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ABSTRACT

ARTICLE HISTORY

Context: Ibogaine is a psychoactive indole alkaloid found in the African rainforest shrub Tabernanthe
Iboga. It is unlicensed but used in the treatment of drug and alcohol addiction. However, reports
of ibogaine’s toxicity are cause for concern. Objectives: To review ibogaine’s pharmacokinetics
and pharmacodynamics, mechanisms of action and reported toxicity. Methods: A search of the literature
available on PubMed was done, using the keywords ‘‘ibogaine’’ and ‘‘noribogaine’’. The search criteria
were ‘‘mechanism of action’’, ‘‘pharmacokinetics’’, ‘‘pharmacodynamics’’, ‘‘neurotransmitters’’, ‘‘toxicology’’, ‘‘toxicity’’, ‘‘cardiac’’, ‘‘neurotoxic’’, ‘‘human data’’, ‘‘animal data’’, ‘‘addiction’’, ‘‘anti-addictive’’,
‘‘withdrawal’’, ‘‘death’’ and ‘‘fatalities’’. The searches identified 382 unique references, of which 156
involved human data. Further research revealed 14 detailed toxicological case reports.
Pharmacokinetics and pharmacodynamics: Ibogaine is metabolized mainly by CYP2D6 to the primary
metabolite noribogaine (10-hydroxyibogamine). Noribogaine is present in clinically relevant concentrations for days, long after ibogaine has been cleared. Mechanisms of action: Ibogaine and noribogaine
interact with multiple neurotransmitter systems. They show micromolar affinity for N-methyl-D-aspartate
(NMDA), k- and m-opioid receptors and sigma-2 receptor sites. Furthermore, ibogaine has been shown to
interact with the acetylcholine, serotonin and dopamine systems; it alters the expression of several
proteins including substance P, brain-derived neurotrophic factor (BDNF), c-fos and egr-1. Neurotoxicity:
Neurodegeneration was shown in rats, probably mediated by stimulation of the inferior olive, which has
excitotoxic effects on Purkinje cells in the cerebellum. Neurotoxic effects of ibogaine may not be directly
relevant to its anti-addictive properties, as no signs of neurotoxicity were found following doses lower
than 25 mg/kg intra-peritoneal in rats. Noribogaine might be less neurotoxic than ibogaine.
Cardiotoxicity: Ether-a-go-go-related gene (hERG) potassium channels in the heart might play a crucial
role in ibogaine’s cardiotoxicity, as hERG channels are vital in the repolarization phase of cardiac action
potentials and blockade by ibogaine delays this repolarization, resulting in QT (time interval between the
start of the Q wave and the end of the T wave in the electrical cycle of the heart) interval prolongation
and, subsequently, in arrhythmias and sudden cardiac arrest. Twenty-seven fatalities have been reported
following the ingestion of ibogaine, and pre-existing cardiovascular conditions have been implicated in
the death of individuals for which post-mortem data were available. However, in this review, 8 case
reports are presented which suggest that ibogaine caused ventricular tachyarrhythmias and prolongation of the QT interval in individuals without any pre-existing cardiovascular condition or family history.
Noribogaine appears at least as harmful to cardiac functioning as ibogaine. Toxicity from drug–drug
interaction: Polymorphism in the CYP2D6 enzyme can influence blood concentrations of both ibogaine
and its primary metabolite, which may have implications when a patient is taking other medication that
is subject to significant CYP2D6 metabolism. Conclusions: Alternative therapists and drug users are still
using iboga extract, root scrapings, and ibogaine hydrochloride to treat drug addiction. With limited
medical supervision, these are risky experiments and more ibogaine-related deaths are likely to occur,
particularly in those with pre-existing cardiac conditions and those taking concurrent medications.
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Introduction
Ibogaine is a psychoactive indole alkaloid derived from the
root bark of the African rainforest shrub Tabernanthe Iboga
that is native to Central-West Africa (Figure 1). Ibogaine was
first isolated from the iboga root in 1901.[1] Although
ibogaine was recommended for a number of indications
such as the treatment of convalescence, neurasthenia and
trypanosomiasis, it was never widely used in a clinical setting
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and did not receive much attention from the scientific
community for several decades.[1–3] However, an extract of
the relative plant Tabernanthe Manii was sold in France during
the 1930s under the name Lambarène and remained on the
market until 1970. During that year, ibogaine became a
Schedule I controlled substance in the USA and later in other
countries. The Lambarène extract contained 8 mg of ibogaine
per tablet and was recommended for combating fatigue,
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depression, asthenia and the recovery from infectious diseases.[1–4]
In the 1940s, several articles were published about the
pharmacological properties of ibogaine on the cardiovascular
system and isolated tissues.[4] The anti-addictive properties of
ibogaine were first reported in 1963 when a group of drug
experimenters, of whom nine were addicted to opioids,
engaged in an ibogaine experiment in a non-clinical setting.[3]
None of the group members had any knowledge about its
effects. The opioid-dependent group members noted an
apparent effect on withdrawal symptoms.[3,4]
This led subsequently to patents being filed for the use of
ibogaine in abuse due to opioids (1985), stimulants and
cocaine (1986), alcohol (1989), nicotine (1991) and polysubstances (1992). In these patents, it was claimed that a
single oral or rectal dose of ibogaine 4–25 mg interrupted
addictive behaviour for 6–36 months.[5]
In 2006, it was estimated that 3414 individuals had taken
ibogaine, this was a 4-fold increase compared to five years
earlier.[6] A large percentage of the users had taken ibogaine

