L&
o, AR ]
ELSEVIER

Effects of Clozapine on Plasma Catecholamines
and Relation to Treatment Response in
Schizophrenia: A Within-Subject Comparison

with Haloperidol

Alan S. Brown, M.D., George Gewirtz, M.D., Jill Harkavy-Friedman, Ph.D.,
Thomas Cooper, M.A., Gildas Brébion, Ph.D., Xavier F. Amador, Ph.D.,
Dolores Malaspina, M.D., and Jack M. Gorman, M.D.

We conducted a within-subject comparison of the effects of
clozapine and haloperidol on plasma levels of
neurotransmitters and metabolites, and related changes in
specific plasma neurochemicals with clozapine response.
The subjects were 14 inpatients with schizophrenia or
schzoaffective disorder, who were refractory to haloperidol
and at least one other typical antipsychotic medication.
Subjects underwent, in the following order: a 6-week “fixed,
flexible dose” haloperidol trial, followed by a 2—4 week
medication-free phase, and a 6-week clozapine trial. Plasma
levels of norepinephrine (NE), homovanillic acid (HVA),
and 3-methoxy-4-hydroxyphenylglycol (MHPG), and
objective clinical ratings of total, positive, negative, and

depressive symptoms were obtained at the end of each phase.
As expected, we found a substantial increase of plasma NE
with clozapine but not with haloperidol. However, the
increase in NE was not associated with improvement in
total or positive symptomatology. There was some evidence
for an association between improvement in negative
symptoms and increased HVA on clozapine, as well as
diminished HVA during the medication-free phase. The
implications of these data for understanding the
mechanisms of action of clozapine are discussed.
[Neuropsychopharmacology 17:317-325, 1997]
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Despite extensive evidence of clozapine’s superior effi-
cacy in the treatment of schizophrenia, its mechanism
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of action remains unclear. Nonetheless, a series of clini-
cal and preclinical investigations have yielded intrigu-
ing findings. Clozapine is the first effective antipsy-
chotic with relatively weak binding to dopamine D2
receptors (see Brunello et al. 1995 for a review), com-
pared with typical antipsychotics, a feature linked to its
lack of extrapyramidal side effects and tardive dyskine-
sia (Nordstrom et al. 1995). Yet, clozapine clearly affects
many neurotransmitter systems of potential relevance
to the pathophysiology of schizophrenia. Preclinical
studies have demonstrated relatively high affinity for
the D4 receptor, an increased ratio of 5HT-2 to D2 re-
ceptor binding, and increased affinity for noradrenergic
alpha-1 and alpha-2 adrenoceptors. It has also been
suggested that clozapine’s enhancement of dopamine
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activity in the prefrontal cortex could contribute to its
partial efficacy in treating negative symptoms (Brunello
et al. 1995; Lindenmayer 1995).

Several studies have attempted to relate clozapine’s
neurochemical effects with therapeutic response by
comparing serum or cerebrospinal fluid (CSF) levels of
neurotransmitters between different phases of treat-
ment. The most striking finding to emerge from these
studies is an increase in plasma NE (Lieberman et al.
1991; Davidson et al. 1993; Green et al. 1993; Breier et al.
1994). One of these studies (Breier et al. 1994) demon-
strated a positive correlation between the NE increase
on clozapine and improvement in both positive and
total symptomatology, suggesting that one potential
mechanism of action of clozapine is an enhancement of
noradrenergic function. Changes in 3-methoxy-4-hydroxy-
phenlglycol (MHPG), a NE metabolite, with clozapine
treatment have been less consistent (Lieberman et al.
1991; Pickar et al. 1992; Green et al. 1993). In general,
plasma levels of the dopamine metabolite homovanillic
acid (HVA) are reported to decrease during clozapine
treatment (Pickar et al. 1992; Green et al. 1993) although
not in all studies (Davidson et al. 1993).

