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~lopenthixol, a neuroleptic drug of the thioxanthene group, exis’s as two 
geometric isomers, a c&(Z)- and a tnms(E)-isomer. 16 has been shown, that 
while the c&(Z)-isomer has a strong neuroleptic activity in pharmacological 
tests, the fmns(E)-isomer is practically without any effect [I]. To prolong the 
neuroleptic effect cis(Z)clopenthixol was es&&fied with decanoic acid, di.s- 
solved in an oil and administered as an inttamuscuJar depot. Pharmacokinetic 
studies in animals Lndicated rapid hydrolysis of the e&r after liberation from 
the depok and showed significant dzug levels for considerably longer periods 
of time after dopenSxol decanoate injection than after oraHy given dopen- 
thixol [2] _ These data correlate well with the long IastSng pharmacological 
effect of clopenthixol decanoate demonstrated in animals [S] and they are 
in agreement with studies in patients administered clopenthixol decanoate in 
Viscoleo with intervals of two and fo~v weeks [d, 51. 

Anal-d methods for determination of dopent&xol in biological material 
have been developed by E’redricson Over@ [4], who used fluorometry after 
thin-layer separation and oxidation, and Muusze et al. 161, who worked wtth 
thin-layer scanning. The former method estimates clopenthixol decanoate and 
a N&zaUqd metabolite in addition to clopenthixol, but does not dMingui.sh 
between the isomers. The method by Muusze et al. [S] supplies a separation 
of the isomers of clopenthixol. but the sepa&ion is unsatisfactory and the 
isomers of the Ndealkyl metabolize are not separated at all. The ester is not 
e&meted by this method, Highperformance Squid chromatograptic separa- 
tion of the isomers of dopenthixd has been performed by Li Wan PO and 
Irwin 171, who used pure solutions of rather high concentrzations. 

In the present paper a specific high-performance liquid chromatagraphic 
method for determination of the concentzations fn serum of the c&(Z)- and 
tnzns(E)-isomers of dopenthixol and N-deaIkylclopenthixo1 is presented. 
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APP- 
The liquid cbromatographic sy&m consists of a Rheodyne Model 7120 

syringe !oad.ing sample injector, a Spherisorb S 5 W (59m spherical silica par- 
ticles from Phase Separations, Queensferry, Great Britiain) column (25 cm X 
4.6 mm), a Waters Model 6000A pump, a Waters &&de1 440 W-absorbance 
detector with a measkn g wavelength of 254 xun, and a Kipp & Zonen Model 
BD9 twochannel recorder_ 

The duent was n-heptane-2-propanoi~oncentrated ammonia-w&Z 
(85:15:0_4:08, v/v), and the fIow-rate 1 ml/min. The chromatograph was 
operated at room temperature and at a pressure of abuut 70 bar, 

Chemicak 
Glass di.stUed water and organic solvents of analytical grade were used in the 

analysis. The hexane was from MaBinckrodt (St. Louis, MO, U.S.A.); the other 
solvents, hydrochloric acid and the NaOH pellets from Merck (Darmstxit, 
G.F_R.)_ The isopropylamine was distilled every fortnight. 

Reference substances 
The dihydrochloride of the &s(z)- and the fnms(iZ)-isomers of clopenthixol 

and the dim&ate of the NcleaU@ated clopenthixol consSing of 44% c&(z)- 
and 56% fnuts(E)isomer were used as reference su~ces. The percentages 
of &s(Z)- and m(E)-NcleaU@zlopenthkol were estimated from the peak 
areas. It was necesszy to make the assumption that the &s(Z)- and mm(R)- 
isomers of N&alkylclopenthkol have equal molar W-absorption as the pure 
isomers cannot be produced. Stack stvldarcf solutions were made in ethanol 
(1 mg/ml) and stored in a reSgerator for 1 month. Dilutions were made every 
day. The substances were all synthesized in our laboratories. 

A compound, Lu 9-215, structurally related to clopenthixol, but without 
the double bond in the side chain was used as internal standard (Fig. 1). Soh.~- 
tion and dilutions were made in the same way as for the reference substances. 
The substance was sy&Ssized in our Iaboratories and is available on request. 

