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Summary. The aims of this investigation were to evaluate long-term and
short-term effects of clozapine-treatment on plasma biogenic amines and psy-
chopathology measures in adolescents with schizophrenia (DSM-III-R crite-
ria). The long-term study was conducted in a study sample of 40 young pa-
tients (age 14-22 years) following a mean of 3.4 years of neuroleptic
treatment. During the study, 20 patients received clozapine, and the other 20
patients were treated with standard neuroleptic medications. At the beginning
of the open clinical trials, the patients had already been receiving clozapine
treatment for 24 + 15 months. Assessment of the biochemical and psycho-
pathological measures was performed on six occasions at consecutive 6-week
intervals during maintenance treatment with clozapine or conventional neuro-
leptics. Blood levels of serotonin, 3-methoxy-4-hydroxy-phenylglycol
(MHPG), norepinephrine, and epinephrine were significantly higher in cloza-
pine-treated patients than in conventionally treated patients. During long-term
treatment, higher serotonin levels were associated with significantly fewer
negative symptoms of schizophrenia, whereas higher MHPG levels were cor-
related with less depression. The short-term effects of clozapine were assessed
in a second and independent study sample. After failing on conventional
neuroleptics in clinical trials lasting a mean of 1.6 years, 15 inpatients (aged
11-20 years) received clozapine. Weekly ratings of psychopathological symp-
toms using standard rating scales were performed in parallel to blood sampl-
ings for measurements of biogenic amines and serum levels of clozapine.
These measures were obtained for 6 weeks during conventional neuroleptic
treatment and for 6 weeks during the open-label clozapine trial. Serum levels
of serotonin and plasma norepinephrine levels were significantly higher dur-
ing treatment with clozapine than during pretreatment with typical neuro-
leptics. A comparison of plasma epinephrine levels in responders (n = 7) and
nonresponders (n = 8) to clozapine revealed that response to clozapine can be
predicted by epinephrine levels prior to initiation of treatment with clozapine
(responders ranging from 32.2 to 90.3 pg/ml; nonresponders ranging from
92.5 to 473.5 pg/ml). Additionally, subjects who responded to clozapine
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showed increased mean plasma concentrations of MHPG and epinephrine dur-
ing treatment with this drug in comparison to the levels measured during pre-
treatment with typical neuroleptic medication. Nonresponders to clozapine
failed to show this increase. Finally, in responders to clozapine a negative
linear relationship between negative symptoms of schizophrenia and the con-
centrations of plasma norepinephrine and serum serotonin were observed. In
conclusion, our results demonstrate that plasma epinephrine levels prior to
initiation of clozapine therapy predict response to this atypical neuroleptic.
Our findings derived from short-term and maintenance treatment with cloza-
pine suggest involvement of norepinephrine, epinephrine and serotonin in the
therapeutic actions of the atypical neuroleptic clozapine.

Keywords: Serotonin, norepinephrine, epinephrine, early-onset, schizophre-
nia, clozapine, human

Introduction

About 30—40% of children and adolescents with schizophrenia are refractory
to conventional neuroleptic treatment (Remschmidt et al., 1991). For these pa-
tients, a trial of the atypical neuroleptic clozapine can be considered, if strict
guidelines for clinical management of clozapine are followed (Remschmidt et
al., 1994a,b). Several uncontrolled studies have provided evidence that cloza-
pine might be effective in children and adolescents with treatment-refractory
schizophrenia (Birmaher et al., 1992; Blanz and Schmidt, 1993; Frazier et al.,
1994; Gordon et al., 1994; Mozes et al., 1994; Piscitelli et al., 1994; Rem-
schmidt et al., 1994; Siefen and Remschmidt, 1986; Towbin et al., 1994).
Nonetheless, about 30% of adolescents with treatment-resistant schizophrenia
do not respond to clozapine in open-label treatments (Remschmidt et al.,
1992). Therefore, the treatment of patients with drug-resistant schizophrenia is
a major challenge for the clinician and requires further systematic research.

Measurement of biogenic amines and their metabolites in cerebrospinal
fluid (CSF) and plasma is considered a promising tool to help elucidate the
mechanisms of action of neuroleptics (Kahn and Davidson, 1993). Only a few
studies compared the neurochemical effects of clozapine with those of con-
ventional neuroleptic drugs (Ackenheil, 1989; Banki, 1978; Breier et al., 1994;
Green et al., 1993; Pickar et al., 1992).

