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A high-performance liquid chromatographic (HPLC) method with fluorimetric detection was developed for the simultaneous dete
f ibogaine and noribogaine in human plasma using fluorescein as internal standard. This method involved a solid phase extra
ompounds from plasma usingN-vinylpyrrolidone-divinybenzene copolymer cartridges. Separation of the three analytes was perform
eversed-phase Supelcosil C18 analytical column (75 mm× 4.6 mm i.d., 3�m particle size). The excitation wavelength was set at 230 n
he first 15.8 min and then at 440 nm for the following 14.2 min; the emission wavelength was set at 336 nm for the first 15.8 min a
14 nm for the following 14.2 min. Obtained from the method validation, inter-assay precision was 6.0–12.5% and accuracy was 9
he extraction efficiencies of the assay were higher than 94% and were constant across the calibration range. The lower limits of q
ere 0.89 ng/ml for ibogaine and 1 ng/ml for noribogaine; at these levels, precision was≤17% and accuracy was 95–105%. In this pa
xtensive stability testing was undertaken using a wide range of storage conditions. Special attention must be paid to sample hand

ight degradation of the compounds.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Ibogaine (12-methoxyibogamine, (6R,6aS,7S,9R)-7-ethyl-
-methoxy-6,6a,7,8,9,10,12,13-octahydro-5H-6,9-methano-
yrido[1′,2′:1,2]azepino[4,5-b]indole) is an indole alkaloid
erived from the bark of the root of the African shrub
abernanthe iboga, used as a medicinal and ceremonial
gent in West Central Africa[1]. Psychoactive properties
f ibogaine have been known for decades[2,3]. More
ecently, based on experimental data from animals and
necdotal reports from addict self-help groups, it has
een found that this drug has an efficacy in interrupting

∗ Corresponding author. Tel.: +33 4 67 54 80 75; fax: +33 4 67 54 80 75.
E-mail address:Fbressolle@aol.com (F. Bressolle).

addiction to ‘narcotics’ (morphine and heroin), coca
amphetamine, alcohol and nicotine[1,4–17]. Indeed
ibogaine interacts with multiple neurotransmitter syst
known to modulate drug addiction[15]. Despite suc
promising findings, the mechanism responsible for the
addictive properties of ibogaine remain unknown. Ibog
undergoes desmethylation to its principal metabolite, n
bogaine, or 12-hydroxyibogamine ((6R,6aS,7S,9R)-7-ethyl-
6,6a,7,8,9,10,12,13-octahydro-5H-6, 9-methanopyrido[1′,
2′:1,2]azepino[4,5-b]indol-2-ol). Very few studies hav
systematically evaluated the neurobiological effects
noribogaine in vivo. As ibogaine, this drug demonstrate
decrease morphine, cocaine and alcohol self-administr
in rat [1,15–17]. However, noribogaine appears less lik
to produce the adverse effects associated with ibog

570-0232/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2005.06.018
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Fig. 1. Structural formulae of ibogaine and noribogaine.

(i.e., tremors and stress-axis activation), suggesting that
the metabolite may be a safer alternative for medication
development [17]. Structures of these compounds are
presented inFig. 1.

To date, ibogaine was determined in complex mixtures
of T. ibogaand in biological matrices (brain homogenate,
urine and plasma) by spectrophotometry[18], thin-layer
chromatography[19] or gas chromatography (GC) with
flame ionization[19–21], nitrogen-specific[21] or mass-
spectrometric (electron impact or chemical ionization)
[22–25] detection. These methods involved liquid–liquid
or solid-phase extraction of the biological samples. Only
two of them reported the quantitation of ibogaine and
its 12-hydroxy metabolite[24,25]. Most of these meth-
ods involved a derivatization procedure. A method for
determining opiate agonists including ibogaine by liquid
chromatography-atmospheric-pressure chemical-ionization
mass spectrometry after solid-phase extraction without any
derivatization procedure has been also described[26]. This
method provided good results, but involved expensive equip-
ment and is not easily available for routine drug monitoring.
Moreover, only ibogaine was quantified and the possi-
ble interference with its metabolite was not studied by the
authors. Most of these published methods either did not report
assay validation or reported assay validation which were
incomplete.
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s
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validated according to validation procedures, parameters and
acceptance criteria based on USP XXIII guidelines and FDA
guidance[27–30]. Moreover, extensive stability testing was
undertaken using a wide range of storage conditions.

