
SUMMARY 

_A detector for liquid chromatography, based on anodic electrochemical oxi- 
d&ion at a glassy carbon efectrode, is used in combination with reversed-phase liquid 
chromatography for the determination of the long-acting tricyclic psychotropic drugs 
Buphentine tind perphenazine in blood.. 

Completely por&s microparticuIate silica material, modified so as to give 
a methyl silica; was nsed as the Gzationary phase .and buffered mixtures of methanol 
and water e the mobile .phase. The .low detection limit and the selectivity of the 
coulome& cjetector made possible the determination of concentrations of E-20 ppb 
of the compounds of interest. 

-&I extraction procedure was & order to obtain suEicient selectivity. 
Data for &e precision; detection limit and yield of bhe extraction procedure are 

given. A number of setim levels of perphenazine after orat administration and of 
&qjhe~azine.after i.m: doses of fluphenazine decanoate are stated. 

Most phenotiazines u&d in medical practice are neuroleptics, which are usual- 
ly given orally cmce or several times a day. One of the &ain problems of prescribing 
oral medication to psychiatric out-patients is that about 50°A of the patients fail to 
Leke the prekribed +e&&ion after a few months’. From this goup of drug-with- 
drawn &tients;.&bout_GO % relapse within sevqaI months2. Most of these drug-with- 
draws% +ignts r&xwerwhen’Jre s&e dosage of the originai neuroleptic is reinstituted. 
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TABLE I- 
STRUCI-URES OF FLUPHENAZlNE AND PERPHENAZINE 

:H>- C%-%~N-- CHr- CHr- '2% 

Confpou7fd Abbrevicztion Rx & 

Fluphenazine FPZ CF3 H 
Perpheee PPZ Cl 
Perphe,nazine en2nth2te - Cl &W~~~ 
Pa-phenaziue decmoate - a -CO-w&k-=& 

From phenothiazines that contain a~ alcoholic group such as fluphenazine 

(FEZ) and perpheRaziRe (PPZ), esters can k synthesized, which are more fipoph& 
than the original compounds. The structures are given in Table I. The decanoic ester 
of fiupheRa.ziRe or perphenazine is dissolved in sesame oil and given by intram~uscukr 
injection. Contrary to oral medktion, this injection has to be given only once or twice 

a month. The prolonged action of these depot formulations must be attributed to the 

slow release of the ester from the oily depot. Once in the blood, the pheROthk%%Re 
esters are hydro@zed rapidly by esterases into the psycho-active pheRothiaziRes. Pn 
dog blood, only trace amounts of the esters could be detected 1 h after i-v. injection 

of the ester, more than 95% having been hydrolyzed3. 
The percentage of psychiatric out-patients relapsing within I year has been 

reduced to about 20 oA by the introduction of long-acting phenothiazines. It is possible 
that a part of the remaining relapses have pharmacological reasons. Therefore, it is 
important to be able to determine phenothiazines and their metabolites in body 
fluids, giving the psychiatrist a new parameter for the institution of catcu(ated doses 
and dose intervals. 

PLAShfA LEVELS (&ml) OF PERPHENAZINE AFTER DJFFERENT DOSAGE FORMS 
IN MAN 
All determinations were carried out by GI_C using ekctron-c;iptwe detection. A: 0ml administration 
of8 mg of PPZ, 3 patien&. 5: i.m. administration of 5 mg of PPZ, 3 patienti. C: i.m. administ1-2tion 
of 100 mg per 2 weeks GE PPZ enanth2te, 3 patients+. D: km. administration of 100 mg per 2 weeks 
of PPZ en2nth2te, 1 p2tient5_ 

2-ke A B C D 

Peak level after 2 single dose 1-3 
. (zfter l-4 h) 

