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Abstract 0 A GLC method for the specific identification and 
quantitation of phenothiazine drugs excreted in urine at  the mi- 
crogram level is described. The phenothiazine drugs and less 
polar metabolites are isolated by two-phase extraction with ether 
as an organic extractant. Quantitative determination at  the mi- 
crogram level is done on an acetylated fraction of the alcoholic 
extract by GLC using a suitable internal standard. The com- 
pounds are also identified by examining an aliquot of the final 
alcoholic extract by TLC for supporting evidence of the GLC 
method's specificity. 
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Medicinal chemistry has led to the development of 
phenothiazine drugs containing a piperidyl or pip- 
erazinyl group in their structure. Because these more 
potent drugs are administered in lower amounts, the 
analyst faces the problem of their specific identifica- 
tion and quantitation at  the microgram level. This 
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report describes a GLC method for detecting and 
assaying propericiazinel, dixyrazine2, perazine3, tri- 
fluoperazine4, prothipendyl5, and analogs in urine 
samples taken from psychiatric patients under con- 
trolled drug therapy. 

EXPERIMENTAL 

Collection of Urine Samples-Twenty-four-hour urine outputs 
were collected separately from seven male patients under drug 
therapy (Table I) over 4 successive days following drug dosage. 
The samples were kept in the refrigerator a t  4" to the moment ex- 
traction was started. 

Extraction Procedure-A 200-ml volume of urine sample was 
acidified with 2 N HCl and extracted under a nitrogen atmo- 
sphere with 400- and 200-ml aliquots of ether (peroxide free, 
freshly distilled over hydroquinone, reagent grade) which was dis- 
carded. 

The acidic urine layer was made alkaline with 10 N NaOH, 
saturated with nitrogen, and extracted twice with 400 ml of ether. 
The collected ether phases were washed with 5-ml fractions of 
0.001 N .  NaOH until the aqueous layer remained colorless. The 
ether extract was evaporated at  40" in a rotory evaporator to a 
100-ml final volume. The 100-ml ether phase was washed again 
with 5-ml fractions of 0.001 N NaOH, and the ether phase was 
then extracted twice. with 10 ml of 0.1 N HCl. 

The acidic extract was made basic with 1 ml of 10 N NaOH 
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Also known as periciazine, the chemical name is cyano-Z[(hydroxy- 

!#he chemicaf name is KB-hydroxyethoxyethylpiperazinyl)-3'-methyl- 

The chemical name is N-l[methyl-4'-piperazinyl-( 1')]-3-propyll- 

4 The chemical name is trifluoromethyl-31 [methyl-4"-piperazinyl-( l")]- 

5 The chemical name is (dimethylamino-3-N-propyl)-l0-aza-l-phenothi- 

4"- i eridino)-3'- ropyll-10- henothiazine. 

2'-propylJ-lO-phenothiazine. 
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Table I-Psychiatric Patients Receiving Phenothiazine Drug Medication 
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1 
2 
3 
4 
5 
6 

7 

31 
42 
25 
30 
44 
44 

60 

Propericiazine 
Dixyrazine 
Perazine 
Trifluoperazine 
Prothipendyl 
Propericiazine 
Carbamazepine 
Diphenylhydantoinb 
Phenobarbitap 
Dixyrazine 

(levomepromazine) 

10 
3 X 25 
5 x 100 
2 x 20 
3 x 20 

20 
2 x 200 

100 
200 

3 X 25 
-a 

3 years 
3 weeks 
2.25 years 
7 months 
1.5 years 
3 years 

8 months 

Uncontrolled self-medication. b Diphantoine. Luminal. 

