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Abstract

Ayahuasca is a South American psychotropic beverage prepared from plants native to the Amazon River Basin. It
combines the hallucinogenic agent and 5;H T agonigt-dimethyltryptamine (DMT) withB-carboline alkaloids
showing monoamine oxidase-inhibiting properties. In the present paper, an analytical methodology for the plasma
quantification of the four main alkaloids presentayahuasca plus two major metabolites is described. DMT was extracted
by liquid—liquid extraction withn-pentane and quantified by gas chromatography with nitrogen—phosphorus detection.
Recovery was 74%, and precision and accuracy were better than 9.9%. The limit of quantification (LOQ) was 1.6 ng/ml.
Harmine, harmaline, and tetrahydroharmine (THH), the three radarbolines present imyahuasca, and harmol and
harmalol O-demethylation metabolites of harmine and harmaline, respectively) were measured in plasma by means of
high-performance liquid chromatography (HPLC) with fluorescence detection. Sample preparation was accomplished by
solid-phase extraction, which facilitated the automation of the process. AlRfisarbolines were measured using a single
detector by switching wavelengths. Separation of harmol and harmalol required only slight changes in the chromatographic
conditions. Method validation demonstrated good recoveries, above 87%, and accuracy and precision better than 13.4%. The
LOQ was 0.5 ng/ml for harmine, 0.3 ng/ml for harmaline, 1.0 ng/ml for THH, and 0.3 ng/ml for harmol and harmalol.
Good linearity was observed in the concentration ranges evaluated for DMT (2.5-50 ng/ml) g@xdatimlines (0.3—100
ng/ml). The gas chromatography and HPLC methods described allowed adequate characterization of the pharmacokinetics
of the four main alkaloids present ayahuasca, and also of two majoB-carboline metabolites not previously described in
the literature.
0 2002 Elsevier Science B.V. All rights reserved.
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peoples native to the Amazon and Orinoco river
basins [1,2]. In recent yearayahuasca has become

increasingly popular in Europe and North America,
where many individuals interested in shamanic prac-
tices reportedly use it as a means to facilitate self-

knowledge and introspection or as a sacramental

elaboration processayahuasca involves the

combination in a single beverage of two different

plants, one of which contributes the orally labile
DMT, and the other, the MAO inhibitors. Thus, the
pounded stemsBamisteriopsis caapi (Mal-
phighiaceae) are infused together with the leaves of

drug in the context of syncretic religions [3]. As the Psychotria viridis (Rubiaceae). WhildB. caapi con-

use of this tea has spread outside its original

geographic area reaching Europe and North America,
health issues regarding the safety of its use have
been raised, and clinical data on its general pharma-

cology are warranted.

The psychotropic properties o&yahuasca are
attributed mainly to the fact that it contains measur-
able amounts of the hallucinogenic indole DMT, a
serotonergic 5-HJ,,,c agonist [4], such as LSD or
psilocybin. DMT is known to elicit intense perceptu-
al, cognitive and affective modifications when paren-
terally administered [5], but has been shown to be
devoid of psychoactivity after oral ingestion [6],
probably due to first-pass enzymatic degradation by
monoamine oxidase (MAO) [6,7]. Interestingly,
ayahuasca also contains levels of3-carboline al-
kaloids with MAO-inhibiting properties, which could
explain the oral psychoactivity of the tea. The usual
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tributes varying amounts of five different MAO-
inhibifgrgarbolines, i.e. harmine, THH, har-
maline and trace amounts of harmol and harmalol
[B.9jridis is the source of the DMT [8,10]. The

chemical structures of DMT, harmine, harmaline,
harmol and harmalol are shown in Fig. 1. In vitro,

harmine and harmaline, and to a lesser extent THH,
potently inhibit MAO [9], an effect which could
prevent in vivo the oxidative deamination of the
DMT present in the tea, allowing its access to
systemic circulation and the central nervous system
after oral ingestion.

