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ABSTRACT ~ Objectives: Although clozapine exhibited high efficacy for treating the symp-
toms of patients with treatment-resistant schizophrenia (TRS), its precise action mecha-
nisms have not been fully understood. Recently, accumulating evidence has suggested the
presence of abnormalities in the gamma-aminobutyric acid (GABA) systems in patients
with schizophrenia, and the potential effects of clozapine on GABA receptors have gained
a great deal of attention. Experimental Designs: In the present study, the cortical silent
period (CSP), an electrophysiological parameter of GABA function via GABAp recep-
tors, was measured using with the transcranial magnetic stimulation in patients with
schizophrenia and healthy control subjects. Then the CSP of patients treated with clo-
zapine (N = 12) was compared with that of patients treated with other antipsychotics
(N = 25) and with that of healthy controls (N = 27). Principal Observations: The
CSP of the patients treated with clozapine was significantly longer compared to those of
the other two groups. The CSP of patients treated with other antipsychotics was similar fo
that of healthy subjects. There was a positive correlation between CSP and global assess-
ment of function (GAF) in patients with TRS. Conclusions: The present study indicated
that CSP was prolonged in patients receiving clozapine, and suggested that clozapine
enhances the transmission signal via GABAp receptors. Psychopharmacology Bulletin.
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INTRODUCTION

Clozapine is the last resort in pharmacological medications for
patients with schizophrenia, and it is the only antipsychotic agent that
has been established to be effective for patients with treatment-resistant
schizophrenia (TRS).! It has been demonstrated that clozapine did
not only exhibit a high efficacy against positive symptoms, but also
against aggressive behaviors and suicidal-related symptoms, although
its beneficial effects on primary negative symptoms and cognitive func-
tions seemed to be restricted.2™*

To date, however, the action mechanism accounting for its superior
efficacy in comparison to all other antipsychotics has yet to be clarified.
Although several mechanical actions have been proposed, such as fast
dissociation from dopamine D2 receptors,’ the effect of norclozap-
ine, its main active metabolite,® and a higher affinity to dopamine D4
receptors,”® none of these hypotheses has been decisively confirmed.
The glutamate hypothesis and gamma-aminobutyric acid (GABA)
hypothesis emerged over 10 years ago,” but it is difficult to assess these
hypotheses in an individual subject. 21

The possibility that clozapine has an action mechanism that affects /= <"
the GABA system has been explored mainly in animal models and elec-
trophysiological studies. Accumulating evidence suggests that clozapine
works in any of the neuronal circuits in the mesocortical, mesolimbic,
and nigrostriatal pathways, through the GABA and glutamine neuro-
transmissions.1®11 However, it is still difficult to examine this mecha-
nism at the individual patient level.

The cortical silent period (CSP) is a temporal inhibition of neuronal
activity which is induced by a single pulse of transcranial magnetic stim-
ulation (TMS).1? In this silent period, transmission in the pyramidal
tract from the central nervous system (CNS) to the peripheral nerves is
inhibited. It was established that the latter half of the CSP is especially
characterized by the inhibition of CNS via GABAg receptors.!3

Although some studies have suggested that this measure detects
possible alterations of GABA functions over disease stage in schizo-
phrenia patients,'*"17 most studies have examined the potential effects
of various antipsychotics on CSP in patients taking these agents.!$19
However, none of these studies have reached a firm conclusion on this
issue due to a small sample size or to their inclusion of patients receiv-
ing heterogeneous treatments.”’ Among these studies, some commonly
reported that clozapine prolonged CSP,?1723 but these did not attempt
to clarify the relationship of CSP with clinical parameters.

Thus the significance of CSP has been uncertain in both contexts of
pharmacology and the disease etiology. In the present study, we aimed to
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examine CSP in TRS patients under treatment with clozapine, and then
compare them with the CSP of TRS or non-TRS patients under other
antipsychotic. This design would contribute to reach the firm conclusion
on the effect of clozapine on CSP value. Furthermore, this would provide
important evidence on the pharmacological mechanism of clozapine.