2. Experimental

2.1. Materials and reagents

Ibogaine hydrochloride (molecular weight, 346.9), fluo-
rescein sodium salt (internal standard) and trifluoroacetic acid
(TFA) were purchased from Sigma (St. Louis, MO, USA).
Noribogaine base was synthesized through the desmethy-
lation of ibogaine using a mixture of hydrobromic acid in
water (49%) and acetic acid (80:20, v/v)[31]. Ibogaine and
noribogaine were stored protected from light at routine room
temperature (20◦C). HPLC-grade acetonitrile, methanol and
acetic acid were purchased from Carlo Erba (Val de Reuil,
France).

Purified water was generated by a Milli-Q reagent water
system (Millipore corporation, Bedford, MA). Oasis HLB
cartridges (30 mg of sorbent, average particle diameter
30�m) were supplied by Waters (Saint Quentin, France).

For the validation of the method, blood samples from
healthy volunteers (Etablissement Franc¸ais du sang, Mont-
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This paper describes for the first time a specific,
ble, and sensitive high-performance liquid chromato
hy (HPLC) method with fluorimetric detection to quant
imultaneously, ibogaine and 12-hydroxyibogamine (Fig. 1)
n human plasma. This method has an enhanced pre
ue to the use of an internal standard (fluorescein). It
ellier, France) were collected in heparinized tubes
lasma was obtained by centrifugation at 1000×g for
0 min. Pooled drug-free plasma samples were aliqu

rozen at−20◦C, and then used during the study in the pre
ation of standards and quality control (QC) samples. E
atch of pooled drug-free plasma was obtained from 10
nteers.

Drug stock standard solutions were prepared by dis
ng accurately weighed quantities of ibogaine hydrochlo
r internal standard with purified water to give solutions c

aining 89.5 and 81 mg/l of free form equivalents of e
ompound, respectively. The noribogaine stock solutions
repared in methanol at concentrations of 100 mg/l. S
olutions were stored at 4◦C. For each compound, two se
rate stock standard solutions were prepared: one whic
sed for the preparation of the calibration curve stand
nd the second which was used for the preparation of qu
ontrol (QC) samples.

Stock solutions of ibogaine and noribogaine were dil
aily in purified water to obtain 12 working standards rang

rom 0.0224 to 44.7 mg/l and 0.025 to 50 mg/l, respectiv
hey were used to spike the plasma samples prior to ex

ion. The stock solution of fluorescein was diluted two-f
40.5 mg/l) in purified water before use.

Stock and working solutions of ibogaine and noribog
ere prepared in flasks protected from light.
A reference standard solution (22.4�g/l of ibogaine plus

5�g/l of noribogaine plus 8.1�g/l of internal standard) wa
repared daily in the mobile phase to check the resolutio

he chromatographic system.
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2.2. Instrumentation

The HPLC system consisted of the following components:
a model Spectra System P1000XR quaternary gradient pump
from Thermo Finnigan (San Jose, CA, USA) with a Rheodyne
loading valve (model 7010) fitted with a 20�l sample loop,
an oven (Iglo-cil, Cluzeau Info Labo, Sainte Foy la Grande,
France) and a stainless-steel column (75 mm× 4.6 mm i.d.,
Supelco, Bellefonte, PA, USA) packed with Supelcosil
C18 (3�m). The column effluent was monitored with a
Spectra System FL 3000 fluorescence detector (Thermo
Finnigan). The HPLC system was interfaced with an IBM
compatible-computer data station and controlled through
Thermo product PC 1000 software, which allowed post-
data analysis whilst allowing further on-line acquisition
of data.

2.3. Chromatographic conditions

The mobile phase consisted of a mixture of acetonitrile
(solvent A) and 1 ml/l TFA in water (solvent B, pH, 1.8) at a
flow rate of 0.7 ml/min.Table 1shows the variations in pro-
portions of solvents A and B. The solvents A and B were
filtered through a 0.2�m cellulose nitrate filter (Sartorius,
Goettingen, Germany) prior to use then degassed using a
S igan)
d
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33.6 and 134.2 ng/ml of ibogaine, and 2.5, 37.5 and 150 ng/ml
of noribogaine.