Our research group has initiated a project directed
at studying the pharmacologyalofiasca in

humans. It includes the assessment of the subjective,
cardiovascular and neurophysiological effect profile
of the beverage in healthy volunteers. In a clinical

research settgghuasca has demonstrated a

Harmaline

Harmalol

Fig. 1. Chemical structure of alkaloids froR viridis (DMT) and B. caapi (harmine, harmaline and THH) typically found ayahuasca
brews. Harmol and harmalol are found in trace amoun®. icaapi andayahuasca but appear in significant concentrations in human plasma
samples following oral dosing witlyahuasca. These compounds are presumably formed in vivodegdemethylation of harmine and
harmaline, respectively.
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combined stimulatory and hallucinogenic effect pro-

file, as measured by subjective effect self-assessment
instruments [11], and dose-dependent changes in

spontaneous brain electrical activity, which parallel
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mine (internal standard) and DMT were prepared
from a stock solution @f 200 by dilution with
methanol. All solutions were checked for purity on a

routine basis. Standard solutions were stored at

the time course of subjective effects and support the —20°C until analysis.

role of 5-HT,,,,c and B, agonism in mediating the
effects ofayahuasca [12]. In the present paper, we
describe an analytical methodology which was de-
veloped to characterize the pharmacokinetics of
ayahuasca alkaloids in humans following oral ad-
ministration of the tea.

2. Experimental
2.1. DMT

2.1.1. Chemicals and reagents
DMT was generously provided by the United

Nations International Drug Control Programme,
Technical Services Branch, Laboratory Operations.
Diphenhydramine and blank plasma were supplied
by Uriach Laboratories (Barcelona, Spain) and the
blood bank of Hospital del Mar (Barcelona, Spain),
respectively. Methanol,n-pentane, potassium hy-

2.1.4. Preparation of calibration curve and quality
control samples
A calibration curve was prepared for each ana-
lytical batch. Appropriate volumes of working solu-
tions were added to test-tubes containing 1.0 ml of
drug-free plasma and vortexed vigorously. Final
concentrations were 2.5, 5.0, 10, 25 and 50 ng/ml.
Control plasma samples containing DMT were pre-
pared at three different concentrations, low control
2.5 ng/ml, medium control 25 ng/ml and high
control 50 ng/ml. They were kept frozen a20°C
in 1.0-ml aliquots. Control samples were included in
each batch in duplicate.

2.1.5. Sample preparation

Test and control samples were allowed to thaw at
room temperature. Aliquots of 1 ml of plasma were
pipetted into 15-ml screw-capped tubes and pro-

purchased from Merck (Darmstadt, Germany).

2.1.2. Instrumentation

A gas chromatograph equipped with a nitrogen—
phosphorus detection system (HP5890 series I,
Hewlett-Packard, Palo Alto, CA, USA) was used.
Samples were injected in splittess mode (30 s of
purge off time) into 5% phenyl-methylsilicone capil-
lary column, 12 nx0.2 mm |.D. and 0.33:m film
thickness (Ultra 2, Hewlett-Packard). Helium was
used as carrier gas at a flow-rate of 0.7 ml/min
(measured at 18@) and as make up gas at a
flow-rate of 47 ml/min. Air and hydrogen detector
flow were set at 80 and 5.5 ml/min, respectively. A
temperature program for plasma DMT separation
starting at 70C, was maintained for 1 min, and
programmed to 12€C at 30°C/min, then to 280C
at 20°C/min; it was maintained for 1 min. Total
run-time was 12 min. Injector and detector tempera-
ture were set at 28TC.

2.1.3. Working standards
Working solutions of 1ug/ml of diphenhydra-

tion of 25 ng of internal standard. Samples were
treated by adding 0.5 ml of Bl potassium hydroxide
and 1.0 ml of sodium chloride saturated solution.
They were then extracted with 5 ml afpentane for

20 min. The organic phase was separated and
evaporated to dryness under a nitrogen stream at
25°C. The residue was redissolved in p0 metha-

nol. Finally, 1.0l was injected into the chromato-
graphic system.