In addition to these conflicting findings, prior stud-
ies have been hampered by a number of limitations.
With one notable exception (Pickar et al. 1992), none of
these studies conducted within-subject comparisons of
neurotransmitter /metabolite levels between clozapine
and typical antipsychotics. A major advantage of within-
subject designs is that they permit the examination of
intra-individual variation. Another limitation is the use
of partially responsive patients, which could result in a
truncated range on measures of clinical improvement,
spuriously lowering correlations between neurochemi-
cal measures and clinical ratings. Moreover, in two
studies, medication-free intervals were either not con-
ducted (Breier et al. 1994), or were very brief, prohibit-
ing the determination of absolute changes in neurotrans-
mitter/metabolite levels. Finally, all of the previous
studies utilized the Brief Psychiatric Rating Scale (BPRS)
for clinical assessments; while the BPRS is effective at
quantifying changes in total symptomatology, it is rela-
tively imprecise in the separate quantitation of positive
and of negative symptoms of schizophrenia. The use of
the Positive and Negative Syndrome Scale (PANSS)
(Kay et al. 1987) enabled us to more clearly assess posi-
tive and negative symptoms and their correlations with
neurotransmitter changes over the course of treatment.
This also permitted the examination of a potential rela-
tion between improvement in negative symptoms on
clozapine and increased HVA, an indicator of enhanced
dopamine activity, which may underlie the ameliora-
tion of these symptoms (Lindenmayer 1995).

In this investigation, we sought to test the following
hypotheses in a within-subject design: 1) a marked in-
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crease in plasma NE would occur with clozapine treat-
ment, as compared to both a medication-free and halo-
peridol treatment interval; 2) improvement in positive
symptomatology will be positively correlated with an
increase in plasma NE; and 3) improvement in negative
symptomatology will be positively correlated with an
increase in plasma HVA. If clozapine has these effects,
then one might expect a greater effect on positive/total
and negative symptoms in the presence of diminished
NE and HVA, respectively, at baseline. We therefore ex-
amined, in two related exploratory analyses, whether
decreased medication-free levels of NE and HVA were
predictive of improvement in these respective dimen-
sions of symptomatology.

For this purpose, we obtained the above neurochemi-
cal measures within the same treatment-refractory schizo-
phrenic subjects after six weeks of haloperidol treatment,
a minimum two week medication-free interval, and at
the end of six weeks of clozapine treatment. As a fur-
ther assessment of NE function, plasma MHPG, a NE
metabolite, was also measured. Two neuroendocrine
measures, prolactin and cortisol, were also obtained
during each phase. Comparisons between the medica-
tion-free and the two treatment phases were conducted
for each neurochemical measure, and the relationship
between symptomatic response and neurotransmitter/
metabolite changes with clozapine was examined.

METHODS
Subjects

A total of 17 inpatients (9 M, 8 F; mean age = 36.2, SD =
119, range = 19-55) with a DSM-IIIR diagnosis of
chronic schizophrenia (N = 15) or schizoaffective disor-
der (N = 2) (American Psychiatric Association, 1987)
were enrolled in this study. All subjects were inpatients
on the Schizophrenia Research Unit (SRU) of the New
York State Psychiatric Institute (NYSPI). All patients
granted written informed consent to participate in this
investigation of neurobiologic effects of clozapine in
schizophrenia. Patients were diagnosed by the Diag-
nostic Interview for Genetic Studies (DIGS) (Nurnberger
et al. 1994), a structured instrument which allows for
systematic and comprehensive evaluation of psychiat-
ric symptomatology, and detailed collection of medical
and substance abuse history.

All patients met the following inclusion criteria: 1)
treatment-refractory, as defined by a documented his-
tory of inadequate response to at least two different an-
tipsychotic medications for at least six weeks at ade-
quate doses (10 mg. of haloperidol or its equivalent); 2)
no history of substance abuse for at least six months
prior to the study, or any substance use within one
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month of the study; and 3) no history of blood dyscra-
sias, seizures, or major medical problems.

