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Haloperidol (H) is a neuroleptic drug that is widely used for the treatment of
acute and chronic psychotic syndromes. The reduction of H to reduced haloper-
idol (RH), which was first discovered in humans by Forsman and Larsson [1],
is shown in Fig. 1 [1,2]. This compound does have biological activity which should
be taken into account when blood concentrations of biologically active H and its
metabolites are being measured. Therefore, a routine procedure for the monitor-
ing of therapy with H should include determinations of both H and RH.

A number of techniques are available in the literature for the determination of
H in human plasma samples. Some of these procedures involve gas chromato-
graphy [3-5], receptor binding assays [6], and high-performance liquid chro-
matography (HPLC) [7-10]. The simultaneous analysis of H and RH has also
been performed using radioimmunoassay [11,12] and HPLC [13,14].

There are several unique clinical situations where low dosages of H are pre-
scribed by the physician. This results in low plasma concentrations of the drug
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Fig. 1. Formation of reduced haloperidol from haloperidol in humans.

and also possibly its metabolite. The most common among these clinical condi-
tions is the treatment of the elderly patient where small dosages are routinely
used. In order to analyze plasma samples from such patients we have developed
a liquid chromatographic procedure for the determination of H and RH. This is
a modification of the original procedure of Jatlow et al. [7]. Using the procedure
described in this report it is possible to analyze H and RH in plasma concentra-
tions as low as 0.3 ng/ml. This report will emphasize the details of the protocol
which should be carefully followed in order to achieve such high sensitivity with
acceptable degrees of reliability.

EXPERIMENTAL

Apparatus

The liquid chromatographic system was modularly constructed from the fol-
lowing components: Model 2150 pumping system with the Model 2152 HPLC
controller from LKB Instruments (Gaitherburg, MD, U.S.A.); WISP 710 B au-
tosampler from Waters Assoc. (Milford, MA, U.S.A.); Model 166 programmable
variable-wavelength detector from Beckman Instruments (San Ramon, CA,
U.S.A.); Model 3320A electronic integrator from Hewlett Packard (Avondale,
PA, U.S.A.). The progress of chromatography was also followed using a strip
chart recorder (Model 7127A from Hewlett Packard). A suitable absorbanca
monitor capable of programmable changes in wavelength during a chromato-
graphic run should be used. The detector should also be selected for the highest
sensitivity attainable,

Reagents and standards

The internal standard used was bromperidol (B). H, RH, and B standards were
obtained as gifts from McNeil Pharmaceutical (Springhouse, PA, U.S.A.). All
solvents were distilled in glass by the supplier, Burdick and Jackson Labs. (Mus-
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kegon, MI, U.S.A.). The hexane used for extraction was again redistilled in glass
apparatus in the laboratory prior to use. If this was not done, an extra peak which
interfered with the quantitation of RH was observed. Isoamyl alcohol (3-methyl-
1-butanol) was the Gold Label grade from Aldrich (Milwaukee, WI, U.S.A.). The
other chemical reagents such as phosphoric acid, sodium hydroxide, etc., were all
of the highest purity from standard chemical sources.

Chromatographic conditions

Water from a glass distillation unit was further purified by pumping through a
standard reversed-phase C,; column. The potassium phosphate used for prepa-
ration of the buffer was produced by neutralization of potassium hydroxide with
orthophosphoric acid. The pH of 0.085 M potassium phosphate solution was ad-
justed to about 2.4. For preparing 11 of the mobile phase, 700 ml of the phosphate
buffer (0.085 M) were mixed with 300 ml of acetonitrile. The pH of the solution
was then adjusted accurately to 3.5 using 50% potassium hydroxide solution. The
buffered mobile phase was filtered using Millipore HVHP filters (Millipore, Bed-
ford, MA, U.S.A.) and then degassed under vacuum. The mobile phase was
pumped through an Ultrasphere ODS gold star column (Beckman Instruments),
with the dimensions 25 cm X 4.6 mm 1.D., filled with 5- um particles. The analyt-
ical column was preceded by a 2 cm X 2 mm L.D. guard column containing Perisorb
RP18, 30-40 um particle size, from Upchurch Scientific (Oak Harbor, WA,
U.S.A).

