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SHORT COMMUNICATION

Thin-layer chromatography and high voltage
electrophoresis of quaternary alkaloids from
Fagara species

J. M. CALDERWOOD AND F. FISH

Division of Pharmacognosy and Forensic Science, Department of Pharmaceutical
Chemistry, University of Strathclyde, Glasgow, C.1, Scotland

Because of their physical properties quaternary alkaloids can be separated chromato-
graphically by partitioning between immiscible solvents on a cellulose support using
either paper (Kuck, Abonico & others, 1967) or cellulose thin-layers (Calderwood
& Fish, 1966). However, the minimum time needed is some 3-4 h includinga 1 h
equilibration period.

Electrophoresis at low voltages was suggested for the separation of quaternary
alkaloids (Marini-Bettolo & Coch Frugoni, 1958) but the time required was also
about 3 h. With the introduction of high voltage electrophoresis, the possibility
of shortening the separation time became apparent, for example, the separation of
tertiary ergot alkaloids was reduced to 45 min (Agurell, 1965). We wished to effect
rapid separation of the quaternary bases of the genus Fagara (Rutaceae) and have
compared the results of thin-layer chromatographic separations with those achieved
by electrophoresis.

Experimental

Alkaloids. Solutions of salts (iodide or chloride) 19; in ethanol of the following
alkaloids were used: candicine, coryneine, tembetarine, magnoflorine, N-methyl-
corydine, N-methylisocorydine, laurifoline, xanthoplanine, palmatine, berberine,
chelerythrine, nitidine.

Thin-layer chromatography. Plates with cellulose (Whatman Chromedia CC41),
spread to 0-25 mm and dried at 40°, were developed with (1) 0-1N hydrochloric acid,
(2) n-butanol saturated with 2N hydrochloric acid, or (3) n-butanol-pyridine-water
(6:4:3). The plates were equilibrated for 1 h before development for which times
were 35, 150 and 120 min respectively.

High voltage electrophoresis. Of the several buffer solutions tried, the Britton—
Robinson barbitone buffer, pH 6-8-8-0, gave best results with the alkaloids examined.

A Camag high voltage electrophoresis cell was used and the potential gradient
was varied between 75 and 125 V/cm, the cell being cooled by water at a flow rate
of 2 litres/min. Electrophoresis was for 20 min. Platinum electrodes were necessary
since the alkaline barbitone buffer corrodes the usual electrodes. Chromatography
papers, Whatman No. 1, 40 X 20 cm, were saturated with the buffer solution and
the excess removed by pressing between layers of absorbent paper.

Alkaloid detection. The thin-layer chromatograms and the electropherograms were
examined under ultraviolet light (366 nm), after exposure to ammonia vapour;
they were then sprayed with iodoplatinate reagent.
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Table 1. Thin-layer chromatographic characteristics of the quaternary alkaloids from
Fagara species

Rf values*
Solvents Colour with
——Ae—— Fluorescence iodoplatinate
Alkaloids 1 2 3 after NH, reagent
Candicine. . 092 045 047 — Purple
Coryneine 088 028 064 — Pale blue
Tembetarine 085 055 057 — Green
Magnoflorine 024 030 024 Blue Purple
N-Methylisocorydine 077 053 049 Blue Purple
N-Methylcorydine 074 057 065 Blue Purple
Laurifoline .. 0-11 0-19 0-42 Blue Purple
Xanthoplanine 034 042 063 Blue Purple
Palmatine. . 015 028 04S Yellow Brown
Berberine 0-13 036 049 Lime green Brown
Chelerythrine .. 0-07 021 0-92 Yellow Brown
Nitidine .. 0-00 0-00 040 Green Brown

* Mean values of between 10-20 runs.

Results and discussion

The separation of the twelve alkaloids obtained by thin-layer chromatography
using solvents 1-3 is shown in Table 1. By using these systems together with fluores-
cence (after exposure to ammonia vapour), and also the colours produced with iodo-

Movement towards cathode (cm)
S
T

A ; ; ; T
3 /A 5 68 70 72 74 16 78 80
Volts x 10-3 pH

Fic. 1. A. Electrophoretic movement of alkaloids at different voltages; 20 min; pH 7-4. The
alkaloids are: a; candicine; b, coryneine; c, tembetarine; d, N-methylisocorydine; ¢, N-methyl-
corydine ; f, xanthoplanine ; g, palmatine; h, berberine; i, chelerythrine; j, laurifoline ; k, magno-
florine and 1, nitidine.

B. Electrophoretic movement of alkaloids in buffered conditions at different pH values;
20 min; 5000 V. The alkaloids are: a, candicine; b, tembetarine; ¢, N-methylisocorydine;
d, N-methylcorydine; e, coryneine; f, berberine ; g, xanthoplanine ; h, palmatine ; i, magnoflorine;
j, chelerythrine; k, laurifoline; 1, nitidine.
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platinate reagent, it is possible to identify all twelve alkaloids. A disadvantage is
the time taken for separation ; with solvent 2 this was 210 min. However, compared
with paper chromatography (Kuck & others, 1967), the use of cellulose thin-layers,
using solvent 3, is advantageous since candicine, tembetarine, N-methylisocorydine
and nitidine were more easily identified.

The separation of the twelve alkaloids by high voltage electrophoresis is shown
in Fig. 1A and B. Fig. 1A indicates the advantage of using the highest possible
voltage, the alkaloids moving greatest distances at 5,000 V. All the alkaloids were
reasonably well separated at pH 7-4 (Fig. 1B), but laurifoline, magnoflorine, berberine,
palmatine, and the benzophenanthridines, chelerythrine and nitidine were best
separated at pH 8:0. The principal advantage of this method is the rapidity (20 min),
with which the separations can be achieved.

The influence of hydroxyl groups on mobility of the alkaloids is shown by the
fact that coryneine with two hydroxyl groups, has a lower mobility than candicine
with one hydroxyl group. In the aporphine series, also, the mobility of magnoflorine
(two hydroxyl groups) is very much less than that of either N-methylcorydine (one
hydroxyl) or N-methylisocorydine (one hydroxyl) and the mobility of laurifoline
(two hydroxyl groups) less than that of xanthoplanine, and this alkaloid, with one
hydroxyl group at position 9, has a lower mobility than either N-methylcorydine
or N-methylisocorydine, each with one hydroxyl group at carbons 1 and 11
respectively.
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