METHODS
Subjects

The schizophrenia group (SCH) included patients with schizophre-
nia and schizoaffective disorder as a main diagnosis according to the
Diagnostic and Statistical Manual of Mental Disorders, fifth edition
(DSM-5). The TRS patients were selected based on the following non-
responder criteria: no response of positive symptoms to at least two dif-
ferent classes of antipsychotics with a sufficient dose (chlorpromazine
equivalent dose [CP-eq.] of 600 mg or greater) for a sufficient duration
(4 weeks or longer) in each trial, and no excess of 41 points in global

22

assessment of functioning (GAF) during the previous year. The present
study’s TRS patients included both those under treatment with clozap-
ine and those under treatment with other antipsychotics. The healthy
control (HC) group included the subjects without a present or past his-
tory of any psychiatric disorders.

The other major inclusion criteria in the SCH and HC groups were
as follows: 20-65 years old when giving informed consent for the study
and, right-handedness evaluated using the Edinburgh Handedness
Inventory.?* The exclusion criteria were as follows: pregnancy, includ-
ing suspected pregnancy; having had a past physical illness including
any CNS disorder such as cerebrovascular diseases, epilepsy, and so on;
and having a substance abuse/dependent disorder other than nicotine
dependence.

The present study was conducted after approval by the ethics com-
mittee at Chiba University Graduate School of Medicine. All the sub-
jects provided their informed consent after receiving a full and detailed
explanation of the study.

Miyazawa, et al.

Measurements

Throughout the measurement of CSP, each subject sat reluctantly on
the sofa. For each subject, CSP was measured by giving a single stimu-
lation pulse to the left-side motor cortex corresponding to the right-
side first dorsal interosseous muscle, using the TMS device [Magstim

Rapid 2: the Magstim Company Ltd]. First, the resting motor threshold
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(RMT) was established by the most common method. That is, the RMT
was defined at the minimum output level of the TMS device exhibiting
a magnitude of 50 pV or greater on an electroencephalogram (EEG)
monitor at a ratio of over 50% of 10 stimulations.

Then each subject was asked to maintain 20% of the maximum
strength level of his or her right hand, which was confirmed on the
EEG monitor. A single pulse with an intensity 1.2 times that of the
RMT was delivered, and the silent period appearing on the EEG mon-
itor was defined as the CSP. The CSP was measured a total of five
times, and the results were averaged. The CSP on the EEG monitor
was defined as the period from the time point of the TMS pulse to the
time point at which the electromyogram reemerged.

The psychopathology and daily function of patients in the SCH group
were evaluated with Positive and Negative Syndrome Scale (PANSS)?
and the GAF, respectively.

Statistical Procedures

23

All statistical procedures were performed with SPSS ver. 23.0 software Miyazawa, et al.
(IBM, New York, NY). Regarding the comparisons among the three
groups, an analysis of variance (ANOVA) was performed on the con-
tinuous variables, and Fisher’s exact test was applied to the categori-
cal values. Regarding the two-group comparisons, Student’s # test was
applied to the continuous variables, and Fisher’s exact test was applied
to the categorical values. The threshold of statistical significance was set

at P = 0.05 (two-tailed).

RESULTS

Thirty-seven schizophrenia patients (CLZ group, N = 12; Non-CLZ
group, N = 25) and 27 HC participated in the present study (Table 1).
Regarding the demographic and treatment variables, the ANOVA for
age revealed a significant difference, and a post-hoc comparison revealed
that the average age of the subject in Non-CLZ group was higher than
that of subjects in the HC group. There was no significant difference in
age between the CLZ group and the Non-CLZ group. The psychopa-
thology as determined by the PANSS and daily functioning as deter-
mined by the GAF showed poorer results for the CLZ group compared
to the Non-CLZ group, but these differences did not reach significant
levels. The medication data showed that the CLZ group received a
higher antipsychotic dose than the Non-CLZ group. The patients in
the CLZ group took a CP-eq. dose of 125 ~ 1000 mg (clozapine-
dose 12.5 mg ~ 425 mg; 2 patients took other antipsychotics, namely
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(TABLE 1 )