for treatment of a substance-related disorder (68%) and more
than half specifically for opioid withdrawal (53%). The ibogaine
employed is often the purified ibogaine hydrochloride (up to
98% purity) from extracts of the root bark.[1]
Since the alleged anti-addictive properties of ibogaine
were discovered, there have been a vast number of animal
studies, but little research in humans. More recently, after some
serious incidents have been described in the media, there has
been increasing concern about the toxicity of ibogaine for
humans.
This review will focus on the pharmacokinetic and
pharmacodynamic profiles of ibogaine, its possible mechanisms of action as well as the reported toxicity in humans.

Methods
A search of the literature available on PubMed was done, using
the keywords ‘‘ibogaine’’ and ‘‘noribogaine’’. The search criteria
were ‘‘mechanism of action’’, ‘‘pharmacokinetics’’, ‘‘pharmacodynamics’’, ‘‘neurotransmitters’’, ‘‘toxicology’’, ‘‘toxicity’’, ‘‘cardiac’’, ‘‘neurotoxic’’, ‘‘human data’’, ‘‘animal data’’, ‘‘addiction’’,
‘‘anti-addictive’’, ‘‘withdrawal’’, ‘‘death’’ and ‘‘fatalities’’. These
searches identified 382 unique references, and 38 were related
to toxicology (animal and human). 156 of the 382 references
were related to human data and further research revealed 14
original clinical and toxicological case reports. Four case
reports were excluded because they were forensic reports
about fatalities and contained no reliable information on
clinical course or cause of death.

Pharmacokinetics
Ibogaine (10-methoxyibogamine) is metabolized mainly by
CYP2D6 (Figure 2) to the primary metabolite noribogaine (10hydroxyibogamine), which also has psychoactive properties
and its own pharmacological profile (Table 1).[7,8] CYP2C9 and
CYP3A4 also contribute to the conversion of ibogaine to
noribogaine. Noribogaine was found in the blood 15 min after
Table 1. Affinity of ibogaine and noribogaine for receptor sites (ki values).

 opioid
m opioid
D opioid
NDMA
Sigma 1
Sigma 2
Dopamine transporter
Serotonin transporter
Nicotinic
Figure 1. The Tabernanthe Iboga shrub.

Figure 2. Structure of ibogaine and its metabolite noribogaine, R ¼ H.