The major disturbances in the brain of schizophrenics regard the dopami-
nergic neurotransmission, especially of the mesolimbic-cortical system (van
Kammen, 1991; van Kammen and Kelley, 1991). Davis et al. (1991) summa-
rize the findings on the role of the dopaminergic system in schizophrenia,
showing high dopamine and -metabolite concentrations in various subcortical
brain regions together with an increase in dopamine receptor binding, combi-
ned with a lower prefrontal dopamine activity. Plasma levels of dopamine me-
tabolites seem to be a good correlate for the disease and the activtiy of neuro-
leptics. Plasma MHPG levels correlate with disturbances of the central
noradrenergic system, which modulates the dopaminergic function (van Kam-
men and Kelley, 1991). A major role in the pathology of the noradrenergic
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system could play the locus coeruleus, the major source of noradrenergic neu-
rons in the human brain (Orellana-Vidal, 1995). The catecholaminergic dys-
function in schizophrenia led in the study of Meszaros et al. (1996) to in-
vestigate the dopamine-beta-hydroxylase gene as possible candidate gene for
schizophrenia. Though this is not the case, the catecholaminergic dysfunction
includes besides the dopaminergic system also noradrenergic neurotransmis-
sion (Yamamoto et al., 1994).

The role of 5-HT in schizophrenia (Kapur and Remington, 1996) is sup-
ported by several different findings, coming from postmortem studies, mea-
sures of CSF and peripheral 5-HT, and binding studies with antipsychotic
drugs (Breier, 1995). 5-HT receptor antagonists, especially for 5-HT, receptor
subtype have been reported to ameliorate negative symptoms (Brunello et al.,
1995). Clozapine a potent anti-schizophrenic drug, shows besides its dopa-
mine receptor antagonism a high efficacy as a 5-HT, receptor antagonist (Bru-
nello et al., 1995). Another antipsychotic drug, Ziprasidone, has been shown to
have high affinity to various 5-HT receptors such as the 5-HT,,, 5-HTp,
5-HT,,, and 5-HT, subtypes respectively (Seeger et al., 1995). Post mortem
studies give evidence for a reduction of 5-HT,, receptor subtype in the pre-
frontal cortex, combined with an increase of the 5-HT,, receptor (Arora and
Meltzer, 1991).

The aim of the present study was to measure blood levels of serotonin and
of catecholamines in adolescents with schizophrenia during maintenance
therapy (study-I) and during short-term treatment (study-II) with the atypical
neuroleptic clozapine.

Material and methods
Subjects

Maintenance treatment (study I)

For both open clinical trials written informed consent was obtained from the patients and
their parents. Patients with secondary diagnosis of substance abuse were excluded from
the study. To evaluate the long-term effects of clozapine, a study of 40 adolescent patients
(age 14-22 years) with schizophrenia was conducted following a mean of 3.4 years of neu-
roleptic treatment (study-I). This prospective trial included all 40 patients with DSM-III-
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Fig. 1. Study group with long-term treatment of clozapine vs. conventional neuroleptic drugs
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R criteria of schizophrenic or schizoaffective psychosis in a rehabilitation center (“Lep-
permiihle”) for children and adolescents with schizophrenia. The data collection was per-
formed on six occasions at consecutive 6-week intervals during maintenance treatment
(Fig. 1). During the study, 20 patients with schizophrenia received clozapine, and the other
20 patients were treated with standard neuroleptic medications. At the beginning of the
prospective investigation, the age range of the total sample was 14—22 years. There were
no statistically significant differences (Chi-square or Fishers test) between the two treat-
ment groups with respect to gender or age distribution (total sample 19.1 = 2.2 years,
clozapine group 19.5 +2.1 years, conventionally treated group 18.8 + 2.3 years). Accord-
ing to DSM-III-R criteria, the following subtypes of schizophrenic psychoses were found
in the total sample of 40 subjects: paranoid type (17 males, 77%; 10 females, 55%), dis-
organized type (5 males, 22%; 4 females, 22%), residual type (1 female, 5%), and schizo-
affective disorder (3 females, 16%). At the start of the investigation, the course of the ill-
ness showed the following distributions, using DSM-III-R criteria: subchronic 12.5%
(n = 5), chronic 72.5% (n = 29), chronic with acute exacerbation 7.5% ( n = 3), and re-
mitted 7.5% (n = 3). Of the sample of 40 young patients, 32 patients (80%) were already
in a chronic state (with or without acute exacerbation). The diagnoses, age and gender dis-
tribution (22 males, 18 females) revealed no significant differences, as determined by chi-
square or Fishers test. Intellectual functioning by standard intelligence tests (Wechsler In-
telligence Scale or Culture Fair Test) showed a high IQ level (IQ 115-129) in 5% of
patients (n = 2), normal range (IQ 85-114) in 58% (n = 23), low normal (IQ 70-84) in 35%
(n = 14), and mild mental retardation (IQ 50-69) in 2% ( n = 1). Indications for clozapine
treatment were nonresponse, aggravation of target symptoms, or severe side effects during
treatment with typical neuroleptic drugs. These adolescents were first treated for schizo-
phrenia with conventional neuroleptic medjcation at age 15.7 + 1.5 years, and clozapine
was initially administered as neuroleptic monotherapy at age 17.5 + 2.0 years. At the
beginning of the prospective trial, the patients had already been receiving clozapine treat-
ment for 24 + 15 months.

