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ecause of differences in tolerability, bioequivalence
and pharmacokinetic studies of antipsychotics should

Pharmacokinetic Studies of Antipsychotics
in Healthy Volunteers Versus Patients
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In clinical trials of dopamine-blocking antipsychotics, significant adverse events may occur in
healthy volunteers at dose levels that are well tolerated by schizophrenic patients. Because of these
differences in tolerability, bioequivalence and pharmacokinetic studies of antipsychotics should be
performed in schizophrenic patients rather than in healthy volunteers. When clozapine is the drug be-
ing investigated, pharmacokinetic and bioequivalence studies should be carried out in real-life dosage
conditions because the half-life of clozapine increases with multiple doses. Under real-life conditions,
the evaluation of multiple doses of clozapine in a population of schizophrenic patients can provide
direct therapeutic relevance to bioavailability findings. This article discusses patient recruitment and
informed consent in pharmacokinetic trials of schizophrenia, issues in studying antipsychotic agents
in healthy volunteers versus schizophrenic patients, and a bioequivalency study of Clozaril (Novartis
Pharmaceuticals) and generic clozapine (Creighton [Sandoz]) in schizophrenic patients.
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be performed in schizophrenic patients rather than in
healthy volunteers. This article will discuss patient recruit-
ment and informed consent in clinical trials of schizo-
phrenia, issues in studying antipsychotic agents in healthy
volunteers and schizophrenic patients, and a bioequiv-
alency study of Clozaril (Novartis Pharmaceuticals) and
generic clozapine (Creighton, generic house for Sandoz,
which is now Novartis Pharmaceuticals) in schizophrenic
patients.

PATIENT RECRUITMENT
AND INFORMED CONSENT

The symptoms of schizophrenia often affect patient re-
cruitment, and many potential participants decline to take
part in clinical trials. Patients with predominantly positive
symptoms tend to be suspicious of researchers’ motives
while patients with predominantly negative symptoms
lack the motivation to enroll.1 Some schizophrenic pa-
tients are simply unable to participate in clinical trials
because they cannot tolerate discontinuing maintenance
medications; in such cases, the cohort will ultimately con-

sist of stable patients or those who have responded poorly
to other agents. Many persons with a diagnosis of schizo-
phrenia may be challenged by the cognitive demands of
the informed consent process for participation in re-
search.2 In many cases, the patients’ reduced capacity for
understanding the informed consent process can be com-
pensated by a more intensive educational intervention by
the researchers. Efforts to identify the basis for the ob-
served impairments and devise means of attempted re-
mediation are needed. This conclusion is supported by a
report3 of the good performance of schizophrenic subjects
on informed consent material after several learning and
practice sessions.

It is vital that patients understand the known risks and
benefits of participation in a clinical trial. Patients should
also be reassured that they can leave the study at any time
for any reason. The language of the consent form should
be clear, simple, and at an eighth-grade level of under-
standing. The print should be large and easy to read be-
cause blurred vision is a common side effect of antipsy-
chotic medications. In severe cases, the caretaker can give
the consent. I always try to obtain the written consent of
the next of kin or any responsible party in addition to that
of the patient so that close relatives and friends have an
understanding of the trial objectives.

ANTIPSYCHOTIC STUDIES
IN HEALTHY VOLUNTEERS

AND SCHIZOPHRENIC PATIENTS

The effects and side effects of psychotropic drugs are
determined by many variables, and the host factor is one
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of the most important. Schizophrenic patients with mild,
moderate, or severe illness can experience differences
in tolerance to antipsychotics. Furthermore, dopamine-
blocking antipsychotic agents may produce significant ad-
verse events in healthy volunteers at dose levels that are
well tolerated by schizophrenic patients.4 Administration
of haloperidol (0.2 mg/kg) to healthy volunteers and pa-
tients in the acute stages of schizophrenia produced
a higher incidence of side effects and a greater need for
anticholinergic drugs in the volunteers than in unmedi-
cated schizophrenic patients.5 At equivalent chlorproma-
zine doses, healthy volunteers showed greater sedative
effects than schizophrenic patients.6 Additionally, post-
mortem studies report higher dopamine-2 (D2) receptor
densities in postmortem brain tissue from schizophrenic
patients than those in control brains.7 Differences in toler-
ability between patients and healthy volunteers have also
been observed in individuals taking benzodiazepines,8 tri-
cyclic antidepressants,9 and medications for the treatment
of Alzheimer’s disease.10

Examples of antipsychotic drug tolerance in schizo-
phrenic patients versus healthy volunteers are shown in
Figure 1. In a patient population, haloperidol can be given
up to a recommended dose of 100 mg/day,11 whereas the
tolerance level in healthy volunteers has been as small
as 0.5 mg/day. In a bioequivalence study12 in which 17
healthy male volunteers received a single 25-mg dose of
Clozaril, 8 of 17 subjects experienced severe bradycardia
(< 40 beats/min), and 2 subjects had a cardiac arrest, with
cardiac pauses lasting 10 and 60 seconds, respectively. The
researchers reported the adverse events and recommended
that future clozapine bioequivalence/bioavailability stud-
ies be performed only in schizophrenic patients. The Cen-
ter for Drug Evaluation and Research arm of the U.S. Food
and Drug Administration subsequently released a state-
ment13 that said, “Until conditions are defined in which
clozapine can be safely administered to clozapine-naive

normal subjects, it may be prudent to conduct clozapine in
vivo bioequivalence studies in patients.”

