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Simultaneous determination of haloperidol and its 
metabolite, reduced haloperidol, in plasma, blood, urine and 
tissue homogenates by high-performance liquid 
chromatography 

ABSTRACT 

A high-pcrformancc liquid chromulographic method wtts dcvclopcd for the simultuncous dctcrmintt- 

tion of httlopcridol ttnd rcduccd hulopcridol in human plusmu. urine and rat tissue homogcna~cs using 

brompcridol as m internal stttndttrd. The tncthod involved extraction followed by injection or 50-80 /II of 

IllC itqUC0t.E layer OntO II Cl, rcvcrscd-phase columt1. The mobile phitsr wus 0.5 AI phosphate bullkr- 

acctoniklc-mcthtmol (58:3l: I 1. V/V/V) and the flow-rate was 0.6 ml/min. The cohmln clIhtC11t WtIS tuon- 
itorcd by ultrttviolcl dctcclion itt 214 nm. The rctcntion times for rcduccd httlopcridol. httlopcridoi ttnd 
brotnpcridol wcrc 5.4, 7.2 and 8.4 min. rcspcctivcly. The dckction limits for holopcrido! and reduced 

httlopcridol in human plnsmit wcrc both 0.5 ng/tnl. ttnd the corresponding vttlucs in human urine wcrc both 

5 n&ml. The cocficicnts of v;trittGon of the assay wcrc gcncrtttty low (below 10.7‘%1) for plasma. urine. 

blood and tissue homogcnutcs. No intcrrcrcnccs liom cndogcnous sttbstitnccs or any drug tcstcd wcrc 

found. 

INTRODUCTION 

High-performance liquid chromatographic (HPLC) methods for the determi- 
nation of haloperidol (HP), a psychotic drug, in plasma have been developed 
earlier [I -I 1 j. Recently, the reduced metabohte of HP, reduced haIoperido1 (RH), 
has been found to possess dopamine blocking activity of CCI. 20% or more of the 
potency of HP [12,13], and a high RH-to-HP ratio seemed to be a predictor of a 
poor response in HP-treated patients 141. Therefore, the determination of RH in 
biological samples seems to 6e essential. Simultaneous determination of HP and 
RH in_ human plasma by !-!PLC with UY [4,&l 13 or electrochemical [5,7] detec- 
tion has been reported. According to Parkinson [9] electrochemical detectors are 
not, however, in widespread use, and routine higher sensitivity operation at high 
electrode voltages can be difficult. In the present study, the strong UV absorption 
of HP and RH at 214 nm offers the possibility of UY detection to assay these 
compounds in the low nanogram range. None of the HPLC methods describes 
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the simultaneous analysis of HP and RH in plasma, blood, urine and tissue 
homogenates, such as liver, brain, spleen, heart, kidney, adipose, lung, muscle 
and intestine. The analysis of HP in rat brain was reported [9], and its detection 
limit was 25 rig/g of brain when the whole extract (I .5 ml) was injected into the 
HPLC column. 

This paper describes a method for the simultaneous analysis of HP and RH in 
human plasma and urine and rat tissue homogenates with better sensitivity than 
other HPLC methods with UV detection [1,4-6,111. 

EXPERIMENTAL 

HP was purchased from Sigma (St. Louis , Xc?, USA) and hexane and isoamyl 
alcohol were products of Fisher Scientific (Fairlawn, NJ, USA). RH and an 
internal standard, brompecidol (BP), were kindly supplied by Janssen Pharma- 
ceutical (Beerse, Belgium). Methanol and acetonitrile were obtained from Merck 
(Rahway, NJ, USA). The other chemicals were reagent grade and used without 
further purification. 