The 20 adolescents, receiving conventional neuroleptic therapy were treated with ha-
Ioperidol (n =9, 22.5%), levomepromazine (n = 5, 12.5%), fluphenazine (n = 4, 10%), flu-
pentixole (n = 3, 7.5%), chlorprothixene (n = 2, 5%), promethazine (n = 1, 2.5%), and thi-
oridazine (n = 1, 2.5%). Of the 20 patients receiving typical neuroleptic agents, 7 received
monotherapy and 13 were treated with more than one neuroleptic drug. In the clozapine-
treated group, 4 patients (20%) required comedication with sympathomimetics or
B-blockers to manage side effects (hypotonia, tachycardia). In the conventionally treated
group, 15 patients (75%) experienced side effects that led to comedication with
f3-blockers, sympathomimetics, biperiden, or laxatives.

Short-term treatment (study II)

To evaluate the short-term effects of clozapine a second open clinical trial was conducted
(study-II). The study included all 15 patients out of a total sample of 40 consecutively ad-
mitted (October 1991- May 1994) inpatients with schizophrenia (DSM-III-R, APA, 1987)
who received clozapine because of nonresponse to pretreatment with conventional neuro-
leptics. According to DSM-III-R criteria, the following subtypes of schizophrenia were
found in the sample of 15 subjects: paranoid type (9 males and 5 females) and residual
type (1 male). At the beginning of the prospective investigation, the age range of the
sample was 11-20 years, with a mean of 17.3 (SD = 2.2) years (males 17.4 years, SD =
2.6; females 17.1 years, SD = 1.3). Intellectual functioning by standard intelligence tests
(Wechsler Intelligence Scale or Culture Fair Test) showed a normal range (IQ 85-114) in
53% of patients (n = 8; 5 males, 3 females), low normal range (IQ 70-84) in 27% (n = 4; 3
males, 1 female), and mild mental retardation (IQ 50-69) in 20% (n = 3; 2 males, 1
female). At intake, the course of the illness showed the following distributions according
to DSM-III-R criteria: subchronic 40% (n = 6), chronic 13.3% (n = 2), subchronic with
acute exacerbation 6.6% (n = 1), chronic with acute exacerbation 20% (n = 3), in re-



Serotonin, catecholamines, clozapine, and schizophrenia in children and adolescents 1081

pretreatment with
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Fig. 2. Study group with short-term treatment of clozapine