2.2. B-Carbolines

2.2.1. Chemicals and reagents

Harmine, harmaline, harmol, harmalol, proprano-
lol and yohimbine were purchased from Sigma (St
Louis, MO, USA). THH was synthesized and gener-
ously provided by Dr James C. Callaway, University
of Kuopio, Finland. Blank plasma was supplied by
the blood bank of Hospital de Sant Pau (Barcelona,
Spain). Acetonitrile, methanol, triethylamine, am-
monium acetate and sodium hydroxide were HPLC
grade and purchased from Scharlab (Barcelona,

Spain). Ultra pure water was obtained using a Milli-
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Q purification system (Millipore, Molsheim, France).

Boric acid was purchased from Panreac (Barcelona,
Spain), glacial acetic acid from Riedel-de-Haen
(Seelze, Germany), ammonia from Merck (Darm-

emission wavelengtha=e840 nmA=495 nm to
measure harmol and harmalak26@ nmA=
370 nm to measure propranolol (internal standard).

stadt, Germany), and 0.9% v/v saline solution from 2.2.3. Working standards

B. Braun Medical (Barcelona, Spain). Bond-Elut,C
100-mg solid-phase extraction cartridges and Vac-
Elut SPE24 vacuum system were from Varian (Har-
bor City, CA, USA).

2.2.2. Instrumentation

Analysis by HPLC was carried out using an
autosampler 717, pumps 515 and 510, a variable
wavelength  fluorescence 474 detector and
Millenium®? acquisition and processing software, all
from Waters (Milford, MA, USA). The analytical

Working solutions of 100, 10, 1 andd).hl of
harmine and THH were prepared from stock solu-
tions of 1 mg/ml of each alkaloid in methanol. The

same working solutions plus 0.01g/ml were
prepared for harmaline from a stock solution of
1 mg/ml in methanol. A stock solution of 1 mg/ml

yohimbine in methanol was prepared. |£g 1@l
solution in methanol was obtained by dilution and
from this, a 100 ng/ml yohimbine in saline solution

was prepared, which was later added to the samples.

Working solutions of 10, 1 and Qd/ml of

column was a Kromasil 100 G , pm, 150<4 mm
I.D., and the guard column was a £ pan, 10x4
mm [.D., both purchased from Teknokroma (Bar-
celona, Spain).

harmol and harmalol were prepared from stock

solutions of 1 mg/ml of each alkaloid in methanol.
A stock solution of 10 mg/ml of propranolol in

methanol was prepared. A working solution of

The mobile phase for harmine, harmaline and
THH consisted of solvent A which was a mixture
(63:37 v/v) of ammonium acetate buffer 5avihrpH
8.0 and acetonitrile—methanol (20:30 v/v); and
solvent B which was a mixture of acetonitrile—
methanol (20:30 v/v). Gradient elution was initiated
with 100% solvent A at a flow-rate of 0.8 ml/min
for 6.5 min, then changed within 2 min to the
following proportions: 68.3% solvent A and 31.7%
solvent B and a flow-rate of 1.2 ml/min. These
conditions were maintained for 7.5 min, to return to
initial conditions thereafter. The fluorescence detec-
tor was operated at the following excitation/emission
wavelengths: A=260 nmA=370 nm to measure
THH, harmine and yohimbine (internal standard),
and A=340 nmA=495 nm to measure harmaline.

The mobile phase for harmol and harmalol con-
sisted of solvent A which was a mixture (73:27 v/v)
of ammonium acetate buffer 50 Mh pH 6.3 and
acetonitrile—methanol (20:30 v/v); and solvent B
which was a mixture of acetonitrile—methanol (20:30
v/v). Gradient elution was initiated with 100%
solvent A at a flow-rate of 0.8 ml/min for 4.5 min,
then changed within 1.5 min to the following pro-
portions: 72% solvent A and 28% solvent B and a
flow-rate of 1 ml/min. These conditions were main-
tained for 9 min, to return to initial values thereafter.
The fluorescence detector was operated at excitation/

1 mg/ml was obtained by dilution of the latter, and
this was used to obtain a 50 ng/ml propranolol

solution in saline, which was later added to the

samples. All standard solutions were sterédGat
during sample analysis.

