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Ahstract

Jann, Michael W., Fu-Chuan Wei, Hsin-Nan Lin, Ching-Paio Chien, and Wen-Ho Chang:
Haloperido! and Reduced Haloperidol Plasma Concentrations After a Loading Dose Regimen with
Haloperido! Decancate. Prog. Neuro-Psychopharmacol. & Biol. Psychiat. 1996, 20

1. Haloperidol and reduced haloperidol plasma levels were measured in schizophrenic patients
who received both oral (10 mg, N=16 and 20 mg, N=4)and depot haloperido! treatment.

2. Patients were of Asian ethniclty and were safely and effectively converted from oral to depot
therapy using a loading dose regimen using a 100 mg weekly injection interval for 4 weeks,
biweekly for one month and then monthiy.

3. Significant correlations were found for plasma haloperidol and reduced haioperidol levels and
reduced haloperidoi/haloperidol ratios between oral and depot therapy in these non-smoking
patients.

4. A loading dose regimen is needed due to the long elimination half-life of decanocate of 26 days
otherwise steady-state condition wilt not occur until 34 months of therapy.

5. Patients were maintained on monthly depot treatment for 40 weeks after the loading dose
regimen and only one patient relapsed during treatment deepite dosage increases.

6. The formation of reduced haloperidol remained consistent for oral and depot haloperidol
treatment.

Kaywords: haioperidol, halopderidol decancate, piasma concentrations, reduced haloperidoi,
reduced haloperidol/haloperidoi ratios.
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Introduction

Haloperidol, a butyrophencne, is one of the most widely prescribed agent used to treat a
variety psychiatric disorders. Haloperidol can be administered 1o patients intravenously,
intramuscularly and orally for acute psychotic episodes (Froemming et al, 1989). A depot
preparation of haloperidoi has been developed to treat chronic schizophrenic patients who are
noncompliant with oral medications and require prolonged antipsychotic therapy (Johnson
1984, Beresford and Ward 1987). Haloperidol decancate was shown to be clinically effective in
the maintainence of schizophrenic patients (Chouinard et al 1984, Vasavan et al 1986). The
transition from oral to depot haloperidol therapy was originally based upon muitiplying the
total daily oral dose by a factor of 20 and the depot Injection administered on a monthly basis
(Deberdt et al 1980). A bioavailability study compared the depot to the oral formulation in
schizophrenic patients (Nayak et al 1987). When the data was normalized by a factor of 21.4,
no significant differences in pharmacokinetic parameters were found between the oral and depot
administration. Kane (1986} suggested that the initial monthly dose of haioperido! decanoate af
10-15 times the total oral haloperidol daily dose.

However, when patients are transitioned from oral to depot treatment, the achievement of
steady-state conditions with depot therapy does not occur until 34 months later (Reyntijens st
al 1982, Jann et al 1985). This prolonged time to reach steady-state is due to the
pharmacokinetics of the depot agents and a function of the drug's slow absorption rate from the
injection site. When this monthly dosage administration has been used in the clinical
environment, several clinicians have reported that some patients experienced acute
excerbations of psychotic symptoms during those initial months that required oral neuroleptic
supplementation to control their behavior (Gelders et al 1982, Fernando et al 1984).

This problem led to the possibility of increased dosages or a loading dose method for haloperidat
decanoate. An early method recommemded that a 200 mg loading dose be Iinitially given followed
by monthly injections of 100 mg (DeCuyper et al 1986). Plasma haloperidol concentrations
were measured after the first injection with a peak level noted at day 7 post-administration.
Subsequent monthly injections and plasma concentrations remained stable. The clinical status of
two-thirds of the patlents were reported to be either unchanged or improved. Two
retrospective studies were reported with haloperidol decanoate that recommended a loading dose
of 20 times the total oral daily dose given every 3-7 days (Ereshefsky et al 1990, Ereshefsky
et al 1993). Patients were reported to tolerate the transition without excerbation of acute
psychotic symptoms. Initial plasma haloperidol concentrations from the decanoate injections
were reported to be lower than the orai administration, however, by the third week comparable
plasma level were observed between the two administration routes.

The metabolism of haloperidol consists of several different pathways that includes reduction to
form a reduced metabolite - reduced haloperidol (Froemming et al 1989). Although inactive,
reduced haloperidoi has been suggested to potentially influence the clinical response to
haloperidol in psychiatric patients (Chang 1993a). Reduced haloperidol has been also shown to
be converted back to haloperidol in guinea pigs and man (Chang et al 1991, Jann et al 1990).
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The formation of reduced haloperidol in schizophrenics from a single dose of haloperidol
decancate injection was reported to occur rapidly and peak in the first week (Chang et al,
1995). Previous studiss examining a loading dose method for haloperidol decanoate did not
measure reduced haloperidol plasma concentrations.