Before the solid-phase extraction (SPE) procedure, stan-
dards and QC samples previously vortex-mixed (10 s) were
incubated at 20◦C for 5 min, to allow a steady-state with the
matrix components.

2.5. Sample preparation

Plasma samples were subjected to a solid–liquid extrac-
tion for the removal of proteins and interfering components.
During the SPE procedure a protection of the products from
light was required. The SPE Oasis HLB cartridges were pre-
washed with 1 ml of methanol followed by 1 ml of purified
water. A 0.5 ml aliquot of plasma was mixed with 20�l of
internal standard solution (40.5 mg/l) and 0.5 ml of water
containing 100 ml/l acetic acid. The mixture was vortex-
mixed for 10 s and centrifuged (4◦C) for 10 min at 1500×g.
The supernatant was then loaded onto the conditioned
extraction column under a light vacuum (approximately
86 kPa) using a Vac Elut 20® (Varian, Les Ulis, France).
The extraction column was washed with 2× 1 ml of purified
water and was then dried for 2 min by vacuum aspiration
(approximately 27 kPa). The analytes were eluted from the
column with 2× 1 ml of methanol under a light vacuum
( ◦
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CM1000 vacuum membrane degasser (Thermo Finn
uring use. Chromatography was achieved at 30◦C. The

njected volume was 20�l. The excitation wavelength w
et at 230 nm for the first 15.8 min and then at 440 nm
he following 14.2 min; the emission wavelength was se
36 nm for the first 15.8 min and then at 514 nm for the

owing 14.2 min.

.4. Preparation of standards and controls

Standards and QC samples were prepared in
olypropylene tubes protected from light.

Human plasma standards were prepared by aliqu
ppropriate volumes of drug working solutions (20�l) into
.5 ml of blank plasma (drug-free) to produce a concentra
eries ranging from 0.89 to 179 ng/ml of ibogaine and
00 ng/ml of noribogaine. For each calibration curve, e
oncentrations were used.

Quality control (QC) samples were prepared as desc
bove by aliquoting appropriate volume of working stand
olutions into blank plasma to yield concentrations of 2

able 1
ariations in proportions of solvents A and B

ime Solvent A (%) Solvent B (%

0 17 83
7 17 83

20 60 40
23 100 0
25 100 0
27 17 83
approximately 86 kPa). The eluate was dried at 40C under
stream of nitrogen for 50 min. The dried residue

econstituted in 100�l of the mobile phase. An aliquot
0�l was injected onto the HPLC system via the Rheod

oop.

.6. Data analysis

Standard calibration curves were obtained f
nweighted least-squares linear regression analysis o
ata. The slope and intercept of the calibration graphs
etermined through linear regression of the drug-to-inte
tandard peak-area ratio versus drug concentration
formula: y=a+bx; where x= concentration andy= peak
rea). Individual peak-area ratios were then interpolare

he calibration graphs to determine values of concentr
ound (back-calculated concentration) as compare
oncentration added.

The quality of fit was evaluated by comparing ba
alculated concentrations to the nominal ones. The “L
f Fit” test was used to confirm the linearity of the meth
oreover, the back-calculated concentrations (CTEST) were

ompared to the theoretical concentrations (CREF), and the
ias (or mean predictor error) was computed as follows

ias= 1

n

i=n∑

i=1

[CTEST(i) − CREF(i)]

herei is the number of concentrations.
The 95% confidence interval for bias was also compu
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2.7. Validation

2.7.1. Specificity
The specificity of the method was investigated by ana-

lyzing 10 different batches of pooled blank human plasma
samples from healthy volunteers to determine whether
endogenous constituents coeluted with the different ana-
lytes. The retention times of endogenous compounds in the
matrix were compared with that of the compounds of interest.

Plasma samples (n= 10) from patients receiving other
drugs were analyzed for interference. The following drugs
were checked: morphine, codeine, methadone, cocaine,
buprenorphine and tramadol.

