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Abstract. Haloperidol, moperone, pipamperone and bromperidol were found measurable with
high sensitivity by gas chromatography (GC) with surface ionization detection (SID). The
calibration curves using moperone as internal standard were linear in the range of 0.4-4 pmol on
column for haloperidol, pipamperone, and bromperidol. The detection limit of the drugs was about
0.1 pmol on column. For their actual determination with forensic samples, a detailed procedure for
their extraction from human whole blood and urine was established with Sep-Pak C,q cartridges.
The recovery of the 4 drugs, which had been added to whole blood and urine, was more than 90%.
Haloperidol in whole blood and urine of a schizophrenic patient, who had been administered with
this drug (3 mg/day p.o.), could be quantitated by the present GC-SID, and the levels were 7.18 and

43.2 pmol/ml, respectively.
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Introduction

Butyrophenones are widely used for schizo-
phrenia and are frequently encountered in foren-
sic science practice. Their analyses are being
made by gas chromatography (GC)'?, GC/mass
spectrometry3-%, high-performance liquid chroma-
tography® and radioimmunoassay”. In 1985,
surface ionization detection (SID) for GC was first
introduced by Fujii and Arimoto®, and was sug-
gested to be very sensitive and specific especially
to tertiary amines. Application of GC-SID has
recently started for some drug groups®-19. In this
study, we report that haloperidol, moperone,
bromperidol and pipamperone in biological sam-
ples can also be detected with high sensitivity by
GC-SID.

Materials and Methods

Materials

Chemical structures of butyrophenones used in
this study are shown in Fig. 1. Haloperidol-HCl
was obtained from Dainippon Pharmaceutical Co.,
Ltd., Osaka; moperone-HCl from Yamanouchi
Pharmaceutical Co., Ltd., Tokyo; bromperidol

from Yoshitomi Pharmaceutical Ind. Co., Ltd.,
Osaka; pipamperone-2HCI from Eisai Co., Ltd.,
Tokyo. Sep-Pak C3 cartridges were purchased
from Waters Associates, Milford, MA, U.S.A.; and
a DB-1 fused silica capillary column (15 m X 0.32
mm i.d., film thickness 0.25 ym) from ] & W
Scientific, Folsom, CA, U.S.A. Other common
chemicals were of the highest purity commercially
available. '

Whole blood and urine were obtained from
healthy subjects and from a 76-year-old male
schizophrenic patient to whom haloperidol (3
mg/day p.o.) had been administered for years;
informed consent was obtained from the latter.
Isolation with Sep-Pak C,q cartridges

Procedures for pretreatment of Sep-Pak Cig
cartridges and for extraction of drugs from whole
blood and urine samples were the same as des-
cribed in our previous paper!?,

For the addition tests, the mixture of the 4
standard drugs (50 pmol each) dissolved in 100 4l
methanol was added to 1 ml of whole blood or
urine at the initial step of the experiments.

GC conditions
GC was carried out on a Shimadzu GC-14B gas
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Chemical structures of haloperidol, moperone, bromperidol and pipamperone.
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Fig. 2. Capillary GC-SID for moperone (Peak 1), haloperidol (Peak 2), pipamperone (Peak 3) and bromperidol (Peak 4) extracted from
whole blood and urine, and for their backgrounds. The mixture of 50 pmol each of drugs was added to 1 ml of samples. GC was carried
out with a fused silica DB-1 capillary column (15 m X 0.32 mm, i.d., film thickness 0.25 zm). GC conditions were : column temperature,
180-300°C (10°C/min); injection and detector temperature, 235°C ; helium flow rate, 3 m}/min.
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chromatograph equipped with SID. A DB-1 fused
silica capillary column and a split-splitless injec-
tor were used. The GC conditions were: column
temperature, 180-300°C (2 min hold at 180°C and
10°C/min); injection and detector temperature,
235°C; helium flow rate, 3 ml/min. The SID
conditions were: heating current through the
platinum emitter, 2.2 A ; emitter temperature, ca.
600°C ; ring electrode bias voltage, +200 V with
respect to the collector electrode. The samples
were injected in the splitless mode at 180°C of the
column temperature and the splitter was opened
after 2 min.