The purpose of this study is to prospectively examine plasma concentrations of haloperidol and
reduced haloperidol in schizophrenic patients upon conversion from oral administration to
decanoate therapy utllizing a loading dose regimen with haloperidol decanoats.

Mathods
Suhjects

Twenty-one schizophrenic patients diagnosed according to DSM-II-R criteria (12 males and
9 females) participated in this study. Patients were hospitalized at the Hung-Chi Psychiatric
Hospital throughout the study. The facility's Institutional Review Board approved this study and
informed consent was obtained from each patient. The popuiation’s demographics included age
(mean 39.3 + 6.3 years), and weight (mean 58.3 + 11.4 kg). Each patient had a physical
examination, complete medical history and blochemical and hematological tests( SMA-12,
complete blood count, and urinalysis) prior to the study’s Initiation. All the results for each
patient were unremarkable. Patients were non-smokers and not taking any known enzyme
inducers or Inhibitors known to influence plasma haioperidol concentrations (Froemming et al,
1989).

Drug Administration

Each patient remained on a stable oral haloperidol dose either 10 mg or 20 mg per day for a
minimum of six weeks to ensure steady-state conditions. Patients were discontinued from their
oral medication and decanoate administration was immediately initiated. No overapping oral
supplemental haloperidol was ordered. Oral or Intramuscular lorazepam 2 mg was ordered as
needed for agitation. Trihexyphenidyl 4 mg per day was used prophylactically during the oral
and decancate treatments and shown previously reported not o influence plasma haloperidol and
reduced halooperidol concentrations.

A loading dose of haloperidol 100 mg was selected based upon our previous work examining the
disposition of haloperidot decancate (Chang et ai,1935). The decanoate administration schedule
was weekly for the first four weeks, then the injection interval was increased to every two
weeks for the second month and only every four weeks afterwards. There were no changes in the
decanoate dosage.

Assesamentis

Venous blood samples. (10 mil} were collectad during oral haloperidol therapy during the last
three weeks prior to the decanoate injections. Samples were obtained 10-12 hours after the
evening dose and prior to the morning dose. Blood samples coliected during the decanoate
treatment were prior to the next injection. Blood samples were obtained at weeks
2,3,46.8,12,16,20 and every 4 weeks o week 52 during decanoate administration. All biood
samples were drawn into powdered edetic ackd tubes and immediately centrifuged. The separated
piasma was frozen at -20°C until assay. Plasma haloperidol and reduced haloperidol were
assayed by high-performance ligquid chromatography (HPLC) with electrochemical detection
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(Chang et al, 1989). The intraassay and interassay coefficients of variation were 4.0 - 12% at
2-10 ng/ml. The lower limit of detection for haloperidol and reduced haioperidoi was 0.4
ng/mi.

Patients were not formally assessed with any standardized ratings scales such as the Brief
Psychiatric Rating Scales (BPRS), but monitorad closely by the nursing and hospital staff for
any changes in their cfinical status or adverse side effects. Each patient was interviewed by the
psychiatrists prior to the next decanoate injection and remained blinded to the resuits of the
plasma haloperidol and reduced haloperidol concentrations. Reduced haloperidoi/haloperidol
ratios were calculated for each biood sample.

Data_Analysis

Statistical analysis included the analysis of variance with repeated measures (ANOVA) fo
determine significany differences between oral and decanoate piasma haloperidol, reduced
haloperidol concentrations and reduced haloperidol/haloperidol ratios. Pearson Product
Correlation Coefficient was used {0 compare oral versus decanoate haloperidol and reduced
haloperidol plasma concentrations and reduced haloperidol/haloperidol ratios. Statistical
significance was defined as p < 0.05.

asma Halopardol and Beduced Haloperidol Copeantrations
The haloperidol and reduced haloperidol plasma concentrations from oral and decanoate
therapy are presented in Table 1. Piasma haloperidol and reduced haloperidol concentrations in
the 20 mg oral dose group were approximately twice the amount of the 10 mg oral dose group.
Upon initlating decanoate treatment, plasma haloperidol concentrations decreased. With
subsequent weekly decanoate injections, plasma haloperidol levels slowly increased to their
maximum concentrations at weeks 4 or 6. Visual inspection of the data revealed that piasma
haloperidol and reduced halopsridol concentrations did not greatly differ between the two oral
dose groups during decanoate administration.