Procedure

Description of Haloperidol, Medication-free, and Cloz-
apine Phases. Prior to study entry (the “baseline”
phase), fourteen subjects were on typical antipsychotics
(loxitane, thiothixene, haloperidol, at doses ranging
from 10-25 mg/day haloperidol equivalents), and anti-
parkinsonian medications (benzotropine 2-4 mg/day,
trihexiphenidyl 2-8 mg/day)—two of these patients
were also on divalproex sodium 1000-1500 mg/day;
and three patients were on no medications. Any exist-
ing medications were tapered and discontinued over a
5-7 day period. Subjects were then entered into the six-
week “fixed-flexible haloperidol” phase. The dosing
schedule consisted of 5 mg/day for week one, 10 mg/
day for week two, and 10-15 mg/day (at the discretion
of the treating physician) for the remainder of this med-
ication phase. All patients received benzotropine mesy-
late 1-2 mg BID throughout the fixed-flexible haloperi-
dol phase.

Response to haloperidol was defined based upon a
minimal 20% improvement in the total PANSS score
(see below) plus a total post-treatment PANSS score of
less than 60; this criterion was analogous to the re-
sponse criterion of less than 35 on the BPRS, used in a
previous major clozapine efficacy study (Kane et al.
1988). All 17 subjects completed the haloperidol phase,
and none were rated as haloperidol responders at the
end of the trial (total PANSS: baseline: mean = 76.08,
SD = 15.05; week 6 haloperidol: mean = 78.85, SD =
17.46 (3.6% increase in total PANSS). Following comple-
tion of the haloperidol phase, the patients were tapered
and discontinued from haloperidol over a five-day pe-
riod. After discontinuation of haloperidol, patients were
maintained free of medication for a minimum of two
weeks (mean = 20 days; range = 14-29 days) (the
“medication-free” interval).

Clozapine treatment was initiated at 25 mg/day and
increased gradually to 300 mg/day over two weeks.
Over the remainder of the trial, the dosage was in-
creased as clinically indicated, to a maximum dose of
900 mg/day throughout the remainder of the clozapine
phase. Thus, all patients received at least 300 mg/day
of clozapine for four weeks. Of the 17 patients origi-
nally enrolled in the study, 14 completed the six week
clozapine trial (8 M, 6 F; mean age = 34.64, SD = 11.55,
range = 19-55; mean age of onset = 19.8, SD = 4.;
mean duration of illness = 14.7, SD = 10.5). Two pa-
tients (1 M, 1 F) were removed from the clozapine trial
by the investigators due to potentially serious medical
complications (atrial fibrillation and markedly elevated
liver function tests, respectively), which resolved fol-
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lowing clozapine discontinuation, and one female patient
elected to withdraw from the trial after 10 days for un-
clear reasons.

Rating Scales

All subjects received research assessments of symptom
status during the final week of each phase of the study.
Symptoms were assessed by the PANSS (Kay et al.
1987), a rating scale which comprehensively quantifies
positive and negative symptoms of schizophrenia. De-
pression was assessed using the Hamilton Depression
Rating Scale (HDRS) (Hamilton 1960). Our group has
demonstrated excellent reliability with these instru-
ments (k = 0.80 or above). One of three trained clini-
cians (two with Master’s degrees and one with a Ph.D.
in clinical psychology) completed the diagnostic and
symptom evaluations. Although raters were not blind
to medication status, they were not aware of the pur-
poses of the present study and were not informed of the
subjects’ neurotransmitter /metabolite levels.

At the end of the medication-free and clozapine
phases, extrapyramidal side effects and tardive dyskine-
sia were assessed by trained raters using the Simpson-
Angus Scale and the Abnormality Involuntary Move-
ment Scale (AIMS), respectively. These ratings were
available on 10 of the 14 patients completing the cloza-
pine trial.