Rat tissue was homogenized with four volumes of normal saline solution (adi- 
post was homogenized without addition of any solution) using a Polytron (Brink- 
man Instruments, Westbury, N.Y. Rexdale, Canada). After centrifugation for 20 
min at 2500 g, the supernatant was used. Blood was haemolysed in an ultrason- 
icator (Branson, Shelton, CT, USA) for 20 min. Approximately 0.2-l .O ml of the 
biological sampIe was added to a i5--ml polyethylene tube containing BP dis- 
solved in 50 /ll of methanol. The mixture was then made alkaline by the addition 
of 300-500 111 of 2 M NaOH and extracted with 5 ml of hexane-isoamyl alcohol 
(98:2, v/v). After vigorous shaking for 10 min (40-60 min for tissue homog- 
enates), the organic layer was separated by centrifugation at 2500 g for 10 min 
and transferred to a centrifuge tube containing 120 ~1 of 0.025 M l&SO+ (200 ~1 
for tissue homogenates). After vortex-mixing for 0.5 min, the mixture was cen- 
trifuged at 2500 g for 20 min. The organic layer was aspirated and 50-80 ~1 of the 
aqueous layer were injected directly into the HPLC column. 

HPLC apparatus 

The HPLC system consisted of a Model 7125 injector (Rheodyne, Cotati, CA, 
USA), a Model 1330 pump (Bio-Rad, Japan Servo Company, Japan), a reversed- 
phase column (Nova-Pak. C 1 8, 15 cm x 2.9 mm I.D., particle size 4 pm, Waters 

Assoc., Milford, MA, USA), a Model 1306 UV detector (Bio-Rad) and a Model 
1200 recorder (Linear, Reno, NV, USA). The mobile phase, 0.5 M KH2P04- 
acetonitrile-methanol (58:3 1: 11, v/v/v) adjusted to pH 3.8-4.0 with phosphoric 
acid. was run at a flow-rate of 0.6 ml/min and the eluate was detected at 214 nm. 
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The internal standard peak-height ratio was used to calculate the concentrations 
of HP and RH. 

RESULTS AND DISCUSSION 

Fig. 1. shows the UV absorption spectra of HP and RH dissolved in the 
present HPLC mobile phase. The UV absorption at 214 nm of both HP and RH 
is strong compared with that at 254 nm. Although there is also a strong UV 
absorption at 200 nm for both compounds, the background is much higher, so 
214 nm was chosen. 

Fig. 2 shows typical chromatograms of drug-free human plasma, drug stan- 
dards in the human plasma, and plasma from a patient receiving HP: the corre- 
sponding chromatograms for human urine and rat liver homogenate are shown in 
Figs. 3 and 4, respectively. No interferences from endogenous sources were ob- 
served in any of the biological samples studied. The peaks of RH, HP and BP are 
symmetrical and eluted at 5.4, 7.2 and 8.4 min, respectively. We also noted no 
interferences from other commonly used psychoactive drugs, such as desipra- 
mine, imiprarnine, nortriptyline and amitriptyline. However, loxapine did in- 
terfere with the present chromatogram and it was separated by changing the 
buffer composition from 58 to 65% in the mobile phase. It is to be noted that 
both HP and RH in human plasma were fairly stabte when stored at - 70°C for 
one month. 

The detection limits for HP and RH in human plasma were both 0.5 ng/ml 
(Table I), and the corresponding values in human urine were both 5 ng/ml (Table 

WAVELENGTH ( nm 1 

Fig. 1. UV absorption spectra of HP and RH dissolved in the mobile phase 0.05 M phosphate buffer- 

acetonitrile-methanol (Z&31:1 I, v/v/v). The concentrations of HP and RH 1. *c both 100 n&ml. 
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C 

Fig. 2. Chromntogrums of cxlructs l’rom blank humun plusmu (A). humon plasma spiked with 25 n&ml 
HP. 22.5 n&ml RH und 50 n&ml BP (B), and plusnlu obtained from a psychotic patient during steady state 

uftcr oral administration of HP itt 50 mg per day (C). Peaks: I = RH (5.4 min); 2 = HP (7.2 min); 3 = BP 

(8.4 min). The arrows mark the points of injection. 