Due o the small number of subjects (N=4) in the 20 mg dose group, statistical analysis was
conducted only in the 10 mg oral dose group. For the 10 mg oral dose group, no significant
differences were found in plasma haloperiol levels during the oral treatment phase (d.f.=
15,32, F = 0.464, p = n.s). A similiar finding occurred with the reduced halopridol plasma
concentrations (d.f.= 1532, F = 0.324, p = n.s.). Fig. 1 displays the plasma level time course
of haloperidol and reduced haioperidoi plasma concentrations during oral and decanoate
treatment for patients in the 10 mg oral dose group. Plasma haloperidot levels significantly
dropped during the conversion from oral to decanoate treatment (d.f= 1556, F = 4.112, p <
0.05). However, with weekly injections for the first four weeks, plasma haloperidol levels
increased to concentrations similiar to that of the oral treatment phase. Although plasma
haloperidol concentrations were iower at week 3 during decanoate therapy versus the oral
concentrations, this finding was not signifcant (d.f.= 15,32, F = 0.769, p = n.s.). Comparing
weeks 4 and 6 during decancate administrations to oral treatment, no significant differences in
plasma haloperidol concentrations were found (d.f.= 15, 56, F = 0.173, p = ns.; d.f= 1556,
F= 0.063, p = n.s., respectively). Plasma haloperidol concentrations decreased from week 6
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but remained stable after week 20 through week 52. The decreased plasma haloperidol levels
are due to the increase in the injection intervals from every two weeks to every four weeks.

Ptasma reduced haloperidol levels paralleled the plasma haloperidol levels also shown In Fig.1
with amounts decreasing as the injection intervals increased over time. No significant
differences were found In reduced haloperidol concentrations during the oral phase (d.t.=
15,32, F = 2.104, p = 0.09). Although reduced haloperidol levels slightly dropped upon
inititation of decanoate therapy at week 2, this finding was not significant (d.f.= 15, 32, F=
0.583, p = n.s.). Reduced haloperidol levels increased during the first four weeks of decancate
treatment. At weeks 3 and 4 during decanoate treatment, reduced haloperidol levels were not
significantly different from oral therapy {(d.f.= 1556, F = 0.004, p = ns.; df= 1556 F =
0.037, p = n.s.; respectively). After week 6, reduced haloperidol plasma fevels continuved to
decrease but also remained stable from week 20 through week 52.

oral and decanoate treatment periods (Table 1). Only at week 4 in the decanoate phase that the
ratio was slightly lower. After week 20, reduced haloperidol/haloperidol ratios dropped but
romained consistent to week 52. No significant differences were found hetween the oral and
decanoate reduced haloperidol/haloperidol ratios at weeks 2,34, and 6 (analysis for week 6
only d.f= 1532, F = 0.030, p = ns.).

Table 2 shows the correlation coefficients comparing plasma haloperidol concentrations from
oral therapy at week 6 versus decancate treatment at weeks 2 to 8. A strong trend in
significance was found at week 4 and significance was determined at weeks 6 and 8. Fig. 2 shows
that correlation between plasma haloperidol levels comparing oral therapy at week 6 to
decanoate administration at week 4. With the exception of only six patients, mast of the plasma
haloperidol ievels were within the 90% confidence interval.

Clinical Status of the Patients

Only one patient relapsed during the study (patient #16) at week 40. The patient's plasma
haloperidol level was 2.41 ng/ml. The decanoate dose was increased to 200 mg per month
without any further problems. Due to the prophylactic use of trihexiphenidyl, extrapyramidal
side effects were not observed or reported during the study. Lorazepam was also not used during
the study.

Discussion
These results suggests that schizophrenic patients can transition safely from oral haioperidol
therapy to depot treatment without any diminished clinical efficacy using this loading dose
strategy. Plasma haloperidol and reduced haloperidol concentrations shown in Table 1 remained
stable during oral treatment indicating steady-state conditions prior to decanoate
administration. Upon discontinuation of oral therapy and Iimmediately initiating decancate
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Table 2.

Correlation Coefficients of Haloperidol Plasma Concentrations Between Oral Treatment at Week
6 and Decanoate Administration at Weeks 2,3,4,6,and 8 for the 10 mg Oral Dose Group.