Adapted from Mash et al.[2]

Ibogaine

Noribogaine

2–4 mM
10–100 mM
4100 mM
1–3 mM
9 mM
0.09–0.2 mM
2 mM
0.5 mM
0.02 mM

0.6–1 mM
3 mM
25 mM
6 mM
15 mM
5 mM
2 mM
0.04 mM
1.5 mM
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administration of ibogaine.[8] From the limited pharmacokinetic studies in humans, it has become clear that a polymorphism in the CYP2D6 enzyme can influence blood
concentrations of both ibogaine and its primary metabolite,[8]
which may have implications when a patient is taking other
medication that is subject to significant CYP2D6 metabolism
(see later).
A half-life value in humans for ibogaine of 7.45 h was
determined in CYP2D6 extensive metabolizers.[8] In a study in
human volunteers, noribogaine was administered in various
doses (3, 10, 30 and 60 mg), and the mean plasma elimination
was 28–49 h across dose groups,[9] thereby confirming that
noribogaine has a much longer half-life. Thus, noribogaine is
present in relevant concentrations, long after ibogaine has
been cleared.
Both Ibogaine and noribogaine are highly lipophilic which
leads to high concentrations of these compounds in brain and
fat tissue. A post-mortem analysis of a person who died from
iboga poisoning revealed particularly high concentrations of
ibogaine and noribogaine in liver, spleen, lung and brain.[10] In
this particular individual an exceptionally high ratio of ibogaine
to noribogaine was found and the time of death was estimated
to be 53 h after last intake. Normally, noribogaine concentrations are expected to exceed ibogaine blood concentrations,
because of the slower clearance rate of noribogaine. This may
indicate that this particular case involved a slow metabolizer
CYP2D6 type that may have played a role.

Mechanisms of action
Ibogaine’s effects result from a complex interaction with
multiple neurotransmitter systems rather than predominant
activity within a single neurotransmitter system. Ibogaine
shows micromolar affinity for N-methyl-D-aspartate (NMDA), kand m-opioid receptors and sigma-2 receptor sites.[11]
Furthermore, ibogaine has been shown to interact with the
acetylcholine, serotonin and dopamine systems and alters the
expression of several proteins including substance P, brainderived neurotrophic factor (BDNF), c-fos and egr-1.[4,12]
Additionally, its primary metabolite noribogaine has its own
unique pharmacological profile.[13]
Ibogaine is a competitive antagonist of NMDA receptorcoupled ion channels at micromolar concentrations,[4] and
there is evidence to suggest that the NMDA receptor system
also has a modulatory effect on the actions of addictive drugs.
Antagonists acting at the NMDA receptor suppress symptoms
of morphine withdrawal in animal experiments.[14] In addition,
binding of ibogaine-to-k-opioid receptors, located on the
presynaptic dopamine terminals of the striatum, may also be
involved its anti-addictive effects.[15] Pretreatment with ibogaine was shown to double the rise of dynorphin A concentrations in striatum, substantia nigra and nucleus accumbens in
response to cocaine.[16] Dynorphin A concentrations are
thought to be associated with dysphoric effects caused by
excessive cocaine use via stimulation of k-opioid sites and high
concentrations may therefore cause aversion to cocaine.[16,17]
He et al. [18] have ascribed ibogaine’s long-term effects on
alcohol consumption to an increase in glial cell line-derived
neurotrophic factor (GDNF) transcription. In studies with rats it
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was found that ibogaine increases GDNF concentrations in
midbrain regions, including the ventral tegmental area
(VTA).[19] GDNF is known to promote regrowth and survival
of dopaminergic neurons following injury, and is essential for
the survival and maintenance of adult dopaminergic neurons.
These findings raise the possibility that ibogaine (partly)
restores pre-addiction dopaminergic functioning through
increased GDNF transcription. GDNF may have a regulatory
role in substance-use disorders, including alcohol, psychostimulants and opioids.[19]