2.2.4. Preparation of calibration curves and
quality control samples

Calibration curves were constructed for each of
the figecarbolines (three original alkaloids plus
two metabolites). Blank plasma was spiked with
working solutions of each of the five compounds.
Final concentrations were 0.5, 1, 2, 5, 10, 25 and

50 ng/ml for harmine; 0.3, 0.5, 1, 2, 5, 10 and

25 ng/ml for harmaline; 1, 1.5, 3, 10, 25, 50 and
100 ng/ml for THH; 0.3, 0.5, 1, 2, 5, 10, 25, and

50 ng/ml for harmol; and 0.3, 0.5, 1, 2, 5, 10, 25 and
50 ng/ml for harmalol. Analyte concentrations were

calculated by comparison with calibration curves.

THH/yohimbine, harmine/yohimbine, harmaline/
yohimbine, harmol/propranolol and harmalol/pro-

pranolol area ratios were used. Quality control
samples were prepared at the following concen-

trations: 2, 5 and 25 ng/ml for harmine; 1, 2 and 10
ng/ml for harmaline; 3, 10 and 50 ng/ml for THH;
2,10 and 25 ng/ml for harmol and harmalol. Spiked
plasma samples at the following concentrations: 2
and 10 ng/ml for harmine; 1 and 5 ng/ml for
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harmaline; 3 and 25 ng/ml for THH; 2 and 25 ng/ml
for harmol and harmalol were prepared in the same
way for the stability study.

2.2.5. Sample preparation
Calibration, quality control, stability control and

test samples were allowed to thaw at room tempera-

ture. Six hundred microliter aliquots of an internal
standard solution were added to 6Qd of the

samples. This was followed by gentle mixing and
centrifugation for 10 min prior to solid-phase ex-

traction. The cartridges were attached to the vacuum

station and activated with 2 ml methanol and con-
ditioned with 1 ml Milli-Q water and 2 ml borate
buffer (50 mM) at pH 9.0. Next, 1 ml of a mixture
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Fig. 2. Chromatogram obtained with gas chromatography with
nitrogen—phosphorus detection of a plasma sample from a vol-
unteer administered a 1 mg DMT/kg dose afahuasca. (A)
Baseline plasma sample obtained just before drug administration.
Expected retention time for DMT, and peak corresponding to the
internal standard (ISTD). (B) Plasma obtained at 2.5 h after drug
administration. The calculated concentration for DMT was 10.97
rg/l.
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containing 0.5 ml of plasma and 0.5 ml saline

solution with 100 ng/ml of yohimbine (for harmine,

harmaline and THH) or 50 ng/ml of propranolol (for
harmol and harmalol), were transferred into the
cartridges. After aspiration of the entire volume
through the cartridges, they were washed with 1 ml
Milli-Q water, followed by 1 ml acetonitrile—water

(10:90 v/v). The cartridges were then dried under

full vacuum and eluted with 0.5 ml of a 0.1%

triethylamine solution in methanol. The eluate was

allowed to dry for 1.5 h, approximately. The solid
residue was redissolved ipl I86bile phase,

vortexed for 10 s and placed in disposable microvials

which were put in the autosampler. Sixty microliters
were injected into the chromatographic system

3. Resaults
3.1. DMT

Fig. 2 shows a representative plasma chromato-
gram obtained after method application. No interfer-
ing peaks were observed at the elution time of
analyte and the internal standard. The DMT retention
time was 6.61 min.

3.1.1. Recovery

Extraction efficiencies for DMT and diphenhydra-
mine were calculated by comparing the areas of the
chromatographic peaks of equal concentrations of
drug extracted and non-extracted. The experiment
was carried out with concentrations of analytes (in
duplicate) identical to those used for calibration.
Recoveries for DMT and the internal standard in the
concentration range studied were 782 and
81+7.4%, respectively.