CLOZAPINE DOSE-RESPONSE RELATIONSHIPS

Clozapine pharmacokinetics demonstrate considerable
variability among individuals and are influenced by fac-
tors such as smoking, gender, and age.14 The metabolism
of clozapine appears to be controlled by the 1A2 subfam-
ily of hepatic cytochrome P450 enzymes and may be af-
fected by compounds that induce (e.g., tobacco) or inhibit
(e.g., caffeine) the activity of that system.4 The primary
metabolite of clinical significance is N-desmethylcloza-
pine (norclozapine), which has demonstrated affinity for
D2, serotonin-1C (5-HT1C), and 5-HT2 receptors.

Dose-response relationships are difficult to determine
in the overall clinical pharmacology of antipsychotics.
Multiple receptor targets are involved, and downstream
effects must be taken into account. Furthermore, there are
few pharmacodynamic measures of outcome in schizo-
phrenic patients. In a 12-week study15 of steady-state
blood clozapine concentrations in 58 schizophrenic pa-
tients, discriminant function analysis determined that a
plasma clozapine concentration of 420 µg/L optimally dis-
tinguished responders from nonresponders. Schizophrenic
patients who had plasma clozapine concentrations greater
than 420 µg/L had a 60% response rate after 4 weeks of
treatment compared with an 8% response rate for patients
with plasma clozapine levels less than 420 µg/L. In a
study16 of 29 treatment-resistant schizophrenic inpatients,
a receiver operator curve demonstrated that the threshold
plasma clozapine concentration for therapeutic response
was 350 µg/L. A total of 64% of the treatment-refractory
schizophrenic patients who had plasma clozapine concen-
trations greater than 350 µg/L responded, whereas only
22% of patients with levels less than 350 µg/L responded.
To determine the relationship between serum clozapine
levels and therapeutic response, VanderZwaag et al.17

studied 56 schizophrenic inpatients who were randomly
assigned to 12 weeks of double-blind treatment at 3 differ-
ent serum clozapine ranges. Psychopathology was rated
using the Brief Psychiatric Rating Scale and the Scale for
the Assessment of Negative Symptoms. The analyses of
the results of treatment supported the superior efficacy of
the 200 to 300 µg/L and the 350 to 450 µg/L serum cloza-
pine ranges over the 50 to 150 µg/L ranges. Since there is
increasing evidence of a significant relationship between
blood clozapine concentrations and clinical response, it is
crucial to establish the bioequivalence of generic versus
brand clozapine.

Bioequivalence of Clozaril vs.
Generic Clozapine (Creighton)

Bioequivalence is the scientific basis on which generic
and brand-name drugs are compared.18 Bioavailability is
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Figure 1. Examples of Antipsychotic Drug Tolerance:
Schizophrenic Patients vs. Healthy Volunteers
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the rate and extent to which a drug is absorbed or is other-
wise available to the treatment site in the body. For 2 prod-
ucts to be considered bioequivalent, their bioavailability
must not differ significantly when they are given in studies
at the same dosage under similar conditions. Because the
half-life of clozapine (7.9 hours) increases after a single
oral dose to 14.2 hours after multiple doses,19 bioequiv-
alence and pharmacokinetic studies of clozapine should
be performed under clinical real-life conditions. Using
multiple doses of drugs, Sramek et al.4 conducted a bio-
equivalence study to evaluate the steady-state pharma-
cokinetics and safety of Clozaril and generic clozapine
(Creighton) in schizophrenic patients. The rationale for
performing the study in schizophrenic patients was based
primarily on tolerability concerns, including the high risk
of serious cardiovascular events associated with the use of
clozapine in healthy individuals.12 For ease of recruitment
and study conduct, 30 stable DSM-III-R schizophrenic
outpatients who were receiving typical antipsychotics as
maintenance treatment were entered into the study in 3 se-
quential cohorts.