Neurotransmitter Studies

All blood studies were conducted during the last 3-5
days of the haloperidol, medication-free, and clozapine
phases. Samples were drawn on two occasion, two days
apart during each phase. Patients were on a low
monoamine diet, which begun 12 hours prior to the first
blood draw and ceased following the second blood
draw. Prior to each venipuncture, subjects had no food
intake from midnight of the previous night, received no
morning medications, and were kept at bed rest. Blood
was collected between 7 and 8 AM from an antecubital
vein with the patient in a sitting position.

For the preparation of plasma to be used for the neu-
rotransmitter and metabolite assays, blood was collected
in oxylated tubes, inverted 15-20 times, and immediately
placed on ice. Blood was centrifuged at 2000 r/min for 15
minutes. For the preparation of sera for the hormone as-
says, blood was drawn into barrier tubes, allowed to sit
for 15 minutes, and centrifuged as for the plasma prepara-
tion. Both plasma and sera were stored at —20 degrees C.

Laboratory Assays. NE was quantified using high
performance liquid chromatography with a triple cell
amperometric detection system (Eisenhofer et al. 1986).
HVA and MHPG were assayed by gas chromatogra-
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Table 1. Neurotransmitter (HVA, NE, MHPG) and Hormone (Prolactin, Cortisol) Levels
During Each Study Phase (Mean and Standard Deviation)’

Haloperidol Medication-Free  Clozapine
Mean (sd) Mean (sd) Mean (sd) F df p
NE (pg/ml) 129.0 (88.0) 95.6 (74.9) 550.7 (411.1) 1237 (2,16) .001°
n=9 n=13) (n=13)
HVA (ng/ml) 9.18 (3.80) 8.84 (2.10) 9.65 (3.14) 119 (216) .33
(n = 10) n=12) (n=11)
MHPG (ng/ml) 5.58 (1.56) 5.53 (2.09) 7.41 (3.31) 150 (2,14) .26
n=9 n=11) (n=10)
Prolactin (ng/ml) 40.49 (48.6) 7.07 (3.22) 8.27 (2.95) 437 (2,14) .05
n=9 (n=10) (n=10)
Cortisol (ng/dl) 12.62 (5.63) 14.30 (9.46) 12.82 (5.88) 132 (2,14) .30
n=9 (n =10) (n=10)

“The means and standard deviations reported here are derived from all neurotransmitter /metabolite and
hormone results obtained. ANOVA was carried out only on subjects with measures at each time point; how-
ever, cases excluded from the ANOVA did not differ appreciably with respect to neurotransmitter /metabo-
lite and hormone levels from included cases (results available on request).

*Medication-free vs. clozapine: 95.6 vs. 550.7, #(12) = 4.17, p < .001; medication-free vs. haloperidol: 125.6
vs. 129.0, £(8) = 0.13, p = .90; clozapine vs. haloperidol: 641.8 vs. 129.0, ¢(8) = 3.68, p < .01.

“Medication-free vs. clozapine: 7.36 vs. 8.36, t(8) = 1.18, p = .27; medication-free vs. haloperidol: 7.24 vs.
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40.49, t(8) = 2.12, p < .07; clozapine vs haloperidol: 8.41 vs. 44.01, (7) = 2.09, p < .08.

phy/mass spectrometry with deuterated internal stan-
dards (Fri et al. 1974; Jimerson et al. 1981). Prolactin and
cortisol were quantified using radioimmunoassay (Mi-
cromedic RIA kit) (Sinha et al. 1973).

Values for each neurotransmitter, metabolite, and hor-
mone were averaged for analysis.

Data Analysis

Analysis of data was carried out using SPSS for Win-
dows (SPSS 1995). Repeated-measures analysis of vari-
ance ANOVA was used for assessing main effects, and
comparisons of means were conducted by paired t-tests.
Because the distributions of the neurotransmitter data
demonstrated significant skewness and /or kurtosis, the
non-parametric Spearman coefficient was used for cor-
relations.