Time 2fter first dosage: 
l&Y to.2 
3 days - 

9 days - 
14d2ys - 

Time z&er second dosage: 
3 days - 
9 d2;ys - 

- 

2-3 2-7 
(2fter f-3 h) (cfcer +3& d2ys) $ter 3-7 days) 

t0.2 1.646 IA 
- E.64.S 2.0 
- 0.7-l .O 0.8 
- 0 -0.5 0.6 

- - 4.5 
- 2.7 



For t&s purpose, concentrations of the order of l-10 ng/mI must be measur- 
able in blood, etc. Only 8 tim&d number~of reports have described a successful ap- 
proach- to this problem_ 

. Hamen and Larsen4 and Larsen and NaestofF described the use of gas chro- 
matography, in combination with de&at&&ion and electroa-capture detection. Some 
of their results are given in Table II. tie derivatization step necessary in these proce- 
dures is tedious, and risky at these low concentration Eevds. 

The tracer methods used by Schreiber and Groziefi and McIsaac’ can onIy be 
used in research work. The rest&s obtained with these methods are reviewed in 
Table III. 

TABLE III 

PLASMA LEVELS (ngjml) OF FLUPHENAZINE AFfER DIFFERENT DOSAGE FORMS 
fN MAN 
fa. alI detennk tioas, rdicactively Iabel!ed compounds were applied. No separation ws carried out 
before determination. A: oral administration of 1Omg of FPZ, 3 patients’. B: i-m. admir&ration 
of 25 mg of FPZ enanhte, 4 patient@. C: i.m. administration of 25 mg of FPZ enanthate, 5 patients’. 
D: km. administration of 25 mg of FPZ decanoate, 4 patier&. E: km. a&nimis~Jation of 25 mg of 
FPZ ckauoate, 5 patients’. 

Time afrer A B C D E 
fist &sage 

2-24 h 0.30-0.50 0.03-0.21 
3Ays 0.0%-0.011 0.72-o-94 0.16-0.72 
6&5 0.57-1.1s 1.07-1.1s 0.12-0.21 

rzdays 0.66 0.13-0.35 
25 days 0.04-0.29 

The Buorimetric method described by SmuIevitch et al.8 and the phosphori- 
metric-chromatographic methods described by GifYord and co-workers9s10 are very 
unlikely to be s&able for analyses at the nanogram level. Smulevitch et ai. reported 
plasma levels, but these are substantially higher. 

During the last few years, a number of papers dealing with the electrochemical 
measurement of drugs in bioIogicaI Auids have been published”-16. The applicability 
of e2ectroanalytica.I techniques for the determination of drugs without a preceding sepa- 
ration is Iimited, because of the fack of selectivity. 

Riggen ef ~6.~’ showed the powerf&f combination of high-performance liquid 
chromatography and ekcixachemical detection for the determination of drugs in 
body fltids. 

The determination of phenot&azines in blood at very Iow concentrations 
(FPZ, U-20 rig/d;; FPZ, Q-1.5 ng/ml) is possible only when the cbromatograpbic 
system, the detection system and the sample pre-treatment are optimized with respect 
tom this particular problem. 

This paper describes the use of a reversed-phase system with large selectivities 
tdwards phenothiazines18, combined with the highIy sensitive coulometric detector” 
for the determination of P?Z and FPZ in serum. 
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The liquid chromatograph was constructed from custom-made and commercia!- 
ly available parts and consisted of a glass thermostated eluent reservoir, a high- 
pressrrte pump (Or&t, Giesen, G.F.R.; Type DtiP 1515), a fiow-through Bourdon- 
type manometer, serving as a damping device, a high-pressure sanipling valve (Valco; 
Type CV-6-UHPa-C20) and a thermostated stainless-steel co!umn of I.D. 2.8 mm. 
In order to prevent contamination of rhe separation column, a pre-column (300 x 
7.5 mm) was installed. The coulometric detector was custom-made and has been 
described elsewhere”. The chromatograms were recorded on a finear potentiometric 
recorder (Goertz, Austria: Servogor RE 511). An inte_mtor (Spectra Physics Autolab 
System I) was wed in the quantitative experiments. A homogenizer (SorvalI) was used 
in the extraction experiments. 