2.7.2. Precision and accuracy
Within-day and between-day precision and accuracy of

the assay were assessed by performing replicate analyses of
QC samples in plasma against a calibration curve. The pro-
cedure was repeated on different days on the same spiked
standards to determine between-day repeatability. Intra-day
repeatability was determined by treating spiked samples in
replicate the same day.

The accuracy was evaluated as [mean found concentra-
tion/theoretical concentration]× 100. Precision was given by
the percent relative standard deviation (R.S.D.).

2
ere

m stan-
d peak
o rence
s ntra-
t very
w s, the
m

2
(

s the
l ith a
R y
b

2

ide
r

ed
w 4
A rip-
l tion
( t 4
o nds
i tion
o /ml
w h

and at ordinary laboratory conditions (20◦C, with and with-
out daylight exposures) for 4 h. At selected time intervals,
a 20�l aliquot was injected into the analytical column. The
areas under the peaks of the stored samples were compared
with those obtained for the two compounds immediately after
preparation of the solution (reference values). Compounds
were considered stable when losses were less than 2%.

The stability of ibogaine and noribogaine in plasma and
at various steps of the analysis was explored to assess the
substance integrity throughout the procedure, starting from
sampling to processing in the laboratory. For stability studies
carried out in plasma, QC samples representing the low, mid-
dle and high concentrations (2.24, 33.6 and 134.2 ng/ml for
ibogaine, and 2.5, 37.5 and 150 ng/ml for noribogaine) were
used. QC samples were analyzed immediately after prepara-
tion (reference values) and after storage. Each determination
was performed in triplicate. Concentrations of each analyte
were determined against a calibration curve. The stability
assays were carried out as follows:

(i) The short-term stability of ibogaine and noribogaine was
assessed at 1, 2, 4 and 6 h after bench-top storage at
both ordinary laboratory temperature (20◦C and day-
light protection) and in a refrigerator at 4◦C.

(ii) The protocol was repeated after 15, 30 and 60 days
storage in a freezer at−20 and−80◦C. Prior to their
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.7.3. Extraction efficiency
Absolute recoveries of ibogaine and noribogaine w

easured three times at all concentrations of calibration
ards, based on the comparison of the areas under the
f the extracted samples with those of unextracted refe
tandard solutions containing the corresponding conce
ions prepared in the mobile phase. The extraction reco
as also computed for the internal standard. In all case
eans and standard deviations (S.D.) were calculated.

.7.4. Determination of the lower limit of quantitation
LLOQ)

The LLOQ estimated on QC samples was defined a
owest drug concentration which can be determined w
.S.D.≤ 20% and an accuracy of 100± 20% on a day-to-da
asis[27–30].

.8. Stability assays

Extensive stability testing was undertaken using a w
ange of storage conditions.

The stability of stock solutions of ibogaine in purifi
ater and noribogaine in methanol was determined at◦C.
ppropriately diluted stock solutions were injected in t

icate into the HPLC system immediately after prepara
reference value) and at periodic intervals after storage a◦C
ver a period of 6 months. The stability of the two compou

n the working solution containing ibogaine at concentra
f 22.4 ng/ml and noribogaine at concentration of 25 ng
as assessed after storage at 4◦C in a refrigerator for 72
s

analyses, samples were brought to room temper
and vortex-mixed well.

iii) The freeze–thaw stability was also determined. Sp
QC samples were analyzed on a daily basis
repeated freezing–thawing cycles at−20◦C on three
consecutive days.

The stability of ibogaine and noribogaine in the recon
uted extracts was inspected over a period of 72 h at 4◦C in
refrigerator.
The potential influence of the evaporating step was

ested.
Stability was defined as <15% loss of initial drug conc

ration.