3.1.2. Linearity

Five concentrations ranging from 2.5 to 50 ng/ml
were used to assess the linearity of the method.
Results obtained from regression analysis of the
theoretic concentrations versus ratio are shown in
Table 1.

3.1.3. Precision, accuracy and robustness
Intra-assay precision and accuracy were deter-
mined by testing five replicates of blank plasma
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Table 1
Linearity parameters of plasma determinations of DMT (gas chromatography-aadbolines (HPLC) obtained in the routine phase

n Intercept Slope Determination coef.
x£SD x£SD X£SD
DMT 36 —0.0416+0.0484 0.07540.0152 0.9946:0.0032
Harmine 10 0.00510.0040 0.0182:0.0016 0.9929:0.0028
Harmaline 10 0.00360.0050 0.11150.0150 0.9916:0.0020
THH 10 0.0077-0.0069 0.00940.0013 0.99480.0018
Harmol 10 —0.0006+0.0011 0.02840.0021 0.99810.0005
Harmalol 10 —0.0005+0.0027 0.0526:0.0042 0.99640.0015

n, no. of days.

spiked with 5, 20, and 40 ng/ml (low, medium and 3.2. B-Carbolines
high control samples). Each control sample was

analyzed in 36 consecutive analytical batches over a
3-month period. Analytical batches were carried out

by different scientists, thus emphasizing the meth-

od’'s robustness. Precision was expressed as the
%CV of the calculated concentration. Accuracy was

expressed as the relative error (R.E.) of the calcu-

lated concentration. Results obtained are shown in
Table 2. The intra-assay precision was lower than

7.5% for the three concentrations tested.

Fig. 3 shows typical sample plasma chromato-

grams ofticarbolines. The mean retention times
in minutes found in the validation study were 5.42

for THH, 6.95 for harmaline, 11.77 for harmine, and
13.00 for yohimbine (internal standard). Retention
times foOHuemethylated metabolites were 3.87

for harmalol, 6.02 for harmol, and 14.07 for propran-
olol (internal standard). Variability in retention times
for all compounds tested was less than 5% (CV).

3.2.1. Recovery
Peak areas of th@-carbolines and internal stan-
dards were measured after injection of the same
amounts of the respective alkaloids and internal
standard in mobile phase. These were compared with
those obtained with blank plasma spiked with known

3.1.4. Estimation of limits of detection and
quantification

Five replicates of the low concentration value of
the calibration curve of DMT (2.5 ng/ml) were
processed for their calculation. An estimate of the

limits of detection and quantification was calculated
as three and 10 times the standard deviation of the
estimated concentration, respectively. The detection
and quantification limits obtained following this

amounts of the tBrearbolines. Recoveries, ex-
pressed in %, near the LOQ were61®Xdr
2 ng/ml harminet 9B5or 1 ng/ml harmaline,

87%2.9 for 3 ng/ml THH, and 906£3.7 for

method were 0.5 and 1.6 ng/ml, respectively. yohimbine. Recoveries for Qh@demethylated
metabolites were 89:84.4 for 0.5 ng/ml harmol and
Table 2 91.9+6.3 for 0.5 ng/ml harmalol and 9145.7 for

Precision and accuracy of plasma determinations of DMT (gas propranolol.
chromatography) an@-carbolines (HPLC)

Intra-day Inter-day 3.2.2. Linearity

Precision  Accuracy  Precision  Accuracy Linearity was evaluated for con(_:entratlons ranging

