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Abstract

Dehydrocorybulbine (DHCB), an alkaloid from Corydalis yanhusuo. W.T, has been identified as a dopamine receptor
antagonist. We extended our assessment of its pharmacological profile and found that DHCB exhibits high to moderate
binding affinities to sigma 1 and 2 receptors, serotonin 5-HT receptor, and histamine H2 receptors. This led us to evaluate
DHCB properties in pharmacological (apomorphine and MK-801) animal models of schizophrenia in mice. The pharma-
cological profile of DHCB was screened through radioligand receptor binding assays. Single dose of DHCB reversed the
locomotor hyperactivity, stereotypy, and prepulse inhibition deficits induced by the dopaminergic agonist apomorphine.
DHCB also reversed the depressive-like behavior and memory deficit induced by the glutamatergic antagonist MK-801 in
the forced swim and the novel object recognition assays, respectively. These results indicate that DHCB effectively improves
schizophrenia-like behavioral deficits that are induced by the disruption of dopaminergic and glutamatergic systems. The
effectiveness of DHCB in reversing responses that mimic negative and cognitive deficits of schizophrenia might suggest that
its anti-schizophrenia effects are mediated through modulating the activities of several receptor particularly sigma 1, sigma
2, 5-HT; and dopamine receptors. Our study casts DHCB as a promising lead for therapeutic treatment of schizophrenia.
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Introduction

Schizophrenia is a mental disorder that affects 1% of the
world population and is characterized by a breakdown of
the thought processes and by poor emotional responsive-
ness [1]. Patients suffer from three major classes of symp-
toms: positive symptoms (delusions, hallucinations, bizarre
speech and thought); negative symptoms (anhedonia,
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affective flattening, socially withdrawal) and cognitive defi-
cits (impairments in attention, learning, and memory) [2].
Although a significant progress has been made, the etiol-
ogy and pathophysiology of schizophrenia remain largely
unknown, and there are no diagnostic tests, or biological
markers, to assist in defining the onset and follow illness
progression. The dopamine hypothesis first emerged in rela-
tion to pharmacological evidence—specifically the ability
of dopamine antagonists to reverse psychotic symptoms [3].
The glutamate hypothesis then emerged, which relies on the
hypofunction of glutamatergic signaling via N-methyl-p-as-
partate (NMDA) receptors in schizophrenia [4]. It was based
on the observation that blockade of NMDA receptors by
non-competitive antagonist such as phencyclidine (PCP) or
ketamine closely mimics the complete spectrum of schizo-
phrenic symptoms in particular with negative and cognitive
deficits [5, 6]. Beyond the dopamine and glutamate hypoth-
eses, several non-exclusive hypotheses have been proposed
based on epidemiological, genetic, brain imaging, postmor-
tem or pharmacological studies in human or animal models.
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Current drugs are classified into typical and atypical
antipsychotics. The typical antipsychotics were the first
to be developed and are mostly dopamine D2 receptor
antagonists. They are still the first line of defense but show
limited success in treating negative or cognitive symptoms
and are often plagued with extrapyramidal dysfunction.
The atypical antipsychotics are newer and are more effec-
tive at treating negative symptoms. They have affinities for
a broad range of receptors often involving serotonin, mus-
carinic, histamine and a adrenergic antagonisms although
they may also interact with the D2 receptor. The most effi-
cient antipsychotic may be the atypical clozapine which
has a broad range of activities in particular at the D4 and
5-HT2 receptors but is also plagued by deleterious side
effects.

Our previous study identified the alkaloid dehydro-
corybulbine (DHCB) (Fig. 1), isolated from Corydalis
yanhusuo. W.T, as an analgesic compound acting at least
in part as a dopamine receptor antagonist [7]. Dopamine
receptor antagonists are used as the target of antipsychot-
ics [8, 9]. We extended our analysis of DHCB pharmaco-
logical profile and found that it carries binding activities
at 5-HT7 and sigma receptors. Therefore, we evaluated
DHCB in vivo antipsychotic efficacy in apomorphine, a
dopamine receptor agonist, as well as MK-801, a NMDA
receptor antagonist, induced deficits that reflect schizo-
phrenic symptoms in mice.

