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A high performance liquid chromatographic assay
of cis- and trans- isomers of tricyclic neuroleptic
drugs
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Tricyclic neuroleptics based upon the thioxanthene nucleus exhibit geometrical isomerism
and the major pharmacological activity resides in the Z-component. An h.p.l.c. procedure
which enables the separation detection and quantification of these isomers is described. The
method is applicable to the analysis of flupenthixol, clopenthixol, chlorprothixene, doxepin
and dothiepin. Measurement of the isomer-ratios in various samples of flupenthixol has shown
that small batch to batch variations are apparent. The determination of the isomer-ratio in
formulations has been shown to rely upon the complete extraction of the medicament. This is
due to the differential release of the components from the tablet matrix with the cis-isomer
being favoured. There is little difference observed between the adsorption isotherms of the
two components (onto charcoal) but in competition experiments differential adsorption may
be demonstrated. This has clear implications for the pharmacokinetics of these drugs.

The presence of the exocyclic olefin residue and a
non-symmetrical tricyclic structure allows the
neuroleptic thioxanthenes flupenthixol (I), clopen-
thixol (II), chlorprothixene (I1I), and thiothixene
(VD) to exist as either a cis- (Z, o) or as a trans-
(E, ,8) geometrical isomer. Doxepin (IV) and dothie-
pin (V) have structural resemblance to these thiox-
anthenes. The original literature on all of these
compounds reports the equilibrium composition
isomers, which typically range from doxepin
[15% cis] (Hobbs 1969) through thiothixene [37 7,
cis] Muren & Bloom 1970) to flupenthixol [ca
509 cis] (Mpller Nielsen et al 1973). Chlorprothix-
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ene (III) is described as the Z isomer (Martindale
1977a), dothiepin is described as mainly the trans-
isomer (Martindale 1977b) and doxepin consistg
of 15% Z (cis) isomer (Merck Index 1976). The
cis- isomer of doxepin is more active than the
trans- (Bloom & Tretter 1964). In the thioxanthene
series the available evidence suggests that most of
the neuroleptic activity of the drug resides in the
cis-isomer. This has been shown in vitro by the
inhibition of a dopamine-stimulated increase in
adenylate cyclase activity in rat brain homogenates
(Horn et al 1975; Miller et al 1974) and in com-
petitive binding studies using, for example, the
competition against haloperidol for the dopamine
receptor (Enna et al 1976; Burt et al 1976). Other
studies confirm these results (Seeman & Lee 1975;
Bouillin et al 1975; Meltzer et al 1977). Results
in vivo parallel this activity difference between
isomers and show very low activity for the trans-
isomer (Mpgller Nielsen et al 1973). Although
differences have not been demonstrated conclus-
ively in man (Crow et al 1977) there seems little
doubt that a significant difference in activity
between cis- and trans-isomers is to be expected
(Enna et al 1977).

Studies on the distribution and metabolism of
these compounds have paid little attention to possible
variations in the fate of the isomers. Doxepin
isomer ratios before and after administration Wﬁfre
equivalent (Hobbs 1969). Thioxanthene studies
have concentrated on monitoring the distributfon
of radioactive-labelled drugs and the identification
of metabolites by t.l.c. comparison with authentiC



H.p.l.c. ASSAY OF ISOMERS OF NEUROLEPTICS

samples (Jorgensen & Gottfries 1972; Jorgensen
et al 1969, 1971; Raaflaub 1967; Weissman et al
1974).

The inadequacies of methods of assay have
not encouraged work with the isomers. Flupen-
thixol, for example, has been assayed by infrared
spectroscopy (Uda et al 1970), a technique fraught
with experimental difficulties, and although chro-
matographic analysis has been widely used (Dell
et al 1970; 1971; de Leenheer 1973) the separation
and quantification of isomers is time-consuming and
tedious (Muren & Bloom 1970). H.p.l.c. identi-
fication of doxepin (Vandemark et al 1978) makes
no mention of the isomers and an h.p.l.c. assay of
thiothixene (Wong et al 1976) did not separate
isomers.