RESULTS
Neurotransmitter Data

The mean levels of each neurotransmitter (NE, HVA,
MHPG) and hormones (prolactin, cortisol) at each phase
(haloperidol, medication-free, clozapine) are presented
in Table 1.

As expected, a significant main effect of medication
phase was demonstrated for NE (F(2,16) = 12.37, p <
.001). Post-hoc pairwise comparisons demonstrated a
significant increase of plasma NE with clozapine treat-
ment relative to the medication-free phase (95.6 (74.9)
vs. 550.7 (411), {12) = 4.17, p < .001) and to the halo-
peridol phase (641.8 (457.7) vs. 129.0 (88.0), #(8) = 3.68,
p < .01). Individual levels of NE during each phase are
illustrated in Figure 1. There was no NE increase with

haloperidol, compared to the medication-free phase
(p = 0.90). No significant main effect of medication
phase was observed for HVA (p = .3) or for MHPG
(p = 26).

As expected, a significant main effect of medication
phase was also demonstrated for prolactin (F(2,14) =
437, p < .05), and pairwise comparisons showed a
nearly significant increase with haloperidol (7.24 (3.37)
vs. 40.45 (48.55), £(8) = 2.12, p < .07), but not with cloza-
pine (7.36 (3.28) vs. 8.36 (3.11), £(8) = 1.18, p = .27). No
significant main effect of medication phase appeared
for cortisol (p = .30).

Clinical Effects

Symptomatology. As expected, clozapine led to sig-
nificant clinical improvement, as compared to the medi-
cation-free interval, for positive symptoms (mean PANSS
positive symptom score (SD) medication-free vs. cloza-
pine = 24.64 (7.31) vs. 15.0 (5.51), t(13) = 5.03, p < .0001)
and total symptomatology (mean total PANSS (SD)
medication-free vs. clozapine = 91.86 (20.96) vs. 67.64
(15.11), #(13) = 4.67, p < .0001). There was a strong
trend for improvement in negative symptoms (mean
PANSS negative symptom score (SD) medication-free
vs. clozapine = 23.64 (7.53) vs. 20.50 (6.15), t(13) = 2.11,
p < .06). Depression was also significantly improved by
clozapine relative to the medication-free phase (mean
HDRS medication-free vs. clozapine = 16.93 (5.15 vs.
9.07 (4.94), t(13) = 5.0, p < .0001). Because of the possi-
bility that this latter finding was due to diminished neg-
ative or positive symptoms, we conducted a follow-up
analysis of covariance, controlling for the change in
negative and positive symptoms. The improvement in
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Figure 1. NE level (pg/ml) during each phase (medication-
free, haloperidol, clozapine).
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depression with clozapine treatment remained signifi-
cant after controlling for change in both negative (p <
.002) and positive symptoms (p < .05).

The proportion of clozapine treatment-responders,
as defined by at least a 20% improvement in the total
PANSS accompanied by a post-treatment score of less
than 60, was 4/14 (29%).

Extrapyramidal Side Effects and Tardive Dyskinesia.
Treatment with clozapine, as compared to the medica-
tion-free phase, was not associated with significant im-
provement in extrapyramidal side effects (mean Simpson-
Angus total score (SD) medication-free vs. clozapine:
3.44 (2.56) vs. 3.20 (4.34), t(7) = 0.41, p = .70). There was
no significant association between change in extrapyra-
midal side effects and improvement in negative symp-
toms (p = .20, p = .64). Tardive dyskinesia did improve
significantly on clozapine (mean AIMS total score (SD)
medication-free vs. clozapine: 8.11 (8.82) vs. 2.20 (4.13),
t7) = 2.49,p = .04).

