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SUMMARY 

An assay strategy for determining a wide range of phenothiazine, thioxanthene and 
butyrophenone neuroleptics and antihistamines both alone and in combination in blood 
and piasma is described_ The general method employs liquid chromatography with both 
conventional and radial compression nitrile bonded columns. Detection is by ultraviolet 
absorption spectrophotometry or by amperometry depending on the concentrations to 
be measured. Ultraviolet absorption is suitable down to 10 ng/ml_ Below this level am- 
perometry is preferable. The various compounds are used as internal standards for each 
other- The lower limit of detection is approximately 0.1 ng ml-’ with a lo-ml sample- 
The within-run coefficient of variation is a maximum of 7.3%. 

INTRODUCTION 

The phenothiazines, thioxanthenes, dibenzazepines and butyi-ophenones 
which are used as neuroleptics, antidepressants and &ihistamines are weak 
bases with highly lipopbilic non-ionized species. The standard approach Cl] 
to their assay in human plasma involves alkahnization of the sample, extrac- 
tion of the drug into an organic solvent, reduction of the extract to small 
volume, and assessment of the drug content by gas chromatography (k). 
In the case of the neuroleptics, GC using electron-capture, flame ionization, 
or thermionic sensitive detection has been successful with chlorpromazine, 
fluphenazine, perphenazine, thioridazine, butapemzine and haloperidol, while 
dibenzazepine antidepressants have been successfully assayed by both GC 
and liquid chromatography (LC) [2-8]_ LC was recently successfully applied 
to biological samples of promethazine, one of the phenothiazine antihistamines 
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[9] using electrochemical detection [ 10, 111 _ Between 20 and 30 other drugs 
within this cIa.ssification are available world-wide, either as marketed drugs or 
as drugs under investigation in humans [12]_ There is a need for specific 
methods of assay for aII of these compounds 113, 14]_ The development of 
an LC approach with applicability to ah of them at concentrations found or 
anticipated in clinical samples seems desirable. The research described in this 
paper is a step towards this. A preliminary report of this work has already 
been presented j15] _ 

Apparatus 

X Varian 5000 liquid chromatograph (Varian, Palo Alto, CA, U.S.A.) with 
a Vakzo injection valve, or, in a few experiments, a Waters Model 440 liTaid 
chromatograph (Waters Assoc_, Milford, MA, U.S.A.) were used, with detec- 
tion at a fixed wavelength of 254 nm. A Varian Micropak CN (10 pm) column 
was ro-&ineIy used. However, a Waters radial compression separation system 
with a n&rile-bonded column was also used_ Electrochemical detection was 
achieved using a glassy carbon electrochemical (amperometric) detector (Bio- 
analytical Systems, Lafayette, IN, U.S.A.) employing an LC-4A controller, 
and a silver-silver chloride reference eIectrode_ The electrochemical detector 
potentid was +0.9 V. Detector response was recorded using (i) a l-mV or 

lo-mV strip chart recorder (Varian), or (ii) a CDS-111 integrator (Varian). 

MO bile phase 

The mobile phase consisted of 90% acetonitrile or methanol and 10% aque- 
ous ammonium acetate. The ammonium acetate concentration was varied 
from 0.005 M to 0.2 &I. A flow-rate of 2.0 or 2.5 ml/mm was used. 

Chemicals and reagents 

Reference samples of marketed drugs were obtained from the manufacturers 
and used as supplied_ Small quantities of model metabolites, principally of 
chlorpromazine, were obtained from the U.S. National Institute of Mental 
Health and used as supplied_ Pesticide-grade mixed hexanes and LCgrade 
acetonitrile and methanol were obtained from Fisher Scientific (Pittsburgh, 
PA, USA.)_ AR other chemicals were analytical grade from Fisher Scientific_ 
The diethy ether was used from freshly opened small volume containers to 
ensure that it was peroxide free. 

