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Separation of the major alkaloids of Peganum harmala by high voltage 
ionophoresis 

In the opinion of CROMWELL~ none of the existing methods for the determination 
of the alkaloids of Pe~anzcnz harmala are entirely satisfactory and for this reason he 
considers a new analytical study of these alkaloids to be necessary. CROMWELL’S 
assertion continues to hold true ten years after it was first enunciated. The key point 
in all the determinations is the separation of harmine and harmaline. The technique is 
substantially the same as the fractional precipitation process followed when extracting 
these alkaloids from the plant. Here we shall deal with-among the different sepa- 
ration methods we have tried-the possibilities offered by ionophoresis on paper as 
the starting point for a micromethod which permits the evaluation of these trypto- 
phan metabolism compounds in vegetables. 

Several authors2-8 have shown that a considerable number of alkaloids may be 
separated by ionophoresis on paper as long as they are sufficiently soluble in the 
buffer and do not remain adsorbed in the carrier. Most of such separations have been 
carried out at gradients not exceeding IO V/cm. The advantage of using, in similar 
cases, fields of an intensity ten or twenty times higher is obvious. The speed of the 
separation will limit the broadening, distortion and overlapping of the bands due to 
diffusion. 

But this economy of time and, above all, the desired. increase of the resolving 
power will only be attained by either using a device capable of absorbing the heat 
produced by the Joule effect or adopting the necessary precautions so that the heat 
released is negligible. Both methods have been used in this work, with different results. 
We have used a heat exchanging device, cooled by brine circulation, capable of 
reaching temperatures of -18~ for all the ionograms run in aqueous systems. When 
formamide or dimethylformamide have been used as the solvents the production of 
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heat has been so low that it has been possible to work at ordinary temperatures 
without the need to operate the cooling system. 

I o/o solutions of harmine and harmaline, in the buffer system corresponding to 
that with which the paper (Whatman 3MM) was impregnated, were used. In all the 
experiments the degree of impregnation of the paper was maintained uniform by 
passing the paper through a. roller press, with the rollers set at the same pressure all 
the time so as to remove excess liquid. 

As reference substance for measuring the electro-osmotic flow a solution (0.1 yo) 

of methyl-umbelliferone was used. 
The buffer system, formic acid-ammonium formate, which had yielded good 

results in our laboratory for the separation of the two alkaloids on an ion exchange 
column, was the first one tested for the ionophoresis. Since the ionization of the bases 
had to show the maximum difference at a pH of the buffer solution equal to half the 
sum of the pK’s of the respective bases, the buffer pH was first set at 5.15, taking as a 
reference the values of the dissociation constants given by ORLOW~. Due to the fact 
that the pl< of substances with ionizable groups capable of mutual interaction may be 
markedly affected by the ionic strength of the mediumlo, experiments were carried 
out with the buffer values ranging from pH 5.9 to pH 3.6 within the concentration 
limits o.oz&? to 0.1 M. In no case was a total separation of the alkaloids achieved, 
tailing clue to adsorption of the bases on the carrier occurred. Tests were then made 
with conventional buffer systems such as BRLTTON’S, diluted to I/& and those of 
LOREN~-M~~LLER~~ ranging from pH 7 to pH 5, with ionic strengths ranging from 0.002 
to 0.2 cand potentials from 33 V/cm upwards. 

In almost all these systems, it was possible to see, at the beginning, a difference 
in the migration velocity of the alkaloids, but as the operation goes on tails form and 
distortion occurs at the fronts. As a result the resolution is incomplete. Nevertheless 
with the o.lM LORENZ-MUELLER buffer 4 mm separations were achieved at a pH of 6.5 
and a potential of 50 V/cm after 30 min. The dissipated heat was 240 W. The addition 
of ethyl and isopropyl alcohol and propylene glycol to the electrolyte, with a view to 
attenuating the adsorption effect did not substantially improve the result. On the 
other hand the addition of 25 o/0 of formamide to the LORENZ-MULLER acetic acid- 
acetate buffer prevents the formation of tails and gives rise to larger displacements. 
The use of pure formamide as a solvent permits the rapid displacement of the allcaloids 
since there is very little heat evolution and higher potentials (200 V/cm) may be used. 
However, the migration velocity of both alkaloids is the same in this medium and there 
is no separation. 

Harmine and harmaline bases are soluble in the dimethylformamide-acetic acid 
system at ordinary temperatures. As it was known that the pH of this system did not 
coincide with thevalue it has for aqueous solutions, the pH of the different dimethyl- 
formamide-acetic acid systems was taken as that given by the pH meter when a 
saturated calomel electrode and a glass electrode were inserted in the system. 

Fig. I shows the ionophoretic behaviour of the bases in each of the systems 
within the pH range 8-5.5. In all cases the liquid at the electrodes was the same as that 
with which the paper was impregnated. Ionophoresis took 30 min, the potential was 
200 V/cm, the current less than I mA and the process could be completed without 
using the cooling device. Curve I shows the di#erence between the distances travel- 
led by harmine and harmaline after 30 min. Curve z shows the distance travelled 
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Fig. 1. Curve I : Difference between the distances travelled by harmsline and harmino at 200 
V/cm in DMF-acetic acid at different pH values. Curve 2: Distance travelled by harmaline ZIS. 
pi-1 of medium. 

by harmine during the same time. A close dependence between the migration 
velocity of the bases and acidity of the medium is observed. It can also be deduced 
that, at any point within the pH range investigated, migration velocities sufficient to 
resolve the mixture in about IO minutes are obtained and that, in general, the optimum 
working range is located between pH 6.5-7.5. 
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