Experimental Procedures
Receptor Profiling
The detailed experimental protocols for the radioligand

receptor binding assays are available on the National
Institute of Mental Health (NIMH) Psychoactive Drug
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Fig.1 Chemical structure of DHCB: Dehydrocorybulbine,

(2,9,10-Trimethoxy-13-methyl-6,7-dihydro-5H-isoquinolino[2,1-b]
isoquinolin-7-ium-3-one)

Screening Program (PDSP) website at http://pdsp.med.
unc.edu/UNC-CH%20Protocol%20Book.pdf [10].

Animals

Male Swiss Webster mice (age 8—12 weeks, Charles River,
Wilmington, MA) were used in the experiments. Mice were
group-housed and maintained on a 12-h light/dark cycle
(light on at 7:00 am) with food and water available ad libi-
tum. All experimental procedures were approved by the
Institutional Animal Care and Use Committee of University
of California, Irvine and were performed in compliance with
national and institutional guidelines for the care and use of
laboratory animals.

Drug Administrations

DHCB was synthesized as previously described [7]. DHCB
was dissolved in saline. Apomorphine and MK-801 (Sigma-
Aldrich) were dissolved in saline. DHCB (5, 10, 40 mg/kg,
i.p., 5 ml/kg), apomorphine (5 mg/kg, i.p., 5 ml/kg) and
MK-801 (0.2 mg/kg, i.p., 5 ml/kg) were administered with
different periods of time before the assay depending on the
assays.

Behavioral Testing
Apomorphine-Induced Hyperactivity

The locomotor activity was assessed as previously described
[11]. Briefly, mice were placed into the open field test cham-
ber (40 x40 cm, Med Associates, inc.), and allowed 45 min
of acclimation before the test. For DHCB (5, 10, 40 mg/kg)
dose response experiment, the habituation step was skipped
because of the known effect of DHCB decreasing sponta-
neous locomotor activity [7]. DHCB (10 mg/kg) and apo-
morphine (5 mg/kg) were administered 30 min and 15 min
before the test, respectively. Saline was administered as con-
trol. Mice horizontal and stereotypic activities for 60 min
were recorded and analyzed by Activity Monitor 5 software
(Med Associates, Inc.).

Apomorphine Induced Enhanced Stereotypy

The stereotypy assay was carried out as described before
[12]. Mice were individually placed in a new cage with-
out bedding and were allowed to acclimate for 45 min
before the test. DHCB (10 mg/kg) and apomorphine (5 mg/
kg) were administered 30 min and 15 min before the test,
respectively. Saline was administered as control. Stereo-
typic behaviors were observed and recorded for 10 s every
minute for 30 min. Stereotypy rating scale is 0 =inactivity,
1 =grooming, 2 =locomotion, 3 = sniffing directed upward,
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4 =sniffing with head down, 5 =intense sniffing in a small
circumscribed area, 6 =intense sniffing with bursts of lick,
7=constant licking or gnawing box, 8 =self-licking or bit-
ing. Rating scores for 30 min were collapsed and shown as
a total stereotypy counts.

Apomorphine Induced Prepulse Inhibition (PPI) Deficit

PPI was performed as previously described [13]. Mice were
tested in a startle chamber consists of a nonrestrictive Plexi-
glas cylinder resting on a platform inside of a ventilated and
sound attenuated box. A high frequency loudspeaker inside
each chamber produced background noise of 65 dB as well
as the various acoustic stimuli. Vibrations of the Plexiglas
cylinder caused by the body startle response of the animal
are converted into analog signals by a piezoelectric acceler-
ometer attached to the platform. A total of 65 readings are
recorded at 1 ms intervals beginning at the stimulus onset.
Average amplitude over this time is used as the measure of
startle. Calibration was performed before every use to ensure
the accuracy of the sound levels and startle measurements.