Stock solutions of marketed drugs and their metabolites 

These were prepared by dissolving weighed quantities (generally approxi- 
mately 10 mg) in sufficient methanol to give 1 mg/ml so!utions_ DiIutions were 
prepared in methanol to 10 yg/ml. Plasma standards were prepared by dilut- 
ing appropriate volumes of these solutions with plasma such that the meth- 
anol content was never more than 1%. Stock solutions and plasma standards 
were stable for at least one month stored in the dark at 4°C (methanol solu- 
tions) or frozen (plasma solutions)_ 
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Extraction procedure using hexane 
Plasma samples (l-5 ml) were made alkaline with 1 ml of 1 N sodium 

hydroxide solution, and extracted with mixed hexanes for 30 min. After 
centrifugation, g-ml aliquots of the hexane layers were removed and evaporated 
to dryness at 30°C under a stream of nitrogen. The residues were redissolved 
in the mobile phase (100 ~1) and chromatographed (50 ~1 samples). 

Extraction procedure using diethyl ether . 
Plasma samples (l-5 ml) were added to tubes containing phosphate buffer 

(pH 7.4, 0.1 fi2) and extracted with diethyl ether (10 ml) for 30 min. After 
centrifugation, g-ml ahquots of the ether layer were treated as described above 
for hexane extracts_ 

Extraction procedures for subnanogmm levels and for whole blood 
Up to 10 ml of plasma or whole blood were added to tubes containing 1 

ml of 1 N sodium hydroxide solution and extracted twice with IO-ml quan- 
tities of mixed hexanes for 30 min, or once with 15 ml of mixed hexanes 
for 1 h. Measured aliquots of the hexane extracts were combined and evap- 
orated to dryness. The residue was redissolved in 1 ml of 0.1 N hydrochloric 
acid and the compound of interest was extracted into 5 ml of chloroform by 
shaking gently for 10 min or by vortesing for 1 min, followed by centrifuga- 
tion_ A 4_5-ml aliquot of the chloroform layer was evaporated to dryness and 
redissolved in 10 ~1 as described above- 

Calibration graphs 
These were prepared from spiked plasma containing the appropriate drug 

at concentrations ranging from 0 to a level above that expected in clinical 
samples. Quantitation was by measurement of (i) peak height, (ii) the peak 
height ratio of drug of interest/internal standard, or (iii) integrator response, 
against drug concentration_ 

In ternal standards 
where appropriate, internal standards were included in the sample of mobile 

phase used at the resolution stage, or were added to the plasma to be extracted 
alongside the drug of interest. 

RESULTS 

Retention volumes 
Table I shows the retention times recorded for 21 marketed drugs, as a 

function of ammonium acetate concentration in the aqueous solution used in 
preparation of the mobile phase_ Each compound had shorter retention times 
at higher concentrations of ammonium acetate but no regular pattern was 
observed_ For example the retention time of mesoridazine varied from 81.6- 
to 8.3 min while that of fluphenazine varied from 8.7 to 2.4 min. There was 
no case of compounds with identical retention volumes at all ammonium 
acetate concentrations_ The retention volumes of the various compounds 
make possible the choice of an ammonium acetate concentration and mobile 
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Fig. 1. LC separation of eight phenothiazine drugs plus haloperidol. Peaks and quantities: 
X = fhzphenazine, 50 ng; B = carphenazine, 100 ng; C = trifluperazine, 50 ng; D = huta- 

perazine, 100 ng; E = haloperidol, 250 ng; F = promethezine. 50 ng; G = chlorpromazine, 
50 ng; H = promazine, 50 ng; and I : 
Y axis in absorbance units. 

= thioridazine, 100 ng_- Detection by W (254 nm); 
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TABLE I 

RETENTION TIMES (min) OF 21 MARKETED DRUGS AS A FUNCTION OF AMMO- 
NIUM ACETATE CONCENTRATION IN THE AQUEOUS PORTION OF THE MOBILE 
PHASE 

The ffow-rate was 2.5 ml/min_ 

Compound Concentration of ammonium acetate (M) 

