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A rapid and simple method for the
determination of psychoactive alkaloids by
CE-UV: application to Peganum Harmala
seed infusions

Marcos Tascén,® Fernando Benavente,® Nora M. Vizioli€
and Leonardo G. Gagliardi®*

The p-carboline alkaloids of the harmala (HAlks) group are compounds widely spread in many natural sources, but found at rela-
tively high levels in some specific plants like Peganum harmala (Syrian rue) or Banisteriopsis caapi. HAlks are a reversible Mono
Amino Oxidase type A Inhibitor (MAOI) and, as a consequence, these plants or their extracts can be used to produce psychotropic
effects when are combined with psychotropic drugs based on amino groups. Since the occurrence and the levels of the HAlks in
natural sources are subject to significant variability, more widespread use is not clinical but recreational or ritual, for example B.
caapi is a known part of the Ayahuasca ritual mixture. The lack of simple methods to control the variable levels of these com-
pounds in natural sources restricts the possibilities to dose in strict quantities and, as a consequence, limits its use with pharma-
cological or clinical purposes. In this work, we present a fast, simple, and robust method of quantifying simultaneously the six
HAlks more frequently found in plants, i.e., harmine, harmaline, harmol, harmalol, harmane, and norharmane, by capillary electro-
phoresis instruments equipped with the more common detector UV. The method is applied to analyze these HAlks in P. Harmala
seeds infusion which is a frequent intake form for these HAlks. The method is validated in three different instruments in order to
evaluate the transferability and to compare the performances between them. In this case, harmaline, harmine, and harmol were

found in the infusion samples. Copyright © 2016 John Wiley & Sons, Ltd.
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Introduction

Harmala alkaloids (HAIks) are a family of compounds which have
known effects as reversible inhibitors of the Mono Amino Oxidase
(MAO) enzymes. Some of the members have selective inhibition
of the MAO Type A (MAOI-A) and some others inhibit the MAO
Type-B (MAOI-B)." Therefore, these compounds, administered
alone or in combination with other drugs, can produce a variety
of psychotropic effects. Even though these effects could be used
with pharmacological/clinical objectives, these plants are nowa-
days used exclusively to prepare ritual preparations such as ayahua-
sca, yage, huanto, and other decoctions, or recreational drug
cocktails. Others effects such as sedative and anxiolytic effects,’?!
antibiotic activity,® and induction of lung cancer cells death via
autophagy™ have been reported, conferring on the natural sources
of these compounds enormous potential to be used in clinical or
pharmacological objectives. HAlks are widely spread in nature, prin-
cipally in plants, and nowadays can be detected at low levels in
common foods and consumer products. For example, they are
present in plants of the Passiflora family such as passion fruit
(Passiflora edulis) and its derived products,[S] in cocoa and
chocolate,® in coffee,”’ in tobacco smoke,™ and in other sources.

In these cases HAlks are present at levels below the required
quantities to produce noticeable effects in human beings. However,
there are specific plants where HAlks can be found at high
concentrations.!*™' For example, harmine and harmaline are

present in Banisteriopsis caapi or Peganum harmala (Syrian rue),
which are known components of the ayahuasca, yage, and huanto
and other ritual decoctions used in typical religious practices. In
general, these infusions consist of a mixture of an herb containing
high levels of HAlks with another providing a tryptamine.~'¥

Estimations of the maximum daily intake have been reported,"!
although, no regulation has been established for HAlks or for the
plants containing them.

In order to obtain advances in the clinical/pharmacological use of
HAlks and their natural sources over their use as a recreational or rit-
ual drug, analytical tools must be provided allowing more studies of
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their occurrence in nature, their physical distribution, their different
life stages and/or growing conditions, metabolic pathways in
humans and elimination, etc. In In this context, new methods to de-
termine HAIks in natural sources are highly valued. Given that phar-
macologically active compounds occur at relatively high
concentrations, the analytical exigencies do not aim to improve
the limits of detection (LODs), but rather other analytical figures,
such as efficiency and resolution, or analysis time. High efficiencies
gives more chances to successfully apply the same method to a va-
riety of plants/sources/matrices. Optimized separation conditions
translate into optimum resolutions which, at the same time, allows
simultaneous exploration or quantification of many compounds in
the same run. Other characteristics of the methods such as short
analysis time, low cost, or the possibility of using autosamplers, al-
low to do wide screenings of the desired components in nature,
on a high number and variety of natural plants and sources. Simple
methods based on standard instruments usually result more ro-
busts, which leads to improved transferabilities and also to wider
accessibility of the method.