. Results

.1. HPLC characteristics

Under the chromatographic conditions used, the num
f theoretical plates was approximately 38,673 (calcul

rom the internal standard peak). The column was repl
hen the number of theoretical plates had decreased b
5,000. Representative chromatograms of drug-free h
lasma and of plasma spiked with ibogaine and no
aine are shown inFig. 2. There was clear resolution

he compounds of interest which had retention time
.5± 0.18 min for noribogaine, 14.8± 0.14 min for ibogain
nd 16.5± 0.06 min for the internal standard (n= 13). The
eank′-values were 4.22, 10.9 and 12.3, respectively.
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Fig. 2. Chromatograms of blank plasma (A); of blank plasma spiked with 0.89 ng/ml of ibogaine and 1 ng/ml of noribogaine (B), 44.7 ng/ml of ibogaine and
50 ng/ml of noribogaine (C), and 179 ng/ml of ibogaine and 200 ng/ml of noribogaine (D). Peak 1 is noribogaine, peak 2 is ibogaine, peak 3 is the internal
standard and peak 4 is an additional product present in ibogaine hydrochloride. For chromatographic conditions see text.
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3.2. Linearity

The regression analysis between peak area ratios of ibo-
gaine and noribogaine over the internal standard and plasma
concentrations revealed that the method is linear. The corre-
lation coefficients (r) for calibration curves were equal to or
better than 0.997. Intra-assay reproducibility was determined
for calibration curves prepared the same day in replicate
(n= 7) using the same stock solutions. Inter-assay repro-
ducibility was determined for calibration curves prepared on
different days (1 calibration curve per day over 12 succes-
sive days). The mean regression equations are presented in
Table 2. For each point of calibration standards, the concen-
trations were back-calculated from the equation of the linear
regression curves and the percent R.S.D. values were com-
puted. Intra- and inter-day variability’s at concentrations of
calibration standards are presented inTable 3. The linearity of
this method was statistically confirmed. The “Lack of Fit” test
showed no significant deviation from linearity. Moreover, the
residuals (difference between nominal and back-calculated
concentrations) were normally distributed and centred around
zero. The bias values on residuals,−0.044 ng/ml for ibogaine
and 0.18 ng/ml for noribogaine, were not statistically differ-
ent from zero and the 95% confidence intervals (−0.54/0.46,
−0.21/0.56, respectively) included the zero value.
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.3. Specificity

Specificity of this method has been demonstrated b
epresentative chromatogram in drug-free human pla
Fig. 2A), which indicated that each analyte was well reso
rom the human plasma endogenous material peaks.
ere no interferences at the retention times of the compo
f interest.

A number of common drugs of abuse were examine
ossible interference with the HPLC method. None of
ompounds coeluted with ibogaine, noribogaine and fluo
ein.

.4. Precision, accuracy and recovery

The SPE and subsequent HPLC analysis displayed e
ent intra- and inter-assay precision and accuracy va
able 4 lists the method validation results; the precis
R.S.D.) derived from mean data in the day-to-day (in
ssay,n= 12) study varied between 6.0 and 12.5% and
ccuracy was 95.4–104%.

The mean extraction efficiencies of ibogaine and n
ogaine from human plasma were 94.2± 5.35% and
6.9± 3.3% (n= 24), respectively and were independen
oncentration over the range of concentrations studie
bservation which contributes to the good precision and a
acy of the method.

The mean recovery of internal standard avera
5.0± 8.66% (n= 24).
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Table 3
Back-calculated concentrations from calibration curves performed in human plasma

Ibogainea Noribogaine

Theoretical concentration (ng/ml) R.S.D. (%) Recovery (%) Theoretical concentration (ng/ml) R.S.D. (%) Recovery (%)

Intra-assay reproducibility (n= 7)
0.89 11.9 96.5 1 15.2 102
4.47 6.4 102 5 6.5 102
8.95 4.2 94.6 10 4.2 94.6

17.9 2.4 97.9 20 2.0 98.1
44.7 0.68 100 50 0.81 100
67.1 3.1 98.8 75 2.7 98.0
89.5 7.2 99.4 100 7.2 99.5

179 0.96 100 200 1.1 100

Inter-assay reproducibility (n= 12)
0.89 16.1 103 1 13.2 96.3
4.47 5.9 104 5 7.9 99.0
8.95 7.7 96.4 10 9.6 93.9

17.9 10.1 95.7 20 5.2 97.4
44.7 7.1 106 50 2.2 101
67.1 7.5 104 75 4.8 100
89.5 5.8 102 100 3.0 99.7

179 1.6 98.9 200 0.80 99.5
a Expressed in free base equivalent.