Time Period (weeks) r r2 F p
T 0.428 0.184  3.147  o0.087

3 0.321 0.103 1.612 0.224
4 0.453 0.206 3.883 0.067
6 0.605 0.366 7.509 0.017
8 0.536 0.288 6.054 0.026
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Fig 2. Correlation (with 90% Confidence Intervals) of Plasma Haloperidol Levels and Orai
Treatment at Week 6 and Decanoate at Week 4. HL = Haloperidol; Cp = Plasma Concentration
(ng/ml).
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treatment, plasma haloperidol levels decreased during the first three weeks of depot therapy. In
the 10 mg oral dose group, plasma haloperidol concentrations were comparable to oral
treatment at the fourth week of decanoate therapy.
Halopeddoi Decannate Kinatica

The increasing ptasma haloperidol concentrations during the first four weeks of decanoate
treatment indicates the accumulation of drug with subsequent injections. This accumulation
phase has been previously described as the *flip-flop® pharmacokinetics of the decanoate
agents where the time to reach steady-state conditions are dependent upon the slow release or
absorption rate of the drug from the injection site and not upon the elimination rate (Jann et al
1985). It remains unknown whether or not plasma haloperidol ievels would continue to
increase with subsequent weekly decanoate injections.

From week 4 to week 8, plasma haloperidol jevels remained consistent as the injection
interval increased from weekly to every two weeks. The plasma halkperidol levels decreased at
week 12 and continued to drop untll week 20. After week 20, plasma haloperidol concentrations

remained stable. The injection interval was lengthened from every 2 weeks to every 4 weeks at
week 8 and remained unchanged through week 52. The decrease in plasma haloperidol

concentrations noted at week 6 is reftected by the increased injection interval from the
preceeding two weeks. The delay in observing the decrease in plasma haloperidol concentrations
could be due to the continued release of drug from the injection site. This occurrence is cbserved
again when the injection interval was increased at week 8, however, plasma haloperidol tevels
did not stabilize untii week 20. This 12 week difference can be explained by the
pharmacokinetic properties of depot neuroleptics (Jann et al 1985). The elimination hatt-life
of haloperidol decanoate was reported to be approximately 21 days (Reyntilens et al 1982,
Beresford and Ward 1987). For drugs that are constantly infused like the depot agents,
multiplying the elimination half-life by a factor of four (Glbaldi 1991) provides the estimated
time within 90% to steady-state conditions. With haloperidol decanoate, this would be
approximately 84 days. This calculation closely resembles the observed data in Table 1 and Fig.
1.

Although only four patients received 20 mg per day of oral haloperidol, plasma concentrations
were approximately twice the amounts observed with the 10 mg dose group. Upon conversion to
depot therapy, using the identical 100 mg dose, plasma haloperidol concentrations resembled
the 10 mg dose group shown in Table 1. The pattern of declining plasma haloperidel
concentrations with increasing injection intervals also foliowed the 10 mg dose group.

Plasma haloperidol concentrations for both groups remained stable from week 20 to week 52
with a few exceptions where a slight increase occurred. These slight increased plasma
concentrations could be due to several sources: the back conversion from reduced haloperidol to
haloperidol; redistribution of haloperidoi from the wvarious body tissues; or enterohepatic
recycling of haloperidol (Froemming et al 1989).

81



82

M.W. Jann et al.

aduced Haloperido! Plasma Concentrations
Reduced haloperidol plasma concentrations closely paralieled plasma haloperido! levels. This
finding is expected since reduced haloperidol plasma levels are dependent upon its conversion
from haloperidol (Froemming et al 1989). Reduced haloperido! plasma concentrations were
observed to be rapidly formed from a single injection of Intramuscuiar hydrochioride or
decanoate preparations (Jann et al 1994, Chang et al 1995). The reduced haloperidol plasma
levels In the 20 mg dose group was approximately twice the amount compared © the 10 mg dose
group during only the oral treatment phase. From week 2 to week 8, plasma reduced haloperidol
levels in the 20 mg dose group were lower than the 10 mg dose group. The reasons for this
finding are not apparent and the small number of patients in this group does not permit any

speculation.

Reduced haioperidoi/haloperidol ratios shown in Table 1 remained consistent during oral
haloperidol treatment. The reduced haloperidol/haloperidol ratios decreased during the
decanoate loading dose treatment in the 10 mg oral dose group. When the injection interval was
increased to every two weeks, the ratios stabilzed at week 6 to week 8 and remained unaitered
untit week 20. Again, after week 20 through week 52, the ratios remained stable. The decreased
ratio during the loading dose phase can be explained by the accumulation of increasing
haloperidol plasma concentrations and the relative stability of reduced haloperidol plasma
levels. An exception should be noted for week 2 as reduced haioperidol plasma leveis are at the
lowest concentration upon decanocats initiation. The ratios dropped at week 20. Since patients had
received decanocate on an every four week schedule from week 8, this delay can be explained by
the pharmacokinetic properties of the depot agents. Like the plasma haloperidol leveis
mentioned eartier, mutliplying the 21 day elimination haiflife of haloperidol decanoate times
four resuits in a calculation of 84 days. This time period matches the stabilization of reduced
haloperidoi/haloperidol ratios after week 20. When the ratios are consistent for both the oral
and decanoate (after week 20) time periods, this condition would tend to support the
achievement of steady-state conditions. Stable ratios could also account for the attainment of
equilibrium for the interconversion process between reduced haloperidoi and haloperidol
(Chang et al 1993b).