We have devised a method for the rapid analysis
of the cis- and frans-isomers of tricyclic neuroleptic
drugs and have used it to assess the isomer ratios of
various batches of pure and formulated flupenthixol.

MATERIALS AND METHODS

Apparatus

Analyses were made using a high-pressure liquid
chromatograph constructed from an Altex 100A
constant flow solvent-metering pump, a Rheodyne
7120 injector fitted with a 20 ul loop, and a Cecil
212 variable wavelength uv monitor, equipped with
an 8 ul flow-cell and operated at 260 nm with a
sensitivity of 0-5 AUFS. For chromatography, a
25cm X 46 mm i.d. column of Spherisorb (5pum
spherical, totally porous silica) was used with a
mobile phase consisting of ethyl acetate, methanol,
3% w/v ammonia (85:15:1 v/v) delivered at a
rate of 1 ml min—* under a pressure of 70 bar.
Standard solutions of cis- and trans- flupenthixol
dihydrochloride were prepared as follows: separate
aqueous solutions containing cis- or frans-flupen-
thixol dihydrochloride from 0-06-0-3 mg ml—! were
prepared. Each solution was added to an aqueous
solution of promazine hydrochloride (0-25 mg mi~?)
(internal standard), and the whole was basified with
aqueous sodium hydroxide (5M, 1ml). Ethyl
acetate (2 ml) was added, the mixture thoroughly
agitated, the phases allowed to separate and the
supernatant (20 ul) then injected onto the h.p.lc.
column. The ratio of the peak heights of flupen-
thixol and promazine was used to calculate cali-
bration lines for the cis- and frans isomers. The use
of standard solutions each containing both isomers
of flupenthixol dihydrochloride [total concentration
0-6 mg mi—! in varying proportions, or with varying
concentrations and equal proportions] also enabled
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linear calibration lines to be obtained but in a much
shorter time. By varying the amount of internal
standard, the method could be used for concen-
trations of flupenthixol from 1-8 to 0-001 mg ml—*
without modification.

Batch samples of the drugs were assayed by the
method after the preparation of solutions containing
0:3-0-6 mg ml—! of the hydrochloride salts. Tablets
of flupenthixol [Depixo! (3 mg) Fluanxol (0-5 mg)]
were assayed after extraction with 5 or 10 ml of
water or hydrochloric acid (0-1, 0-5, 1m). The
suspensions were agitated ultrasonically for 90 min,
centrifuged and 1 ml of the supernatant assayed as
before. The adsorption of cis- and trans-flupenthixol
dibydrochloride on activated charcoal (10 mg) was
studied by equilibrating 20 ml of aqueous solutions
of each isomer or a mixture of isomers, each
containing 1-10 x 10~* M drug with the adsorbent
(charcoal). After equilibration the suspensions were
centrifuged and the residual flupenthixol was
determined by the measurement of the absorbance
at 230 nm. For h.p.l.c. assay, 10 ml volumes of
solutions of flupenthixol (combined Z and E
isomers) dihydrochloride 3 X 10*M (1-521 mg
ml?) in (a) water and (b) M HCI were treated with
activated charcoal (50 mg) and 1 ml of the super-
natant was assayed as described above. All solutions
were kept in the dark before analysis.

RESULTS AND DISCUSSION

Typical h.p.l.c. traces are reproduced in Fig. 1 and
the chromatographic parameters are recorded in
Table 1 which also includes other tricyclic drugs
so that our system may be related to published
analyses (Vandemark et al 1978). These data
illustrate the optimum analysis conditions for time
and resolution of the cis-trans isomers of the com-
pounds. Ammonia was included as a modifier in
the system to prevent excessive broadening of the
eluted bases by interaction with the acidic silica
packing. A decrease in both analysis time and
resolution was caused by increases in the methanol
or ammonia content of the mobile phase. Thio-
thixene isomers did not separate under these con-
ditions. A single peak with a retention time of 20 min
was observed. The sulphonamido function at the
3-position of the thioxanthene causes a marked
increase in the polarity of this molecule which
results in stronger interactions with the silica
stationary phase overriding the weaker stereo-
chemical effects.