Chemicals and materials 
In all experiments, doubly distilled water and organic solvents of analytic& 

grade (Merck, Darmstadt, G.F.R.) were used. n-Hexane, used as extraction solvent, 
was freshly distilled. The methyl silica used as the stationary phase was prepared 
from narrow-sized silica (Merck; LiChrosorb SI 60) treated with dichforodimethyl- 
siiane”. The pre-column was fitled with siianized silica, 63-200,um (Merck). 

Procedures 
Chromatography. The separation columns were packed using a pressurized 

baIanced s’lurry technique, as described elsewhere’q. The pm-column was packed by 
means of a dry packing technique. 

The phase systems used consisted of mixtures of methanol and 0.05 M phos- 
phate buffer in water, in combination with the methy: silica_ To ali mobiie phases, 
7 gfl of potassilum chloride was added in order to obtain stable potentials of the ref- 
erence electrode in the detector. The capacity ratios were calculated from the reten- 
tion tilmes of the phenothiazines and an unretarded compound (sodium sulphite). 
The selectivity coefficients were calcuiated as the ratios of capacity ratios. 

The samples were dissolved in the eIuent and injected by means of the samphng 
valve with a loop of 104~1. 

Extraction. The procedure used for the extraction of the phenothiazines from 
serum is outlined in Table IV. In order to aliow for a rapid and nearly quantitative 
separation of the phases after equilibration, the extraction mixtures were centrifuged 
and frozen, after which the organic phase can be decanted easily. In order to prevent 
emulsification during mixing of alkaline serum and n-hexane in the first step, a homog- 
enizer was used instead of a whirl-mixer. 

RESULTS AND DISCUSSK3N 

In order to determine phenothiazines at very low concentrations in blood, the 
parameters of the chromatographic process and the detectio~n system should be 
chosen so that both the resolution and the detection limit arcadequat@. For the de- 
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SCHEME FOR EXTRACFXBN OF PHENOTEBAZINES FROM PLASMA 

Stage Operatlbn 

3mlseLnml (1) Add 0.3 ml of 7 N N&H and 12 ml of n-he-e 
(2) Homogenize for 120 sea (4000 r.p.m.) 
(3) Pour in glass tube, centrifus for 1ZOsec 
(4) Freeze and decant the rr-he_xaue phase 

Hexane phase (1) Add 2 ml of 0.1 N H&B, 
(2) Mix for 6Q set (wkirknixer) 
(3) Decat the n-hexane phase 

Aqueous phase 

Hexane p!12~ 

(1) Add 0.2 ml of 7 N NaOH and 6 ml of n-hexane 
(2) Mix for 60 set (whiri-mixer) 
(3) Centrifuge for 120 set (250 r.p.m.) 
(4) F--e as~d d-t the rz-h- e phase 

(1) Add 10~1 of isopropyhmine 
(2) Evaporate the solvent (40”, nitrogen stream) 

Residue (1) Dissolve in 150$ of eluent 
(2) Ul~oslic2te 
(3) An&se aliquots of I&%~1 by LC 

tection limit, the absolute amount rather than the concentration in the sample is 
relevant, as only 2 few millilitres of blood are usually available. 

The fundamental chromatographic equation giving the resolution, RJi, of a 
pair of compounds is 

R,, = @,L - 1) 1 2 K v- 
I 1 

--j$- 
L 

where ri, is the selectivity coeEicient of the components i and& ~~ is the capacity ratio 
of component i, L is the length of the column 2nd Hi is the theoretical plate height for 
component i_ The first factor describes the influence of the selectivity of the phase 
system, the second that of the retardation and the third that of the dispersion in the 
COlUlllXl. 

The relationship between the maximum concentration ofthe solute in the mobile 
phase at the end of the column, <c~>,,,, and the amount injected, Q1, is expressed by 
the equations 

where E, is the porosity of the mobile phase and A is the cross-sectional area of the 
cohunn. From eqns. 1 and 2, it can be conchtded that large selectivity coetEcients, 
small coh.unn diameters 2nd low theoretic21 plate heights are favourable and that 
large capacity ratios must be avoided in order to achieve !ow detection limits and ade- 
quate resolution. 