(CV, %) (RE.,%) (CV, %) (R.E., %) from 0.5 to 50 ng/ml for harmine, from 0.3 to
OMT 75 57 59 — 74 25 ng/ml for harmaline, from 1 to 100 ng/ml for
Harmine =6.2 =101 =78 =11.2 THH, and from 0.3 to 50 ng/ml for harmol and
Harmaline  =6.9 =10.4 =13.4 =125 harmalol. The response ratio of the peak alkaloid
THH =10.9 =95 =9.8 =8.8 area/internal standard area was fitted versus effective
Harmol =6.2 =132 =7.6 =113 concentration by means of least-squares linear re-
Harmalol =6.3 =54 =8.2 =7.6

gression. The inverse of the square concentrations
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Fig. 3. Representative chromatograms of solid-phase extracted plasma samples obtained with HPLC. (1) Method for the quantification of haafimeearithirhiH:

(a) typical chromatogram of a blank plasma sample with internal standard (yohimbine), free of interfering peaks; (b) typical plasma sample Urdeeraftdr oral
dosing withayahuasca. (2) Method for the quantification of harmol and harmalol, ®xelemethylated metabolites of harmine and harmaline: (a) typical chromatogram of
a blank plasma sample with internal standard (propranolol), free of interfering peaks; (b) typical plasma sample from a volunteer after orathdagangasca.

1.2
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(1/C?*) was used as a weighting factor. Regression sets of spiked samples where anatyzed a4
analysis yielded the following results in the valida- b=48 h with a fresh calibration curve. Con-
tion phase =4 days): y=0.162x+0.0018 (°= centrations determined at each time tested were
0.9912) for harmine, y=0.107k+0.0019 (°= within the method’s accuracy<(10%). Additional
0.9915) for harmaline,y=0.009%—0.0019 (°= stability studies were carried out, i.e. stability in

0.9943) for THH, y=0.0265%—0.0017 (*=0.9962) solution kept in the refrigerator and stability in dried
for harmol, andy=0.051%—0.0011 (*=0.9962) for residue. All compounds were stable except for

harmalol. Results in the routine phase are shown in harmaline and harmalol. Harmaline showed a 30%
Table 1. concentration decrease and harmalol a 21% con-
centration decrease at 24 h in dried residue. For this
3.2.3. Precision, accuracy and robustness reason, dried residues were redissolved immediately
Intra-assay and inter-assay precision was deter- in mobile phase during routine analysis. The stability
mined by testing six replicates (during method study showed that sample degradation was low,
validation) and 10 replicates (during routine analysis) being inferior to 10% for alBtbarbolines evalu-
of blank plasma samples spiked with the control ated with the exception of the two cases mentioned.
samples of the respective alkaloids. Precision (ex- No significant variations were observed in the quality
pressed as %CV) and accuracy (expressed as R.E.) controls during the entire routine process, as indi-
results obtained in the method validation phase are cated in Section 3.2.3.

shown in Table 2.

In the routine phase, precision values (%CV)
between assays for quality controls were below 12.4 3.3. Pharmacokinetic results
for harmine, 11.1 for harmaline, 9.1 for THH, 3.5 for

harmol and 5.9 for harmalol; and accuracy values Blood samples from 18 healthy volunteers with
(%R.E.) between 10 assays were below 6.9 for previous experience with hallucinogen drug use were
harmine, 9.0 for harmaline, 5.0 for THH, 10.4 for obtained at 0, 30, 60, 90, 120, 150 min, and 3, 4, 6, 8
harmol and 5.4 for harmalol. and 24 h following oral administration of two doses
of encapsulated freeze-driegahuasca in a double-

3.2.4. Estimation of limits of detection and blind placebo-controlled clinical trial. The study was
quantification approved by the local ethics committee and the

The LOQ was established as the lowest con- Spanish Ministry of Health. Signed informed consent
centration values in the calibration curve with ac- was obtained from all participants. The freeze-dried
ceptable precision and accuracy, i.e. 0.5 ng/ml for material administered in the study was obtained from
harmine, 0.3 ng/ml for harmaline, 1.0 ng/ml for a 9.6 | batchagéhuasca and contained 8.33 mg
THH, and 0.3 ng/ml for harmol and harmalol. The DMT, 14.13 mg harmine, 0.96 mg harmaline and
limit of detection was 0.1 ng/ml for harmine, 11.36 mg THH per g. The alkaloid concentrations in
harmaline, harmol and harmalol, and 0.3 ng/ml for the original tea were 0.53 mg/ml DMT, 0.90 mg/ml
THH. harmine, 0.06 mg/ml harmaline and 0.72 mg/ml