mission, but with severe side effects due to conventional neuroleptics 6.6% (n = 1), and
unspecified 13.3% (n = 2). The mean age at diagnosis of DSM-III-R schizophrenia for this
sample was 15.6 (SD = 1.9) years (males 15.4 years, SD = 2.1; females 16.1 years, SD =
1.4). At that age, the patients experienced characteristic psychotic symptoms, and they
were first hospitalised with the diagnosis of schizophrenia at a mean age of 16.1 (SD = 1.6)
years (males 15.9 years, SD = 1.9; females 16.3 years, SD = 1.2). In all 15 adolescents
conventional neuroleptic medication was initiated at a mean age of 15.7 (SD = 1.8) years
(males 15.6 years, SD = 1.9; females 16.0 years, SD = 1.7). At intake, the 15 patients re-
ceived neuroleptic therapy, as follows: fluphenazine (47%), haloperidol (47%), levome-
promazine (33.3%), promethazine (26.7%), chlorprothixen (13.3%), benperidol (13.3%),
and perphenazine (6.6%). Three patients received monotherapy with neuroleptics and 12
required comedication with biperiden, sympathomimetics, beta-blockers or laxatives to
manage side effects. The patients were followed-up for six weeks of consecutive treatment
with the above mentioned neuroleptics (Fig. 2). Thereafter, the study sample received
clozapine because of nonresponse (n = 11, 72%) and/or severe side effects (n = 13, 87%).
Clozapine was administered in escalating oral doses, starting with 25 mg/daily (1st week:
25-50 mg; 2nd week: 50-200 mg; 3rd-4th week: 100400 mg; 5th-6th week: 100-600
mg). The individual optimal dose of clozapine was achieved after 5 to 6 weeks of cloza-
pine treatment. Therefore, group comparisons between pretreatment with typical neuro-
leptics and clozapine treatment were carried out using data from weeks 5—6 (conventional
neuroleptics), and weeks 11-12 (5th—6th week of clozapine medication), respectively. We
categorised the schizophrenic patients as responders and nonresponders according to two
response criteria: (1) a 20% drop in BPRS total score and (2) a final minimum BPRS score
of 34 or less. These measures are in agreement with response criteria used in recently per-
formed studies on neuroleptic treatment, response prediction and outcome (e.g. Kronig et
al., 1995; Miller et al., 1994; Potkin et al., 1994).

HPLC analysis of biogenic amines and metabolites

Plasma catecholamines, plasma level of 3-methoxy-4-hydroxyphenylglycol (MHPG), and
serum serotonin concentrations were measured as previously described (Schulz et al.,
1996) by HPLC kits (Catechol-Kit No. 5000, Serotonin-Kit No. 3000) obtained from
Chromsystems Corporation (Munich, Germany).

The biochemical probes were obtained using standard procedures for pre-study diet,
blood collection, and storage of biogenic amines (Lake and Ziegler, 1985; Pluto and Biir-
ger, 1988; Weier et al., 1986; Ganhao et al., 1991; Boomsma et al., 1993). For the deter-
mination of the catecholamines, blood was drawn from an antecubital vein and immedi-
ately injected into EGTA Kabevetten (KABE Labortechnik, Niimbrecht/Elsenroth,
Germany).

Blood samples for serotonin determination were collected in serum-monovettes (Sar-
stedt, Germany) by venipucture.
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Normal range values of the biogenic amines were derived from data obtained by
Chromsystems Corp. (Munich, Germany), which were obtained by the HPLC method
used in our study. The following ranges were applied: serum serotonin 128.4-173.7 ng/ml,
plasma MHPG 4.4-6.0 ng/ml, plasma norepinephrine 198.6-268.7 pg/ml, plasma epi-
nephrine 76.0-102.9 pg/ml, and plasma dopamine 77-116.4 pg/ml.

HPLC analysis of clozapine and its major metabolites

Measurements of clozapine, clozapine N-oxide, and norclozapine were conducted using the
HPLC method developed by our group (Schulz et al., 1995). Blood samples were taken prior
to the intake (morning dose) of the neuroleptic medication (Riederer and Laux, 1992).
Blood sampling was performed under strict steady-state conditions, i.e., 4 to 5 half-life in-
tervals after the last change of dosage. For the measurements of clozapine, after coagulation
at ambient temperature for 15 min, the blood samples were centrifuged for 10 min at 2500 g
and 4°C, and serum was stored into micro test tubes at —80°C until analysed.

Instruments

Positive and negative symptoms of schizophrenia were evaluated using the Scale for the
Assessment of Positive Symptoms (SAPS) and the Scale for the Assessment of Negative
Symptoms (SANS) developed by Andreasen (1982, 1984a,b). We found interrater reliabil-
ities of both the SANS and the SAPS with kappa values of 0.8 comparable with the values
reported in the literature (Andreasen et al., 1991; Moscarelli et al., 1987). As described else-
where (Remschmidt et al., 1991), the attribution of attentional impairment by the SANS to
negative symptoms (rather than also to positive symptoms) seems to be problematic, lead-
ing us to exclude this item from the rating scale. The summary scores for the ratings of
negative and positive symptoms were calculated according to Andreasen (1982).