Toaserumsampleof2mlinastopperedgkstubewereadded25ngof 
Lu 9-215, 300 pl ethanol, 100 pi of 7 .?? NaOH solution and 8 ml ot hexane 
containing 0.1% isopropylamine, The samples were shaken for 15 min and then 
centrifugal at 2400 g for 5 min. The hexzme phase was kmsferred to another 
tube, and 2 ml of 0.1 N HCl were apdsd, the samples were shaken for 15 min 
and centrifuged for 5 min. The haane phase WBS discarded, and to the HCI 
phase were added 200 ~1 of 7 N NaOH and 4 ml of hexane with 0.1% iso- 
propylamine. The samples were again shaken and centrifuged for 15 and 5 min, 
respectively. Thereafter the hexane phase was transferred to a conical glass tube 
and was evaporated to dryness under a‘stream of air at 30°C. The sample was 
redissoIved in 1 ml of hexane, evaporated and redissolved in 100 d of hexane 
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CH-CH2-CH2-N N-R2 

Clopenthixol <CPT) H -<CH,)JlH 
Dealkyl clopenthixol (CPT-NH) H H 
Internal Standard. < Lu 9 -2!5>* CF3 -<CHZ)2-OH 

*Without the double bond in rhe side chain to the ring structure 

Fig. 1. Structures of clopenthixol, N-dealkylclopenthixol and the internal standard. 

cont&n’fig 0.1% isopropylamine. A 70-~1 aliquot of the final solution was in- 
jected on the cbromatograph. 

RESULTS AND DISCUSSION 

Identification and quantitation 
The chug, the metabolites and the internal s’c;andard were identified by their 

retention times. 
Sxndard curves were evaluated by measuring the peak heights relative _to 

that of the internal standard, As the variations in the daily standard curves ob- 
tained for cis(Z)clopenthixol and c&(Z)- and tnzrzs(E)-Nclealkylclopenthixol 
were small, three mean standard curves were made for these compounds on the 
basis of the data &om the individual curves. The standard curves did not differ 
significantly from linearity (p > 0.10). The standard curve used for determina- 
tion of c&(Z)clopenthixol was also used for tins(E)clopenthixol as the peak 
heights of these two isomers were not significantly different for the same 
amount of drug. The standard curve used for czdcuI.&ion of CC@)- and tmns(E)- 
clopenthixol is shown in E’ig. 2. The line is based on 206 determinations as 
indicated on the figure. The equation for the line is y = 0.713 x + 0.0054. 
The corresponding standard curves for cis(Z)- and trcms(E)-N-de+ylclopen- 
thixol are based on 208 and 198 determinations and the equations are y = 
0.0415 x - 0.0482 and y = 0.3270 x + 0.0390, respectively. 

Every day standards of cls(Z)~lopenthixol and c&(Z)/trarzs(E)-Ndealkyl- 
clopenthixol added to blank serum samples are run through the procedure in 
order to check that the standard curves are still valid (standards are within 
the 95% confidence limits). The reason for not adding fmns(E)clopen&xol 
to the samples is to be sure of the degree of isomerization of cis(Z)- to .wz~s(,?~)- 
clopenthixol during the analytical procedure. The cis(Z)clopenthixol standard 
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CPT/lnt.Std. 

Fig. 2_ Standard curve for czhhtion of the amounts of ci@)- and frPns(E)-dopenthko1 
(CPT) in a serum sample. Mean + S-D. is given for esch concentration. The figuns in the 
bxxkets indicate the number of observations. 

contains l-2% of trans(E)clopenthkd, and during the extraction procedure 
this normally increases to about 6%. If the samples are handled in an inex- 
pedient way (heat, light), further isomerization can take place. 

Sensifivity and precision 
The Iower limit of sensitivity was for clopenthixol about 0.5 ng/ml and for 

N~ealkyk~openthixol about 2.5 ng/ml in a Z-ml sample. Because of thk high 
sensitivity it is possible to follow the drug concentrations in serum for a rela- 
tively long time, even after a single dose as low as 10 mg of cr&Z)clopenthixol. 
The method is thus more sensitive then the other methods described for 
clopenthixol and Ndeaikylclopenthixol [4,6]. 

Bawd on the assay of 4-6 identical samples containing 3,10,30, and 90 ng 
of cis(Z)clopentUrixol and 10, 30,90, end 270 ng of cis(Z)/trms(E)-Niledkyl- 
clopenthkol, coef&ients of variance of 3-7 were found. The coefficients of 
variance were independent of the drug concentration, 

‘The assay of clopenthixol and the met&o&e is not disturbed by compounds 
from the serum as seen in Fig. 3A. 