DemocrarHIC AND TREATMENT INFORMATION AND CSP RESsuLTs
of THE THREE GRrROUPS

CLZ GROUP NON-CLZ GROUP HC GROUP

VARIABLES N =12 N =25 N = 27 STATISTICAL VALUES
Age [y] 39.1 [9.5] 47.4[10.3] 37.4[13.1] F(2,62) = 5.061,
P = 0.009
Non-CLZ > HC
Sex: Male/ 7/5 16/9 11/16 Chi-sq = 2.511,
Female P =0.285
Handedness 12/0 25/1 11/16 —
[R/L]
Illness 18.3[9.00] 22.3[10.3] - #36) = —1.170,
duration [y] P =0.250
Psychopathology
PANSS- 77.1[30.6] 65.8[23.1] - #36) = 1.260,
total P =0.216
PANSS- 15.8 [7.0] 13.1 [5.4] - #(36) = 1.289,
positive P = 0.206
24 PANSS- 20.4 [10.7] 18.5 [8.7] - #(36) = 0.598,
Miyazawa, et negative P = 0.554
PANSS- 409 [14.9] 34.3[11.4] - #36) = 1.519,
general P =0.137
GAF 45.3[10.5] 50.0[16.9] - #(36) = —1.054,
P = 0.300
RMT [%] 65.0 [13.0] 69.0[13.0] 64.6[10.7] F(2,62) = 0.979,
P =0.382
CSP [msec] 168.1[33.6] 104.3[36.2] 106.4[35.9] F(2,62) = 15.157,
P <0.01
CLZ > Non-CLZ/HC
Antipsychotic  539.6 [270.4] 325.2 [205.9] - #(36) = 2.699,
dose [CP- P = 0.011
eq. mg] CLZ > Non-CLZ

Each cell indicates the mean value = [standard deviation]. CP-eq: chlorpromazine-equivalent;
CSP: cortical silent period; GAF: global assessment of functioning; L: Left handedness; R: Right
handedness; RMT: resting motor threshold.

risperidone at 1.5 mg and perospirone at 8 mg, respectively). The medi-
cations used by the patients in the Non-CLZ group were as follows:
olanzapine, N = 5, CP-eq. 200 mg ~ 500 mg; quetiapine, N = 2,
CP-eq. 56.8 mg ~ 340 mg; aripiprazole, N = 12, CP-eq. 150 mg ~
933 mg; risperidone/paliperidone, N = 2, CP-eq. 200 mg ~ 700 mg,
blonanserin, N = 2, CP-eq. 300 mg ~ 625 mg; haloperidol, N = 1,
CP-eq. 150 mg: zotepine, N = 1, CP-eq. 75.8 mg.

Regarding the results of the measurements with TIMS, there was no
significant difference in RMT among the three groups. As shown in
Fig. 1, the CSP results showed a significant difference among the three
groups, and a post-hoc analysis revealed that the CSPs of the CLZ
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(FIGURE 1 )
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Horizontal lines indicates the mean values of the respective groups. *P < 0.05.

group were significantly longer than those of the Non-CLZ group or
the HC group. Since this prolongation in the CLZ group might have
been induced by the greater severity of their disease psychopathology,
but not by the treatment with CLZ, an additional analysis was per-
formed by comparing 12 patients in the CLZ group with 6 patients
in the Non-CLZ group who met the TRS criteria. The latter group’s
CSP was 109.0 = 33.7 msec, which was still significantly different
from the CSP value of the CLZ group (14 = —3.509, P = 0.003).
Furthermore, when patients treated with olanzapine/quetiapine were
selected (N = 7), their CSP was shorter than that of the CLZ group,
and was similar to that of the HC group.