In the specific case of HAlks, the separation of the different mem-
bers of the family is a challenging task, principally because of their
similarities!"®~"® They are all based on the same p-carboline struc-
ture (9H- pyrido [3, 4-b] indole), changing only one substituent
and/or an insaturation, without significant molecular mass differ-
ences (Figure 1). Furthermore, they present at least one amino ion-
izable group and they are sparingly soluble in water. High
performance liquid chromatography (HPLC) coupled to different
detection systems like UV, fluorescence, and mass spectrometry
(MS), is the usual technique for determining HAlks in different
natural sources. Reports on HPLC determination of HAlks can be
found for plants, foods, beverages, tobacco, or biological
fluids.®7111319-231 The main issues of these LC analyses are the rel-
atively long time of analysis, and the operative cost. This is due to
(1) the use of considerable amounts of solvents and (2) the variable
but finite lifetime of columns and/or pre-columns when it is used to
analyze real samples; i.e,, capillaries must also be changed from
time to time, although its cost is negligible in comparison with
HPLC columns and pre-columns.

In the case of non-volatile analytes, capillary electrophoresis (CE)
also offers a large list of advantages with respect to LC,”" including
improved efficiencies typically 10-fold higher with respect to LC;
shorter analysis times; lower requirement of reagents and solvent;
because of the very low cost of the capillaries, no cares or worries
regarding risking the separation media, etc. Since HAlks are ioniz-
able compounds, CE methods have been certainly explored by a

few authors, either using the free capillary zone electrophoresis
mode (CZE) and also using micellar electrokinetic chromatography
(MEKC).2>2427] These authors have demonstrated the advantages
of CE technique for the analysis of HAlks at high concentration in
standard mixtures and plant extracts. However, the optimization
of variables used in these cases allowed only to achieve baseline
separation of few HAlks, with limited resolution and requiring very
long analysis times.”®! The method was applied to determine low
amounts of harmine, harmaline, and harmalol in wakame (U.
pinnatifida), an edible marine invasive brown algae originally from
East Asian countries that is commonly used as a foodstuff, as well
as by traditional oriental medicine practitioners. However, despite
the advantages of MS detection, on the one hand the requirements
imposed by the ESI ionization to the background electrolyte, i.e.,
volatility, restrict the complete baseline resolution between all the
members of HAlks family. However, this issue can be certainly com-
pensated by using extracted ion electropherograms (EIE). More-
over, the variety of configurations and CE-MS interfaces make
complex the method transfer between different instruments. On
the other hand, the operational cost of MS detectors remains very
expensive compared to ultraviolet (UV) detection for routine analy-
sis, which is the built-in detection system typically available in all
commercial CE instruments, even in CE-MS instruments.

In this work, we develop, optimize, and validate a method to an-
alyze a mixture of six HAlks (i.e, harmine, harmaline, harmol,
harmalol, harmane, and norharmane) by CE-UV. Background elec-
trolyte (BGE) pH, ionic strength, organic solvent composition, and
separation voltage were optimized to achieve a fast and complete
baseline separation. The optimized method was validated in terms
of linearity, limits of detection and quantification, repeatability and
reproducibility. Furthermore, inter-instrumental method transfer
was evaluated for three different commercial instruments. The
method was applied to determination of HAlks in an infusion pre-
pared from the psychoactive seeds of P. Harmala.

Materials and methods
Instrumentation

Experiments were performed on a CE Lumex Capel 105 M (with UV
detector), (Lumex Ltd, St Petersburg, Russia), a CE system P/ACE
MDQ (with DAD detector) (Beckman Coulter, Brea, CA, USA) and
an Agilent Technologies HP*PCE (with DAD detector) (Waldbronn,
Germany). pH measurements were performed with a Crison 2002
potentiometer (Crison Instruments, Barcelona, Spain) and a Schott
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Figure 1. Chemical structure of the studied harmala alkaloids (HAlks). Monoisotopic molecular mass (M): (1) harmaline 214.27 pKa: 9.55, (2) harmalol 200.24
pKa: 8.62 and 11.3, (3) harmine 212.25 pKa: 7.55 (4) harmol 198.22 pKa: 7.45 and 9.52 (5) harmane 182.22 pKa: 7.34 (6) norharmane 168.19 pKa: 6.80.
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Blueline 11-pH glass combination electrode (SI Analytics GmbH,
Mainz, Germany). Sample incubation was performed with a
Thermo-Shaker TS-16 100 (Biosan, Michigan, USA). Centrifugation
was carried out in a thermostated Rotanta 460 centrifuge (Hettich
Zentrifugen, Tuttlingen, Germany).