Other relevant drugs have been assayed in the chromatographic system 
described in this paper, to investigate a possible interference with the assay. 
The tricyclic antidep ressants amitriptyline, nortriptyline, and imipramine do 
not interfere with the assay, the same is true for the antiparkinsonian drugs 
orfenadin, procyclidin, and biperidin, whereas most of- the benzodiazepines 
interfere with the assay. Estazolam does not interfere with ciopenthixol, but is 
very close to the cis(Z)-isomer of the metabolite in the chromatogram. Metab- 
o&es of the above-mentioned drugs have not been investigated and it there- 
fore cannot be excluded that some of them will interfere with the clopenthixol 
essay. However, until now no peaks from other compounds have disturbed the 
aSSay. 
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Fig. 3. Chromatograms of (A) blank serum with 25 ng internal standard; (B) blank serum 
with 25 ng internal standard, 10 ng cis(Z)-clopenthixol [c&(Z)-C?T] ; 22 ng c&(Z)-N-de&&- 
clopenthkol [ck(.Z)-CPT-NH] , and 28 ng tmnr(&)-N-dealkylclopenthiol [frans(E)-CPT- 
NH] ; (C) serum sample from a patient given daily dosages of ck(Z)-clopenthiiol, 25 ng of 
internal standard were added to the sample containing 19.8 ng cir(Z)tlopenthixol and 24.9 
ng cir(Z)-Ndealkylclopenthi9al, traces of trarzc(E)-clopenthixol and tram(&)-N-dealkyl- 
clopenthisol were also present. 

Serum samples 
The method has until now only been used for serum samples from rat, dog, 

and man, In Fig. 3 are shown examples of chromatograms of extracts of human 
serum. Fig. 3A shows a blank serum sample to which are added 25 ng of inter- 
nal standard; the same is seen -in Fig. 3B, but with the addition of cis(Z)- 
clope~thkol (10 ng) and &s(Z)- and fmns(E)-Ndealkylclopenthko~ (22 and 
28 ng, respectively). Fig. 3C shows a serum sample from a patient with added 
internal standard (25 ng). The amounts of cis(Z)-clopenthixol and &(2)-N- 
deakylclopenthixol are 19.8 and 24.9 ng, respectively. The corresponding trans 
isomers az present in amounts below the limit of detection. 

Fig. 4 shows the levels of cis(Z)- and trans(E)-clopentbixo1 in a human volun- 
teer given a single dose of 30 mg SordinolQ , i.e. about 10 mg cis(ip)- and 20 mg 
tmns(E)-clopenthixol. The peak level?, are obtained 3 and 4 h after administra- 
tion. Thereafter the curves decline slowly and the drug is still measwrable after 
48 h. The biologicaLhalf-lives are almost one day. The isomers oi the deaEyl- 
ated metabolite were only seen as traces. 
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Fig. 4. Concentrations of ck(Z)-clopenthi~ol (0) and fmrrs(E)-clopenthixol (0) in serum 
froaahuman volunteer given a single dose of 30 mg Sordinol@‘. 
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Fig- 5_ Concentrations of cis(~)dopenthixol in serum Corn a patient given cir(Z>elopen- 

thixd i-ate intramusculzaJr in viieo, 150 ng forhli&tay_ 

Another example of the application of the metkod is seen in Fig. 5 showing 
the concentration of cls(Z)cIopenthixol after intramuscular iqjection of 
cis(Z)-ciopenthixot decanoate in Viscoko to a patient in fortnightly doses of 
150 mg. It is seen that the curve shows a maximum between days 5 and 7 and 
that a maximum/ minimum fluctuation of about 2 occurs. Although c&(Z)- 
cIopenthixo1 decanoate and not cis(Z)cIopenthixol has been adrnh&W to 
the patient, only cis(Z)clopenthixol has been measured as this seems to be 
tbe compound responsible for the clinical effect. This assumption is based 
on animal studies [2] which showed rapid hy&olysis of the ester, ciopenthixol 
being the dominating compound in the tissues, and on earlier inwest&ationS in 
patients [4,5] in whom the ester was hardly detectable in serum. In addition 
t0 c&(Z)-clopentbixol fmns(E)clopentbixoL wz observed in ee amounts. 
cis(.Z)-N-Deaikylclopenthixol wss seen in a concentration of about h&f of the 
cis(Z)cIopenthkol concentition, while the fmns(E)-N&a&yMope&Gxo~ 
was seen in trace amounts. 

The present paper describes a method for the estimation of the two isomers 
of clopentbixol and the two isomers of the dopenthlxol metaboI%e, Md?dky~- 
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clopenthixol:Of these compounds cis(.Z?)-clopenthkol is by far *he most im- 
pork& compound, as it is the compound exerkirzg .&he phanmcok@cal and 
clinical activi~ also after ester adnkistr&ion_ M easmemezzt of Pans(E)- 
clopenthixol is of less importance since the co~zzpound -is abnost without 
pharmacological a&iv-&y [I], but if; gives an i&k&ion of the degree to which 
the cis(Z)-isomer is transformed to the tmm(E)-isomer. Also the rneasureznent 
of the isomers of N&alkglclopenthkol is of less importance as the co~p.poumls 
haveverylow phzmnacological2ctivity [Sl_ However,tbemeasurementofthe 

metabolite in serum may give an indication as to the metabolic capacity of the 
animal or the human from whom the serum sample originates. 
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