When we examined the possible correlation between the CSP and
PANSS/GAF, there were no significant relationships between CSP and
any parameters in the CLZ and Non-CLZ groups. However, there was
a significant positive correlation between the CSP and GAF in the TRS
patients (r = 0.688,P = 0.003; derived from N = 12 in the CLZ group
and N = 5 in the Non-CLZ group; Fig. 2). This positive correlation was
significant when age and antipsychotic dose (which were significant dif-
ferent among the three groups and might affect the value of CSP) were
dealt as covariates (i.e., partial correlation: r = 0.613,P = 0.011). There
was no any significant relationship between the CSP and PANSS/GAF

PsycHorPHARMACOLOGY BuLLETIN: Vol. 51 - No. 2

‘ PB-Miyazawa.indd 25 3/13/2021 1:55:21 PM ‘



CorricAL SILENT PErR1IOD AND CLOZAPINE

(FIGURE 2 D
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GAF

TRS patients included 12 patients in the CLZ group and 5 patients in the Non-CLZ group. This
correlation was also significant when their age and antipsychotic dose were included in covariates.

in any of the patients (i.e., the SCH group) or in the patients without
TRS. Lastly, there was no relationship between the CSP and the clo-
zapine dose in the CLZ group. These results were the same when age
and antipsychotic dose were included as covariates.

Di1SCcuUSSION

The present study revealed that almost all of the patients receiving
clozapine exhibited CSP prolongation compared to the HCs. This find-
ing was not found in patients with a TRS pathology who were treated
with other agents, strongly suggesting that clozapine itself prolonged
the CSP. This finding also supported similar results reported in several
studies.?1=23 Recently, the action mechanism of clozapine on GABAg
agonism has gained attention as a possible explanation for why clozapine
exhibits high efficacy to patients with severe psychopathology.?® Our
findings supported this possible mechanism of clozapine. On the other
hand, olanzapine and quetiapine were developed from clozapine as a
prototype,?” and these agents were suggested to have actions on GABA
receptors.?8-30 However, our results did not support this.
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When we looked at the patients with TRS (i.e., all of the patients
in the CLZ group and 5 patients in the Non-CLZ group), their GAF
was significantly correlated with CSP, whereas there were no significant
correlations in either patients treated with clozapine (the CLZ group)
or all of the patients (the SCH group). These negative findings regard-
ing the absence of a relationship in the latter subgroups might be due
to the small size of the samples and the small variances of CSP and
GAF in the subgroups (particularly in the CLZ group). However, the
functional outcomes that the patients with TRS who were treated with
clozapine showed a significantly higher GAF, and those treated with
non-clozapine agents showed a significantly lower GAF, might reflect
that the improvement observed with clozapine and the increase in GAF
were related to the prolongation of CSP.

Overall, the present study may suggest that extreme prolongation of
CSP could be related to the occurrence of symptomatic improvement
through the GABAg receptors. A GABAg agonist, baclofen, which also
showed prolongation of the CSP, did not show an efficacy as an anti-

psychotic even close to that of clozapine in several earlier studies.313° 27

Therefore, clozapine’s high efficacy cannot be explained by GABAR  3zijuzawa, eral
agonism alone. It is possible that clozapine works efficiently in combi-
nation with actions on glutamatergic and 5-THnergic neurotransmis-
sions, resulting in its high efficacy.!!
One limitation of the present study was the small size of the sample,
although the findings strongly confirmed previous similar results.
Further, the relationship between the CSP and the treatment factors
like the clozapine dose and degree of improvement brought about by
clozapine treatment was uncertain. Thus, further clinical study with a
higher number of patients is warranted.

CONCLUSION

In conclusion, the present study demonstrated that clozapine pro-
longed the CSP in patients taking clozapine, and suggested that the
CSP could be a promising tool for explaining the difference in antipsy-
chotic effects between clozapine and other agents.
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