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Abstract. Plasma haloperidol (HAL) and reduced HAL (RHAL) concentrations
were measured in 113 Chinese schizophrenic patients. Daily doses of HAL ranged
from 8 to 65 mg. Samples were obtained under steady-state conditions and drawn
10-12 hours after the bedtime dose and before the morning dose. In all, 313 blood
samples were collected. Multiple samples were obtained at the same doses in 63
patients and at two or three different doses in 31 patients. HAL and RHAL
concentrations were assayed by high performance liquid chromatography.
Interpatient variation in plasma HAL levels at a given dosage was up to sixfold.
However, there was a high positive correlation between plasma levels and daily
dosages with the equation of HAL plasma level (ng/ml) = 0.88 X dosage
(mg/day) — 0.56 or 46.0 X dosage (mg/day/kg) + 0.28. The expected values are
about 15-55% higher than those obtained from non-Chinese patients as reported
in the literature. The RHAL/HAL ratios were dose-dependent. The greater the
dose used, the higher the ratio. An upper therapeutic limit of plasma HAL level is
suggested to be 25 ng/ml, which can be achieved at dosages about 30 mg/day in
most Chinese patients. Based upon the dose-dependent increase in RHAL/HAL
ratios, the importance of RHAL in determining the therapeutic benefit of HAL
treatment is discussed.

Key Words. Haloperidol, reduced haloperidol, plasma levels, Chinese,
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Haloperidol (HAL) is one of the most widely used neuroleptic medications for the
treatment of psychiatric patients. The metabolism of HAL involves the oxidative
dealkylation of the C-N bond of the central chain to form inactive piperidine and
4-fluorobenzoylpropionic acid metabolites (Forsman et al., 1977). HAL is also
metabolized via reduction at the benzylic ketone to form an alcohol metabolite,
known as reduced HAL (RHAL) (Forsman and Larsson, 1978). The reduction of
HAL has recently been demonstrated with ketone reductase that exists in human
liver cytosol and red blood cells (Inaba and Kovacs, 1989; Inaba et al., 1989). After a
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single dose administration, about 23% of the biotransformation of HAL is through
the reduction pathway (Jann et al., 1990). Concentrations of RHAL have been found
to be equal to or higher than those of the parent drug in blood and post-mortem
brain tissue of HAL-treated patients (Forsman and Larsson, 1978; Korpi et al.,
19844). However, great interindividual variation of reductive drug-metabolizing
activities has been observed in psychiatric patients (Ereshefsky et al., 1984; Chang et
al. 19874, 1991; Shostak et al., 1987; Altamura et al., 1988; Ko et al., 1989; Someya et
al., 1990).

Studies of the relationship between plasma HAL level and clinical response in
schizophrenic patients have yielded variable results (Volavka and Cooper, 1987).
Several investigators have suggested that the inconsistent findings are at least
partially due to the failure to assess RHAL levels (Ereshefsky et al., 1984; Chang et
al. 19874, 1991; Shostak et al., 1987; Altamura et al., 1988). The importance of the
investigation of RHAL in biological samples may be that the reduced metabolite can
be reconverted back to the parent drug (Korpi and Wyatt, 1984) and is about
1/5-1/2 as potent as HAL in some biochemical tests (Hays et al., 1980; Chang et al.,
1987b, 1987¢, 1988). RHAL itself, however, is probably an inactive drug or a very
weak neuroleptic. It is devoid of neuroleptic effects in electrophysiologic studies after
direct RHAL injection into dopaminergic neurons (Kirch et al., 1985b), and has a
much weaker ability than HAL (1/85-1/400) to displace labeled ligands from
dopamine receptors in vitro (Korpi and Wyatt, 1984; Bowen et al., 1990).
Furthermore, elevated RHAL/HAL ratios are reportedly associated with a poor
clinical response (Ereshefsky et al., 1984; Altamura et al., 1988; Ko et al., 1989), and
it is hypothesized that high concentrations of RHAL in brain tissue can compete
with HAL at receptor sites, thus reducing the effectiveness of HAL treatment (Korpi
et al., 1985; Chang et al., 1991). In this study, we report the dose-dependent
RHAL/HAL ratios in 113 HAL-treated Chinese schizophrenic patients.