During the test, mice were placed in the startle chambers
for 5 min acclimation with 65 dB background noise. The PPI
session consisted of five different trials: no-stimulus trials,
3 prepulse trials and startle trials. No-stimulus trials consist
of background noise only (65 dB). Startle trials consist of a
40 ms duration startle stimulus at 120 dB (p120). Prepulse
trials consist of a 20 ms duration prepulse at 68 dB (pp3),
71 dB (pp6), or 77 dB (pp12), a 100 ms interstimulus inter-
val, followed by a 40 ms duration startle stimulus at 120 dB.
Test sessions began with 5 presentations of the p120 trial,
followed by 10 presentations of the no-stimulus trial, p120
trials, pp3, pp6, and pp12 prepulse trials given in a pseudor-
andom order with an intertrial interval of 8-23 s (mean 15 s)
and ending with 5 presentations of the p120 trial. DHCB
(10 mg/kg) and apomorphine (5 mg/kg) were administered
55 min and 10 min before the test, respectively. Saline was
administered as control. The amount of PPI is calculated
as a percentage score for each acoustic prepulse intensity:
% PPI=100-([(startle response for prepulse + pulse trials)/
(startle response for pulse-alone trials)] X 100). The magni-
tude of the response was calculated as the average response
to all of the startle or prepulse trials.

MK-801 Induced Immobility

The forced swim assay was performed with slight modi-
fication as previously described [14, 15]. In brief,
MK-801(0.2 mg/kg) was administered once daily for con-
secutive 14 days. Saline was administered as control. On day
16 (48 h after the last injection), DHCB (10 mg/kg) or saline
were administered 60 min prior to the test. Mice were then
placed individually in a transparent glass cylinder containing
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water (24 cm high, 14.5 cm diameter, 14 cm water depth)
at 23-25 °C and forced to swim. Mice were videotaped for
6 min, and the immobility time (time spent passively float-
ing) is recorded for the last 4 min, after discarding activity in
the first 2 min during which an animal tries to escape. ANY-
MAZE software was used to record and analyze immobility
(Stoelting Co.).

MK-801 Induced Novel Object Recognition (NOR) Deficit

The novel objects recognition task was assessed as described
previously [15, 16]. This task consists of a training phase
and a testing phase. Before training, all mice were han-
dled 1-2 min a day for 3 days and were habituated to the
experimental apparatus 10 min a day for 3 consecutive days
without objects. The experimental apparatus is a rectangu-
lar open field (20 x40 X 20 cm, manufactured by carpen-
try facility, University of California, Irvine). During the
training phase, DHCB (10 mg/kg) and MK-801 (0.2 mg/
kg) were administered50 min and 30 min before the train-
ing session, respectively. Saline was administered as con-
trol. Mice were then placed in the experimental apparatus
with two identical objects(PVC male pipe adapter, white,
1.5 inch X 2.2 inch; PVC female hose mender, green, 1.4
inch X 2.2 inch) and allowed to explore for 10 min. Explo-
ration was defined as occurring when an animal faced an
object by one inch or less or when any part of the animal
body touched the object, except for the tail. The objects
were thoroughly cleaned with 10% ethanol and then dried
between trials to make sure no olfactory cues were present.
Ninety minutes later, mice were given with the retention
phase. During these retention sessions, mice were allowed to
explore the experimental apparatus for 5 min in the presence
of one familiar and one novel object. The location of the
novel object was counterbalanced between trials. Duration
and the number of times that the mice explored familiar or
novel object were recorded individually. The relative explo-
ration time was recorded and expressed by a discrimination
index: [D.1.=(T, 1 = Tramitiar)(Tpovert Tyamitiar) X 100%].
Tests were video recorded and analyzed by ANY-MAZE
software (Stoelting Co.).

Data Analysis

Graphpad Prism (GraphPad Software, Inc.) was used for
statistical analysis. Data are presented as mean + S.E.M.
Results of locomotor activity, stereotypic behavior, forced
swim test, and startle reactivity were analyzed by one way
ANOVA followed by Dunnett’s post hoc tests. Results of
PPI and novel object recognition were analyzed by two way
ANOVA followed by Bonferroni post hoc test, and P < 0.05
was considered statistically significant.
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Results
DHCB Receptor Profiling

Our previous study has shown that DHCB displays dopa-
mine receptors antagonistic activities. D2 receptor is par-
tially involved in the antinociceptive effects but not in the
sedative effects of DHCB at low doses [7]. That suggests
to us that DHCB might bind to multiple pharmacological
targets. To further explore the DHCB’s pharmacological
profile, DHCB was screened against a large panel of recep-
tors, transporters and ion channels through the NIMH PDSP.
The results show that DHCB has no affinity to the recep-
tors, channels or transporters summarized in Table 1. On the
other hand, DHCB is found to bind to dopamine receptors
(D1-D5), oD, a, A, o,B and a,C adrenergic receptors with
low affinity (Ki > 1 pM), while exhibiting moderate affinity
to the serotonin-7 receptor, sigma 1 and 2 receptors and his-
tamine-2 receptors (100 nM <Ki< 1 pM, Table 2). DHCB
showed relatively low binding affinity the dopamine recep-
tors when compared to its high activity at these receptors [7],
probably due to assay differences. DHCB pharmacological
profile as a whole suggested to us that it may antipsychotic
effects.

