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Abstract  0 A procedure is described for TLC detection and differen- 
tiation of the butyrophenone-diphenyl butylpiperidine group and phe- 
nothiazine derivatives a t  the microgram level. A two-dimensional TLC 
method to separate butyrophenone and diphenylbutylpiperidine com- 
pounds is reported. A variety of possible detection reagents were exam- 
ined. The solvent systems and spray reagents descrihed should he useful 
for the identification of these drugs in various dosage forms. 
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Butyrophenones, diphenylbutylpiperidines, and the 
pharmacologically analogous phenothiazines are currently 
used for the treatment of various psychotic disorders. A 
rapid detection and identification method is needed for 
screening pharmaceutical formulations for these drugs. 

Numerous investigators (1-13) described various solvent 
systems for chromatography of psychotropic drugs, mainly 
phenothiazine derivatives. However, none of these systems 
completely separates the two groups of neuroleptic com- 
pounds. In the proposed analytical system, group differ- 
entiation depends on Rf values and on color reactions to 
spray reagents. Identification of the butyrophenone or 
diphenylbutylpiperidine compounds can be accomplished 
with the described two-dimensional TLC method. 

Table I-Guide Rr Values for Phenothiazine Derivatives 
(Eluent A) 

Compound 1+0 RRfh  

Acepromazine 0.23 0.72 
Acetophenazine 0.20 0.62 
Alimemazine (1.3s 1.09 

Chlorpromazine o.:u 1 
Dixyrazine 0.8 1 0.97 
Pluphenazine 0.:Kl 1.03 
1,evomepromazine 0.36 1.12 

Perazine 0.18 0.56 
Perphenazine 0.:31 0.97 
Piperacethazine 0.18 0.56 
I’roc hlorperazine 0.29 0.90 
Promazine 0.23 0.72 
Promet hazi tie 0.37 1.16 
I’ropericiazine 0.30 0.94 

Prothipendyl 0.17 0.53 
Thiopropazate 0.7 1 2.22 
Thioproperazine 0.23 0.72 

rriethylperazine 0.:10 0.94 
‘I’rifluoperaziiie 0x3 1.03 
‘I’riflutrpromazine 0.36 1.12 

(trimeprazine) 

(methotrimeprazine) 

(pericyazine) 

Thioridazine 0.32 1 

Mean of six values. Relative value with chlorpromazine as standard. 

EXPERIMENTAL 

Adsorbent-Precoated TLC silica gel 60 F 254’ plates were used. 
Eluent Systems-Solvents were analytical grade and were used as 

received from commercial sources1. Eluent A consisted of ethyl ace- 
tate-chloroform-methanol-0.1 M sodium acetate buffer (pH 4.7) (54: 
23:18:5). Eluent B consisted of chloroform-ethanol (9O:lO). 

Detection-The following spray reagents were used: 
Reagent A-To 250 mg of‘ vanadium pentoxide, 40 ml of concentrated 

sulfuric acid was added. The mixture was diluted with distilled water to 
500 ml (12). 

Reagent R-To 5 ml of 5% aqueous iron(I11) chloride, 45 ml of’ 20V0 
perchloric acid and 50 ml of 50% nitric acid were added (12, 13). 

Reagent C-Five grams of p-dimethylaminobenzaldehyde was dis- 
solved in 100 rnl of 18 N H2S04 (13). 

Reagent D-A 40% ( v h )  aqueous sulfuric acid solution was used. After 
spraying, the TLC plate was heated a t  110’ for 5-10 min (14). 

Reagent E-To 0.1% ethanolic bromcresol purple solution were added 
a few drops of a 10% ammonia solution until the color changed (15, 
16). 

Reagent F-Forty milligrams of‘ bromcrestrl green was dissolved in 100 
ml of ethanol, and 0.1 N NaOH was added until a hlue color appeared 
(15, 16). 

Rcwgc,nt G-Aconitic acid, 250 mg, was dissolved in 40 ml of acetic 
anhydride by heating; the mixture was diluted with toluene to 100 ml. 
After spraying. the TLC plate was heated a t  100° for 30 min (17, 18). 