Chemicals

Solutions were prepared with water provided by a MilliQ® water pu-
rification system (Millipore, Bedford, MA, USA). Methanol was HPLC
grade (Merck, Darmstadt, Germany). The rest of chemical reagents
were analytical grade or better. Ammonia was purchased from
Carlo Erba Reagents S. A. (Sabadell, Spain), tris was from J. T. Baker
chemicals (Serviquimia, Barcelona, Spain), and hydrochloride acid,
acetic acid and phosphoric acid were from Merck (Darmstadt,
Germany). Harmane, norharmane, harmalol hydrochloride
dihydrate, harmol hydrochloride dihydrate, harmine, and harmaline
were purchased from Aldrich (Steinheim, Germany). An individual
stock standard solution of each alkaloid was prepared by dissolving
the solid in methanol at a concentration of 100 pg/mL. All the stock
solutions were stored at 4 °C. The working solutions were obtained
by dilution with water and filtered through 0.22pum nylon
membrane before use.

Procedures
Electrophoretic conditions

All the analyses were performed with a 60 cm total length (Ly) and
75um internal diameter (i.d.) fused-silica capillary supplied by
Polymicro Technologies (Phoenix, AZ, USA) at a temperature of
25°C. Under optimized separation conditions the BGE was 50 mM
tris-HCl (pH 7.8) with 20% (v/v) of methanol. All capillary rinses were
performed at high pressure (i.e, 930 mbar in HP*°CE instrument).
New capillaries were activated by flushing with 1M NaOH
(20 min), water (15 min), and BGE (30 min). The capillary was finally
equilibrated by applying the separation voltage for 15 min (20 kV).
Between runs, the capillary was rinsed with 0.1 M NaOH (1 min), wa-
ter (1 min), and BGE (3 min). Samples were hydrodynamically intro-
duced into the capillary at 35 mbar for 3 s and the separation was
conducted under normal polarity (cathode at the outlet) by apply-
ing a voltage of 20kV. The UV window was placed at 50, 51, and
52.5cm from the inlet of the capillary (Lp) for P/ACE MDQ, Capel
105 M and HP3P CE instruments, respectively. It must be pointed
out that the Ly was kept constant between instruments, despite
the differences in Lp, in order to maintain the electric field constant
during the separations. Considering the absorption UV spectra re-
ported by Cheng and Mitchelson,?¥ the detection was performed
at 200 nm and UV-lamps were in optimum working conditions.

Sample pretreatment of P. harmala

P. harmala seeds were purchased in a so-called grow shop in
Barcelona (Spain). The seeds (10 g) were milled in an electric coffee
mill. Infusions were prepared using 0.5 g of this powder.'>' Ten
mL of water was added and heated gently with a Bunsen burner
until boiling started. Then, the mixture was centrifuged for 10 min
at 8000G and the supernatant was collected. The process was
repeated two more times and all the supernatants were pooled
together. This ~30mL of aqueous extract/infusion was raised to
50 mL of final volume with water. This stock sample solution was
filtered with 0.22um nylon filter before diluting 1:250 v/v with
BGE for the analysis.

Results and discussion
CE-UV method optimization and validation

The optimization of the CE-UV separation consists of several steps.
Since HAIks are ionizable compounds (Figure 1), the pH is the main
variable to investigate. In a previous study,”® we described a
method to optimize the electrophoretic separation of ionizable
compounds. The separation is given in terms of mobility differences
and, consequently, the method involves the hypothesis that peak
widths (and resolutions) can be optimized on a lately independent
procedure. The consideration of pH as an optimization variable re-
quires, first, to describe the effective mobility of each compound as
a function of the mobility of the fully ionized form (actual mobility)
multiplied by its ionization degree, which is defined by its dissocia-
tion constant and the pH of the BGE. Then, a single mathematical
function to qualify the whole separation (MultiCriterion Optimiza-
tion Function, MCOF) can be composed on the basis of considering
simultaneously (1) the separation between compounds by pairs,
and (2) the separation of each compound from the neutral com-
pounds. The optimum pH values can be obtained by mathematical
maximization of the single function, MCOF. Finally, an empirical op-
timization of other variables, such as type of buffering compound
or solvent used as additives, can lead to the optimized conditions
where the best possible separation can be achieved. When apply-
ing the aforementioned procedure to our case of study, a function
qualifying the separation of the six HAlks can be obtained, and its
maximization leads to an optimum value pH=7.8. When running
at this pH value, some analytes will be partially ionized and, there-
fore, the migration order does not follow an order based on their
molecular sizes/masses, but also and principally on the differences
in the ionization degrees. A rough but better approach could be
done for monoprotic analytes, analyzing the differences between
the pKa and the optimum pH. However, this exceeds the aim of this
work and further details on these fundamental aspects can be
found in a separate work."*”!