Effect of DHCB on Schizophrenia-Like Symptoms
Induced by Apomorphine

We first assessed the effect of DHCB on hyperactiv-
ity and enhanced stereotypies induced by the dopamine
receptor agonist apomorphine. DHCB 10 mg/kg was

Table 1 Receptor profiling of DHCB with less than 50% of radioli-
gand displacement in CNS targets

Receptors

Serotonin receptors: 5-HT1A, 5-HT1B, 5-HT1D, 5-HT1E, 5-HT2A,
5-HT2B, 5-HT5A, 5-HT6

Adrenergic receptors alA and o 1B
Adrenergic receptors bl, b2, b3
Histamine Receptors H1, H3
Muscarinic M1, M2, M3, M4, M5
Transporter
Norepinephrine transporter NET
Serotonin transporter 5S-HTT
Dopamine transporter DAT
Channels
Gamma amino butyric acid A GABA-A
Serotonin receptor 5-HT3
Other
Benzodiazepine binding site (rat brain)
Peripheral benzodiazepine receptor

Table2 DHCB receptor profiling on CNS targets with more than
50% of radioligand displacement

Targets Positive control (Ki, nM) Ki?, nM
Alpha 1D adrenergic Prazosin (1.1) 1092
Alpha 2A adrenergic Oxymetazoline (0.29) 2893
Alpha 2B adrenergic Yohimbin (15) 1495
Alpha 2C adrenergic Oxymetazoline (0.81) 3121
Serotonin 7 Clozapine (5.5) 445
Sigma 1 Haloperidol (1.2) 490
Sigma 2 Haloperidol (5.3) 124
Histamine 2 Asenapine maleate (3.5) 771
Dopamine D1 (+)-Butaclamol (5.5) 1642
Dopamine D2 Haloperidol (6.9) 2250
Dopamine D3 Chlorpromazine (5.2) 10,000
Dopamine D4 Chlorpromazine (16) 2256
Dopamine D5 SKF83566 (2.1) 1197

The bold refers to the compounds with the highest affinity to DHCB
The Ki values were determined via competitive binding assays

selected as a sub-effective dose, as determined by DHCB
dose responses in the locomotor and stereotypic activities
(P>0.05, Fig. 2a, b). We previously reported that DHCB
at 40 mg/kg has sedative effects [7]. Acute administra-
tion of apomorphine at 5 mg/kg induced hyper-locomotor
activity in mice, as indicated by a significant increase of
total distance travelled and stereotypical counts (P <0.01,
Fig. 2¢, d). An acute administration of DHCB at 10 mg/
kg reverses apomorphine-induced locomotor hyperactivity
and stereotyped behavior (P <0.01, Fig. 2c, d). The rever-
sal effect of DHCB (10 mg/kg) on apomorphine (5 mg/kg)
induced stereotypies was further confirmed via manual
scoring (P < 0.05, Fig. 2e). These data indicate that DHCB
attenuates apomorphine induced responses that reflect
schizophrenia-like positive symptoms.

Effect of DHCB on Schizophrenia-Like Symptoms
Induced by MK-801

The NMDA receptor antagonist MK-801 is known to
increase immobility in the forced swim assay. DHCB alone
(10 mg/kg) displayed no significant effect on the immobil-
ity time (P> 0.05, Fig. 3a). Repeated administration of
MK-801 at 0.2 mg/kg for 14 days significantly increased
mice immobility time (P <0.01, Fig. 3b). This effect is
reversed by an acute administration of DHCB at 10 mg/kg
(P <0.01, Fig. 3b), which indicates that DHCB attenuates
MK-801 induced responses that reflect schizophrenia-like
negative symptoms.