Recommended procedure

To each extraction tube 2 ml of serum and 400 ul of 1 M sodium hydroxide
were added. An appropriate small volume of an internal standard solution (100
4l of 20 ng/ml B in 0.1 M hydrochloric acid) was added to all extraction tubes.
The tube was vortex-mixed briefly and 5 ml of hexane containing 1.5% isoamyl
alcohol were added. The tubes were placed on the rack on a Big Vortexer (Glas-
col Apparatus, Terre Haute, IN, U.S.A.), vortex-mixed vigorously for 20 min and
then centrifuged at 1200 g for 5 min. The aqueous layer was frozen by placing the
tubes on dry ice. The organic phase was then poured into another extraction tube
which contained 200 ul of 0.1 M hydrochloric acid. The original extraction tube
was warmed and the contents were thawed. The solution was reextracted for 10
min with 3 ml of hexane containing 1.5% isoamyl alcohol. The second extract
was recovered as before and mixed with the first extract. The tube containing the
200 21 0f 0.1 M hydrochloric acid and about 8 ml of the mixed extracts was vortex-
mixed vigorously for 10 min on the Big Vortexer. The tubes were centrifuged at
1200 g for 10 min, frozen on dry ice, and then the organic phase was discarded by
aspirating it off. The hydrochloric acid extract was thawed and 150 ul were pi-
petted into the glass limited-volume inserts of the autosampler vials. The solution
was partially neutralized by adding 14 ul of 1 M sodium hydroxide. The solution
was mixed briefly and 100 ul were injected on the column.

Standards of H and B were prepared in 0.1 M hydrochloric acid from original
stock solutions in methanol. These were added to serum samples from normal
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human volunteers and a standard curve was obtained by following the procedure
described above.

RESULTS AND DISCUSSION

A number of analyses were done using plasma from patients on H as well as
normal human plasma to which H and RH were added. Chromatographic behav-
iors of both types of samples were identical. The representative chromatogram
shown in Fig. 2A was obtained when a sample of normal human plasma contain-
ing 0.5 ng/ml H and RH was processed according to the recommended method.
This can be compared with the chromatogram obtained from a normal plasma
sample containing no H or RH (Fig. 2C). The compounds gave readily quantifi-
able peaks even at this low level (Fig. 2A). The observed retention times were:
RH, 6.03 min; H, 9.26 min; B, 10.87 min.

A standard curve was then obtained by using plasma containing enough H and
RH to make the final concentrations of 0.5, 1.0, 1.5, and 2.0 ng/ml. The response
is quite linear at these low concentrations (correlation coefficients for linear
regression for RH was 0.986 and for H was 0.984). The average ( +S.D.) coeffi-
cients of variation at these low concentrations were: RH, 6.21+1.7%; H,
8.31+4.4%.

We have also found that it is possible to conduct reliable analyses of samples
with concentrations of drugs as low as 0.3 ng/ml. This is achieved by pooling the
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Fig. 2. Chromatograms obtained after processing human plasma samples according to the recom-
mended procedure. (A) Plasma containing haloperidol and reduced haloperidol (0.5 ng/ml of each
drug). (B) Plasma containing haloperidol and reduced haloperidol (the extracts from 2x2 ml of
plasma containing 0.3 ng/ml of each drug were pooled and analyzed). (C) Plasma with no drugs.
Peaks: RH =reduced haloperidol; H=haloperidol; B =bromperidol, internal standard.
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extracts as follows. A hexane (with 1.5% isoamyl alcohol) extract is made from
2 ml of plasma and the drugs are back-extracted into 0.2 ml of 0.1 M hydrochloric
acid as described in Recommended procedure. The hexane layer is then discarded.
Another 2-ml aliquot of plasma is extracted with fresh solvent and this new hex-
ane extract is poured over the same 0.2 ml of 0.1 M hydrochloric acid which was
used for back-extraction earlier. The extraction is continued and final analysis
done as before. No additional problems such as increases in baseline noise or
appearance of extraneous peaks were obhserved. The standard curves obtained
with and without pooling of the extracts were identical. A representative chro-
matogram obtained after pooling of extracts is shown in Fig. 2B and is essentially
similar to the one in Fig. 2A.

The technique was then applied to the analysis of H and RH in plasma from a
few selected patients who had been taking different doses of the drug for 8-22
days. The data are given in Table I. It will be noted that the plasma H concentra-
tions are in the 3-15 ng/ml range. In order to ascertain that the current method
is sensitive enough to measure lower drug concentrations, the analyses were con-
ducted on low volumes of plasma, e.g., 0.5 ml or less. Significant quantities of RH
are present in the plasma even 8 days after beginning drug treatment. In a sepa-
rate experiment a few samples of plasma containing H and RH in the range of
0.3-1.0 ng/ml were analyzed and the average within-day coefficients of variation
for H and RH were 5 and 4%, respectively.