0.005 O-01 O-02 0.05 0.1 0.2 

Acetophenazine 18-4 10s 7-4 5.8 5-l 3-5 
Amitriptyline 27.2 13.2 8.8 6.0 5.0 3.3 
Benztropine 46.3 20-4 13.2 8.8 7.5 4.8 
Butaperazine 28.1 15.6 12.0 8.9 7.4 4.3 
Carphenazine 15-5 8.6 6.4 4-S 4.3 3.1 
Chlorpromazine 21.7 11.5 8.0 5.4 4.5 3-O 
Eluphenazine 8.7 7.0 5.4 3.6 2.9 2.4 
Haloperidol 14.0 7.4 5.1 3.4 2.7 2.0 
Imipramine 31.6 15.3 10.1 6.8 5.7 3.6 
Mesoridaxine 81.6 43.3 23.9 16.5 14.0 8.3 
Nortriptyline 40.7 21.4 10.7 7.0 6.1 3.9 
Ophenadrine 24.6 14.3 8.2 5.4 4.5 3.0 
Piperacetazine 34.5 20.3 11.1 7.4 6.2 4.0 
Promazine 27.5 16.8 10.0 6.9 5.7 3.7 
Promethazine 13.4 8.7 5.7 4.2 3.6 2.5 
Thioridazine 29.5 16.7 9.2 6.1 5.3 3.2 
Thiothixene 22-l 15-l 10.0 7.5 6-4 3.9 
Trifluoperazine 20.1 13.7 9.3 6.9 5.8 3.6 
Triflupromazine 17-9 14-O 6-6 4.5 3.7 2-5 
Trihexylphendyl 21.1 12.3 7.3 4.8 3.9 2.6 
Trimeprazine 17.0 10.2 6.6 4.4 3.7 2.5 

PH 

6.24 6.72 6.89 6.91 6.94 6.99 

phase flow-rate suitable for successful assay of any one of the compounds in 

the presence of another. Supportive evidence for the identification of a drug 
in this group is also obtainable, Fig. 1 shows a chromatogram when a mixture 
of nine of the compounds was examined. The use of methanol in place of 
acetonitrile gave essentially similar chromatographic results. 

Fig. 2 shows the chromatographic separation of eight model metabolites 
of chlorpromazine_ These compounds are produced by ring sulfoxidation, 
ring hydroxylation, amine oxidation, and N-demethylation of chlorpromazine. 
Only one pair of compounds was not resolved but they are two relatively 
minor polar metabolites. Four other model metaholites had retention volumes 
when 0.005 M ammonium acetate solution was used as follows: fluphenazine 

Fig. 2. LC separation of eight -model metaholites of chlorpromazine_ Peaks: A = chlor- 
promazine N-oxide 5-oxide; B = chlorpromazine N-oxide; C = 7-hydrokychlorpromazine; 
q z = &l?rptim&zine fi-oxide; E = dkd~ethyI~Iorpr~maine; F = dedim&hyIchlorprom- 
azine Soxide ;ind demonemethylehlorpromazIne~ unresolved; G =- demonomethylchlor- 
prkkkine B-oxide_ Detectitik by W (254 rim); y axis in absorbance units. 
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C&oxide, 5.2 ml; trifluperazine Fi-oxide, 9.5 ml; demonomethylpromazine, 
12.0 ml; demonomethylpromazine 5-oxide, 1’7.3 ml. This evidence shows 
adequate resolution of the marketed drugs and their metabolites. 

Radial compression columns 

Fig_ 3 shows a sample chromatogram using the radial compression column_ 
Separation was again satisfactory, and chromatogram quality was superior to 
that obtained with the conventional columns in that the peaks were more 
symmetrical and had a higher height/width ratio. A listing of retention times 
using this system is available in a preliminary communication [15]_ 

I I I 

Fig. 3_ LC separation of fiie compounds on a radial compression column_ Detection was 
electrochemical (50 nA full scale deflection with lo-mV recorder). The mobile phase flow- 
rate was 5 ml~min. The compounds and their retention volumes were: carphenazine (13.0 
ml), triflupro mazine (20.5 ml), chlorpromazine (25.0 ml), hutaperazine (30.5 ml), benz- 
tropine (37.0 ml)_ The frost four compounds were at 10 pg/rnl; benztropine was at 1 mg/ml_ 
Injection volume 10 .ul. 