Drug Solutions-Ten milligrams o f  the pure drug reference stan- 
dards’ were dissolved in 10 ml of chloroform-methanol (723). The com- 
pounds investigated are summarized in Tahles I and 11. 

Procedure-Rapid Group DPtectifJn-volumeS of 10 pl, corre- 
sponding to 10 fig of a compound, were applied to a precoated silica gel 
plate with a syringe:’. The chromatoplate was developed over 15 cm using 
Kluent A in a tank4 without filter paper lining. Use of a saturated 
paper-lined development tank resulted in a poor separation because of 
the lower R/ values of‘ all compounds and because many o f  the pheno- 
thiazine derivatives did not migrate from the application point. 

The plate was air dried a t  room temperature and viewed under 
shortwave UV light”. The spots were outlined with a pencil. Finally. the 
plate was sprayed with one detection reagent lor group identification. 

identification (if Rutyrophcvwncs and niphc.n~lhulylpipcridinc.s- 
When the rapid detection method showed the presence ot’a neuroleptic 
compound of the butyrophenone-diphenyll,ulS.ll,il,eridine group, 
identification of this compound could I)e cont‘irmed using twri-dimen- 
sional TIZ. With a 10-pl syringe, the hutyrophenone-diphenylhutyl- 
piperidine mixture was applied to the three corners of a TLC plate pre- 
pared as shown in Fig. 1. 

Alter development over 15 cm using Eluent A in a tank without paper 
lining, the ‘H,C plate was removed and air dried a t  room temperature. 
’I’he plate was then developed tor 15 cm a t  right angles to the first run  
in a second tank containing Eluent Band saturated by lining the walls 
with filter paper moistened with the mohile phase. The chromatogram 

Merck. Darmstadt. West (krmanv. 
I’ure drug samples were supplied fiy Janssen I’harmaceutica (all hutyrtq)hen- 

tines and di~henvll)ut~ll)iperidines), Farmitulia, Searle. Scheriny, Rhiine- l’oulcmc, 
Smith Kline ti French. Sandoz, Clin-Ryla. Pitman- hlmtre. I’nummta. arid Hrmilmry 
aiid llnion (‘himiclue Helge (Iihenot hiazinr tlt.riv;itive~l. 

Hamilton. Hwuidua, Switzerland. 
1)esaga. Heidelherg, West Gerrnanv. 
Chromatlb-vue cahinet CC-’20, Ultra-Violet I ’ r ~ d w t s .  Sail (htiriel. ( ’ d ~ t .  
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Table 111-Color Reaction to Various Spray  Reagents Table 11-Guide Rf Values for  Butyrophenone and  
Diphenylbutylpiperidine Compounds 

Eluent B -~ Eluent A 
Compound R/" RRfh RR/' R," RR/' 

Rutyrophenones 
Renperidol 0.65 1.72 1 0.29 1 
Droperidol 0.63 1.97 1.14 0.37 1.27 
Fluanisone 0.76 2.37 1.38 0.62 2.14 
Haloperidol 0.44 1.97 0.80 0.16 0.55 
Pipamperone 0.22 0.69 0.40 0.06 0.21 
Trifluperidol 0.47 1.47 0.85 0.16 0.55 

Diphenylbutylpiperidines 
Fluspirilene 0.67 2.09 1.22 0.43 1.48 
Penfluridol 0.77 2.40 1.40 0.37 1.27 
Pimozide 0.75 2.34 1.36 0.52 1.79 

0 Mean ol lour values. Relative R/ value with chlorpromazine as standard. 
I Relative K /  value with benperidiil as standard. 

was air dried a t  room temperature and evaluated by quenching the 
254-nni-induced fluorescence. 

RESULTS 

Guide R/ values for the examined compounds are summarized in Ta- 
bles I and ll. 

The described one-dimensional T I X  method with Eluent A allows 
almost a complete differentiation of the phenothiazine group and the 
hutyrophenone-diphenylbutylpiperidine group. With this solvent sys- 
tem, nearly all compounds of  the latter group were located between R/ 
0.44 and 0.76. Pipamperone (R/  0.22) was the only compound that did 
not migrate into this region. Fluanisone, penfluridol, and pimozide were 
not separated with this eluent. The phenothiazine thiopropazate (R10.71) 
interfered with these three compounds. All other phenothiazines mi- 
grated into the Rf 0.18-0.37 region where pipamperone interference was 
possible. 