Methods

Between April 1986 and March 1989, 113 Chinese inpatients (77 males, 36 females; mean age
= 30.7 years, SD = 9.8, range = 16-60) participated in this study. The patients met DSM-III
criteria for schizophrenia (American Psychiatric Association, 1980) and were of normal
weight (mean = 55.8 kg, SD = 8.0, range = 40.0-82.0 kg). The patients were hospitalized at the
Taipei City Psychiatric Center, the National Taiwan University Hospital, and the Military 818
Psychiatric Hospital. All were physically healthy and had all laboratory parameters within
normal limits. Patients were selected for analysis on the basis of the following parameters:
stable HAL dosage for a minimum of 7 days; no enzyme-inducing agents (e.g., phenobarbital)
or inhibiting drugs (e.g., cimetidine); nonsmokers or persons who smoked less than one pack
per day of cigarettes; no oral or injectable HAL administered PRN 48 hours before blood
sampling; and steady-state plasma HAL and RHAL concentrations measured at each dose. In
all, 313 blood samples were collected. In some patients (n = 63), samples were obtained weekly
for 2 to 6 times (mean = 3.3) at the same dose level. The plasma drug levels in these patients
were averaged and used for the analysis. In 31 of 113 patients, plasma samples were obtained
on two or three different steady-state HAL dosages. In thoses cases, only the plasma drug
concentrations obtained at the highest dose were selected for the interindividual analysis.
From the total data set (n = 113), an intraindividual analysis was conducted to compare HAL
and RHAL plasma concentrations in patients who had variable daily doses.

HAL (Haldol) was purchased from Janssen Pharmaceuticals, Beerse, Belgium. Daily doses
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ranging from 8 to 65 mg were individually titrated according to clinical response. The only
concurrent medications allowed were trihexyphenidyl and nitrazepam. Clinical assessments
made by clinicians were based on patient interviews and nursing notes without use of a
standardized rating scale. The incidence of extrapyramidal side effects could not be accurately
determined due to the prophylactic use of anticholinergic medications in some patients.
Therefore, data analysis was not attempted for clinical response and adverse effects.

Blood samples were obtained 10-12 hours after the evening dose and before the morning
dose. Antecubital venous blood was collected into an EDTA-tube and centrifuged at 3,000
rpm for 15 min. Plasma samples were stored at -60 °C until assayed. HAL and RHAL
concentrations were measured by high performance liquid chromatography with electro-
chemical detection as described in detail by Korpi et al. (1983) with minor modifications
(Chang et al., 1989). The minimum level of sensitivity was 0.4 ng/ml with intra-assay and
interassay coefficients of variation from 4% to 12% for HAL and RHAL at 2-10 ng/ml

Statistical analysis was carried out using linear regression analysis with Pearson product-
moment correlation coefficient and Student’s ¢ test. A p value < 0.05 was considered
statistically significant. Results are reported as mean X SD.

Results

As shown in Fig. 1, the plasma HAL levels and dosages were highly correlated. The
correlation coefficients were 0.85 (p < 0.0001) in mg/day and 0.84 (p < 0.0001) in
mg/kg/day with the equations of HAL plasma level (ng/ml) = 0.88 X dosage
(mg/day) - 0.56 and HAL plasma level (ng/ml) = 46.0 X dosage (mg/day/kg)
+ 0.28, respectively, as calculated from linear regression analysis.

Fig. 1. Correlation of haloperidol dosage (mg/day, left and mg/kg/day, right)
and plasma level (ng/ml) in 113 patients
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These two correlation coefficients had almost the same value, suggesting that body
weight in the normal range may not be an important factor in the determination of
plasma HAL level. However, the interpatient variation in plasma HAL levels at the
same dose was wide. For example, the highest level (44.3 ng/ml) was almost six times
the lowest level (7.6 ng/ml) in 34 patients who were administered the same daily dose
of 20 mg HAL (Fig. 1A).

Fig. 2 plots the relationships between HAL and RHAL plasma levels. Upon
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Fig. 2. Correlation of plasma haloperidol level (ng/ml) and reduced
haloperidol level (ng/ml) in 113 patients
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inspection of the graphic plots, a nonlinear relationship was found. When HAL
levels were < 25 ng/ml (equivalent to 30 mg/day from the above equation) (n = 86),
RHAL levels were < 15 ng/ ml for most patients (n = 82). Once HAL levels exceeded
25 ng/ml (n = 27), however, RHAL levels increased at a much more rapid rate than
HAL levels (about 3 times) (Table 1).