Table 11-GLC Conditions, Retention Times ( R 1 ) ,  and Calibration Data (l) of Phenothiazine Drugs 

Rt Ri Linearity over 
Oven Tem- (Drug), (Standard), Weight Ratio Range, 

Phenothiazine Drug Internal Standard perature min min a A ( W z / W s )  

Propericiazine 
Dixyrazine 
Perazine 

Trifluoperazine 
Trifluoperazine 

sulfoxide 
Prothipendyl 

Perazine 

Trifluoperazine 
Prothipend yl 

C o l u m n  System: 
Dixyrazine 
Thioproperazine 
Trifluoperazine 

Perazine 
Perazine 

Levomepromazine 

Trifluoperazine 

Perazine 
Levomepromazine 

C o l u m n  System: 

5% OV-1 on Diatoport  S, 80-100 mesh 
260" 12.7 19.6 1.94 0.25/1-1.00/1 
260" 18.5 21.4 1.06 0.25/1-0.67/1 
240" 7 . 7  5 .8  0.69 1.00/1-4.00/1 
240 " 6 . 0  4 .5  0.67 1.00/1-4.00/1 
230" 6 . 9  9 . 3  1.28 0.11/1-0.67/1 
230 O 15.6 9 . 3  0.91 0.11/1-0.67/1 

230 O 2 . 7  4.6 0.92 0.43/1-1.50/1 
2% FFAP on Dia topor t  S, 80-100 mesh 

240 " 18.5 8 . 0  0.55 1.00/1-4.00/1 
240 " 17.8 8 .0  0.53 1.00/1-4.00/1 
230 " 13.6 30.0 1.60 0.11/1-0.67/1 
230' 6 . 1  10.6 0.75 0.43/1-1.50)1 

and twice extracted with 40 ml of ether. The combined ether 
layers were dried on sodium sulfate, and the ether was evapo- 
rated with a nitrogen stream in a water bath at 40". 

The residue obtained was dissolved in 10.0 ml of ethanol, and 

the alcoholic extract was kept in a deep freeze for further analy- 
sis. 

GLC-A research gas chromatographs equipped with two dif- 

0 4 8 12 16 20 24 28 
MINUTES 

Figure l 4 a s  chromatogram of a urine extract from 
Patient 1. The column was 5% OV-1; quantitative determina- 
tion (acetylatwn) of propericiazine ( p )  with internal standard 
dixyrazine (d) .  

0 4 8 12 16 20 24 28 
MINUTES 

Figure %-Gas chromatogram of a urine extract from Patient 
7. The column was 5% OV-1; quantitative determination 
(acetylation) of dixyrazine (d)  with internal standard thio- 
properazine ( t )  . 

~~ ~ 

Hewlett-Packard 5750. 
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Table 111-Recovery Data of Phenothiazine Drugs Added to Blank Urine Samples and Determined by 
Quantitative GLCn 

Amount Recovery of Drug 

Added to 5% ov-1 2% FFAP 200 ml of 
Blank First Sample Second Sample First Sample Second Sample 
Urine 

Phenothiazine Drug Sample, pg pg % Pg % Pg % Pg % 
~ ~~ ~ ~~ 

- - - - 
- - - - 

Propericiazine 400 344 86 352 88 
Dixyrazine 400 376 94 376 94 
Perazine 248 241 97 223 90 245 99 223 90 

233 94 226 91 241 97 236 95 ~ 

Trifluoperazine 339 315 93 325 96 315 93 319 94 
Pro thipendyl 336 319 95 329 98 323 96 323 96 

" Identical operating conditions as indicated in Table 11. 

Table IV-Quantitative Results of GLC Determination of Phenothiazine Drugs in Urine Samples Collected from 
Psychiatric Patients Receiving Drug Therapy 

C,, pg/lOO ml Urine 
Pa- Phenothiazine FWa, Urinary Ex- 
tient Drug Sample ml (ml) Ib,  pg uc, p1 fd, p1 5% OV-1 2% FFAP cretione, % 

1 Propericiazine 

2 Dixyrazine 

3 Perazine 

4 

5 

Trifluoperazine 
(sulfoxide) 

Prothipendyl 

Propericiazine 

Dixyrazine 

2.0 (40) 
2 .0  (40) 
2 .0  (40) 
2 . 0  (40) 
1 . 8  (36) 
1.8 (36) 
1 . 8  (36) 
1.8 (36) 
1 . 0  (20) 

1 . 0  (20) 