Combination of Rf values and the color reactions can facilitate the 
identification of the compounds. All compounds investigated quenched 
the 254-nm-induced fluorescence. Croup differentiation was possihle 
with different reagents (Table 111). 

The phenothiazine group reacted positively with Reagents A-D, 
whereas no color reaction was seen for the butyrophenones and diphen- 
ylbutylpiperidines. Reagents C and D gave more intense colors than did 
Reagents A and 8. All compounds examined reacted with Reagents E 
and F to give lightly bluish-colored spots. Reagent G reacted with buty- 
rophenones and diphenylbutylpiperidines, but spot intensities were so 
light that identification was very difficult. 

0 mooo I 

Figure 1-Type chromatogram of the two-dimensional identification 
test for butyrophenoncs and diphcnylbutylpipPridines. 

- 

UV, Detection Reagent" 
Compound 254nm A B C D E F G 

Phenothiazines 
Acepromazine 
Acetophenazine 
Alimemazine 
Chlorpromazine 
Dixyrazine 
Fluphenazine 
Levomepromazine 
Perazine 
I'erphenazine 
Piperacethazine 
Prochlorperazine 
Promazine 
Promethazine 
l'ropericiazine 
Prothipendyl 
T h  i opropazate 
Thioproperazine 
Thioridazine 
Triethylperazine 
Trifluoperazine 
Trilluopromazine 

Hut yrophenones 
Henperidol 
Droperidol 
Fluanisone 
Haloperidol 
Pipam perone 
Tri  fluperidol 

Fluspirilene 
Penfluridol 

1)iphenylbutylpiperidines 

+ + + + + + + + + + + + + + + + + + + + + 
+ + + + + + 
t + 

Pimozide i 

RO R RO RR BI; BL - 
R R R R B L B L -  
KO RO RO RB BL BL - 
R R R R B L B L -  
RO R R R BL BL - 
0 0 0 0 BI, HL - 
P P BL BL BL BL - 
RO R R R BL BL - 
R R R R B L B L -  
R R R R B L B L -  
R R R R B L R L -  
RO RO RO RB BL BL - 
BO B B RR BL BL - 
KO R R RO BL BL - 
0 Y Y B BL BI. - 
WR WR R R BL BL - 
R H R R HI, BL - 
P P BL BL BL BL - 
P P BL BL BL BL - 
0 0 0 0 B L B L -  
0 0 0 0 B L B L -  

H = brown, RI. = blue, 0 = orange. P = purple. R = red, Y = yellow, W = weak. 
+ = detectable, and - = not detectable. 

The color of a compound after TIX and spraying is generally depen- 
dent on the concentration of the substance in the sample, on the mode 
I)( reagent application, and on the amount of reagent used for detection. 
In this TLC procedure, identification depends on R/ values (or relative 
H I  values with, forgxample, chlorpromazine as a standard) and on color. 
Neither is an absolute. 

Identity of the butyrophenone or diphenylhutylpiperidine compound 
can he accomplished by the described two-dimensional TLC method. 
Guide R/ values of the compounds for the two solvent systems are sum- 
marized in Table 11. A two-dimensional chromatogram is shown in Fig. 
1. Because of the great similarity in chemical structure of the butyro- 
phenones and diphenylbutylpiperidines, it is very difficult to find a 
specific reagent for each compound of this group. Therefore, unspecific 
detection such as shortwave IJV light was used. 

Iodine vapors or the Munier-Machehoeuf modification of Dragen- 
dorffs reagent can he used also. The use of unspecific detecting agents, 
however, makes identification dependent on R/ values, which are in- 
fluenced by numerous parameters. Comparison with reference samples 
would be absolutely necessary. 