The advantages of using different compounds as a background
electrolyte was also evaluated by analyzing the mixture of HAlks
at the optimum pH value, but using phosphate, ammonium
acetate, or tris, at the same ionic strength (I=50 mM). Results are
shown comparatively in Figure 2.

As noted, the use of tris buffer (Figure 2C) produces the best
compromise between peak height, efficiency, resolution, and total
analysis time, although peak shapes are not satisfactory for HAlks
number 3 and 4.

Other ionic strength levels (10-100 mM) have been also eva-
luated without significant improvements.

Finally, the addition of small proportions of acetonitrile or
methanol in the solvent of the 50mM tris BGE solution was
evaluated.

The addition of organic solvents can affect the dielectric constant
(e), polarity (u), viscosity (n), and solubilities. As a consequence, a
known effect associated with the use of solvents is to have lower
operating currents and lower Joule heating, which usually leads
to an improvement of the peak widths and in the efficiency.*”
The addition of organic solvents could affect the acid-base proper-
ties and the ionization degree of some of the analytes; however, the
use of low percentages of the more polar solvents (0-20% by vol-
ume of acetonitrile or methanol) do not change it significantly
when the ionizable group of buffer and analytes are of the same
type while, in practice, these small quantities of solvent use to be
enough to improve the peak shapes, peak widths and separation
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Figure 2. CE-UV separation (254 nm) of (1) harmaline, (2) harmalol, (3) harmine, (4) harmol, (5) harmane, and (6) norharmane at a concentration of 10 ug/mL.
Voltage was 20 kV. Instrument was Capel 105 M. The separation was performed with different BGE at pH 7.8 and 50 mM ionic strength, (A) NaH,PO,4/Na,HPO,,
(B) ammonium acetate, and (C) tris. (i = current intensity). Rs represents the resolution and N the efficiency.

efficiencies. In this study, acetonitrile and methanol were evaluated
but the last one lead to better results in terms of peak shapes and
peakwidths.

The quantity of methanol added to the solvent based on the
50mM tris (pH7.8) BGE is shown in Figure 3. The 50 mM tris
(pH =7.8) in methanol 20% BGE provided the best peak shape, im-
proving efficiencies and achieving baseline resolution of the six
HAIks in less than 10 min.

Using this optimized BGE, resulting peak capacities were in gen-
eral excellent, and the number of theoretical plates (calculated as
N =554 (t,/W;,,)) ranged from 85000 for harmol to 335000 for
harmaline (peaks 4 and 1 respectively on Figure 3c). Complete
baseline resolution (Ry=1.5) is achieved between the critical pair
of analytes (peaks 3-4, Figure 3C, harmine-harmol), while Rs for
any other pair is higher than 2.5.

In contrast with our results, in other reports based on HPLC or
CE methods, the total analysis time are always longer than
15min, but in any case baseline resolution of the six alkaloids
is achieved.'"19?224271 The resolution of the critical pair (3-4,
Figure 3C, harmine-harmol) was complete (R;=1.5) and between
the rest of the pairs the Ry was higher than 2.5.

The analytical figures of merit obtained in three different com-
mercial CE instruments were calculated from experimental data
by measuring peak area and migration times of the HAlks. Studies
of repeatability (intra-day, n=10) and reproducibility (inter-day,
three different capillaries on three different days, n=10) were per-
formed by analyzing a mixture of the six HAlks at a concentration of
25 pg/mL. These parameters were calculated as a percentage of the
RSD (RSD %) based on peak areas and migration times. The limits of
detection (LODs) and limits of quantitation (LOQs) for each of the
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Figure 3. CE-UV separation (254 nm) of (1) harmaline, (2) harmalol, (3) harmine, (4) harmol, (5) harmane, and (6) norharmane at a concentration of 10 pg/mL.
Voltage was 20 kV. Instrument was Capel 105 M. Separation was performed with a 50 mM tris BGE at pH 7.8 with different concentrations of methanol (A) 0 %,