Neurotoxicity
Experimental studies
In 1993, O’Hearn et al. [20] reported that they had observed
degeneration of Purkinje cells following the administration of
ibogaine 100 mg/kg or three doses of 100 mg/kg to rats.
Neurodegeneration from ibogaine is probably mediated by
stimulation of the inferior olive which has excitotoxic effects on
Purkinje cells in the cerebellum.[21] In a study [22] involving
rats that were given ibogaine 100–300 mg/kg (as in O’Hearn
et al. [20]) and a 40-mg/kg dose (that attenuated withdrawal
signs), the neurotoxic effects of ibogaine (degeneration in the
intermediate and lateral cerebellum and the vermi) were
observed at the 100-mg/kg dose, but no signs of neurotoxicity
were found following the 40-mg/kg single dose (using a Fink–
Heimer II stain to assess for Purkinje cell degeneration).
In a dose-response study by Xu et al. [23] ibogaine was
found to cause neurodegeneration at a 50-, 75- and 100-mg/kg
dose intra-peritoneal in rats, but no signs of neurotoxicity were
present at 25 mg/kg. Chronic administration of ibogaine
10 mg/kg did not induce Purkinje cell loss.[24]
Ibogaine caused tremors for several hours following administration in rats.[25] Ibogaine-induced tremors show much
similarity with harmaline-induced tremors, a plant-derived
compound that is chemically related to ibogaine. Both
harmaline- and ibogaine-induced tremors appear to be the
result of stimulation of olivo-cerebellar pathways.[21,26] This
indicates that tremors may be an early indicator of inferior
olive-mediated neurotoxicity in the cerebellum. However, mice
also displayed tremors after ibogaine administration,[27] without neurodegeneration.
The finding that these tremors are only briefly present
indicate that the tremorigenic activity is more likely to be
ibogaine rather than noribogaine mediated. It has been
suggested that noribogaine may be less neurotoxic than its
parent compound ibogaine. This hypothesis is supported by
the finding that the LD50 value for noribogaine is 2.4 times
lower than the LD50 value for ibogaine in mice.[28]

Human studies
As tremors in rats are associated with stimulation of the inferior
olive,[21,26] it could be that ibogaine may also be neurotoxic
in humans at therapeutic dosages. It is unclear whether the
olivo-cerebellar organization in humans is similar to that of
mice or rats. Some evidence of ibogaine being less neurotoxic

2013; 29
Patient expired after
2 d of intensive care
Supraventricular
tachycardia
Ibogaine

None
Ibogaine,
methadone

N.A.

None

No more VT after 10 d, prolonged QT
2012; 33
remained, patient discharged
Several defibrillations eventually resolved QT 2013; 30
and cardiac symptoms, patient discharged
VTs occurred during the first 2 d, prolonged 2012; 41
QT interval until 9th day of admission,
patient discharged
None

None
Unknown

None
Absence other
substances

2.5 g
M
25

3h

M
33

unknown 0.6 g

M
unknown

unknown 7 g

unknown
M
49

1–2 d

F
31

unknown 3.8 g

M
39

5h

7g

Bradycardia (55 b/m), polymorphic GCS score 14, multiple
VT, prolonged QT interval
seizures,
(640 ms on day one, 730 ms on
electrolytes normal
day 2)
range
VT, prolonged QT interval (616 ms) Electrolyte imbalance,
nausea
VT, prolonged QT interval (4700 Electrolyte imbalance,
ms)
nausea
Cardiac arrest, VT, prolonged QT Tonic-clonic seizures
interval (600 ms)
VT during micturition, prolonged
QT interval (460 ms,
after amiodarone treatment up
to 593 ms)
Cardiopulmonary arrest
Ataxia, muscle spasms,
fever, decorticate
posturing

Opioids

2009; 31

2015; 42

2015; 32
2014; 34

Patient discharged 24 h after admission
Prolonged QT 32 h after defibrillation, patient
awoke from coma weeks later with cognitive deficits
3 h after admission episodes of pulseless
polymorphic VT, isoproterenol treatment
didn’t resolve bradycardia, no more VT
after 72 h, patient discharged at day 7
QT normalized after 42 h, patient discharged
None
None, previously
normal ECG
Ibogaine
Ibogaine
VT, prolonged QT interval (527 ms) Ataxia, vomiting, tremors
Cardiac arrest, VT, prolonged QT Coma (GCS score 3),
interval (663 ms)
seizures
3.8 g
2.4 g
7.5 h
5h
M
M