nelation Between Qral and Decanoate Halnperidol Admipstration
The correlation coefficients comparing haloperidol plasma levels from oral treatment at week
6 to depot therapy are shown in Table 2. A strong trend was observed at week 4 with statistical
significant seen afterwards. Figure 2 shows the actual data comapring the oral versus decanoate
plasma haloperidol concentrations. The majority of the patient's had decanocate haioperidol
plasma levels within the 90% confidence intervals. Three patients had higher than expected
plasma haloperidol concentrations. This indicates that plasma haioperidol levels are higher in
these patients when given by the decanocate route compared to oral administration. A possible

explanation for this occurrence is an impaired drug absorption from the gastrointestinal tract
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and intramuscutar adminigtration would be the preferred route of therapy in these patients. The
lack of statistical significance for the initfal decanoate injections at weeks 2 and 3 are due o the
drug's continved accumulation in the body.

first month showed a mean total monthly dose of 410.0 = 63.0 mg (Ereshefsky et ai 1993).
This method of a weekly 100 mg injection is a comparable technique. The second monthly dose of
200 mg in this method is lower than the 287.0 + 50 mg. Administration of the 100 mg dose was
chosen to its availability in this specific dosage formulaton. A weekly administration schedule
was selected based upon the absorption profite of plasma haloperidol levels with decanocate
injection "where peak plasma concentrations are achieved 7 days post Injection (Meco et al
1983, Chang et al 1995 ). If the decanoate is given in a shorter ime interval, this could result
In the continued accumulation of drug without achievement of maximal peak plasma levels. From
a practical issue, a weekly Injection schedule would be easier to follow and minimize any
potential errors.

The majority of the patients in this study received oral haloperiiol 10 mg per day and only a
few patients treated with 20 mg per day. Application of this loading dose method should be
interpreted cautiously for other patients who are ftreated with different doses. Interestingly,
with this technique, plasma haloperidol levels of 6-7 ng/ml are reached from the 100 mg dose
at weeks 3-4. The suggested therapeutic range for plasma haloperidol concentrations was 5-12
ng/mi (Van Putten 1992, Palac et al 1994). Therefare, therapeutic concentrations are rapidly
achieved with this loading dose regimen. After week 20 of decanoate treatment, minimal plasma
haloperidoi concentrations of 2-3 ng/mi were cobserved. Only one patient relapsed during this
study which occurred at week 40 and the plasma hajoperidol level was measured at 2.41 ng/ml.
The decanoate dose was increased to 200 mg per month without any further problems in this
patient. An explanation for the maintainence of the other patients on minimal plasma haloperidoi
levels could be also related to the pharmacokinetic properties of the depot preparation. The
minimai plasma haloperidol concentrations after week 20 reflect the trough sampling time
period as the sample was obtained prior to the next injection. Previous studles have reported
peak plasma haloperidol leveis of 5-6 ng/mi one week after a monthly decanoate injection
schedule {Chang et al 1993c). Therefore, minimal therapeutic piasma haloperidol levels are
observed during a monthly administration schedule.

Unfortunately, a standardized clinical rating assessment was not used In this study. The lack of
extrapyramidal side effects in these patients was probably due to the prophylactic use of
trihexiphenidyl. Further research is needed with haloperidol decanocate and its conversion from
oral to decanoate therapy using piasma haloperidol and reduced haloperidol plasma
concentrations.
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Conclusions

Schizophrenic patients can be safely and effectively transitioned from oral t0 depot haloperidol
therap based upon depot pharmacokinetic principies. Utiiization of plasma haloperidol and
reduced halkoperidol levels can assist the clinician in the therapeutic monitoring of dapot weated
patients. Patients can be maintained on minimai therapeutic plasma levels of haloperidol with
decanocate treatment. The formation of reduced haloperidol appears to be consistent. Reduced
haloperidol/haloperidol ratios can assist In the determination of steady-state conditions.
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