THH. The two doses administered to the volunteers

3.2.5. Sability study were equivalent to 0.6 and 0.85 mg DMT/kg body

Freeze and thaw stability was assessed with two weight, and were chosen based on tolerability data
analyte concentrations for each alkaloid (one high obtained in a previous study [11]. The blood samples
and one low) in spiked plasma samples stored at were collected in tubes containing EDTA, cen-
—80°C. The samples were subjected to three freeze trifuged, and the plasma froz2d°& and stored
and thaw cycles in three consecutive days. Con- —80°C until analysis.
centrations determined in each cycle were within the Fig. 4 shows mean concentration versus time
method’s accuracy {10%) except for harmaline, curves for DMT, harmine, harmaline, THH, harmol
which showed a 16% variation in the third cycle. To and harmalol obtained after analysis of plasma

test the stability of samples in the autosampler, three samples from four male volunteers who received two
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oral doses ofayahuasca corresponding to 0.6 and
0.85 mg DMT/kg body weight.

4, Discussion and conclusions

There is a high variability in the bioavailability of
ayahuasca alkaloids in humans, as observed in the
present study. Some of the clues to these variations
have already been provided in the Introduction. From
an analytical perspective, for a given dose, one
should be prepared to cover differences of peak
plasma concentrations of one order of magnitude.
The present work has proven sufficiently specific,
sensitive and robust to perform this task. The GC
and HPLC methods described in the present paper
allowed for the adequate characterization of the
pharmacokinetics of the six compounds evaluated
after oral ingestion ofyahuasca.

Regarding the DMT quantification method, the use
as salting-out effect of sodium chloride to saturate
the aqueous phase angpentane as organic solvent,
instead ofn-butyl chloride as described in a previ-
ously reported method [13], provides an adequate
recovery and very clean extracts. There is an overall
improvement of three times the LOQ (from 5 to 1.6
ng/ml) which facilitates the pharmacokinetic study,
taking into account the variability in the absorption
of DMT when orally administered. The method
described for the determination of tiecarbolines
also introduces several improvements from previous-
ly described procedures [13]. Sample preparation is
thus facilitated by solid-phase extraction, and quanti-
fication of the three alkaloids plus two metabolites,
harmol and harmalol, is accomplished using a single
fluorescence detector, the procedure requiring only
slight modifications in the chromatographic condi-
tions, and the use of two internal standards. The
LOQ is also lower than previously reported values.
Results demonstrate the present HPLC methodology
is a rapid, simple and sensitive procedure for the
determination of B-carboline compounds at low
concentrations in human plasma, enabling the auto-
mation of the process.

In conclusion, a previously reported method was
modified [13] in order to facilitate analyte extraction,
improve sensitivity and allow the quantification of
two metabolites not previously studied. DMT was

M. Yritia et al. / J. Chromatogr. B 779 (2002) 271-281

determined by gas chromatography with selective
nitrogen—phosphorus detection following liquid—lig-
uid extraction. The three maip-carbolines present
in ayahuasca, i.e. harmine, harmaline and THH,
were determined by means of HPLC with fluores-
cence detection following solid-phase extraction.
Additionally, harmol and harmalol, two alkaloids
present in trace amoumiglinasca but showing
significant levels in plasma following ingestion of
the tea, were also determined. Harmol and harmalol
had not been assessed previously in plasma follow-
ing oral dosingay#thuasca, and are presumably
formed in vivo byCH@emethylation of harmine
and harmaline, respectively. The quantification of
these two metabolites was accomplished with slight
changes in the chromatographic conditions necessary
to determine the parent compounds.
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