1 .o  (20) 
1 .o (20) 
1 . 0  (20) 
1 .o  (20) 
1 . 0  (20) 
1 . 0  (20) 
1 .o (20) 
1 . 0  (20) 
1 . 0  (20) 
1 . 0  (20) 
1 . 0  (20) 
1 . 0  (20) 
2 .0  (40) 
2 .0  (40) 
2 .0  (39) 
2 .o  (39) 
2 . O  (40) 
2 .0  (40) 
2 .0  (40) 
2 . 0  (40) 
3 .0  (60) 
3 . 0  (60) 
3.0 (60) 
3 .0  (60) 
3 .0  (50) 
3 .0  (50) 
3 .0  (60) 
3.0 (60) 
2 .0  (40) 
2.0 (40) 
2.0 (40) 
2.0 (40) 
1 . 7  (34) 
2.0 (40) 
1 . 8  (36) 
2.0 (40) 

20 
20 
20 
20 
15 
15 
15 
15 
10 

10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
20 
20 
20 
20 
20 
20 
20 
20 
10 
10 
10 
10 
10 
10 
10 
10 
30 
30 
30 
30 
20 
20 
20 
20 

40 
40 
40 
40 
15 
15 
15 
15 

160 
40 
40 
40 

200 
40 

120 
40 

120 
20 
40 
40 

200 
20 
80 
40 
40 
20 
40 
20 
40 
20 
40 
20 
40 
20 
40 
20 
40 
20 
40 
20 
60 
60 
60 
60 
20 
20 
20 
20 

0 .9  
1 . 3  
1 . 4  
1 . 4  
1 . 4  
1 . 4  
1 . 5  
1 . 4  
0 .5  
0 . 9  
1 . 0  
1 . 0  
0 . 4  
0 . 6  
0 .7  
0 . 9  
0 . 5  
0 .6  
0 . 9  
1 . 4  
1 . 0  
1 . 0  
0 . 9  
1 . 0  
0 . 7  
1 . 9  
0 . 7  
1 . 4  
0.8 
1 . 4  
0.8 
1 . 4  
0 .8  
0 .6  
0 . 7  
0.8 
0 . 5  
0 . 9  
0 .7  
0.8 
1 . 5  
1 . 5  
1 . 4  
1 . 5  
1 . 3  
1 . 5  
1 . 4  
1 . 3  

4.2 
7 . 1  
7 . 5  
7 .3  
6 .2  
4 .7  
5 .9  
3 .5  

190 

208 

313 

307 

55.2 

55.9 

98.3 

96.8 

5.0 (6.8) 

8.8 (18.3) 

-(-I 
16.3 (27.5) 

4 .2  

2 .3  

1 . 3  

1 . 7  

19.7 
19.8 
13.6 
4.9 

24.0 
27.0 
18.9 
5 .9  

216 

211 

307 

306 

50.2 

50.0 

104 

107 

5 .4  

8 . 1  

- 

14.5 

4 . 1  

1 . 7  

0 . 9  

1 . 4  

1 . 0 1  
3.12 
1 .so 
0.70 
0.10 
0.12 
0.15 
0.08 
1 .33  
1.51 
1.46 
1.48 
1.50 
1.47 
1.47 
1 .47  
0.22 
0.20 
0.22 
0.20 
0.24 
0.25 
0.23 
0.26 
0.09 (0.15) 
0.10 
0.24 (0.57) 
0.22 

0.45 (0.88) 
0.40 
0.24 
0.24 
0.24 
0.18 
0.22 
0.15 
0.22 
0.18 
1.87 
1.58 
0.75 
0.37 
0.51 
0.68 
0.07 
0.12 

F = aliquot of alcoholic extract in milliliters taken for evaporation; (U) = corresponding volume in milliliters of original urine sample. ' I  = amount Of 
internal standard in micrograms added to fraction F of alcoholic extract for evaporation. u = volume in microliters of ethyl acetate in which residue w89 dis- 
solved. '* f = fraction in microliters of end volume u injected on top of GLC column. c Urinary excretion or percent of administered dose recovered as unchanged 
drug. 
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Table V-TLC Results of Reference Substances a n d  Ex t rac t s  of Urine Samples Collected from Psychiatric Pa t i en t s  
Receiving D r u g  Therapy" 