A rise in blood pressure and a decline in pulse rate have been
recorded 1–5 h after ibogaine administration in several patients
following doses of 10–25 mg/kg.[3]
A fatality resulting from acute heart failure has been
described.[1] The deceased was reported to have suffered
prior infarction of the left ventricle, had severe atherosclerotic
changes and 70–80% stenosis of all major coronary artery
branches. The autopsy report suggested the possibility of an
interaction between ibogaine and pre-existing conditions.
In a recent review of ibogaine fatalities, it was concluded
that pre-existing medical conditions, mainly cardiovascular,
were an important factor contributing to the death of
individuals for which adequate post-mortem data were available.[36] Some 27 fatalities have been reported associated with
ingestion of ibogaine or iboga.[10,29,36–40] In a recent
forensic case series report,[36] 19 fatalities were described in
detail, of which at least 9 could be attributed to cardiotoxicity.
Features included cardiomyopathy, myocardial infarct, arrhythmias and cardiac hypertrophy. In several cases patients had
pre-existing cardiac problems. An interesting finding was the
fact that some fatalities occurred many hours to even days
after the ingestion of ibogaine,[36] which could imply that
noribogaine is at least as cardiotoxic as ibogaine, or that the
deaths were not due to ibogaine/iboga-induced cardiotoxicity.
Maas and Strubelt [37] have suggested that during a phase
of the ‘‘ibogaine experience’’, where participants experience
‘‘visions’’, there is a parasympathetic dominance which

Table 2. Clinical case reports of cardiac abnormalities after ibogaine ingestion.[29–34,41,42]