@ Springer
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Fig. 2 Effect of DHCB on apo-
morphine-induced responses.
a Dose responses of DHCB (5,
10, 40 mg/kg) in the locomotor
activity assay (n="7-8). One
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Effect of DHCB on Sensorimotor Gating Deficits
Induced by Apomorphine

We then explored the effect of DHCB on PPI deficit
induced by apomorphine. DHCB alone (10 mg/kg) was
found to have no significant effect on startle reactivity
(P> 0.05, Fig. 4a) nor on PPI ratio (P> 0.05, Fig. 4b). As
shown in Fig. 4c, acute administration of apomorphine
(5 mg/kg) significantly decreased the PPI ratio (P <0.05,

@ Springer

Fig. 4c). DHCB (10 mg/kg) is able to reverse the PPI defi-
cit induced by apomorphine (P <0.05, Fig. 4c).

Effect of DHCB on MK-801 Induced Cognitive Deficits

We also investigated the effect of DHCB on object rec-
ognition deficit induced by MK-801. DHCB (10 mg/kg)
did not affect object exploration during the training ses-
sion nor object recognition during the retention session,
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and object effect (F, 44=47.20, P<0.001).Bonferroni post hoc test:
new object vs old object, *** P<0.001, N.S. not significant. ¢ Dose
responses of DHCB (5, 10, 40 mg/kg) in the discrimination index
assessed in the NOR assay (n=6-8). One way ANOVA revealed a
significant drug effect (F;,4=3.769, P=0.0239). Dunnett’s post hoc
tests: drug vs saline, ¥ P<0.05. d Effect of DHCB (10 mg/kg) dur-

when compared to saline group (P> 0.05, Fig. 5a—c).
MK-801administration (0.2 mg/kg) before the train-
ing session did not affect object exploration (P> 0.05,
Fig. 5d). However, MK-801 treated mice did not discrimi-
nate between novel and old objects during the retention
session (P> 0.05, Fig. 5e; P <0.001, Fig. 5f). An acute
administration of DHCB (10 mg/kg) before the train-
ing session reverses the novel object recognition deficit
induced by MK-801 (P <0.05, Fig. Se, f). Taken together,
our data suggest that DHCB attenuates apomorphine and
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assessed in the NOR assay (n=8). Two way ANOVA revealed no
significant object effect (F, 4,,=2.033, P=0.1613). e Effect of DHCB
(10 mg/kg) during training session MK-801 induced object recog-
nition deficit assessed in the NOR assay (n=8). Two way ANOVA
revealed a significant drug effect (F,,,=3.435, P=0.0415) and
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(10 mg/kg) in the discrimination index in MK-801 induced object
recognition deficit assessed in the NOR assay (n=7-8). One way
ANOVA revealed a significant drug effect (F,,,=8.874, P=0.017).
Bonferroni post hoc test: drug vs saline, **P <0.01, N.S. not signifi-
cant; MK-801 + DHCB vs MK-801, N.S. not significant

MK-801responses reflecting schizophrenia-like cognitive
symptoms.

Discussion

The alkaloid dehydrocorybulbine (DHCB) is known to have
analgesic effect that is mediated, at least in part, through
its dopamine receptor (in particular D2) blockade [7]. In
this study we expanded our search for its mode of action
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and profiled it against a battery or receptors. In radioligand
binding assays, DHCB exhibits in addition to its known
antagonism at the dopamine receptors, a high binding affin-
ity to serotonin receptor (5-HT), sigma 1 and 2 receptors,
moderate binding affinity to histamine-2 (H2) receptors and
to a less extent to a; D, o, A, a,B and o, C adrenergic recep-
tors (Table 2).

DHCSB affinities to the dopamine receptors show differ-
ences when measured by binding (as in this study) or by
receptor reactivity. These differences result from the assays
used in this comparison. In the binding assays DHCB dis-
places specific antagonists while in the activity assay it dis-
places an agonist. It is also possible that DHCB acts as a
non-competitive dopamine receptor antagonist which can
be tested in a future study.

DHCB binding to the 5-HT, receptor is of interest since
a number of atypical antipsychotics including clozapine,
amisulpride, lurasidone and risperidone have high affinities
for 5-HT; receptors [17-20]. These atypical antipsychotics
have been shown to be effective in reversing pharmaco-
logical induced schizophrenia-like negative and cognitive
symptoms. Clozapine and risperidone are known to attenu-
ate ketamine or MK-801 induced enhanced immobility
in the forced swim assay [14, 21]. Lurasidone as well as
the selective 5-HT, receptor antagonists SB-269970 and
SB-656104-A have been shown to attenuate ketamine or
MK-801 induced cognitive deficits in the novel object recog-
nition, the Morris water maze, the five-choice serial reaction
time task and the inhibitory avoidance assays [22-25]. The
effect of lurasidone is completely blocked by 5-HT, recep-
tor agonist AS19, which indicating the importance of 5-HT,
receptor antagonistic activity of lurasidone against MK-801
induced deficits [24].