After a 3-day washout period, patients received Cloza-
ril titrated upward from 12.5 mg b.i.d to 75 mg b.i.d. over
a period of 5 days. Patients were then randomly assigned
to receive 1 of 6 different sequences of 1-week treatment
periods during which 100 mg b.i.d. of Clozaril or clozapine
(Creighton) was given (Table 1).4 On the last 4 days of each
1-week treatment period (period 1, 2, and 3), blood samples
were taken just prior to administration of the morning dose
to measure trough plasma clozapine  concentrations. Addi-
tionally, blood samples for measurement of plasma concen-
trations and pharmacokinetic determinations were taken at
0.5, 1, 2, 2.5, 3, 4, 6, 9, and 12 hours after the morning dose
on the last day of each period. On the last day of period 3,
blood samples were collected at 0.5, 1, 1.5, 2, 2.5, 3, 4, 6,
9, 12, 24, 36, 48, and 72 hours after the final morning dose.
It was hoped that the subjects who had mild-to-moderate
schizophrenia could tolerate the initial clozapine dose of
12.5 mg b.i.d. However, 6 patients of the first cohort
(N = 10) experienced clinically significant orthostatic hy-

potension after the first 12.5-mg dose of clozapine. Five of
the 6 patients who experienced orthostatic hypotension also
exhibited dizziness, light-headedness, pallor, and diaphore-
sis. The sixth patient experienced a syncopal episode. Be-
cause of the adverse events, the protocol was altered to
include hospitalization during the initial titration period,
and vital signs were monitored closely during the entire in-
patient period. Although there were no significant differ-
ences in safety parameters between groups, a high (6 of 30
patients, 20%) incidence of symptomatic orthostatic hypo-
tension was found in the initial titration of Clozaril, which
emphasized the need for careful monitoring even in the tar-
get population. It is possible that the stable outpatients were
more susceptible to the cardiovascular side effects of clo-
zapine than treatment-refractory patients would have been.

A total of 22 patients were included in the statistical
analysis, and the pharmacokinetic results showed no sig-
nificant statistical differences between Clozaril and ge-
neric clozapine (Creighton). The areas under the drug
concentration–time curve were comparable between prod-
ucts and both tablet strengths (four 25-mg tablets and one
100-mg tablet) of generic clozapine were bioequivalent to
Clozaril, 100 mg, justifying their interchangeable use
(Table 2).4 Demonstrations of comparable maximum
plasma drug levels and tolerability profiles between Clo-
zaril and clozapine (Creighton) provided additional sup-
port for the efficacy, as well as the tolerability, of either
drug product in clinical use.

CONCLUSION

Because of differences in tolerability, bioequivalence
and pharmacokinetic studies of antipsychotics should be
performed in schizophrenic patients rather than in healthy
volunteers. The half-life of clozapine increases with mul-
tiple doses; thus, bioequivalence and pharmacokinetic
studies of clozapine should be carried out in real-life dos-
age conditions, and subjects should be carefully moni-
tored. In the bioequivalence study4 of Clozaril versus ge-

Table 1. Possible Treatment Sequences in Pharmacokinetic
Study of Clozaril (Novartis) and Generic Clozapine
(Creighton [Sandoz])a

Period 1 Period 2 Period 3
Sequence Day 6–12 Day 13–19 Day 20–26

1 A B C
2 B C A
3 C A B
4 B A C
5 A C B
6 C B A
aFrom Sramek et al.,4 with permission. After a 3-day washout,
all patients received Clozaril for 5 days, titrated upward from
12.5 mg b.i.d. to 75 mg b.i.d.
A = Clozaril one 100-mg tab b.i.d., B = clozapine four 25-mg tabs
b.i.d., C = clozapine one 100-mg tab b.i.d.

Table 2. Pharmacokinetic Results in 22 Patients Taking
Clozaril (Novartis) and Generic Clozapine (Creighton
[Sandoz])a

Clozaril Clozapine Clozapine
1 (100 mg) 4 (25 mg) 1 (100 mg)

Measureb Mean SD Mean SD Mean SD

AUC (µg/L/h) 2547 1429 2683 1613 2781 1775
Cmax (mg/L) 317 163 351 167 358 184
C0 (mg/L) 149 95 155 106 160 128
C12 (mg/L) 141 149 140 106 153 130
Tmax (h) 2.50 1.09 2.02 0.832 1.93 0.758
aData from Sramek et al.4

bp = not significant.
Abbreviations: AUC = area under the concentration-time curve,
Cmax = peak plasma concentration, C0 = plasma concentration prior
to drug administration, C12 = plasma concentration 12 hours after
administration, Tmax = time to peak plasma concentration.
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neric clozapine (Creighton), the evaluation of multiple
doses of clozapine in the schizophrenic population pro-
vided direct therapeutic relevance to bioavailability find-
ings. Both tablet strengths (four 25-mg tablets and one
100-mg tablet) of generic clozapine were bioequivalent to
Clozaril, 100 mg, justifying their interchangeable use.

Drug names: chlorpromazine (Thorazine and others), clozapine (Cloza-
ril and others), haloperidol (Haldol and others).
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