Human studies

Cardiac symptoms

Cardiotoxicity

Other clinical symptoms

Toxicological
analysis

Medical
history/family
history

Duration and clinical course

in humans comes from a pathological evaluation of a fatality
and some studies with primates reported later.
An autopsy was performed on a woman who had received
four doses of ibogaine (10–30 mg/kg) over a period of 15
months, the last administration being approximately 25 d prior
to her death of natural causes.[2] There were no signs of
damage to the cerebellum and her Purkinje cells were normal.
Following ibogaine administration under open-label conditions in 30 drug-dependent subjects using three fixed-dose
regiments of 500 , 600 and 800 mg, early nausea and mild
tremors were reported frequently.[2] Many neurological symptoms have also been reported in case reports;[29–34] the most
prevalent were ataxia, muscle spasms, tonic–clonic seizures
and severe nausea (Table 2). In one case, permanent cognitive
deficits and loss of vision remained for weeks after hospitalization.[34] Another case demonstrated encephalopathy of
unknown origin.[33] In both cases, it was concluded that
neurological deficits might have been due to hypoxia during
ibogaine-induced respiratory depression and coma.
One study described three different patients suffering from
grandiose delusions, sleeplessness, hallucinations and prominent manic disorder for days to weeks following ingestion of
ibogaine.[35] Two of these patients used ibogaine as treatment
for their opiate addiction, but otherwise none of them had any
previous history of psychotic disorders or relevant medical
family history. It remains unclear if any long-term neurological
damage occurred in these patients.
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protects the cardiac system. The risk is thought to be highest in
the period afterwards. In Gabon, where iboga is taken in a
religious context, a period of at least 3 d following ingestion of
iboga is considered a critical period. During this period, a
person undergoing iboga therapy should remain under observation and protected from sudden stress to avoid sympathetic
overstimulation. This is done by taking the person under the
influence of iboga out of daily life and creating a hypnotic
trance state which prevents sudden sympathetic reactions that
could endanger the heart.[37]
The hypothesis that cardiac arrhythmias are responsible for
a number of ibogaine deaths finds further support in a welldescribed case report from 2009.[31] It was found that
ibogaine produced a severely prolonged QT interval (616
msec corrected for heart rate) and ventricular tachyarrhythmias
in a woman who had ingested 3.5 grams of 15% iboga extract
for the treatment of her alcohol addiction. This individual did
not have any further pre-existing medical problems or family
history of cardiac-rhythm abnormalities. During admission to
the intensive care unit, the QT interval normalized at 42 h, and
the patient was subsequently discharged fully recovered. The
authors concluded that sudden deaths after ibogaine intake
can be ascribed to these cardiac-rhythm abnormalities and
they recommended continuous electrocardiographic monitoring while undergoing ibogaine therapy. In recent years,
many case reports have been published describing
similar cardiotoxicity in patients who ingested ibogaine
(Table 2).[29–34,41,42] Except for one,[29] none of these
cases had any pre-existing medical problems or family history
of cardiac-rhythm abnormalities.
Although evidence for ibogaine’s cardiotoxic effects has
been accumulating, ibogaine and noribogaine appear to have
been well-tolerated in open-label trials.[8,9,43] This discrepancy could be explained by the fact that doses of ibogaine
used in the case reports of cardiotoxicity are higher than those
described in the open-label trials. For instance, Mash et al. [44]
used fixed doses of ibogaine hydrochloride 500 , 600 or
800 mg in their trial. In other studies, ibogaine/noribogaine
was administered in even much lower doses (3 , 10 , 30 and
60 mg).[9,43,45] In most case reports about cardiotoxicity,
ibogaine doses exceeded 2 g. Second, it was not always clear in
which form these doses were taken and whether it was purified
ibogaine. These are all likely factors to have played a role in
toxicity occurring or not.
Koenig and colleagues [46,47] have suggested a mechanism
by which ibogaine may cause cardiac arrhythmias. They found
that ibogaine inhibits ether-a-go-go-related gene (hERG)
potassium channels in the heart. These hERG channels are
vital in the repolarization phase of cardiac action potentials and
the blockade by ibogaine delays this repolarization, resulting in
QT interval prolongation and, subsequently, in arrhythmias and
sudden cardiac death. The doses by which ibogaine exerts this
inhibition of hERG channels are equivalent to the doses used to
treat drug addicts. They demonstrated that ibogaine also
inhibited human sodium and calcium currents in ventricular
cardiomyocytes and stated that the inhibitory effects on
human ion channels would also result in a prolongation of
the QT interval.
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Toxicity from drug–drug interactions
Another factor which cannot be excluded is the use of other
substances at the time of ibogaine treatment or shortly
after.[36] For instance, benzodiazepines or methadones have
also been detected in the blood of deceased victims.[36,38] It is
possible that there is an interaction between ibogaine and
other drugs or medications used.
Ibogaine reportedly enhances morphine’s analgesic effects
in morphine-tolerant mice.[48,49] If this lowering of tolerance
also occurs in humans, there is a higher probability of
overdosing when drug addicts return to using their drug of
abuse. As previously mentioned, the CYP2D6 metabolizer
status of subjects participating in ibogaine treatment may also
influence
blood
concentrations
of
ibogaine
and
noribogaine.[7,8]
In fact, a recent study confirmed an interaction between
other drugs that undergo breakdown by CYP2D6 and
ibogaine. A total of 21 healthy subjects who had been
pretreated for 6 d with placebo or the CYP2D6 inhibitor
paroxetine showed a 2-fold higher active moiety (ibogaine
plus noribogaine) in paroxetine-pretreated subjects.[43]
Polymorphisms in the CYP2D6 gene can significantly affect
blood concentrations of ibogaine and noribogaine. This led
to the conclusion that CYP2D6 poor metabolizers should
decrease their dose of ibogaine (which was 20 mg in this
study) to at least half. Another example pointing towards a
possibility of interaction was a person who expired after the
use of ibogaine and buprenorphine, which is metabolized
by CYP3A4, an enzyme that also contributes to ibogaine’s
degradation.[10,50] Buprenorphine may have caused slower
clearance of ibogaine.

Conclusions
Alternative therapists and drug users are still using iboga
extract, root scrapings and ibogaine hydrochloride to treat
drug addiction. With the poorly understood effects of the
extract and ibogaine alone, the limited medical supervision,
these are risky experiments and more ibogaine-related deaths
are likely to occur, particularly in those with pre-existing
cardiac conditions and those taking concurrent medications.
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