Blank plasma and recot-ely experiments 
Figs. 4 and 5 show chromatograms for blank extracts. Figs. 6 and 7 show 

chromatograms for two recovery experiments with spiked plasma- The results 
for blank samples demonstrate a lack of interfering peaks in the area of the 
chromatogram in which experimenti peaks are expected_ The spiked standards 
demonstrate recovery and clarity of the chromatographic result. 

Quan tits five data 
Table II shows the essential features of a series of calibration graphs for 

eight phenothiazine drugs extracted from plasma. Table III shows that only 
with carphenazine was there a significant decrease in recovery with increased 
plasma volume_ The apparent increase in recovery of trifluoperazine is on 
the borderline of statistical significance_ Siiilar or analogous equ&ions and 
other otiations were obtained with the different extraction modes, the 
electrochemical detection system, and whole blood up to 10 z@ in tiolume_ 
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Fig. 4_ LC trace of a concentrated hexane extract from blank ptasma (5 ml). Detection by 
UV (254 nm); y axis in absorbance units. 

0 

Fig. 5, LC trace of a concentrated diethyl ether extract from blank plasma (5 ml). Detec- 
tion by UV (254 nm); y axis in absorbance units_ 
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Fig. 6. LC trace of a concentrated hexane extract from plasma spiked with the eight pheno- 
thiazine drugs shown in Fig. 1 (haloperidol excluded)_ Sample was 5 ml containing the drugs 
at 10 ngjml. Detection by UV (254 run); y axis in absorbance units_ 

CALIBRATION EQUATIONS FOR ASSAY METHODS (HEXANE EXTRACTION FROM 
l-ml SAMPLES) FOR EIGHT PHENOTHIAZINE DRUGS IN PLASMA 

Model y = a + bx where y is absorbance of the LC response based on peak height, x is 
the amount (ng) of the drug in the plasma, a is the intercept on the y axis and b is the 
slope of the straight line graph. The last column indicates the square of the correlation 
coefficient for each line. Data collected over the range x = 10-500 ng_ 

Compound a x r= 

Fluphenazine 
Clilorpromazine 
Thioridazine 
Trifluoperazine 
Carphenazine 
Promazine 
Promethazine 
Butaperazine 

-0.000735 0_0000365 0.968 
-0.000005 0.0000116 0.986 
-0.OOOi22 0_0000084 O-987 
-9.001071 0_0000246 0.976 
-9.000574 0.0000053 0.952 
-0.000151 0.0000159 0.961 
-0.0@0114 0.0000123 0.976 
-C?_OOO988 0_0000078 0.962 
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Fig_ 7. LC trace of a concentrated diethyl ether extract from plasma containing five of the 
model metaboiites of chlorpromazine shown in Fig. 2. Sample was 5 ml containing the 
compounds at approximately 10 ng/ml. Detection by W (254 nm); y axis in absorbance 
units_ 

TABLE III 

INFLUENCE OF VOLUME OF PLASMA ON EXTRACTION AND INSTRUMENT RE- 
SPONSE 

Measurements are of peak height at 0.02 aufs. Plasma at various volumes containing 
100 ngoftheeightcompoundswasextracted withhexaneasdescribeduuderExperimental_ 
Carphenaxine showed reduced recovery with increased plasma volume (Spearman rank. 
correlation coefficient, rs = 1). The other relationships were clearly nonsignificant, except 
for trifluoperazine (rd = 0.7,p C 01). 

Compound Volume of plasma (ml) 

1 2 3 4 5 

Fluphena&e 90 79 
Carphenaxine 54 32 
Trifluoperazine 120 120 
Bumperaxine 72 69 
Promethaxige 109 130 
Chlo~romazine 92 111 
Pr&qaxi&~ ‘- 61 66 
.Tfrioridaxine .. 82. 90 