Number 
Pa- Material  Spot ted (Sample of Samples 

tient and Reference Substance) Analyzed F(U)*  Rel. Rp @I) Detectione 

1 Propericiazine 1 . 0 0  
Propericiazine sulfoxide 0 . 4 6  

1 2 . 0  (40) 0 . 4 6  
0 . 9 0  
1 . 2 2  
1 . 4 8  
1 . 0 0  
0 . 3 9  

2 . 0  (40) 0 . 3 5  
0.86 
1 . 0 0  

~ 

~ 

2 Dixyrazine 
Dixyrazine sulfoxide 

4 

3 Perazine dimalonate 
Perazine sulfoxide 

3 

4 Trifluoperazine 
dihy drochloride 

Trifluoperazine sulfoxide 
4 

5 

6 

7 

Prothipendyl hydrochloride 

Prothipendyl  sulfoxide 
monohydrate  

1 
2 
3 
4 

Prcpericiazine 
Propericiazine sulfoxide 

2 

Dixyrazine 
Dixyrazine sulfoxide 

1 . 0 0  
0 . 2 8  

1 . 0  (20) 0 . 1 8  
0 . 3 1  

2 . 0  (40) 

2 . 0  (40) 
5 . 0  i4oj 
2 . 0  (40) 
2 . 0  (40) 

1 . 0  (20) 

~ 

0 . 4 9  
1 . 0 2  
1 . 6 4  

~ 

1 . 0 0  
0 . 3 9  
0 . 1 8  
0 . 4 1  
1 . 0 0  
1 . 2 3  

1 . 0 0  
0 . 5 2  

~ 

~ 

- 

1 . 0 0  
0 . 5 0  
0 . 5 0  
1 . 0 8  
1 . 7 4  
2 . 0 2  

, 

~ 

1 . 0 0  
0 . 3 8  

1 2 . 0  140) 0 . 0 9  
0 . 3 8  
0 . 9 8  
~ 

~ 

2 2 . 0  (40) 

(0 .41)  

(0 .44)  

(0 .39)  

(0 .49)  

(0.50) 

(0 .38)  

(0 .53)  

(0 .11)  
(0.55) 

I, orange 
I ,  orange 
I, orange 
I, orange 
I, orange 
I, orange 
I, pink 
I, pink 
I, pink 
I ,  blue 
I, pink 
I ,  pink 
I ,  pink 
I ,  pink 
I, pink 
I ,  pink 
I, pink 
I ,  pink 

I + 111, brown 
I + 111, brown 
I + 111, brown 
I + 111, brown 
I + 111, brown 
I + 111, brown 

I + 11, yellow-brown 
I + 11, yellow 

I, pink 
I ,  pink 
I, pink 
I, pink 
I, yellow 
I, yellow 
I, pink 
I, pink 
I, pink 
I, pink 
I, pink 
I, blue 
I, blue 

a Drug therapy as described in Table I. 
volume in milliliters of original urine sample. 
chromatogram. 

F = aliquot of alcoholic extract in milliliters taken for evaporation and spotting on the plate; ( U )  = corresponding 
Rel. Rf = Rf of compound/R, of reference substance. * ( R j )  = R j of reference substance as measured On 

I = ferri reagent; I1 = vanadium reagent; 111 = iodoplatinate reagent. 

ferent columns for simultaneous single-column operation was 
used. The columns consisted of 5% OV-1 (methyl silicone poly- 
mer, apolar) and 2% FFAP (reaction product of Carbowax 20M 
and 2-nitroterephthalic acid, polar) coated on Diatoport S, 80- 
100 mesh (acid washed and silane treated), and packed in 1.80-m 
X 4-mm i.d. spiralized Pyrex columns. 

Nitrogen was used as the carrier gas at 60-80 ml/min (bubble 
flowmeter), and a double flame-ionization detector was used as 
the detection system. The hydrogen flow rate was 50 ml/min; air 
was optimized for good sensitivity and stability. 

Both columns were conditioned for 72 hr, a t  280" for the 5%' 
OV-l  and a t  245" for the 2% FFAP column. Analyses were done 
isothermally with 20" higher temperature settings for the injector 
and detector blocks and a t  an electrometer setting range of Xl 
and an attenuation of X32. 

