltranferases induction

Reduced effect of
mephedrone

None

None

Etravirine may reduce
ketamine systemic
exposure by CYP3A4
induction (but may
also inhbit CYP2C9
and lead to mild
increases in ketamine)
Potential reduced
effect of ketamine
(probably not as much
as with efavirenz and
nevirapine)

Potential DDI Etravirine may
mechanism
reduce GHB
systemic exposure
by CYP3A4
induction

Hypothetical
DDI outcome

Reduced effect of
GBL/GHB

Potential for
mephedrone to be
less effective and for
subjects to inject it
to increase effect
and avoid first pass
metabolism

Unlikely to interact

Nevirapine may reduce
mephedrone systemic
exposure by CYP3A4
and UDP-glucuronyltranferases induction

None

Potential for ketamine
to be less effective and
for subjects to inject
it to increase effect
and avoid first pass
metabolism

Unlikely to be
significant

Comments

Mephedrone

Metamphetamine

Reduced effect of
mephedrone

Reduced effect of
ketamine

Reduced effect of
GBL/GHB

Hypothetical
DDI outcome

Nitrous oxide

None

Nevirapine may reduce
ketamine systemic
exposure by CYP3A4
and CYP2B6 induction

Ketamine (and
methoxetamine)

Potential DDI Nevirapine may
mechanism
reduce GHB
systemic exposure
by CYP3A4
induction

GHB/GBL

Potential minor
reduction of
MDMA effect

None or very
mild reduction
in MDMA
systemic
exposure
by CYP3A4
induction

Unlikely to be
significant

Potential minor
reduction of
MDMA effect

None or very
mild reduction
in MDMA
systemic
exposure
by CYP3A4
induction

MDMA
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Ataznavir/
ritonavir

Inhibition of
CYP3A4 by
atazanvir and
especially
ritonavir
may lead to
increases in
MDMA exposure,
especially in
CYP2D6 slow
metabolizers,
where
alternative
metabolic routes
(i.e. CYP3A4)
may be utilized
Inhibition of CYP3A4
by atazanvir and
especially ritonavir may
lead to increases in
mephedrone exposure;
the role of ritonavir
induction on UDPglucuronyltranferases
(mephedrone
metabolite glucuronidation) remains unclear
and this is counterbalanced by atazanavir
inhbition of this
metabolic pathway
Atazanvir and low
dose ritonavir are
unlikely to affect
CYP2D6 metabolism.
However, CYP2D6
slow metabolizers,
alternative metabolic
routes (i.e. CYP3A4)
may be utilized and
the activity these is
inhbited by atazanavir
and ritonavir

Potential increased
systemic exposure
and toxicity of the
CD/PS in CYP2D6
slow metabolizers

Inhibition of CYP3A4,
CYP2B6 and CYP2C9
by ritonavir may
lead to increases in
ketamine exposure

Increased systemic
exposure and toxicity
of the CD/PS

Potential DDI Inhibition of
mechanism
CYP3A4 by
atazanvir and
especially ritonavir
may lead to
increases in GBL/
GHB exposure,
especially in
CYP2D6 slow
metabolizers,
where alternative
metabolic routes
(i.e. CYP3A4) may
be utilized

Hypothetical
DDI outcome

Increased systemic
exposure and
toxicity of the CD/
PS

Increased systemic
Potential
exposure and toxicity of increased
the CD/PS
systemic
exposure and
toxicity of the
CD/PS

Unlikely to be
significant

Potential for
mephedrone to be
less effective and for
subjects to inject it
to increase effect
and avoid first pass
metabolism

Unlikely to be
significant

Unlikely to interact

MDMA

Potential for ketamine
to be less effective and
for subjects to inject
it to increase effect
and avoid first pass
metabolism - impact
of CYP2C9 inhibition
versus CYP3A4
induction is unknown)

Comments

Nitrous oxide

Mephedrone

Ketamine (and
methoxetamine)

Metamphetamine

GHB/GBL
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Darunavir/
ritonavir

Although not
clinically proven,
individuals on
ritonavir boosted
protease inhibitors
should be warned
of the potential for
DDI with GBL/GHB

Hypothetical
DDI outcome

Increased systemic
exposure and
toxicity of the CD/
PS

Potential DDI Inhibition of
mechanism
CYP3A4 by ritonavir
may lead to
increases in GBL/
GHB exposure,
especially in
CYP2D6 slow
metabolizers,
where alternative
metabolic routes
(i.e. CYP3A4) may
be utilized