Correlations between Neurotransmitter Level and
Clinical Response

We next attempted to demonstrate relationships be-
tween change in neurotransmitter levels between the
medication-free and clozapine phases and change in
symptomatology.

Contrary to our hypothesis, there was no significant
correlation between the increase in plasma NE and clin-

NEGSX
"~

Figure 2. Correlation between change
in negative symptom scores from the
PANSS (Neg. sx; + = improvement)
and change in homovanillic acid
(HVA) level (ng/ml), during cloza-
pine treatment.

HVA

p=.56p<08
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ical response on the positive symptomatology scale (p =
—.10). Visual inspection of the NE X clinical response
plot confirmed the statistical results; in particular, the
finding could not be accounted for by the presence of
outliers. In addition, the increase in NE was not corre-
lated with improvement in total symptomatology. (p =
.11). For the NE metabolite MHPG, exploratory analy-
ses similarly did not reveal any significant correlation
between change in MHPG and improvement in either
positive (p = —.33) or total (p = —.42) symptomatology.

With respect to HVA, there was a tend for a positive
correlation between increased HVA from the medica-
tion-free to clozapine phases and improvement in nega-
tive symptoms (p = .56, p < .08) (Figure 2), consistent
with our hypothesis.

In two exploratory analyses, we examined whether
medication-free levels of plasma NE and HVA pre-
dicted response to clozapine, with respect to positive/
total symptoms and negative symptoms, respectively.
The medication-free level of NE was not predictive of
improvement in either total symptomatology (p = .18)
or positive symptomatology (p = .06). Lower medica-
tion-free HVA was correlated with improvement in neg-
ative symptomatology (p = —.61, p <.05) (Figure 3).

DISCUSSION

We have demonstrated in this within-subjects study
that clozapine treatment led to a significant, nearly six-
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fold increase in plasma NE. This was in contrast to halo-
peridol, which did not alter plasma NE levels. To our
knowledge, this is only the second study to contrast the
effects of clozapine and haloperidol within the same
subjects, replicating Pickar et al. (1992). Increases in
plasma NE with clozapine as compared to haloperidol
have also been demonstrated in studies utilizing sepa-
rate clozapine- and haloperidol-treated groups (Lieber-
man et al. 1991; Davidson et al. 1993; Green et al. 1993;
Breier et al. 1994).

However, we did not find a relation between in-
creased NE and improvement in positive symptoms of
schizophrenia. Indeed, previous studies also failed to
report a relation between NE level and clinical response
(Lieberman et al. 1991; Davidson et al. 1993; Green et al.
1993). In fact, to date, only one study has shown a sig-
nificant correlation between increased NE and clinical
improvement (Breier et al. 1994). In that study, im-
provement in the BPRS total score and positive symp-
tom score were each positively associated with an in-
crease in plasma NE. While our lack of an association
might be attributed to a relatively small sample size,
Breier et al.’s study also utilized a small sample (N =
11). Yet, the lack of an observed relation between NE
and positive symptoms does not necessarily imply that
the NE increase is unrelated to clozapine’s mechanism
of action. Indeed, studies have demonstrated that ida-
zoxan, a selective alpha-2 adrenergic antagonist, which
enhances noradrenergic neurotransmission, has sig-
nificant efficacy in augmenting the antipsychotic re-

Figure 3. Correlation between change
in negative symptom scores from the
PANSS (Neg. sx; + = improvement)
and medication-free homovanillic acid
: (free HVA) level (ng/ml), during cloza-
pine treatment.
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sponse to typical antipsychotics in treatment-resistant
patients with schizophrenia (Litman et al. 1993; Litman
et al. 1996).