The interindividual relationship between plasma RHAL/HAL ratio and HAL
daily dosage in 113 patients also revealed a positive correlation (Fig. 3). However,
the correlation coefficient, 0.62, was at the medium level. Fig. 3 reveals very wide
interpatient variation. For instance, the highest ratio (0.61) was 12 times the lowest
ratio (0.05) at a modest dose of 0.4 mg/kg/day. On the other hand, the dose-
dependent increase in the ratios was somewhat nonlinear. The ratios were increased
much more rapidly when HAL dosage exceeded 0.54 mg/kg/day (30 mg/day for
average body weight).

Moreover, this large data set was divided into six dose range groups (mg/day):
8-12, 18-25, 27-30, 4045, 50, and 55-65 (Table 2). The dose-dependent RHAL/HAL
ratios can be easily seen from these results (Table 2). In two groups of patients with
daily dosages below 25 mg, the plasma concentrations of HAL were almost 3 times those
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Table 1. Plasma concentrations of haloperidoi (HAL) and

Pws

reduced haioperidoi (RHAL) in 113 patients (mean + SD)

HAL level
<25ng/mt > 25 ng/mi Increase
(n = 86) (n=27) (fold)
[a] [b] [(b—a)/a]
HAL level {ng/ml) 135+ 58 4141+ 120 21
RHAL level (ng/mi) 53+49 403+ 319 6.6
RHAL/HAL ratio 04+0.28 0.92 + 059 1.3

of RHAL, with RHAL/HAL ratios of 0.38 + 0.24 (8-12 mg) and 0.36 £ 0.24 (18-25
mg), respectively. When daily dosages increased to 30-45 mg, the ratios were almost
double those of the two lower dose groups (0.64 + 0.50 for the 27-30 mg group and
0.65 £ 0.44 for the 40-45 mg group). The RHAL levels and RHAL/HAL ratios
became more rapidly elevated when daily dosages exceeded 50 mg. The ratios of 50
mg and 55-65 mg groups were 1.11 & 0.57 and 1.45 * 0.44, respectively. The ratios
increased by factors of 1.71 (1.11/0.65) and 2.23 (1.45/0.65), respectively.

Fig. 3. Correlation of haloperidol dosage (mg/kg/day) and plasma reduced
haloperidol/haloperidol ratio in 113 patients
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The dose-dependent increase in the RHAL/HAL ratios also existed in the
intraindividual data (Table 3). After administration of 20-30 mg/day and 40-60
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Table 2. Plasma concentrations of haloperidol (HAL) and reduced
HAL (RHAL) and ratios of RHAL/HAL in 6 dose level groups

Daily dose (mg) Plasma level (ng/ml) RHAL/HAL

Range Mean + SD n HAL RHAL ratio

8-12 98+ 08 35 85+ 42 30+ 24 0.38 + 0.24
18-25 206+ 18 42 175+ 6.3 63+ 48 0.36 + 0.24
27-30 296+ 0.9 18 232+ 88 14.9 +15.0 0.64 + 050
40-45 417 +26 6 422+ 55 291 +20.9 0.65 + 0.44
50 50.0 7 443+ 86 50.4 +27.8 111+ 0.57
55-65 60.0 £ 35 5 502+ 146 747 +39.3 1.45 + 0.44

mg/day dosages at different stages, all patients, with one exception (#2), had
elevated ratios when the dosages increased. The mean ratios increased from 0.67 &
0.34 of low dosages to 1.04 + 0.47 of high dosages (p < 0.005). However, the
interpatient variability was wide (-23-317%). Two patients (#1 and #9) displayed a
drastic elevation (threefold) in the ratios. One of them (#9) showed a triple increase
in RHAL level (13.8 ng/ml vs. 38.6 ng/ml), but no increase in HAL level (30.4 ng/ ml
vs. 28.1 ng/ml), when the dose increased from 30 mg/day to 60 mg/day. Significant
intraindividual differences of RHAL/HAL ratios were not found between 10
mg/day vs. 20 mg/day and 20 mg/day vs. 30 mg/day (data not shown).