Fixed volumes of alcoholic solutions of the compound to be de- 
termined and of internal standard were transferred with a 50.~1 
syringes into conical, silylated (left in contact for 1 hr with 5% di- 

' Hewlett-Packard. 
Hamilton 705N. 

chlorodimethylsilane in benzene, rinsed with benzene, washed 
three times with water, and dried in the air) centrifuge tubes of 
15-ml capacity and thoroughly mixed. For each calibration series, 
four or five different solutions of equal weight ratio increments 
( A u X / w 5 )  were prepared. After the mixtures were evaporated in a 
water bath a t  40" with the aid of a slow stream of nitrogen, acety- 
lation was performed by dissolving residues in 0.2 ml of pyridine 
(refluxed and redistilled from potassium hydroxide) and 0.2 ml of 
acetic acid anhydride (refluxed and redistilled from calcium car- 
bide), mixing thoroughly with a mixerg, and leaving for a 3-hr reac- 
tion time in a phosphorus pentoxide desiccator. h a g e n t s  were 
evaporated at 40" with the aid of a nitrogen stream, and the resi- 
due was redissolved in a small volume of ethyl acetate. Volumes 
varying from 1 to 3 11 were injected with a 10-pl syringe10 on top of 
the column(s). 

An appropriate aliquot of the alcoholic extract of the urine 
sample was mixed with a known amount of internal standard and 
treated in a manner similar to the calibration solutions. Accord- 

Vortex. 
lo Hamilton 701N. 
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ing to their chemical structure relationship and retention proper- 
ties, dixyrazine, thioproperazine, trifluoperazine, perazine, and 
levomepromazine served as suitable internal standards. 

GLC Calculations-Calibration factors ki were determined by 
measuring the corresponding peak areas on chromatograms from 
the calibration series: 

k, = A,wS / A w l  (h. 1) 
where A+ and A,s and w r  and w s  are peak areas and weights of the 
compound to  be determined and the internal standard, respec- 
tively. Peak areas are measured by the method of peak height 
times peak width a t  half-height. 

For each calibration series, the mean calibration factor k was 
calculated using four or five measurements. 

Ftesults for urine samples C ,  (in pg/100 ml) were found by the 
equation: 

5 A '  
- v A,' c - - L w s  (Eq. 2) 

where 5 / u  is the conversion factor for the volume v of the alcohol- 
ic extract recalculated for 100 ml of original urine sample; A,' 
and A,' are peak areas of the compound to be determined as 
present in the urine extract and the internal standard, respec- 
tively; and w s  is the weight of the internal standard added to a 
fraction of the alcoholic extract prior to evaporation. 

TLC-TLC plates were prepared by mixing 12.5 g of silica gel 

Figure 3-Gas c..:omatogram of 
a urine extract from Patient 3. 
Quantitative determination of per- 
azine ( p )  with internal standard 
trifluoperazine ( t ) .  One column 
was 5% OV-1, without (a)  and 
with ( b )  acetylation. The other 
column was 2% FFAP,  without 
(c) and with ( d )  acetylation. 

4 8 12 16 20 
MINUTES 

( d )  

HFz~r'l and 12.5 g of cellulose MN30012 with 90 m-1 of water and 
using the slurry for five 20 X 20-cm plates of 250-pm thickness. 
The plates were air dried and used without further temperature 
activation. 

A 1-2-ml aliquot of the alcoholic extract was transferred into 
conical centrifuge tubes of 15-ml capacity and evaporated with a 
nitrogen stream in a water bath a t  40". The residue was dissolved 
in 10 p1 of ethanol and quantitatively spotted with a micro- 
pipet in a 2-cm line on 3 cm of the lower edge of a TLC plate. A 
10-p1 volume of a solution containing 10 mg of a reference sub- 
stance in 10 ml ethanol was applied in the same way on each 
plate. 

Elution was performed over a 10-cm distance taken from the 
point of the applied spots and using a mixture of chloroform, ace- 
tone, and 25% ammonia (50:50:1 ml). 

Substances were visualized by inspection under 254- and 350- 
nm UV light and by spraying with ferri, vanadium, and iodopla- 
tinate reagents. After spraying with one of the reagents, stains 
were intensified by blowing a hot air stream over the TLC plate 
for a few moments. 

For the ferri reagent ( l ) ,  500 mg of ferric nitrate was dissolved 
in 80 ml of concentrated sulfuric acid and the solution was dilut- 
ed with water to lo00 ml. For the vanadium reagent, 500 mg of 

l1 Merck. 
12 Macherey, Nagel and co. 
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Figure 4 4 a s  chromatogram of a urine extract from Pa- 
tient 4. The column was 2% FFAP; quantitative determina- 
twn of trifluoperazine ( t )  with internal standard perazine ( p )  . 