Several theories have been advanced to explain the
increase in plasma NE by clozapine. These include o1-
adrenergic blockade, which would increase NE through
reflexive sympathetic outflow mechanisms, a2-adrener-
gic blockade, which might interfere with this receptor’s
presynaptic modulatory function on noradrenergic
cells, leading to increased NE outflow, and NE reuptake
blockade (Breier 1994), which produces increased syn-
aptic NE concentrations. Each of these effects has been
demonstrated in preclinical studies. While one would
expect that increases in extra-neuronal NE concentra-
tions would lead to increased MHPG, one of its princi-
pal metabolites (Kopin et al. 1984), we found only a
small, marginally significant increase in plasma MHPG,
consistent with a previous study (Pickar et al. 1992).
Conceivably, another NE metabolic pathway may have
been activated instead, or, as hypothesized by Breier et
al. (1994), there may have been additional blockade of
NE reuptake. :

Our third hypothesis, that increased HVA is posi-
tively correlated with an improvement in negative
symptoms, is consistent with our finding of a trend for
an association. In line with this finding, we also showed
a potential relation between diminished HVA during
the medication-free interval and improvement in nega-
tive symptoms on clozapine—conceivably, those indi-
viduals whose negative symptoms were partially attrib-
utable to low HVA were most responsive to clozapine’s
enhancement of dopamine function. These findings are
of interest in light of low prefrontal dopamine activity
in schizophrenic patients (Davis et al. 1991), which
might underlie negative symptoms (Deutch 1992), and
findings that dopamine agonists appear to produce im-
provement in negative symptoms (Bodkin et al. 1996;
Boyer et al. 1995; Ohmori et al. 1993; see Lindenmayer
1995, for a review). Furthermore, clozapine increases
the basal output of dopamine neurons projecting to the
prefrontal cortex (Moghaddam 1994). However, this
finding must be regarded as tentative due to the small
sample size, the fact that the association was only a
trend, and the overall lack of change in plasma HVA.

The lack of change in plasma HVA with both cloza-
pine and haloperidol is inconsistent with some previ-
ous studies. Clozapine has been shown to decrease
HVA levels in some (Green et al. 1993; Pickar et al.
1992), but not in all studies (Davidson et al. 1993; Lie-
berman et al. 1991), and decreased HV A has been corre-
lated with overall clinical improvement (Green et al.
1993; Pickar et al. 1992). However, we observed no sig-
nificant correlation between change in HVA on clozap-
ine and improvement in total or positive symptomatol-
ogy. Yet, since a fraction of NE is metabolized into
HVA, it is possible that the substantial increase in NE
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by clozapine in our study may have obscured a de-
crease in HVA (see Davidson et al. 1993).

All of our findings occurred in the context of an ex-
pected rate of response to therapeutic dosages of cloza-
pine with respect to total symptomatology, significant
improvement in total and positive symptoms, and near-
significant improvement in negative symptoms. The ex-
pected rise in prolactin on haloperidol but not cloza-
pine served to validate clozapine’s lack of effect on D2
receptors in this study.

An additional finding worthy of comment was sig-
nificant improvement in depression with clozapine. This
was not accounted for solely by improvement in posi-
tive or negative symptoms. Other recent studies have
reported similar effects of clozapine on depression in
patients with schizophrenia (Lindenmayer et al. 1994;
Azorin 1995; Meltzer and Okayli 1995; Zarate et al.
1995). However, our exploratory analyses did not dem-
onstrate any significant correlations between improve-
ment in depression and any neurochemical measure
during the clozapine phase.

Several factors limit the scope and interpretations to
be derived from this study. First, our sample size was
small for correlational analyses, resulting in low statisti-
cal power, which may have limited our ability to dem-
onstrate a relationship between change in total/positive
symptoms with the NE increase. A power analysis re-
vealed that a medium effect size (r = 0.50) could be de-
tected for 13 subjects with only 44% power.

Second, the design was not counterbalanced: all sub-
jects underwent the three phases—fixed haloperidol,
medication-free, and clozapine—in the same sequence.
Thus, one cannot rule out the possibility of an order ef-
fect, with respect to treatment response and neuro-
chemical changes. In addition, the fact that raters were
not blind to medication status could have been a source
of bias in measuring treatment response, although this
would not explain the neurochemical findings, as these
levels were objectively quantified by laboratory person-
nel unaware of medication phase.