Table 3. Steady state plasma levels of haloperidol (HAL) and reduced HAL
(RHAL) in patients treated with different doses of HAL

Low dose High dose
Dose HAL RHAL RHAL/ Dose HAL RHAL RHAL/
Patient (mg/ (ng/ (ng/ HAL (mg/ (ng/ (ng/ HAL
# day) ml) ml) ratio day) mi) mil) ratio
1 25 16.6 77 0.46 50 484 70.6 1.46
2 25 18.8 152 0.81 50 49.0 30.3 0.62
3 30 212 185 0.87 55 55.0 71.3 1.30
4 25 406 15.0 0.37 45 63.4 46.6 074
5 25 332 39.0 1.18 50 520 914 1.76
6 25 294 320 1.09 50 439 539 1.23
7 30 236 19.9 0.84 60 61.7 75.0 1.22
8 25 248 17.0 0.69 45 438 56.5 1.29
9 30 304 138 0.45 60 28.1 38.6 1.37
10 25 16.8 9.4 0.56 50 51.0 38.9 0.76
11 25 18.7 24.3 1.30 50 375 61.8 1.65
12 25 16.3 5.0 0.31 50 28.4 9.0 0.32
13 20 18.6 104 0.56 40 26.2 258 0.96
14 20 349 123 0.35 40 55.7 326 0.59
15 30 230 39 0.17 40 38.7 9.7 0.25
Mean 257 245 16.2 0.67 49.0 455 475 1.04
SD 32 76 9.7 0.34 6.3 11.8 241 0.47
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Discussion

Of the many neuroleptic medications whose plasma concentrations can be measured,
the monitoring of HAL levels has been investigated most intensively and suggested
to be a useful approach in clinical pharmacology (Dahl, 1986). In agreement with
several previous investigations (Forsman et al., 1974; Calil et al., 1979; Penny et al.,
1979; Bjorndal et al., 1980; Dunlop et al., 1982; Hollister and Kim, 1982; Moulin et
al., 1982; Someya et al., 1990), a highly significant positive correlation between dose
and plasma level of HAL was found in the present study, though the interpatient
variation in plasma levels was wide.

On the basis of the equation of HAL plasma level (ng/ml) = 0.88 X dosage
(mg/day) - 0.56 or 46.0 X dosage (mg/day/kg) + 0.28, the steady-state plasma level
was calculated to be 8.2 ng/ml or 8.6 ng/ml in patients who were administered HAL
10 mg/day or 0.18 mg/kg/day for those with an average body weight (55.8 kg). An
approximate rule that each 1 mg/day HAL orally results in 1 ng/ ml of plasma HAL
was roughly borne out. These values are about 15-55% higher than the concentra-
tions of 6.3 ng/ml observed in Japanese patients (Someya et al., 1990) and of 5.4
ng/ml (Forsman et al., 1974), 5.7 ng/ml (Penny et al., 1979), 6.1-7.3 ng/ml (Moulin
et al., 1982), 6.4 ng/ml (Miller et al., 1990), and 7.0 ng/ml (Shostak et al., 1987) in
Caucasians. One possibility for this difference might be explained by the findings of
trans-ethnic pharmacology investigations (Potkin et al., 1984; Chang et al., 19874,
1990; Lin et al., 1988; Jann et al., 1989). For example, Potkin et al. (1984) reported
that Chinese patients had a 52% higher serum HAL level than Caucasian and Negro
patients treated with a fixed dose.

In many of the previous studies, RHAL has not been measured and its clinical
significance has not been evaluated. Investigations concerning the relationship
between plasma RHAL level and clinical response have been conducted since 1984
(Ereshefsky et al., 1984; Chang et al., 19874; Shostak et al., 1987; Altamura et al.,
1988; Ko et al., 1989). Several investigators have reported that high RHAL/HAL
ratios are related to poor clinical response in psychiatric patients (Ereshefsky et al.,
1984; Altamura et al, 1988; Ko et al.,, 1989), though the evidence for such a
correlation is very tentative. An explanation for this phenomenon might be that a
high RHAL concentration could reduce the effectiveness of HAL treatment, as
suggested by Korpi et al. (1985) and Chang et al. (1991).