In all other cases the cis-isomers were eluted
before the rrans-analogue, with a resolution typic-
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Fic. 1. H.p.lc. separation of (a) cis- and (b) trans-isomers of tricyclic neuroleptics: flupenthixol (1))
clopenthixo! (II), chlorprothixene (III), doxepin (IV), dothiepin (V) and promazine (VIL). ’

ally of 1-2. This retention difference may be due
to differential interaction with adsorbed mobile
phase or to a decreased polarity, indicated by
dipole moment measurements (Petersen & Maller
Nielsen 1964), of the more active cis-isomer*
resulting in a weaker adsorption on to the silica
column.

To assess the application of this system to the

Table 1. Retention data for cis- and frans- isomers.

Capacity Resol-

Rt ratio! ution?
Min K’

Drug cis trans cis trans R
flupenthixol (1) 7-:09 805 144 178 1-28
clopenthixol (2) 802 889 177 207 109
chlorprothixene (3) 604 822 105 179 242
doxepine (4) 884 966 2-10 2-39 1-03
dothiepin (5) 854 905 194 212 099
thiothixene (6) 20-00 5-67
promazine (7) 16-0 4-52
chlorpromazine 92 2-17
imipramine 12-45 3-29
amitriptyline 8-7 2:00
nortriptyline 277 8-55

, tr-to 2 (tt-tc)
1. K o~ 2. R Wi We
to = retention time of unretained solute.
tr = retention time of peak.
tt = retention time of trans-component.
tc = retention time of cis-component.
Wt = base width of trans-peak.
Wc = base width of cis-peak.

* Early assignment of the configuration of the isomers
was based upon refractive index and dipole moment
measurements and was incorrect. Later assignments
(Muren & Bloom 1970) were supported by X-ray data
(Schaeffer 1967; Post et al 1975).

quantification of isomers, the analysis of samples of
flupenthixol was studied. Calibration lines over g
concentration range suitable for the determination
of flupenthixol tablets were constructed and the
equations for the slopes are: rrans, y = 294-8
(+4-2)x + 08 and cis, y = 4158 (+5-3)x — 09
(n = 11). The differences in slope is mainly due to
the greater elution volume of the trans-isomer
although small differences in absorbance may also
contribute to this effect (Muren & Bloom 1970),
By constructing appropriate calibration lines the
method could be applied to solutions ranging
from 1-8mgmi—? down to 1pugml? without
modification, although at lower levels of detection
longer column equilibration times were necessary
to achieve a steady base line.

The assay results for pure and formulated samples
of flupenthixol containing a mixture of the cis-
and rrans-isomers are recorded in Table 2. Good
reproducibility was obtained in the analysis of pure
flupenthixol dihydrochloride and a constant ratio
of cis-trans isomers was obtained from replicate
determinations. However, the two batches at our
disposal showed small but real differences in com-
position. If formulated into 3 mg tablets a difference
in dosage of 1-4 mg to 1:32 mg (~.5%) of the cis-
isomer would result.