94 .. 93 86 
29 22 21 

136 145 146 
76 80 75 

139 147 141 
107 115 111 

.. 66. 71 71 
92 97 96 



i 

I I I 1 
0 5 lo ISml 

Fig. E. LC trace of a concentrated hexane estract from a patient receiving chlorpromazine_ 
The patient was receiving 100 mg three times a day and the sample was obtained approxi- 
mately 2 h-after a dose_ Sample volume, 2 ml; detection by UV (254 nm); y axis in absor- 
bance units. The trace shows chlorpromazine (8 ml) and small amounts of ch!orpromazine 
sulfoxide (12 ml) and demonomethylchlorpromazine (6 ml to low recovery). The chlor- 
promazine concentration was 56.0 ng/ml_ 

At best, the coefficient of variation on repeated assay of plasma or blood 
containing known quantities of the various drugs was 1.3% (withinclay). At 
worst this value was 7.3% (n = 5 in each case). Between-day coefficient of 
variation values varied over a wide range (5_0-60_1%) so that daily standardiza- 
tion with both pure drug solutions and spiked plasma or blood was essential. 

Detection limits 
From Table II, a simple calibration shows that a 1 ng/ml solution of flu- 

phenazine in plasma, when 1 ml was sampled, gave a peak with a height equiv- 
alent to 0_0000365 absorbance units, Similarly, a 10 ng/ml solution, when 
5 ml were sampled, gave a peak with a height equivalent to O_OOlS absorbance 
units. This is approximately 40% of full scale deflection when the instrument 



371 

1 
I 

i 

I 
f 

L d 1 

I I I I 
Cl 5 10 15 ml 

Fig. 9. LC trace of a concentrated diethyl ether extract from the patient of Fig. 8. Sample 
volume and other details as in Fig_ 8_ The trace shows chlorpromazine (8 ml), 7-hydroxy- 
chlorpromazine (7 ml), demonomethylchiorpromazine (6 ml) and chlorpromazine N-oxide 
(5.5 ml)_ The chlorpromazine concentration was 58.3 ng/ml. The metabotites are shown 
for identification only. 

is set at 0.005 a_u.f.s. However, it is necessary to consider the noise level of 
the instrument response, and also to note that fluphenazine had the highest 
value of x in Table II. While we consider that in certain circumstances,.1 ng/ml 
can be assayed by UV detection, generally speaking 10 ng/ml should be con- 
sidered as the lower limit for this detector. The -exact lower limit will vary 
from laboratory to laboratory. A similar argument leads to the conclusion 

that electrochemical d&e&ion adds approximately two orders of magnitude_ 
The exact detection limit may also be affected by the strength of ammonium 
acetate used in any particular application. 

Clinicai.satnples 
Figs, 8--i3: show a selection of chromatograms from patients treated with 

six of -the drugs qramined in’ this system_ Deta@s are given in the legends. 
l&s. &A and -13 ..kere &c@ati from Lb traces. fall others in y this paper are 
@rec~ph+qgaphi of she @atieS. ‘. _. : .~.~~~ 



: 

Fig. 10. LC trace of an investigation of a patient receiving thioridazine- The trace shows 
+Ae drug and its metabolite as standards and in a hexane extract from plasma. The patient 
aas receiving 200 mg thioridazine daily and the sample was collected 20 h post dosage. 
Detection by UV (254 nm); y axis in absorbance units_ The thioridazine concentration was 
26-l ng/mI_ 

DISCUSSION 

The compounds considered in this paper are unusual in that such a large 
number of closely related chemicals is in use in medicine. The drugs are some- 
times used done, and sometimes used in combinations of two or three, and 
occasionally four. Drug interactions are common and patient monitoring us- 
ing drug measurements in biological fluids is often sought. Basic principles 
involved in the assay of these drugs are well established_ 

The research described in this paper could provide a system for measure- 
ment of all of these compounds individually and for inost of the likely com- 
binations of drugs, It could also provide a system for obtaining evidence sup- 
portive of a drug identification in cases when the drug ingested is unknown, 
It is based on published principles, and employs, to some extent, established 
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Fig. 11. LC trace of a concentrated herane extract from a patient receiving trifluoperazine. 

The last dose uras 60 min before the blood sample. Detection by UV (254 nm); i axis in 

absorbance units. The trifluoperazine concentration was 14.4 ng/ml. 