In agreement with the investigations of Browning et al. (1985), Ereshefsky et al.
(1986), and Someya et al. (1990), a nonlinear relationship between HAL and RHAL
plasma concentrations or a dose-dependent increase in the ratios of RHAL/HAL
was revealed in this study. This phenomenon could reflect a saturating process in the
disposition of HAL and RHAL, and might be related to the interconversion step
(reduction/ oxidation circle) or directly caused by RHAL metabolism as RHAL was
conjugated with glucuronide, but HAL was not, in enterohepatic recirculation
(Eddington and Young, 1990) (Fig. 4). A sparteine test conducted by Gram et al.
(1989) indicated that a therapeutic dose of HAL inhibits the activity of sparteine
oxygenase and causes a marked increase in the sparteine metabolic ratio. This
inhibition of the oxidative enzyme system induced by HAL per se might also be one
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Fig. 4. Metabolism of haloperidol
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reason why high RHAL levels or RHAL/HAL ratios are observed following high
dose HAL administrations.

As can be seen in Fig. 3, the interpatient variation in the ratios was also wide, even
at the same dosage. However, there was no clear trend toward a bimodal distribution
of RHAL/HAL ratios, as suggested by Someya et al. (1990), if the dose factor was
controlled. At least two major sources could contribute to variable plasma
RHAL/HAL ratios. The reduction/oxidation cycle in the interconversion between
HAL and RHAL could be one of the major sources for interpatient variation in
RHAL/HAL ratio. The enzymes involved in this interconversion process may differ
among populations. In a preliminary study, however, Shibasaki et al. (1990) have
not found any significant correlation between HAL reductase activities in the red
blood cells and RHAL/HAL ratios in plasma in 14 Oriental patients. In the guinea
pig, RHAL was reported to be conjugated with glucuronide in biliary recycling.
RHAL-glucuronide can also be hydrolyzed back to RHAL (Eddington and Young,
1990). Interpatient variation in the conjugation/hydrolysis process could also be
great.

On the basis of the nonlinear increase in RHAL levels, the upper therapeutic limit
of 25 ng/m! HAL level suggested by several investigators (Kirch et al., 19854; Potkin
et al., 1985; Dahl, 1986; Volavka and Cooper, 1987) is reasonable, because a drastic
elevation in RHAL levels occurred when HAL levels exceeded 25 ng/ml. Dosing
information for HAL can be also inferred from this finding. If most investigators
agree that the upper therapeutic limit or plateau for HAL plasma concentration is
not higher than 25 ng/ml (Kirch et al., 1985a; Potkin et al., 1985; Dahl, 1986;
Volavka and Cooper, 1987), dosages > 30 mg/day would not be necessary for most
Chinese patients. This dosage is somewhat smaller than the suggested criterion of 40
mg/day for Caucasian patients (Shostak et al., 1987).

If the suggestion that high ratios of RHAL/HAL or high concentrations of
RHAL are linked to poor clinical response can be replicated by further
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investigations, a hypothesis concerning therapeutic window effect (if it exists) of
HAL treatment could be made. During HAL treatment with high doses (e.g., = 50
mg/day), RHAL could accumulate in the brain tissue in high concentrations
(RHAL/HAL > 1.0). Because the reduction process only results in a minor change
in the molecular structure, RHAL, as a “false neuroleptic” or “false blocker,” could
compete with the parent drug at dopamine D, receptors (Korpi and Wyatt, 1984;
Korpi et al., 1984b; Bowen et al., 1990), but not block dopamine transmission (Kirch
et al., 1985b). Consequently, RHAL could interfere with the pharmacologic activity
of HAL at receptor sites, and diminish the neuroleptic effects of the parent drug. On
the other hand, once the dosage of HAL was decreased, the reduced metabolite, as a
precursor of HAL, could be reconverted back to the active drug with neuroleptic
properties, thus reducing the competitive effect of RHAL on HAL at dopamine D,
receptors. It is possible that lower levels of RHAL (RHAL/HAL < 1.0) in patients
treated with a modest dose of HAL (< 30 mg/day) could result in the drug being
more biologically active at the receptor sites.
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