In addition to the assessment of positive and negative symptoms ratings, the Brief
Psychiatric Rating Scale (BPRS, Overall and Gorham, 1962) was employed to measure
symptomatology and outcome during the prospective investigation. In our study, the
BPRS Total score and the BPRS Depressive score (including items 1, 2, 5, and 9) were
employed for statistical analysis. The clinical ratings were performed during the short-
term trial (study-II) weekly and during the long-term trial (study-I) at 6-week intervals by
an experienced child and adolescent psychiatrist in parallel to the blood samplings for the
biochemical and the pharmacological investigations.

Statistics

Several group comparisons were conducted using chi-square, Student t-test and Fishers
exact test. Spearman correlation, median test and Wilcoxons signed rank test for the dif-
ferences of paired observations were used. For statistical analysis of the biogenic amine
concentrations at the various time points repeated measures analysis of variance was con-
ducted (repeated measures ANOVA design, SAS 6.09 for Open VMS).

Results

During long-term treatment (study-I), the individual mean values for the bio-
chemical measures, calculated from six measurements at consecutive 6-week
intervals, demonstrate a significant difference between the clozapine-treated
patients and the group receiving typical neuroleptic drugs (Table 1). The plas-
ma levels of norepinephrine, MHPG, and the serum levels of serotonin were
significantly increased in the clozapine-treated group as compared with the
conventionally treated patients.
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Table 1. Biochemical measures obtained during long-term treatment (study-I): clozapine
vs. typical neuroleptics

Typical .
neuroleptics Cloz_apme Statistics
0=20 n=20
Serotonin (ng/mL) 146 = 77.1 237110 F value =944, df = 1,
p =0.0042%*
MHPG (ng/mL) 2.09 + 1.28 3.98 +0.94 F value = 19.37, df = 1,
p = 0.0001%**
Norepinephrine (pg/mL) 445 + 201 754 + 292 F value = 15.75,df =1,
p = 0.0004%**
Epinephrine (pg/mL) 83.0£58.2 104 £51.4 n.s.
Dopamine (pg/mlL.) 122 £ 62.0 153 £91.1 n.s.

Individual values (mean + SD) were calculated from six measurements at consecutive 0-
week intervals. Statistical analysis of the amine concentrations in the two treatment groups
(typical neuroleptics vs clozapine-treated group) was performed by repeated measures
analysis of variance (ANOVA). ** =p < 0.01, *** = p < 0.001

Interestingly, patients whose serotonin levels were 50% higher than the up-
per limit of the normal range had significantly (median test p = 0.041) lower
scores of negative symptoms on the SANS. Also, a significant relationship was
found between plasma MHPG and depressive symptomatology (BPRS). Pa-
tients with plasma MHPG levels that were 50% above the upper normal range
limit showed significantly (median test p = 0.029) lower scores of depressive
symptomatology.

To evaluate the influence of short-term neuroleptic medication on the plas-
ma concentrations of catecholamines and the serum levels of serotonin, indi-
vidual mean values were calculated from the two consecutive measurements at
weeks 5 and 6 (typical neuroleptic treatment) and were compared with those
during clozapine treatment at weeks 11 and 12. Clozapine differs from typical
neuroleptics by increasing plasma norepinephrine as well as serum serotonin
levels (Table 2). In addition, plasma concentrations of epinephrine were some-
what higher during clozapine treatment (p = 0.083).

Individual mean values of two measurements at weeks 5 and 6 during typ-
ical neuroleptic treatment and at weeks 5 and 6 of clozapine administration,
demonstrate a reduction of positive symptoms according to SAPS (p =0.014),
a decline in BPRS-derived depressive symptoms (p = 0.011) as well as a
decrease in total BPRS scores (p = 0.012) during clozapine treatment. For the
negative symptoms of schizophrenia (SANS), a trend towards lower scores
can be observed during the trial with clozapine (p = 0.127).