(B) 10 %, and (C) 20% (v/v). (N = number of theoretical plates).
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HAIlks were calculated as three times and ten times the signal-to- o L 58
noise ratio (S/N), respectively. Linearity was evaluated in the E g% E SMRIITE
concentration range of 5-120 ug/mL. Calibrations were done at 2 o
seven concentration levels: 5, 10, 15, 25, 50, 100, and 120 pg/mL, e Z g % Mm@mg Mmoo =
and analyzing duplicates or triplicates at each level. For HAlk f g=e |- """ °-
quantification, three different infusion samples were analyzed by s o g
triplicate, and the concentrations were calculated from the external S o |9 % S-S S S35
standard calibration curves. E S =
Once the separation was optimized, the method was validated in § § N -
terms of linearity, LOD, and LOQ with three different commercial in- 3 = |9 k) 338888
struments at 200 and 254nm (Capel 105M, HP*°CE, and P/ACE = é -
MDQ). As an example, the figures of merit at 254 nm, which is the g § _ 5 § - 88 o o
wavelength typically reported in the literature to analyze com- z i g% % R -; ; ; ;
pounds with aromatic rings free of groups producing shifts, are % = 2|8 & S @ 2 §
summarized in Table 1. As can be observed, linearity range is the ° N T A
widest with Capel 105M instrument (0.03-120 vs 0.1-70 ug/mL, g qé')":. &
R” > 0.99), which also allows, in general, the lowest LODs and LOQs & CES|RRRRRR
(between 0.01 and 0.12 ug/mL and 0.03 and 0.4 pg/mL, respec- ?\,; §g~é SZS558 5
tively) as expected when comparing photomultiplier (UV) with pho- g =
todiode array detectors (DAD). LODs and LOQs are approximately x i s 8 o N
twice as high with a P/ACE MDQ instrument, which is especially 8 a<l|odwyo won
sensitive, as indicated by the large values of the calibration curve _g £ 45
slopes. HP*PCE provided LODs and LOQs between 15 and 30 times 8 QEr|¥¥xdag
higher than the other instruments and has the lowest sensitivity. It = ==
is could be attributed to the small section of light beam collected in S oF
- o . = o< QMmN MmN
the few microscopic diodes of the DAD chip, and also to the use of a g a2 2 BRSNS
simple slit to restrict the light beam passing through the lumen of € Q -
the capillary tube. The other designs are based on the use of spheric E FREREE N MmN
lenses to focus the light beams from a greater cross section into the % g £1=2 Ne oo e
lumen of the capillary tube to, finally, detect the intensity not with a £ - 'En c =
small section chip but with standard size phototube/photodiode. §§ 5 % O - % ; 3 g o~
Repeatability on migration time and peak areas are similar between s ! £ “g,*ﬁ? g }j‘ 3 g £y
the different instruments. Table 1 shows the repeatability values of E - R
migration times and peak areas for the three instruments, which g%, S &
ranged between 1.2-1.5% and 2.4-83% for the Capel 105M, :',5 §§g eco oo
between 0.8-14% and 2.2-6.5% for the HP*°CE, and between S=w | 2hdAsn
0.9-1.6% and 3.3-8.2% for the P/ACE MDQ, respectively. Reproduc- E B 5%
ibility is also very similar between them, with values for migration g § g
time and peak area ranging between 1.6-2.5% and 3.5-11.1% for = ‘\5 % N Mmoo
Capel 105M, 1.5-2.1% and 4.2-8.9% for HP*°CE and 1.9-3.2% 5 e ag |® N ®ownA
and 5.5-11.6% for P/ACE MDQ, respectively (data not shown in ‘é = 2
Table 1). As expected reproducibility is slightly lower than repeat- = a R 9T
- . . . 7 QOETT | NN TN
ability (RSD % slightly higher), but these values are typically found S o PEL | == = = =
in CE-UV methods using organic solvent as additives in the BGE. =25 -
£5 S 188 |a<5-583
S5 ol =y SS 3o 3o
Analysis of P. harmala § E % :’::
-
The method was applied to an infusion prepared from the seeds of E % % a g -8855
P. harmala. Figure 4 shows the CE-UV electropherograms of the di- £ é = ceeeee
luted infusion (1:250) at 200 nm and 254 nm with the HP*°CE in- %‘% 3 o -
strument. At 200 nm (Figure 4A), harmaline (1), harmine (3), and 7 0 5 g 8 E § E 2 ‘g %
harmol (4) were identified by comparison analyses of infusion sam- %ﬁ £L% ey K ¥y
ples and infusion samples spiked with standards. Statistic compari- = '-é I R R
son of slopes obtained by means of the standard additions g £ g _
methods with the obtained in the external calibration methods g E g’g &21999298%
did not demonstrate significant differences, discarding any matrix 5% 5 \mﬁ A S B b o
effect. Additionally, in separate experiments by CE-MS peak purity E v} % Fe|°53°33
criteria have been applied proving that no other compounds co- % E g
migrate with any of the HAlks. At 254nm (Figure 4B) the back- . g g So_ ¢¢
ground signal due to the UV absorbing matrix interferences was % & . g g E g g _‘:f
high and only harmine could be detected. At 200 nm (Figure 4A), 2 = ES58S88S
in addition to the three HAlks, an abundant component was also
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Figure 4. Separation of (1) harmaline, (2) harmalol, (3) harmine, (4) harmol,
(5) harmane and (6) norharmane in the diluted P. harmala infusion (1:250) at:
(A) 200 nm and (B) 254 nm. The separation voltage was 20 KV. Instrument
was HP*°CE. The BGE was 50 mM tris BGE at pH7.8 with a methanol
concentration of 20 % (v/v).