LC conditions. We have validated the extractions for a selection of the pos- 
sible compounds to which they can be applied. It is recommended that the 
system be used with the following guidelines: (1) for drugs known to occur 
at concentrations .of 10 ng/ml and. above, such as chlorpromaxine and thi- 
oridazine, use W detection, reserving amperometric detection for low-dose 
drugs such as trimeprazine; (2) choose an ammonium acetate concentration 
giving convenient retention times in any particular case, but note that am- 
perometric detection requires relatively high ionic strengths; (3). when an in- 
ternal stairdan-is needed, choose any compound, from the list, known to be 
absent from the -plasma and to have a retention volume different from that of 
the. compound(s). to. be analysed; but note that internal standards must be 
used-withT great ‘care -[lS] ;. (4). use hexane- extracts unless. metabolite assays 
are sought; for the m&abolites diethy ether errtracts are essential as many of 
the’- metabolit+ do not -exkact .into .hexanes;- (5). reserve the. hexan&o- 
reform approach. for. difficult- problems, low concentrations or whole-blood 
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Fig_ 12_ LC trace of a concentrated hexane extract from a patient overdosed with amitrip- 

tyline- Dosage and timing unknown. The trace shows both amitriptyline and nortriptyline. 
Detection by UV (254 run); y axis in absorbance units_ The amitriptyline concentration 
was 37 ng/ml; the nortriptyline concentratton was below 10 ng/ml. 

samples; (6) use radial compression cohmms for speed and highquality LC 
traces, but note that the fIow-rates and therefore the solvent costs are high 
with this system. Quite obviously, an assay for a particular compound will 
have to be validated in the laboratory of application_ 

The expanded rationale behind some of these recommendations is as fol- 
lows_ UV detection has been found to be more stable than amperometry, 
which requires time to “warm up”, gives drifting baselines, wider solvent 
bands, and a “noisier” trace, and shows a decay of sensitivity during the 
working day ieading to heavy reiiance on the use of the internal standard_ 
However, amperometry is notably more sensitive. As regards extraction, 
very small quantities were found (< 1 ng/ml) to require prolonged extrac- 
tion times and the use of large volumes of biological material_ This led to 
‘=rty” extracts_ The chloroform extraction, which presumably employs an 
ion-pair principle was found to overcome these problems. 
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Fig- 13_ LC trace of a concentrated hexane-chloroform extract from an experimental 
subject receiving trimeprazine. The trace shows both trimeprazine (4-5 min) and imipramine 
(used as an internal standard; 6.5 min). The dose of trimeprazine was 5 mg and the sample 
was collected 5 h post dosage. Detection by amperometry. The trimeprazine concentra- 
tion’ was 0.8 ng/ml. 

The use of peak heights, peak areas, as computed by the integrator, and 
ratios involving internal standards for quanWation purposes were investigated. 
The peak height ratio method seemed to be more successful for general appli- 
cation in- fhe current study. These matters have been investigated in earlier 
contributions to this literature [I.-g] _ 

The LC approach has a number of advantages over other methods, as well 
as speed and convenience. For example with chlorpromazine, a serious prob- 
lem with the GC approach involves the N-oxide. This compound reduces _in 
GC conditions, to both parent drug and demethylated analogues; presumably 
this is also true for other N-oxides_ Unless considerable care in choosing the 
extraction c&nditions is exercised, the GC assay of an unchanged drug can be 
adversely affected by its metabolites. This problem also makes fhe metabolites 
themselves difficult to assay, and is compounded by the availability of only 
a limited supply of model metabolites, In the LC s&em, all of the compounds 
are stable, and assayable from the same extraction. 
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The LC approach is superior to biological assays because of better specific- 
ity_ For example, while radioimmunoassay methods published for drugs in 
this group are, in general, of reasonably high specificity, there remains the 
serious problem of cross-reactivity between unchanged drugs, their demethyl- 
ated metabolites, and their 7-hydroxylated analogues [17, IS] _ Radioreceptor 
assays are designed to detect the “total neuroleptic” content of biological 
samples, mixed drugs and their metabolites, and so are by definition non- 
specific [19, 203 _ This makes them unsuitable for studies in pharmacokinetics 
where data are only of value if they are for a specific known compound_ 
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