With respect to the two response criteria (a 20 % drop in total BPRS scores
and a final minimum BPRS score of 34 or less), 7 schizophrenic patients were
classified as responders and 8 patients as nonresponders to clozapine treat-
ment. As compared with the symptomatology at intake, responders to cloza-
pine showed a decline in total BPRS scores ranging from 39.3 to 63.4%.
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Table 2. Plasma levels of biogenic amines during short-term neuroleptic treatment

Typical Clozapine Statistics
neuroleptics Wilcoxon
n=15 n=15 signed rank test
MHPG (ng/ml) 0.84 +0.55 0.88 +£0.55 p=0.583
Norepinephrine (pg/ml)  333.53 +230.50 733.81 +336.82 p = 0.0006%**
Epinephrine (pg/ml) 162.90 + 149.55 286.48 +219.89 p=10.083
Dopamine (pg/ml) 75.36 = 107.79 45.04 £27.17 p=0.934
Serotonin (ng/ml) 191.19 + 109.01 234.94 + 127.57 p =0.029*

Individual values (mean %= SD) were calculated from two consecutive measurements at
weeks 5 and 6 (typical neuroleptic treatment) and at weeks 11 and 12 (clozapine treatment).
*=p<0.05 ** =p < 0.01, ¥** =p < 0.001

For the comparison between responders and nonresponders to clozapine,
individual mean values of two measurements at weeks 5 and 6 during typical
neuroleptic treatment and at weeks 5 and 6 of clozapine administration were
calculated. Responders to clozapine showed an overall improvement as re-
vealed by ratings of both positive (Median test DF=1; 2 = 5.16; p = 0.023%)
and negative symptoms (t-Test unequal DF=12.4, T=2.72; p = 0.018%) as well
as BPRS-derived depressive (Median test DF=1, x> = 8.17; p = 0.004**) and
BPRS total score symptoms (x? = 5.16; p = 0.02*). Responders to clozapine
differed from nonresponders by significant lower depressive symptoms dur-
ing pretreatment with typical neuroleptics (Median test DF=1; y? = 5.16;
p = 0.02%). However, the distribution of both positive and negative symptoms
before-clozapine demonstrated no significant differences in responders and
nonresponders to clozapine.

A comparison of individual mean plasma epinephrine levels in responders
and nonresponders to clozapine revealed that response to clozapine can be pre-
dicted by epinephrine levels prior to initiation of treatment with clozapine at
weeks 5 and 6 (cut-off: 91 pg/ml): responders ranging from 32.2 to 90.3 pg/ml
and nonresponders ranging from 92.5 to 473.5 pg/ml (Table 3).

During clozapine treatment, plasma concentrations of MHPG (p = 0.031)
and epinephrine (p = 0.031) of responders increased as compared to pretreat-

Table 3. Plasma levels of epinephrine in responders (n = 7) and nonresponders (n = 8) to
clozapine during pretreatment with typical neuroleptics at weeks 5 and 6

Epinephrine plasma levels Median test

[pg/ml] DF=1
Week Responder Nonresponder ¥ )4
5 Typical neuroleptics ~ 77.39 £47.40 247.82 +221.35 5.16 0.02%*
6 Typical neuroleptics ~ 41.91 + 24.85 227.85 + 196.81 7.86 0.005%*

*=p <005 % =p< 0.0l



Serotonin, catecholamines, clozapine, and schizophrenia in children and adolescents 1085

ment levels. Nonresponders to clozapine failed to show this increase in the
plasma concentrations of MHPG and epinephrine. The concentrations of plas-
ma norepinephrine and serum serotonin did not differentiate between respon-
ders and nonresponders to clozapine. However, patients who responded to clo-
zapine showed a negative linear relationship (Spearman correlation) between
negative symptoms (SANS) of schizophrenia and the concentrations of plasma
norepinephrine (r = —0.81; p = 0.027) and serum serotonin (r = -0.93; p =
0.008), respectively. This finding implies that during short-term treatment with
clozapine, increasing levels of plasma norepinephrine or serum serotonin pre-
dict an improvement in negative symptom scores of schizophrenia.

Analyses of the relationships between clozapine dose and serum levels of
clozapine and its metabolites were carried out under steady state conditions at
weeks 5 and 6 of clozapine treatment. At that time, the 15 patients were treated
with oral doses of clozapine varying from 100 to 600 mg daily. Patients
were compliant with clozapine medication as evidenced by serum level moni-
toring.