The standard deviation of the baseline noise measured during the same period 
-of time as corresponds to the peak integral corresponds to a concentration of L .6 - IO- lo 
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Fig. 1. Dependence of the capacity ratio of some neuroleptics on the methanol content and the pH 
of the buffer with methyl silica as the stationary phase. A, metbaaol-phosphate bu&r (0.05 AI, 
pH 6.70); B, methanol-phosphate b&er (0.03 7%) (57:43). Y, Flupenthixol; A, fluphenazine; 0, 
clopenthixol; V, perphenazine. 

mole/l (ref. 1 l)_ Lf a s&n&to-noise ratio of 3 is chosen, it can be calcoIated from eqn. 
2 &&at a detection link of 30 pg is set by the baseline noise of the detector. 

SeLctivil_v of the phase system 
In Fig. LA, log K is pIotted versus the methanol content of the mobile phase 

for some neuroieptics. It can be seen that an increase in the methanol content leads 

7 

, I l . I c I , * 

0123 -+B time(min1 

Fis 2. Hi&-speed separation of a test mixture of four rteuroleptics. Column, 100 x 2.8 mm; 
pad&g, methyl-bonded silica (SI 60,6-7 pm)_ Eluent: A, methanol-p%ospbate buffer (O-G5 M, ph’ 
7.40) (57:43, v/v); IS, methanoLpbospba<e buffer (0.05 M, pH 630) (53:47, v/v). Peaks: I = per- 
phenazine; 2 = clop&thkol; 3 = fluphenazine; 4 = Bupenthixol (amount of each compound in- 
.&ted, 7 ng). 



to 2 decrease in both the e2pacity ratios-2nd the seieetivity coefhcients. Fig. 1 B shows 
the relationship befween.the pK of the bu%er used ard the capacity ratios. It appears 
that the pH has 2 strong infhrence. ‘Be 2biEty ofthe p.h2se system is demonstrated in 
Fig. 2, which shows the separation of four neurotepties using two dLCferent phase 
systems. 

In order to achieve low detection limits, it w2s decided to use a mixture of 

methanol and phosphate buEer @OS M, pH 6.90) in the volume ratio 53 :47. 

Deselopment of the procedure 
As a &st approach, dire& injection of the serum on the column was tried 

because it was thought that a combination of reversed-phase Iiquid chromatography 
and selective ektrochemical detection might have suEcient selectivity. Experiments 
with the injection of 0.25 ml of serum, partly deproteinized with 2n eqaal amount of 
methanol and to which appropriate amounts of buffer and chloride were added, were 
carried out. The detection limit of this method for FPZ was estimated to be CQ. 25 
ng/ml, owing to the Iarge amount of oxidizable material in the serum. 

Further work on the seketivity of the measurement via anodie dectrochemka~ 
oxidatian,especiaEy fo~bioro~~sampEes,isn~2Py. 

On the basis of this poor result, it was decided to use an extraction procedure, 
which wotdd hzve the additional advantage th2t 2n increase in concentration (by a 
factor of about 20) would be obtained, with the result that it wouId no longer be 
necessary to work at the limit of the e2pabihty of the detector. 

The extraction procedure is straightforward for these basic drugs. Iso-propyl- 
amine is added in the last stage in order to diminish adsorption on glass. 

The precision of the quantitative determination of phenothiazines was investi- 
gated by injection of a constant volume (104 ,,A) of 2 sohttion of PPZ and FPZ in dif- 
ferent concentmtions (S-200 ng/ml). Fig. 3 shows the relationship between peak area 
and amount injected. The broken lines show the confidence~limits for f 3 times the 
standard deviation. For PPZ, the standard deviation was about 0.5% at 200 ng/ml 
and 7 oA at 8 ng/ml, 2nd for FP2 it was 0.8 o/0 and 16 %, respectively, at these concen- 
tr2tions. The standard deviations at low concentrations 2re higher than can be ex- 
pected from the basehne noise Sgures stated for the detector”. As no higher noise 
levels were observed, other contribution to the variance must be present, e.g., in the 
chromatographic and sampling processes. 