DHCB binding at the sigma-1 receptor suggested also an
antipsychotic role for DHCB. The sigma-1 receptor (c-1R)
is known to enhance the function of NMDARSs via multi-
ple pathways such as increasing the expression, trafficking,
and surface levels of NMDA receptors [26]. Sigma-1 recep-
tor agonist fluvoxamine, donepezil and selective sigma-1
receptor agonist neurosteroid dehydroepiandrosterone-sul-
fate (DHEA-S) and SA4503 have been shown to improve
PCP-induced novel object recognition deficit [27-29]. These
effects are blocked by the selective sigma-1 receptor antago-
nist NE-100 [30]. Clinical studies have revealed that flu-
voxamine improves the antipsychotics treatment against the
negative and cognitive symptoms of schizophrenic patients
[31, 32].

Finally, histamine 2 receptor and a2-adrenoceptors antag-
onists have also been shown to be involved in the treatment
of schizophrenia [33, 34]. DHCB displays binding activi-
ties at these receptors. Taken together, DHCB extended
receptor pharmacological profile suggested to us that it may
carry antipsychotic activity and set up to test in a variety of

pharmacological assays known to reflect in mice the differ-
ent aspects of schizophrenia.

Systemic administrations of dopamine agonists such as
apomorphine induce hyperactivity in locomotion and also
stereotyped behaviors such as constant sniffing, licking and
gnawing. These responses are inhibited by typical antipsy-
chotics, which exhibit dopamine receptor antagonistic prop-
erties, such as haloperidol [35, 36] and are widely used to
evaluate the effect of compounds in attenuating the positive
symptoms of schizophrenia [37—40]. Therefore the attenuat-
ing effects of DHCB of apomorphine-induced hyperactivity
in locomotion and stereotyped behaviors is not surprising
given that DHCB blocks D1-D2 receptors [7].

Prepulse inhibition (PPI) is observed from human to
rodents and has been used for measuring sensorimotor gat-
ing behavior [41, 42]. PPI deficits have been observed in
schizophrenic patients. Dopamine receptor agonists are used
to disrupt PPI in rodents and thus allow for evaluating the
predictive validity of compounds [43]. We show that DHCB
effectively attenuates apomorphine-induced PPI deficits
(Fig. 4), suggesting that DHCB may have beneficial effects
against schizophrenia sensory motor gating deficit.

Enhanced immobility in the forced swim test reflects
affective flattening in rodents [44]. Immobility induced by
repeated MK-801 treatment has been used as a promising
model to assess negative symptoms of schizophrenia [14].
Object recognition deficit has been observed in schizo-
phrenic patients [45]. Acute treatment of MK-801 induces
object recognition deficit which is used for evaluating effects
of compounds on cognitive deficits in schizophrenia [46].
The atypical antipsychotics such as clozapine, risperidone
have been shown to attenuate NMDA receptor antagonist
PCP or MK-801 induced enhanced immobility in the forced
swim assay [14, 47] as well as object recognition deficit in
the novel object recognition assay [48, 49]. Classical antip-
sychotics such as haloperidol were shown less effective in
reversing negative and cognitive symptoms of schizophre-
nia [21, 50]. DHCB effectively attenuates MK-801-induced
immobility in the forced swim assay (Fig. 3) and object rec-
ognition deficit (Fig. 5). These data indicate that DHCB can
affect responses that reflect schizophrenia-like negative and
cognitive symptoms and suggest that its mode of action is
different from those of the classical antipsychotics.

In summary, our study reports DHCB effectiveness to
ameliorate apomorphine- and MK-801 induced responses
that reflect the positive, negative and cognitive schizophre-
nia symptoms in mice. It also shows that DHCB mode of
action may be complex relying on a variety of receptors.
Therefore, DHCB might be a natural compound that serves
as candidate for therapeutic treatment of schizophrenia.
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