In extending this assay to flupenthixol tablets we
have found that much care is required in the ex-
traction to ensure significant and reproducible
results. Table 2 indicates that two factors must be
considered: namely, the efficiency of the extraction
in terms of total flupenthixol and the efficiency of
the extraction of the respective isomers. Our results



H.p.l.c. ASSAY OF ISOMERS OF NEUROLEPTICS

Table 2. H.p.l.c. assay of flupenthixol.

o

Sample % cis %, trans recovery*
Batch 1 46-7 (£0-14) 53-3(40-14)
Batch 2 44-0 (£0-12) 56-0 (£0:12)
1 X 3 mg tablet
H,0 (5 ml) 51-6 484 885
H,0 (10 m)) 51-3 48-7 91-7
0-1 M HC) (10 m}) 513 48-7 637
0:5M HCI (10 m]) 48-3 517 99-3
1M HCl (5 ml) 49-5 50-5 852
1M HC 489 (+0-15)  51-1 (4015 99-7
2 x 05m g tablet
H,0 (5 ml) 51-3 487 58-
H,0 (10 m) 53-1 46-9 64-0
1M HCI (5 ml) 47-0 53-0 82:0
1 M HCI (10 ml) 467 53-3 90-0
1 x 05 mg tablet
H,0 (10 51-5 48-5 714
1M HC (IO mbi 479 (£0-24)  52:1 (£029) 100-2

® Based upon nominal weight of flupenthixol in tablets.
+ Eq\ilivalent to 1-47 (4:0-005) mg cis and 1-53 (£0-005) mg trans
er tablet.
P t Equivalent to 0-240 (4:0:001) mg cis and 0-261 (-£0-001) mg
trans per tablet.

show that no useful conclusions may be made
concerning the cis:trans ratio unless complete
extraction has been achieved. Extraction of tablets
(3mg) using water allows approximately 909
extraction and an apparent cis content in excess of
519%. The use of 0-5 or 1 M HCI increases the ex-
traction efficiency and 1M HC! (10 ml) results in
complete extraction. At this point the true cis
content may be measured and was found to be
48-89%;. The extraction of 0-5 mg tablets was even
more difficult to control, because of the higher
ratio of excipients to drug in this formulation.
The use of two tablets to increase the amount of
flupenthixol in the extract resulted in low recoveries.
One tablet, however, on extraction with 10 mi
1 M HCI, yielded complete extraction and assay of
this solution (about 25 ugml~* in each isomer)
indicated the cis isomer to account for 47-9% of the
flupenthixol available. This represents a small
variation between the two batches of tablets exam-
ined and is probably not of therapeutic importance.

Another possible explanation to account for the
variation in isomer content observed is that the
composition of the mixture is changed during
analysis, perhaps through acid-catalysed isomeri-
zation. However, tests on synthetic mixtures have
shown that no change is apparent during the
course of the experiment.

These results indicate that an artificially high
cis value is obtained at low extraction efficiencies
and also if water rather than acid is used for the
extraction. This suggests that appreciable adsorption
of the drug onto the tablet excipients is a real
problem in this experiment and that the adsorption
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characteristics of the cis- and frans-components are
not identical. To evaluate this possibility, the
adsorption isotherms of flupenthixol dihydro-
chloride on activated charcoal were determined.
The concentrations were kept below the cmc
(Enever et al 1976) to parallel the tablet extraction
data. The adsorption of the isomers and the mixture
was found to be modelled by the Langmuir iso-
therm:

(¢/x) = (1/a) + (be/a)

where ¢ = equilibrium concentration,
x = amount adsorbed g-! of adsorbent,
a, b are constants.

but no difference was observed between the systems
(a = 311 X 107* glitre™?, b = 1-39 litre mol~?). To
confirm that no small differences in adsorption were
being overlooked, samples were separately checked
by h.p.l.c. When aqueous solutions were assayed,
the residual solution was found to contain 46-5%
of the cis-isomer. However, when the corresponding
solutions in 1 M HCI were determined the proportion
of cis- in the supernatant liquid had risen to 48:1%.
Although these results cannot be directly related to
the tablet assays, they demonstrate clearly that
under certain conditions differential adsorption of
cis- and trans-isomers may be apparent.

Whether these results are of therapeutic sig-
nificance cannot be assessed at present but the
methods described here now make available pro-
cedures to enable both pharmacological and
pharmaceutical properties of the respective isomers
to be monitored in detail.
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