REFERENCES 

(1) A. Hulshoff and J. H. Perrin, J. Chromatogr., 129,249 (1976). 
(2) M. L. Bastos, G. E. Kananen, R. M. Young, J. R. Monforte, and 

(3) J. A. Vinson and J. E. Hooyman, J. Chromafogr., 105. 416 

(4) W. N. French, F. F. Matsui, D. I.. Robertson, and S. J. Smith, ibid , 

(5) S. Thunnell, ibid., 130.209 (1977). 
(6) D. C. Fenimore, C. J. Meyer, C. M. Davis, F. Hsu, and A. Zlatkis, 

(7) W. W. Fike, Anal. Chem., 38,1697 (1966). 
(8) A. C. Moffat and K. W. Smalldon, J .  Chromatogr.. 90, 9 

(9) S. N. Tewari, Z. Anal. Chcm.. 275.31 (1975). 

I. Sunshine, Clin. Chem., 16,931 (1970). 

(1975). 

97,223 (1974). 

ibid., 142,399 (1977). 

(1974). 

(10) K. K. Kaistha, R. Tadrus, and R. Janda, J Chromatogr , 107,359 

( 1  1) H. Canshirt, in "Dunnschichtchromatographie," E. Stahl, Ed., 
(1975). 

Journal of Pharmaceutical Sciences f 1051 
Vol. 68, No. 8, August 1979 



Springer-Verlag. Berlin, Germany, 1967, p. 483. (17) H. Soep, J.  Chromatogr., 6. 122 (1961). 
(18) S. Sass, .I. d .  Kaufman, A. A. Cordenas, and J. .J. Martin, Anal. (12) A. De 1,eenheer. J. (’hromalogr., 75, 79 (1973). 

(13)  A. Noirfalise, ihid. ,  20,61 (196.5). 
(14) “Phenothiazine Separations,”Tech. Bull. 526, Kontes, Vineland, 

( 1 6 )  I). J. A. W. Demoen,J. Pharm. Sci., 50,350 (1961). 
( 1 6 )  K. C. Krebs, in “IXinnschichtchrornatographie,” E. Stahl, Ed., 

Chem.. 30,529 (1958). 

N.J., 1977. ACKNOWLEDGMENTS 

The author thanks Dr. W. Van Rever and Mr. J. Van Rompay for 
Springer-Verlag, Berlin, Germany, 1967. p. 819. critically reading and Mrs. A. Claessens for typing the manuscript. 

High-pressure Liquid Chromatographic Analysis of 
Antipyrine in Small Plasma Samples 

LEON SHARGEL”, WAI-MAN CHEUNG, and ANDREW B. C. YU 
Received August 28, 1978. from the Colli~ge of Pharmacy and Allied Health Professions, Northeastern Ilniuersity, Hostan. MA 
02l1.5.  Accepted f o r  puhlication January 31, 1979. 

Abstract  0 A high-pressure liquid chromatographic (HPLC) method 
was developed for the assay of antipyrine in small (0.1-ml) plasma sam- 
ples using aminopyrine as the internal standard and a reversed-phase 
tnicroparticulatt? cdiimn. The assay sensitivity (1 pg/ml) permits de- 
velopment ofa plasma level-time curve using a single rat. The mean (* 
SA’) plasma elimination half-life in rats was 1.28 f 0.14 hr. A comparison 
ot’ the spectrophotometric method with the HP1.C method yielded a 
correlation coefficient of 0.98. The HPLC assay for antipyrine is rapid 
and precise and can be used fiir hepatic drug metabolism study in a single 
animal. 

Keyphrases 0 Antipyrine-analysis, high-pressure liquid chromatog- 
raphy, plasma, rats 0 High-pressure liquid chromatography-analysis, 
antipyrine, plasma, rats 0 Analgesics-antipyrine, high-pressure liquid 
chromatographic assay, plasma, rats 

The plasma antipyrine elimination rate is commonly 
used to study hepatic drug metabolism in uiuo (1-5). An- 
tipyrine is metabolized almost completely by the liver 
enzymes (6), and protein binding of the drug is minimal 
(7). 

BACKGROUND 

The spectrophotometric assay of Brodie et al. (8) generally is used for 
measuring plasma antipyrine levels. The spectrophotometric method 
is tedious and may yield high hlank values. Furthermore, the method re- 
quires 1-2 rnl of plasma, which precludes obtaining multiple samples from 
a small animal such as the rat. 