Comments

GHB/GBL

Inhibition
of CYP3A4
by ritonavir
may lead to
increases in
MDMA exposure,
especially in
CYP2D6 slow
metabolizers,
where
alternative
metabolic routes
(i.e. CYP3A4)
may be utilized
Inhibition of CYP3A4
by ritonavir may
lead to increases in
mephedrone exposure;
the role of ritonavir
induction on UDPglucuronyltranferases
(mephedrone
metabolite glucuronidation) remains unclear
Low dose ritonavir
is unlikely to affect
CYP2D6 metabolism.
However, CYP2D6
slow metabolizers,
alternative metabolic
routes (i.e. CYP3A4)
may be utilized and
the activity these is
inhbited ritonavir

Potential increased
systemic exposure
and toxicity of the
CD/PS in CYP2D6
slow metabolizers

Inhibition of CYP3A4,
CYP2B6 and CYP2C9
by ritonavir may
lead to increases in
ketamine exposure

Increased systemic
exposure and toxicity
of the CD/PS

Increased systemic
Potential
exposure and toxicity of increased
the CD/PS
systemic
exposure and
toxicity of the
CD/PS

Although not
clinically proven,
individuals
on ritonavir
boosted
protease
inhibitors should
be warned of
the potential for
DDI with MDMA

Although not clinically
proven, individuals
on ritonavir boosted
protease inhibitors
should be warned of
the potential for DDI
with mephedrone

Clinical significance
unclear

Although not clinically
proven, individuals
on ritonavir boosted
protease inhibitors
should be warned of
the potential for DDI
with ketamine

MDMA

Mephedrone

Nitrous oxide

Metamphetamine

Ketamine (and
methoxetamine)
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Inhibition of
CYP2D6 and
CYP3A4 by
cobicistat may
lead to increases
in MDMA
exposure
Inhibition of CYP2D6
and CYP3A4 by
cobicistat may
lead to increases in
mephedrone exposure

Inhibition of CYP2D6
by cobicistat may
lead to increases in
methamphetamine
exposure

Increased systemic
exposure and toxicity
of the CD/PS

Although not
clinically proven,
individuals on
cobicistat** should
be warned of the
potential for DDI with
methamphetamine

Inhibition of CYP3A4
and CYP2B6 (mild) by
cobicistat may lead to
increases in ketamine
exposure

Increased systemic
exposure and toxicity
of the CD/PS

Although not clinically
proven, individuals on
cobicistat** should
be warned of the
potential for DDI with
ketamine

Potential DDI Inhibition of
mechanism
CYP2D6 and
CYP3A4 by
cobicistat may lead
to increases in GBL/
GHB exposure

Increased systemic
exposure and
toxicity of the CD/
PS

Although not
clinically proven,
individuals on
cobicistat** should
be warned of the
potential for DDI
with GBL/GHB

Hypothetical
DDI outcome

Comments

Although not clinically
proven, individuals on
cobicistat** should
be warned of the
potential for DDI with
mephedrone

Although not
clinically proven,
individuals on
cobicistat**
should be
warned of the
potential for DDI
with MDMA

Increased systemic
Increased
exposure and toxicity of systemic
the CD/PS
exposure and
toxicity of the
CD/PS

Although not
clinically proven,
individuals
on ritonavir
boosted
protease
inhibitors should
be warned of
the potential for
DDI with MDMA

Although not clinically
proven, individuals
on ritonavir boosted
protease inhibitors
should be warned of
the potential for DDI
with mephedrone

Although not
clinically proven,
individuals on
ritonavir boosted
protease inhibitors
should be warned
of the potential for
DDI with GBL/GHB

Clinical significance
unclear

MDMA

Although not clinically
proven, individuals
on ritonavir boosted
protease inhibitors
should be warned of
the potential for DDI
with ketamine

Comments

Nitrous oxide

Mephedrone

Ketamine (and
methoxetamine)

Metamphetamine

GHB/GBL
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Note: The nucleoside reverse transcriptase inhibitor (NRTI) class, the non-NRTI rilpivirine, the integrase inhibitors raltegravir and dolutegravir, and the CCR5 receptor antagonist maraviroc have
not been included in the table because of the low potential for drug-drug interactions with club drugs/psychoactive substances.
**Cobicistat can be used as a booster for the integrase inihbitor elvitegravir and for the protease inhbitors atazanavir and darunavir

Elvitegravir/
cobicistat

Antiretro
viral drug
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