detected at around 3 min, which according to Frison et al!™* could

be tentatively identified as peganine, a quinazoline alkaloid./'%%”
An external standard calibration method using 200 nm was used
to quantify the detected HAlks. Excellent linearity was observed
with the range 4-100 pg/mL, R* > 0.99. The results of the calibra-
tion curves were S=.5.1*C+2.9, LOD: 1.1 ug/mL and LOQ: 3.8 ng/
mL for harmaline, S=4.8*C+2.8 and LOD: 1.2 ug/mL and LOQ:
4.0 ug/mL for harmine and S=5.5*C+0.16 and LOD: 0.06 ug/mL
and LOQ: 0.2 ug/mL for harmol. Repeatability and reproducibility
of areas at 200 nm were, 1.5% and 8%, 1.4% and 8.2%, and 1.2%
and 7%, for harmaline, harmine, and harmol, respectively.
Harmaline, harmine, and harmol were present in undiluted infusion
samples, and seeds at concentrations of 53 (+2), 24.3 (+0.4), and
16.4 (+0.7) pg/mL and 032 (+0.01), 0.151 (+£0.004), and 0.098
(£0.004) % (w/w), respectively. These values, and the
harmine/harmaline ratio (0.46), are in agreement with those that
can be found in the literature!">'**" taking into account that the
amounts of alkaloids in a infusion prepared from water decoction
or infusion are supposed to be substantially different than in or-
ganic extracts. Furthermore, the total and relative amounts of the
different alkaloids in the different plant materials change at differ-
ent stages of growth, climate, or geographical origin. It is widely ac-
cepted that the total alkaloid content in P. harmala seeds vary
between 2 and 7% (w/w).l'>"* However, there is little information
about characterization of infusions prepared from seed decoction
or infusion. G. Frison et al. found in a P. harmala seed organic extract
a content of 12.00 and 7.20 mg/mL of harmaline and harmine,
respectively." Ayahuasca beverages, which are also prepared as
infusions by water decoctions, have been characterized to a large
extent, and values ranging from 0.003 to 0.2 and from 0.07 to
1.70 ug/mL has been reported for harmine and harmaline,
respectively.'%'*32 |n contrast to harmaline and harmine, for
harmol there is no consensus on the concentration range in P.
harmala and while some authors have found it as a minor compo-
nent, some others found it as a major one. It could be related with
the fact that harmol is the main metabolite of harmine and an easy
conversion of one into the other can be affecting the consistency of
the results found by different authors.

Conclusions

A novel and fast method to quantify the six most frequently found
HAlks (i.e., harmine, harmaline, harmol, harmalol, harmane, and
norharmane) by CE-UV in less than 10min was developed. It
was proved that the addition of methanol in the BGE significantly
improves peak shape, efficiency, and resolution, without changing
selectivity. Optimum separation in fused silica capillaries was
achieved using a BGE of 50mM tris-HCl (pH7.8) with 20% (v/v)
of methanol. The method was validated and, repeatability, repro-
ducibility, and method transfer between three different commer-
cial instruments evaluated. The method demonstrated to be
very robust in the instruments used in this work. It basically
addresses the simplicity of the BGE and the selectivity of a specific
pH condition. In practice the Lumex Capel 105 M allowed detec-
tion of these HAlks at the lowest levels, which could be attributed
to the differences in the optical configurations of the detectors.
The method was successfully applied to P. harmala seeds infu-
sions which have relatively high concentrations of harmine,
harmaline, and harmol.