Results

Figure 2 shows gas chromatograms by GC-SID
for the extracts of whole blood and urine samples

s

Peak area ratio (drug/IS)
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obtained from healthy subjects with and without
addition of the drugs (50 pmol each). Very small
impurity peaks overlapped peaks 1 and 2 in whole
blood sample and peaks 1-4 in urine sample, but
their contamination gave almost no problems. The
retention times were 11.2, 12.1, 12.9 and 13.0 min
for moperone, haloperidol, pipamperone and brom-
peridol, respectively. The recovery of all drugs
was more than 90% for whole bilood and urine.
The calibration curves for haloperidol, pipam-
perone and bromperidol are shown in Fig. 3;
moperone (50 pmol on column) was used as an
internal standard (IS). Those for haloperidol and
pipamperone showed linearity in the range of
0.2-4 pmol on column, and that for bromperidol in
the range of 0.4-4 pmol. The equation and r values
for the curves were: y=0.967x + 0.00448, r=

00204 1

Amount of drug on column (pmol)

Fig. 3. Calibration curves by GC-SID for haloperidol (®), pipamperone (O), and
bromperidol (A). The vertical axis shows the peak area ratio of drug to IS
(moperone, 1 pmol on column). GC conditions were as specified in Fig. 2.
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Fig. 4. Capillary GC-SID for the extracts of whole blood and urine obtained from a 76-year-old male
schizophrenic patient, who received oral administration of 3 mg of haloperidol daily. The asterisks show the

peaks of haloperidol.
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0.99998 for haloperidol; y=1.02x — 0.0136, r=
0.99959 for pipamperone; y=0.833x + 0.00316,
r=0.99978 for bromperidol. The detection limit of
the drugs was about 5 pmol per ml of a sample
(about 0.1 pmol on column).

Figure 4 shows gas chromatograms by GC-SID
for the extracts of whole blood and urine obtained
from a 76-year-old male schizophrenic patient,
who had received 3 mg haloperidol daily. The 50-
pmol aliquot of moperone was added to the same
samples at the initial step of extraction to quan-
titate haloperidol; the levels were 7.18 and 43.2
pmol/ml for the whole blood and urine, respec-
tively.

Discussion

In this paper, we have shown that butyro-
phenones can be detected by GC-SID with high
sensitivity; the detection limit of haloperidol,
moperone, pipamperone and bromperidol was
about 0.1 pmol on column. Since these drugs have
halogen groups in their structures, the sensitivity
should be compared with that by GC-electron
capture detection (ECD). Tyndale and Inaba re-
ported that the detection limit of non-extracted
haloperidol was 1 pmol on column by GC-ECD
with a megabore fused silica capillary column?, In
comparison with that by GC-nitrogen phosphorus
detection in the literature?, in which haloperidol
was extracted from plasma and a packed column
was used, the sensitivity of the present GC-SID is
also about ten times higher than theirs.

In this study, we have used moperone as inter-
nal standard to measure other butyrophenones
(Fig. 3). Moperone can also be measured against
either of other butyrophenones as internal stand-
ard, conversely.

In the original paper on GC-SID by Fujii and
Arimoto®, tertiary amino compounds, such a tri-
butylamine and triethylamine, were reported to
give very high sensitivity, suggesting that a ter-
tiary amino group with straight side chain struc-
tures gives the highest response by this method.
However, during the progress of our studies on
GC-SID, various tertiary amino compounds with
ring structures, such as mepivacaine!®, dextro-
methorphan'¥, dimemorphan!¥ and pethidine!®,
also gave relatively high response to SID. The
high sensitivity obtained with the present bu-
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tyrophenones is probably due to the piperidinyl
group contained in common in this drug group
(Fig. 1).

Therapeutic concentration of haloperidol in
serum was reported to be below 0.05 ug/ml (about
133 pmol/ml) and toxic effects may occur with
blood concentrations greater than about 0.05
mg/ml'". The detection limit obtained by GC-SID
is below the therapeutic and toxic levels; actual
measurement could be made by GC-SID for blood
and urine samples obtained from a schizophrenic
patient as shown in Fig. 4. Therefore, the present
method seems very useful in all fields of forensic
toxicology, clinical toxicology and clinical phar-
macology.
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