II) based on a signal-to-noise ratio of 3.0. The mean within-day coefficients of 
variation (C.V.) in human plasma were 3.99% (range 1.14-9.31 O/o) and 4.57% 
(range 0.59-9.54%) for HP and RI-I (Table I), respectively, and the correspond- 
ing values in human urine were 2.10% (range 1.00-4.96%) and 4.67% (range 
2.42-8.16%. Table II). The between-day C.V. for the analysis of the same plasma 
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Fig. 3. Chromatograms OT cx!racls from hlunk humnn urine (A) stnd urine spiked with 40 ng!ml HP, 40 

q/ml RH and 50 nglml BP (B). Pcnks: 1 = RH (5.4 min); 2 = HP (7.2 min); 3 = BP (8.4 min). The arrows 
mark the points of injection. 

Fig. 4. Chromatograms ofcxtracts from blank rat liver homogcnatc (A), rat liver homogenate spiked with 250 

ng/mi HP. 250 n&ml RU and COO ng/ml BP (B). and iivcr homogcnr~tc obtained from a rat 120 min after 
intravcnousbolusadministrationofHPat I mg/kg(C).Pcaks: I = RH(5,4min):2 = HP(7.2min);3 = RP(8.4 
min). The arrows murk the points of injection. 
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,BLE I 

RESPONSE r’ACTORS AND RECOVERIES OF HALOPERIDOL AND REDUCED HALOPERI- 

DOL AT VAFJOUS CONCENTRATIONS IN HUMAN PLASMA 

Values in parcntl~cscs arc C.V. (%); 11 = 6. 

Concentration 

@g/ml) 

Hulopcridol 

Rcsponsc faclor” Rccoveryh (%) 

Reduced halopcridol 

Response factof Rccovcryb (%) 

100 
50 

20 

10 

5 

2 
1 

0.5 

1.2548 f 0.0143 (1.14) 99 1.5580 f 0.0091 (0.59) 75 

1.2590 f 0.0146 (1.15) - 1.6107 f 0.0251 (1.33) - 

1.2156 f 0.0189 (1.55) 94 1.5236 f 0.0325 (2.13: 73 

1.2458 f 0.0285 (2.29) I .6005 f 0.0609 (3.!18) - 

1.2241 f 0.0335 (2.75) 95 I.5775 f 0.0725 (4.59) 72 

I .3275 rt 0.1 I28 (6.88) 1.5754 f 0.1204 (7.64) - 

1.2254 f 0.0844 (6.88) 93 1.5919 f 0.1519 (9.54) 73 
1.3097 f 0.1219 (9.31) 1.6157 & 0.1243 (7.69) - 

a (Drug peak height divided by its conccnttation)/(intcrnal standard peak height divided by its conccnwt- 

tion); mean ZIZ S.D. 
b Rclativc recovery wmparcd with WI tcr. 

TABLE II 

RESPONSE FACTORS AND RECOVERIES OF HALOPERIDOL AND REDUCED HALOPERI- 

DOL AT VARIOUS CONCENTRATIONS IN HUMAN URINE 

Values in parentheses arc C.V. (%); II = 6. 

Conccntralion Halopcridol Reduced halopcridol 
(nglml) - 

Response factor” Recoveryb (%) Rcsponsc factor” Recovery’ (X) 
_.---_ . . - 

1000 1.2451 ziz 0.0154 (1.24)’ 99 1.6953 f 0.0. I (2.45) 8: 

500 1.2174 f 0.0147 (1.21) - 1.6724 f O.OClri t_.. .I: - 

200 1.3015 f 0.0151 (1.55) 95 I.7531 f O.OsZ! ;a.&) 86 

100 1.2762 f 0.0127 (1.00) - 1.7747 f 0.0883 (4.98) - 

50 1.2832 z!z 0.0266 (2.07) 98 1.7674 f 0.1443 (8.16) 85 

20 I.2536 f 0.0253 (1.55) - I.7125 z!z 0.1127 (6.58) - 

t0 I.2613 f 0.0452 (3.59) I03 1.7452 ZIZ 0.0834 (4.78) X4 

5 I.3121 f 0.0651 (4.96) - 1.7915 f 0.0912 (5.09) - 

’ (Drug peak hcighl divided by its conccntrittion)/(irltcrnal standard peak height divided by its conccntra- 
tion); mean -I SD. 