Acknowledgements

This study was supported by CONICET (PIP-0777, PIP-0244), ANPCyT
(PICT2007-00316, PICT-PRH2009-0038, and PICT 2010-1957) in
Argentina and the Ministry of Education and Science (CTQ2011-
27130) in Spain. Marcos Tascon acknowledges the ANPCyT-
Universidad Nacional de la Plata for a PFDT fellowship.

References

[11 D. J. McKenna. Clinical investigations of the therapeutic potential of
ayahuasca: rationale and regulatory challenges. Pharmacol. Ther.
2004, 702, 111.

[2] K. C. dos Santos, S. M. T. F. Kurtz, S. D. Muller, M. W. Biavatti,
R. M. M. W. de Oliveira, C. A. M. de Santos. Sedative and anxiolytic
effects of methanolic extract from the leaves of Passiflora actinia.
Braz. Arch. Biol. Technol. 2006, 49, 565.

[3]1 H. Aassila, M. L. Bourguet-Kondracki, S. Rifai, A. Fassouane, M. Guyot.
Identification of harman as the antibiotic compound produced by a
tunicate-associated bacterium. Mar. Biotechnol (NY) 5, 163.

[4] A. Abe, H. Yamada, S. Moriya, K. Miyazawa. The B-carboline alkaloid
harmol induces cell death via autophagy but not apoptosis in human
non-small cell lung cancer A549 cells. Biol. Pharm. Bull. 2011, 34, 1264.

[5] M. Slaytor, I. J. McFarlane. The biosynthesis and metabolism of harman
in passiflora edulis—I. Phytochemistry. 1968, 7, 605.

[6] T. Herraiz. Tetrahydro-B-carbolines, potential neuroactive alkaloids, in
chocolate and cocoa. J. Agric. Food Chem. 2000, 48, 4900.

[7]1 T.Herraiz, C. Chaparro. Human monoamine oxidase enzyme inhibition
by coffee and B-carbolines norharman and harman isolated from
coffee. Life Sci. 2006, 78, 795.

[8] T. Herraiz. Relative exposure to B-carbolines norharman and harman
from foods and tobacco smoke. Food Addit. Contam. 2004, 21, 1041.

[9] D. J. McKenna. Clinical investigations of the therapeutic potential of
ayahuasca: rationale and regulatory challenges. Pharmacol. Ther.
2004, 702, 111.

[10] M. Yritia, J. Riba, A. Castillo, J. Ortufio, A. Ramirez, Y. Alfaro, R. De la Torre,
M. J. Barbanoj. Determination of N,N-dimethyltryptamine and b-
carboline alkaloids in human plasma following oral administration of
Ayahuasca. J. Chromatogr. B. 2002, 779, 271.

[11] E. H. Mcllhenny, J. Riba, M. J. Barbanoj, R. Strassman, S. Barker.
Methodology for determining major constituents of ayahuasca and
their metabolites in blood. Biomed. Chromatogr. 2012, 26, 301.

[12] T. Herraiz, D. Gonzalez, C. Ancin-Azpilicueta, V. J. Aran,
H. Guillén. Beta-Carboline alkaloids in Peganum harmala and
inhibition of human monoamine oxidase (MAO). Food Chem.
Toxicol. 2010, 48, 839.

Drug Test. Analysis 2017, 9, 596-602

Copyright © 2016 John Wiley & Sons, Ltd.

wileyonlinelibrary.com/journal/dta




Drug Testing
and Analysis

M. Tascén et al.

[13]

2

[15

[16

(171

[18

=
A=)

[24]

M. Kartal, M. L. Altun, S. Kurucu. HPLC method for the analysis of
harmol, harmalol, harmine and harmaline in the seeds of Peganum
harmala L. J. Pharm. Biomed. Anal. 2003, 31, 263.

G. Frison, D. Favretto, F. Zancanaro, G. Fazzin, S. D. Ferrara. A case of
beta-carboline alkaloid intoxication following ingestion of Peganum
harmala seed extract. Forensic Sci. Int. 2008, 179, 37.

W. Pfau, K. Skog. Exposure to fB-carbolines norharman and harman.
J. Chromatogr. B Analyt. Technol. Biomed. Life Sci. 2004, 802, 115.