If a single 2-ml sample of blood plasma is analyzed according to the proposed
method one can measure H and RH concentrations as low as 0.5 ng/ml. However,
if more sample is available, the extracts from two 2-ml plasma samples can be
pooled and processed as described under Results and discussion. Concentrations
of H and RH as low as 0.3 ng/ml can then be measured. This limit of measure-

TABLE1I

CONCENTRATIONS OF HALOPERIDOL AND REDUCED HALOPERIDOL IN PLASMA OF
PATIENTS TAKING HALOPERIDOL

Samples of blood were obtained from eight patients who were being treated with haloperidol for
periods of 8-22 days. Plasma samples were isolated and analyzed for haloperidol and reduced halo-
peridol by the recommended method.

Patient Dosage Duration of Plasma concentrations
No. (mg/12 h) drug regimen (mean *£S.D.) (ng/ml)
{days)
Halopendol Reduced haloperidol

1 5 8 3.331+0.05 1.156+002
2 5 8 3.11+0.08 1.06 £0.03
3 5 8 4.97+0.54 1.461+0.22
4 10 8 4.76+0.40 1.6710.09
5 10 8 4.8410.32 0.731£0.04
6 10 15 8.53+0.30 2.76 £0.14
7 10 22 14.86+0.80 3.5710.18
8 10 22 5.5110.16 0.99+0.04
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ment is quite low compared with those reported in the literature. A few examples
of reported limits of measurement are the following: Jatlow et al. [7], 2 ng/ml;
McBurney and George [8], 2 ng/ml; Miyazaki et al. [15], 5 ng/ml; Dhar and
Kutt [10], 1 ng/ml; Korpi et al. [13], 0.25-0.5 ng/ml.

It has been generally accepted that RH does possess significant biological ac-
tivity [12]. As seen in Table I, RH can account for roughly a third of the H
concentration as early as a week after the starting of the ingestion of drug. This
points to the necessity of measurement of both compounds in studies which deal
with correlations of clinical outcome with drug concentrations in plasma. The
procedure reported here should prove valuable in achieving this goal in studies of
patients receiving very low doses of the drug.

ACKNOWLEDGEMENTS

This study was supported by research funds from the Veterans Administration.
The authors wish to thank Dr. Kung Ng of McNeil Pharmaceutical Company
and Dr. Paul Sadek of the Burdick and Jackson Division of Baxter Healthcare
Corportion for helpful suggestions. We also wish to acknowledge the expert as-
sistance of Mr. Scott Mandler of the Biomedical Instrumentation section of the
Minneapolis Veterans Administration Medical Center for help with the set-up
and maintenance of the liquid chromatographic system used in this study.

REFERENCES

1 A.Forsman and M. Larsson, Curr. Ther. Res., 24 {(1978) 567-568,
2 R.C Baselt, in R.C. Baselt (Editor), Disposition of Toxic Drugs and Chemicals in Man, Biomed-
ical Publications, Davis, CA, 2nd ed., 1978, pp. 358-361.
3 A. Forsman, E. Martensson, G. Nyberg and R. Ohman, Naunyn-Schmiedeberg’s Arch. Phar-
macol., 286 (1978) 113-124.
4 D,R. Abernethy, D.J. Greenblatt, H.R. Ochs, C.R. Willis, D.D. Miller and R.I. Shader, J. Chro-
matogr., 307 (1984) 194-199.
5 G. Bianchetti and P.L. Morselli, J. Chromatogr., 153 (1978) 203-209.
6 J.I.Javaid, G.N. Pandey, B. Duslak, H.Y. Hu and J.M. Davis, Commun. Psychopharm., 4 (1980)
467-475.
7 P.I Jatlow, R. Miller and M. Swigar, J. Chromatogr., 227 (1982) 233-238.
8 A. McBurney and 3. George, J. Chromatogr., 308 (1984 ) 387-392.
9 M.J. Kogan, D. Pierson and K. Vereby, Ther. Drug Monit., 5 (1983) 485-489.
10 A.K.Dhar and H. Kutt, Clin. Chem., 30 (1984) 1228-1230.
11 J.L. Browning, C.A. Harrington and C.M. Davis, J. Inmunoassay, 6 (1985) 45-66.
12 M. Shostak, J.M. Perel, R.L. Stiller, W. Wyman and S. Curran, J. Clin. Psychopharmacol., 7
(1987) 394-400.
13 E.R. Korpi, B.H. Phelps, H. Granger, W.H. Chang, M. Linnoila, J.L.. Meek and R.J. Wyatt,
Clin. Chem., 29 (1983) 624-628.
14 R.L. Miller and C.L. Devane, J. Chromatogr., 374 (1986) 405-408
15 K. Miyazaki, T. Arita, I. Oka, T. Koyama and I. Yamashita, J. Chromatogr., 223 (1981) 449-
453.