3.5. Lower limit of quantitation

The LLOQs were 0.89 ng/ml for ibogaine and 1 ng/ml for
noribogaine and were chosen as the lowest concentrations of
the standard calibration curves. At these levels, precision was
≤17% and accuracy was 95–105%.

3.6. Stability studies

When stored at 4◦C for a period of 6 months, stock solu-
tions of ibogaine and noribogaine did not reveal any apprecia-
ble degradation. In aqueous solution containing ibogaine and
noribogaine at concentrations of 22.4 and 25 ng/ml, respec-
tively, the two compounds were stable for 4 h at 20◦C (with-
out daylight exposure) and for 72 h at 4◦C in a refrigerator.
At 20◦C with daylight exposure, ibogaine and noribogaine
showed a monoexponential decline in drug concentrations;
the corresponding half-lives were 81.5 min for ibogaine and

11 min for noribogaine (Fig. 3). After 80 min of storage,
concentrations were 11.5 ng/ml for ibogaine and <1 ng/ml
for noribogaine. Under the chromatographic conditions
described above, none degradation products were detected.

After bench-top storage at room temperature for 6 h (with
daylight protection), ibogaine (whatever the concentration
studied) and noribogaine (37.5 and 150 ng/ml) were stable
in plasma for 6 h. At each time studied, no statistical dif-
ference appeared by comparison with the reference values.
At a concentration of 2.5 ng/ml, the noribogaine was stable
for 2 h; after 4 and 6 h of storage, mean percent recover-
ies were 76.8% (R.S.D., 8.8%) and 71.6% (R.S.D., 5.5%),
respectively. At +4◦C, ibogaine and noribogaine were stable
in plasma for 6 h.

Frozen at−20 and−80◦C ibogaine and noribogaine were
stable for at least 3 months, compared to the reference values,
no statistical difference appeared. Mean recoveries ranged
from 93 to 108%.

Table 4
Accuracy and precision of the HPLC assay

Ibogainea Noribogaine

Theoretical concentration (ng/ml) Precision (%) Accuracy (%) Theoretical concentration (ng/ml) Precision (%) Accuracy (%)

Within-day precision and accuracy (n= 7)

1 1

B

1 1
2.24 5.5 115
33.6 4.4 101
34.2 4.4 98.1

etween-day precision and accuracy (n= 12)
2.24 12.5 98.7

33.6 8.7 101
34.2 9.9 99.2
a Expressed in free base equivalent.
2.5 14.8 104
37.5 5.2 102
50 4.0 98.4

2.5 10.1 104
37.5 8.5 95.4
50 6.0 99.7
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Fig. 3. Stability of ibogaine (22.4 ng/ml,�) and noribogaine (25 ng/ml,�)
in aqueous solution at 20◦C with daylight exposure.

For ibogaine and noribogaine, at least three freeze–thaw
cycles can be tolerated without losses higher than 10%. After
the third freezing–thawing process, mean percent recoveries
ranged from 94.3 to 101.7% for ibogaine and from 96.1 to
105.8% for noribogaine.

All analytes were stable during the evaporation process.
Run-time stability at 4◦C of reconstituted extracts originating
from plasma (i.e., in the mobile phase) was determined for
each concentration of calibration standard in replicate (n= 5).
After 72 h, no significant losses occurred.

4. Discussion and conclusion

In this paper we describe an HPLC method to quantify
simultaneously ibogaine and noribogaine in human plasma.
The use of an internal standard allows the control of minor
variations in the recovery during the pre-treatment step.
The validation of this analytical method in plasma indicated
excellent reproducibility. Assay performance was assessed
both on the basis of the statistical characteristics of individual
calibration lines and from the results of QC samples. The
LLOQ values of 0.89 ng/ml for ibogaine and 1 ng/ml for
noribogaine were lower than most published methods;
nevertheless, for ibogaine, the LLOQ was similar than that
o etry
b s
o dity
o ution
f rugs,
a good
s nts.
I ave
b mple
h ds.
T mple
l ated
e ation
s that

the performance characteristics of the method fulfilled the
requirements for a sufficiently accurate and precise assay
method to carry out pharmacokinetic studies.
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