D. D. Perrin. The dissociation constants of perlolidene and harmol. New
Zeal. J. Dairy Sci. 1957, 388, 688.

K. T. Douglas, R. S. Sharma, J. F. Walmsley, R. C. Hider. lonization
processes of some harmala alkaloids. Mol. Pharmacol. 1983, 23, 614.
M. Balon, J. Hidalgo, P. Guardado, M. A. Muaoz, C. Carmona. Acid-base
and spectral properties of b-carbolines. Part 2. Dehydro and fully
aromatic b-carbolines. J. Chem. Soc. Perkin Trans. 2. 1993, 2, 99.

G. Frison, D. Favretto, F. Zancanaro, G. Fazzin, S. D. Ferrara. A case of -
carboline alkaloid intoxication following ingestion of Peganum
harmala seed extract. Forensic Sci. Int. 2008, 179, 37.

A. Ramirez, A. Castillo, M. Yritia, J. Riba, J. Ortuno, Y. Alfaro,
M. J. Barbanoj. Determination of N,N-dimethyltryptamine and
B-carboline alkaloids in human plasma following oral administration
of Ayahuasca. J. Chromatogr. B. 2002, 779, 271.

D. Heiger. High-Performance Capillary Electrophoresis, 2000.

1 M. Unger, D. Stockigt, D. Belder, J. Stockigt. General approach for the

analysis of various alkaloid classes using capillary electrophoresis and
capillary electrophoresis-mass spectrometry. J. Chromatogr. A. 1997,
767, 263.

J. Cheng, K. R. Mitchelson. Improved separation of six harmane
alkaloids by  high-performance  capillary  electrophoresis.
J. Chromatogr. A. 1997, 761, 297.

J. Cheng, K. R. Mitchelson. Improved separation of six harmane alkaloids
by high-performance capillary electrophoresis. J. Chromatogr. A. 1997,
761, 297.

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

J. Stockigt, Y. Sheludk, M. Unger, I. Gerasimenko, H. Warzecha,
D. Stockigt. High-performance liquid chromatographic, capillary
electrophoretic and capillary electrophoretic-electrospray ionisation
mass spectrometric  analysis of selected alkaloid groups.
J. Chromatogr. A. 2002, 967, 85.

C. Huhn, C. Neususs, M. Pelzing, U. Pyell, J. Mannhardt, M. Ptz. Capillary
electrophoresis-laser induced fluorescence-electrospray ionization-
mass spectrometry: a case study. Electrophoresis. 2005, 26, 1389.

T. N. Posch, N. Martin, M. Putz, C. Huhn. Nonaqueous capillary
electrophoresis-mass spectrometry: a versatile, straightforward tool
for the analysis of alkaloids from psychoactive plant extracts.
Electrophoresis. 2012, 33, 1557.

M. Tascon, F. Benavente, V. Sanz-Nebot, L. G. Gagliardi. Fast
determination of harmala alkaloids in edible algae by capillary
electrophoresis mass spectrometry. Anal. Bioanal. Chem. 2015.
DOI:10.1007/500216-015-8579-4.

M. Tascon, N. Vizioli, F. Benavente, L. G. Gagliardi. Separation of harmala
alkaloids by CZE: Optimization, calculation of analytical figures and
method transfer between different CE instruments. 19th International
Symposium, Exhibition and Workshops on Electro- and Liquid Phase
Separation Techniques. ITP 2012, Baltimore MD, USA, 2012, P-418, 1.

J. C. Reijenga, E. Kenndler. Computational simulation of migration and
dispersion in free capillary zone electrophoresis. J. Chromatogr. A.
1994, 659, 403.

B. Hemmateenejad, A. Abbaspour, H. Maghami, R. Miri,
M. R. Panjehshahin. Partial least squares-based multivariate spectral
calibration method for simultaneous determination of B-carboline
derivatives in Peganum harmala seed extracts. Anal. Chim. Acta.
2006, 575, 290.

J. C. Callaway, L. P. Raymon, W. L. Hearn, D. J. McKenna, C. S. Grob,
G. S. Brito, D. C. Mash. Quantitation of N,N-dimethyltryptamine and
harmala alkaloids in human plasma after oral dosing with ayahuasca.
J. Anal. Toxicol. 1996, 20, 492.

wileyonlinelibrary.com/journal/dta

Copyright © 2016 John Wiley & Sons, Ltd.

Drug Test. Analysis 2017, 9, 596-602


http://dx.doi.org/10.1007/s00216-015-8579-4