Third, our sample was selected based upon stringent
criteria for refractoriness to clinical treatment, and our
subjects were inpatients on a schizophrenia research
unit. Therefore, one must be cautious in generalizing
our findings to less refractory patients and those from
community samples. Of note, the only study to demon-
strate a relation between NE increase and symptomato-
logic improvement was on an outpatient sample (Breier
et al. 1994), in contrast to most other studies.

Fourth, given that our neurochemical measures were
obtained from plasma, one must be cautious in inter-
preting these data as reflecting brain neurotransmitter
activity. A large proportion of plasma HVA is gener-
ated by peripheral dopaminergic and noradrenergic
neurons and by other peripheral tissues (Friedhoff and
Silva 1995), and plasma NE arises mainly from periph-
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eral sympathetic neurons (Lake et al. 1984). Additional
problems are the difficulty in inferring regional brain
neurotransmitter activity from plasma measures, and
the fact that mixed venous blood may only partially
represent systemic NE because of local tissue removal.
However, it has been argued that changes brought about
by antipsychotics should be correlated between periph-
eral and central neurotransmitters, irrespective of their
different origins; a good example of this is the sequence
of events occurring at dopaminergic synapses in the
brain and parallel changes in plasma HVA levels (Fried-
hoff and Silva 1995; Davis et al. 1991). Similarly, medi-
cations that affect NE levels in the periphery generally
produce the same effects in the brain following entry
into the central nervous system (Goldstein et al. 1987),
and CSF levels of NE and MHPG are significantly cor-
related with plasma levels of these neurotransmitters
(Ziegler et al. 1977; Jimerson et al. 1981).

Fifth, although blockade of serotonin receptors is
suspected in the mechanism of action of clozapine,
we did not quantify levels of the serotonin metabolite
5-HIAA. However, clinical studies have not demon-
strated significant changes in CSF 5-HIAA during cloz-
apine treatment (Lieberman et al. 1991; Pickar et al.
1992). Moreover, we did not demonstrate a change in
serum cortisol, which is believed to reflect serotonin ac-
tivity to some degree (Meltzer and Maes 1995). This
lack of change is consistent with a study by Breier et al.
(1994), although Pickar et al. (1992) did report dimin-
ished cortisol following clozapine treatment, which was
interpreted as possibly reflecting clozapine’s antisero-
toninergic effect.

Sixth, neurotransmitter and metabolite levels were
measured during only one week of each phase of study.
If clozapine caused a change in NE or HVA levels prior
to six weeks, followed by a return to baseline levels, a
potential relationship between therapeutic response to
clozapine and neurotransmitter/ metabolite levels may
have been missed. Such relationships have been ob-
served most notably for alterations in HVA early in the
course of haloperidol treatment (Duncan et al. 1993).

Finally, it is possible that greater than six weeks may
be necessary for certain neurochemical effects and their
relation to symptomatology to become manifest. In-
creasing evidence suggests that improvement continues
in both positive and negative symptoms with an ex-
tended duration of treatment (Kane et al. 1988; Jalenques
and Coudert 1992; Breier et al. 1993).

CONCLUSION

We have replicated, using a within-subjects design, pre-
vious findings of a marked increase in plasma NE fol-
lowing a six week trial of clozapine, in contrast to halo-
peridol. However, we did not demonstrate a relationship
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between NE and clinical response to clozapine. In addi-
tion, our results were suggestive of a relation between
increased plasma HVA and improvement in negative
symptoms, although this finding must be regarded as
tentative. Future studies using larger sample sizes,
counterbalanced, randomized, placebo-controlled de-
signs, more frequent measures of neurotransmitters/
metabolites, and extended treatment intervals are war-
ranted.
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