At weeks 5 and 6 of clozapine treatment, we found a linear relationship
(Spearman correlation) between doses ranging from 100 to 600 mg daily and
the measured serum levels of clozapine (r = 0.78; p = 0.001), norclozapine
(r =0.72; p = 0.003) and clozapine N-oxide (r = 0.53; p = 0.05), respectively.
The mean + SD ratio of norclozapine/clozapine was 1.39 + 0.49, and the ratio
of clozapine N-oxide/clozapine was 0.48 + 0.27. The norclozapine and cloza-
pine N-oxide metabolites achieved concentrations ranging from 78% to 240%
and 11% to 98%, respectively, of those of the parent drug.

Discussion

In agreement with our previous report including 40 adolescent patients with a
one-year follow-up (Schulz et al., 1996), this six-week study confirmed that
over the course of treatment the serum levels of serotonin increased during
clozapine medication as compared to pretreatment levels. Banki (1978) first
described elevated total blood serotonin concentrations due to clozapine treat-
ment in adults. This finding was replicated by our group investigating the
short- and long-term effects of clozapine on plasma biogenic amines in ado-
lescents with schizophrenia.

Our ongoing prospective and open clinical trial shows that clozapine acts
on both norepinephrine and serotonin in a rapid manner resulting in a long-
lasting increase during follow-up observation. In addition, responders to clo-
zapine were characterised by increasing plasma levels of MHPG and epine-
phrine, whereas nonresponders failed to show any significant changes.

Assessment of psychopathology and biogenic amines before-clozapine re-
vealed that only ratings of low depressive symptomatology and epinephrine
plasma concentrations below a cut-off of 91 pg/ml could be looked upon as
predictors of a positive response to clozapine treatment. These findings need
further elucidation.

The finding of markedly increased plasma norepinephrine levels is in agree-
ment with our results on long-term clozapine treatment (Schulz et al., 1996) and
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concurs with studies in adult patients, which report clozapine-induced increases
in plasma and/or CSF levels of norepinephrine in adults with schizophrenia
(Breter et al., 1994; Green et al., 1993; Lieberman et al., 1991; Pickar et al.,
1992). Breieretal. (1994) reported that clozapine produced a significant increase
in plasma norepinephrine levels and that this increase was positively correlated
with a reduction in symptoms as assessed with BPRS total scores and positive
symptom scores. Typical neuroleptic drugs failed to show this relationship.

Green et al. (1993) were able to demonstrate that plasma norepinephrine
levels increased in both responders and nonresponders to clozapine. This
finding is in agreement with our results. Interestingly, we were able to demon-
strate, that patients who became responders to clozapine showed a negative
linear relationship between negative symptoms of schizophrenia and the con-
centrations of plasma norepinephrine and of serum serotonin levels.

No change was found so long for CSF serotonin or 5-hydroxyindoleacetic
acid concentrations in clozapine treated patients, though serum serotonin le-
vels were found to be significantly enhanced. The activity of the serotonin-
ergic neurons, especially in the nucleus raphe dorsalis, major source of seroto-
ninergic neurons in the brain, seems to be enhanced, as was shown by
measures of neuron stimulation through secretogranin IT and chromogranin A
mRNA (Kroesen et al., 1995). But this might be counteracted by the increased
activity of the serotonin transporter (Naylor et al., 1996). The increased sero-
tonin level in serum might therefore also be due to an enhanced activity of the
serotonin transporter in platelets, which is structurally identical with the brain
serotonin transporter (Lesch et al., 1993). Since in schizophrenics mainly the
affinity of the transporter is affected, the platelet serotonin transporter might
be a target to study changes in brain serotonin transporter modifications.

The observed elevated plasma levels of norepinephrine after clozapine
treatment might correlate with CSF levels of norepinephrine, since this was in-
dicated in studies on adult schizophrenics (Ackenheil, 1989; Breier et al., 1994;
Green et al., 1993; Lieberman et al., 1991; Pickar et al., 1992; Sarafoff et al.,
1979). Increased CSF and plasma levels of norepinephrine might reflect a ge-
neral increase in the activity of the brain noradrenergic and sympathetic nervous
system, leading also to the observed changes in plasma epinephrine levels. De-
spite the ongoing uncertainty of plasma MHPG that derives from the brain, it is
clear that plasma measurements of MHPG reflect norepinephrine metabolism
and are continuing to be pursued as clinical research tool (Green et al., 1993).
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