Recoveries for PPZ 2nd FPZ were determined by extraction of known amounts 
added to serum. fn the extraction of lC! ng of PPZ and IQ ng of FPZ added to 3 ml 
of serum, the recovery of each compound was 50 oA with 2 standard deviation of 5 ‘A. 

j?he method described was applied to the determination of FPZ and PPZ in 
serum timpIes from psychiatric patients receiving neuroleptics. The samples were 
treated as described before. 

Fig. 4 shows the Aromato,- of 2 se&n extr2ct, FPZ being added 2s an 

internal standard. Fig. 5 shows that in co-medication, the determination of PPZ is 
still possible, although the precision is lower because of the presence of overlapping 
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0 z 4 6 8 10 - time IminI 

Fig. &.6Z’bnxnato~ of an extract from senxn of subject S.L.W. with a maintenance dose of 
3 x 8 mg of perphenazine and 3 x 50 mg of orphenadrine daily. Blood sample vas taken before the 
morning dose. Fluphenazine was added as internal sta&ad. Column, 100 x 28 mm; packing, 
methyl silica (SE 60, 6-7 pm); e&at, methanol-phospliate buffer (0.05 M, pH 6.90) (53:47, v/v). 
Peaks: 1 = orphenakine; 2 = perphenuloe: 3 = fluphenazine. 

I lD-7 A 

Fig. 5. Dete_s&&ion of psphenazke in a serum extract. Subject, L.G.R. Maintenance dose, 
3 x l6mg of.perph enzzine, 3 .x 2.mg of biperiden, 3 x 100 mg of orphenadrine, 3 x 50 mg of 
phenoba#t&, 3. X SO mg of prone&a&e, 3 x 50 mg of chlorpro mazine. C&~Etions as in Fig. 4. 

~. Pezks: I _= biperidea; 2 = orphenakine;3 = perphenazine;4 = cblorpromaz%e;S = fiupheszine 
(baernd standard). 



L.G.R. 3 x 16 40 
S.L.W. 3x 8 17 
HZlM. 3 x 15 20 

FPZ d-no&e). PP&T was added as an internal standzrd. Ire Table VP, d&z are given- 
fcx assays of szkples t&en from a number of different subjects. The rest&s are coti- 
parable to those obtained by McIsz_x7 (Table III), assuming a linear relatkqsbip 
between dose and blood IeveI. 

From dupiicate measurements, a standard deviiiation of 0.2 n&n1 can @e esti- 
mated for the~overall procedure (n = 3). 

1 
Y 

1 I 10-8 A 

a 2 c- 6 e -_) time!min) 

Fig. 6. Dete rnziation of &pbeenuine in a serum &tract. Subject, S.CX.~ IMedi~on, it5 mg of 
fiuphenazk dazmoate (first inhzmuszdar dose). Blood sample was t&err 4 days after dosage. 
P~qhenazk%? wx added a~ an intercal stacdcM_ Conditions as in Fig. 4. Peak<: ~1 = +phenad&e; 
2 = perphenaziue; 3 =~flupfieouioe. 

CONCLUSIONS 

The. ne&od desk&d for the detemimtion oi p&s per biII& I&k% of psy- 
chOtrOpic dmgs in blood is based on the combinakn of & big@y e.FZci~n~ c&mm 

-. 
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packing material with suitable selectivity towards the various compounds of interest 
and etectrochemical detection with a very low detection limit and with a selective 
response towards the group of compounds at hand’l. Far the determination of parts 
per billion levels in plasma, such a methtid, combining the selectivity of.extraction, 
of chromatography and of detection. is required. 

Future-work will be devoted to the determination of metabolites of phenothi- 
azines in blood. 
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