GLC analyses of antipyrine also have been reported (3,9).  Although 
these methods appear to be more precise than the spectrophotometric 
method, they still require a 1.0-ml plasma sample and drug extraction. 
Another assay for plasma antipyrine using I4C-lahel drug (4) is very 
sensitive hut requires expensive equipment and involves the hazards of 
radioactivity. 

High-pressure liquid chromatography (HP1.C) has been applied to 
the separation and quantitation of many drugs. A sensitive HPLC pro- 
cedure for antipyrine using a silica gel column was reported (10). This 
procedure requires 0.5 ml of plasma for drug extraction. A rapid, sensitive 
method was needed that utilizes smaller blood samples, 0.1-0.2 ml, so 
that an antipyrine pharmacokinetic profile ran be obtained in a single 
laboratory animal such as the rat. Recently, HP1,C procedures utilizing 
reversed-phase chromatography were developed for drug analysis in bi- 
ological tissues (1 1). The advantage of reversed-phase HPLC is that 
minimal sample cleanup is required prior to chromatography; therefore, 
smaller tissue samples may he used. 

This report describes a rapid HP1.C procedure which is more precise 

than the spectrophotometric method and utilizes small plasma sample 
volumes. 

EXPERIMENTAL 

Materials-Antipyrine NF and aminopyrine NF were used as stan- 
dardsl. All other reagents, analytical grade or better, were purchased from 
commercial sources. 

Animals-Adult, male, Sprague-Dawley strain rats’, 200-350 g, were 
used. 

Plasma Assay and  Animal Dosing-For standard curves, heparin- 
ized blood samples were removed from the abdominal aorta of non- 
medicated ether-anesthetized rats, placed into centrifuge tubes, and 
centrifuged to obtain the plasma fraction. Plasma aliquots (0.1 ml) were 
pipetted into 1.5-ml microtest tubes? and spiked with 10 pl of concen- 
trated antipyrine solutions to yield final drug concentrations corre- 
sponding to 0, 1.5,3,4.5,6, 12, 25, and 50 pg/ml of plasma. 

To each microtest tube was added 0.05 ml of 20% (w/v) ZnS04-7H20 
in 50% (v/v) methanol-water containing aminopyrine, 100 pg/ml, as the 
internal standard. The mixture was mixed on a vortex mixer. Then 0.05 
ml of saturated barium hydroxide solution was added to the mixture. The 
final mixture was vortexed and centrifuged for 10 min. A 10-pl sample 
of the supernate was removed and subjected to HI’LC. 

Hats were given 100 mg of antipyrindkg ip (injection volume of 0.5 
1n1/200 g). Blotd samples of approximately 250-300 pl were removed from 
the tail vein at 0, 2, 3, 4, 5, and 6 hr. The samples were placed into 
heparinized microcentrifuge tubes and centrifuged to obtain the plasma 
fraction. Plasma aliquots, 0.1 ml, were processed along with the spiked 
plasma standards described. 

HPLC-Samples were chromatographed on a high-pressure liquid 
chromatograph4 equipped with a universal liquid chromatographic in- 
jector, a UV (254-nm) absorbance detector, and a strip-chart recorder5. 
The deproteinated plasma samples (10 pl) were chromatographed a t  
room temperature on a microparticulate6 reversed-phase HPLC column, 
4 mm X 30 cm, with an eluting mobile phase of methanol-water ( ~ W O  v/v). 
The mobile phase flow rate was adjusted to 1 ml/min with an inlet pres- 
sure of -1750 psig. The chart speed was 0.25 cm/min. 

A standard curve was obtained by comparing the peak height ratio of 
antipyrine to aminopyrine and the spiked plasma antipyrine concen- 
tration. Unknown plasma sample concentrations were calculated by 
comparing the peak height ratios ol’the samples to the processed stan- 
dards. 

Correlation with Spectrophotometric Assay-Ten plasma samples 
obtained from nonmedicated rats were spiked with antipyrine a t  con- 

’ Merck & CII., Rahway, N.J. 
Charles River CD. 
Eppendorf, Hrinkmann Instrument, Westbury, N.Y. 
Model AI.C/GPC 204, Waters Associates. Milfurd. Mass. 
Fisher Recordall, series 500, Fisher Scientific Co.. Pittsburgh, Pa. 
pRondapak CIS, Waters Associates, Millord. Mass. 
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