. 

. 

. 

vanadium pentoxide was dissolved in 80 ml of concentrated sulfu- 
ric acid and the solution was diluted with water to 1000 ml. For 
the iodoplatinate reagent (2), 5 ml of 5% platinum chloride was 
mixed with 45 ml of 10% KI and 100 ml water was added. 

Recovery Experiments-To fractions of 2W ml of urine, col- 
lected from persons under no drug medication, propericiazine, 
dixyrazine, perazine, trifluoperazine, and prothipendyl were 
added in amounts of 400, 400, 248, 339, and 336 pg, respectively, 
and taken through the complete procedure. 

RESULTS AND DISCUSSION 

GLC operating conditions, retention times ( R I )  of phenothi- 
azine compounds and internal standards, calibration data (k), 
and linear ranges of standard curves [A(wx/ws)] are presented in 
Table II. Substances with a free polar alcohol group in their 
structure, such as propericiazine and dixyrazine, had first to be 
derivatized to the corresponding acetyl esters. In this way, exces- 
sive tailing effects were eliminated while separation efficiency and 
analytical precision increased. Calibration mixtures of perazine- 
trifluoperazine were examined with and without acetylation 
treatment. From the results, it appeared that no selective loss of 
one of the compounds mentioned occurred during the derivatiza- 
tion step. Acetyl esters of propericiazine, dixyrazine, and their 
sulfoxide metabolites are high molecular weight compounds and 
showed long retention times on apolar liquid phases. They could 
not have been chromatographed on the more polar and selective 
270 FFAP column system within a reasonable time. 

Results for recovery experiments of the phenothiazine com- 
pounds added to blank urine samples are given in Table ILI. Fig- 
ures obtained on two different samples using both GLC columns, 
correlate well. These data indicate an extraction efficiency of 86- 
99% and a method reproducibility of about 3%. They also are con- 
sidered representative over the entire range of the standard 
curves. The described procedure for these phenothiazine drugs 
has a low detection limit of 5-10 ng/ml urine and an overall pre- 
cision of about 7%. 

Actual concentrations of drugs excreted in urine and expressed 
as pg/100 ml or percent of administered dose recovered as un- 
changed drug are tabulated in Table IV. Some examples of quan- 
titative chromatograms are given in Figs. 1-5. Chromato- 
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Figure 5-Gas chromatogram of a urine extract from Patient 
5. The column was 5% OV-I; quantitative determination of 
prothipendyl ( p )  with internal standard levomepromazine (I) .  

graphic patterns of urine extracts determined on both GLC col- 
umns show extraneous peaks produced by unidentified metabo- 
lites, which were also detected by TLC. Only small amounts or 
rather low percentages of the phenothiazine drugs were excreted in 
urine; regardless of the compound, the absolute dose adminis- 
tered, and the physiological condition of the patient, urinary ex- 
cretion varied from 0.1 to 1.9%. These data demonstrate that  this 
GLC method is very selective and sensitive for the quantitation of 
phenothiazine drugs in urine following the administration of low 
therapeutic doses of these drugs. Furthermore, as might be evalu- 
ated from the retention characteristics described in Table 11, this 
GLC procedure should enable one to separate and measure more 
than one phenothiazine drug from the urine of a patient receiving 
a combination of these drugs. 

TLC results were expressed as &I. R,  values, i .e.,  ratio of actu- 
al RI to Rr of phenothiazine compound, and some typical exam- 
ples are given in Table V. As indicated by underlined figures, the 
presence of free drug administered, sulfoxides, and other uniden- 
tified, structurally related metabolites was established in urine 
extracts of all patients except Patient 5. In this case, negative re- 
sults were obtained because of the low dose of administered drug. 
Both separation efficiency and a high sensitivity of 25-50 ng/ml 
urine make TLC a valuable tool for following low therapeutic lev- 
els of phenothiazine drugs and apolar metabolites as excreted in 
urine for the verification of the specificity of the GLC procedure 
used for the quantitative measurement of these drugs. 
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