b Relative recovery compared with water. 
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samples on six days we:e 3.97 and 3.66% for HP and RH, respectively, and the 
corresponding .values in urine were 4.15 and 4.20% . Mean analytical recoveries of 
added HP and RH from plasma by this extraction procedure were 95% (range 
93-99’~) and 73O/o (range 72-75%) for HP and RH, respectively (II = 6, Table I), 
and the corresponding values from urine were 98% (range 95-100%) and 84% 
(range 8 l-86%, Table IIj. 

The prcscnt assay method was also successful for the analysis of HP and RH in 
rat tissues (Table Ill). The detection limits for hot!, HP and RH were 1, -5; $0, 20, 
10, 20, 20, 50, 10 and 10 q/g of tissue for blood, liver, brain, spleen, heart, 
kidney, adipose, lung, muscle and intestine, respectively. The mean within-day 
C.V. for HP ranged from 3.63% (lung) to 6.65% (intestine) and the correspond- 
ing values for RH wcrc from 4.16% (lung) to 6.90% (liver). The mean analytical 
rccovcries of added HP ranged from 85.1 O/o (heart) to 94.3% (lung), and the 
corresponding values for RH were from 76.7% (kidney) to 86.3% (blood). 

The mean plasma profiles of HP and RH after intravenous boll?s adminis- 
tration of HP, 10 mg to eight psychotic patients, and RH, 5 mg/k.g to five rats, are 
shown in Figs. 5 and 6, respectively. The mean terminal half-life, total body 
clearance, volume of distribution at steady state and mean residence time of HP 
were 676 min, 12.4 ml/min/kg, 11.9 l/kg and 925 min, respectively, in the patients, 
and the corresponding values of RH were 48 1 min. 96.1 ml/min/kg, 43.5 l/kg and 
500 min in the rats. It is of interest to note that RH was detected in the plasma 

TIME (h) TIME (h) 

Fig. 5. Man pInsma cotlccnlrutiun-lj~l;~ prolilcs ot’ HP (0) und RH (LI) olicr inlravcnotts bolus adtninis- 

tnthwt of HP (IO mg) LO cigh psychotic palicnts. Bars rcprcscnt stundard dcvinhns. 

Fig. 6. Mean plttsmtt conccntralion-time profiles of HP (I)) and RH (Cl) after intravenous bolus adminis- 

tration of RH (5 mg/kg) io !kt rats. Bars rcprcscnt stttndttrd dcviahtts. 
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when HP was injected into rats, rabbits and humans, :md HP was detected in the 
plasma when RH was injected into rats (Fig. 6). However, HP wu not detected in 
plasma when RH was injected into rabbits 1141. 

The mean blood partition (blood-to-plasma concentration ratio) values from 
fifteen psychotic patients were I,04 and 1.77 for HP and RH, respectively, in the 
concentration ranges 3-.60 ng/ml for HP and I-100 ng/ml for RH. The tissue 
concentrations of HP and RH were measured at 120 min after intravenous in- 
jection of HP (1 mg/kg) into rats (17 = 5); the mean values for HP were 20.8 ng/ml 
and 1230,899, 6680, 507, 1250,2520, 352,326 and 1600 rig/g of tissue for plasma, 
liver, brain, lung, heart, kidney, spleen, intestine, muscie and adipose, respec- 
tively, and the corresponding values for RH were 2.30 ng/ml and 55.2, 96.4, 289, 
53.6, 90.5, 137, 95.2, 20.3, and 257 rig/g of tissue. 
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