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CORBETT, R., H. HARTMAN, L. L. KERMAN, A. T. WOODS, J. T. STRUPCZEWSKI, G. C. HELSLEY, P.
C. CONWAY AND R. W. DUNN. Effects of atypical antipsychotic agents on social behavior in rodents. PHARMA-
COL BIOCHEM BEHAYV 45(1) 9-17, 1993. —There are numerous preclinical screening procedures that are predictive of
clinical efficacy for the positive symptoms of schizophrenia but no assays for the negative symptoms such as social withdrawal.
In the social interaction test in rats, the atypical antipsychotic drug clozapine (10.0 mg/kg) and two putative atypical agents
risperidone (0.0625 mg/kg) and HP 873 (0.5 and 1.0 mg/kg) significantly increased social interaction behaviors between pairs
of unfamiliar but not familiar rats. The benzodiazepine diazepam (1.25-5.0 mg/kg) increased social behaviors in both
paradigms. Haloperidol, chlorpromazine, raclopride, and SCH23390 decreased social behaviors in these assays. In vitro
receptor binding studies revealed that only clozapine, risperidone, and HP 873 displayed dopamine to serotonin affinity
ratios for both D,/5-hydroxytryptamine,(5-HT,)/ and D,/5-HT,, of greater than or equal to 12.9 and 1.0, respectively. The
present study suggests that antipsychotic agents that may be effective in social withdrawal can be identified in this modified
social interaction paradigm. Further, our data suggests that a compound’s effectiveness for the treatment of social withdrawal

is at least in part due to its relative affinity for binding to dopamine D, and serotonin 5-HT,, receptors.
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THERE are two syndromes of schizophrenia: one character-
ized by the positive symptoms of delusions, hallucinations,
and bizarre or disorganized behavior; the second characterized
by the negative symptoms such as flattening of affect, poverty
of speech, impaired attention, and social withdrawal (1,
11,12). Although there are preclinical screening assays that
are predictive for an antipsychotic agent’s potential efficacy
for the positive symptoms of schizophrenia (24), procedures
for prediction of efficacious compounds for negative symp-
toms are lacking. Clozapine and risperidone have been charac-
terized as atypical antipsychotic agents based upon their re-
duced extrapyramidal side effect (EPS) liability in patients
(27,35). This low EPS liability is correlated in vivo to a lack
of cataleptic behavior in rodents and in vitro to a higher affin-
ity for serotonin [5-hydroxytryptamine, (5-HT,)] relative to
dopamine D, receptors (5,26,30,34). In addition to these prop-
erties, clozapine has been shown to be effective in treatment-
resistant schizophrenics with significant improvements ob-
served in both positive and negative symptomatology (15,
27,32,33,39). Early clinical studies have reported that the
combined serotonin 5-HT, and dopamine D, receptor antago-
nist risperidone has shown antipsychotic efficacy and im-
provement of some negative symptoms (3,8). A third com-
pound, HP 873, has been shown by preclinical measures to
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possess atypical properties and potential effectiveness for neg-
ative symptoms (42,45).

The present investigation proposes the utility of a modified
social interaction test for the preclinical prediction of “atypi-
cal/negative symptom” antipsychotic agents, such as cloza-
pine, risperidone, and HP 873, that may be effective in treat-
ing social withdrawal. The social interaction test was initially
developed as a model for the prediction of potential anxiolytic
agents (19). We modified this procedure to differentiate be-
tween the activity of atypical antipsychotic agents with poten-
tial clinical efficacy for negative symptoms from the classic
antipsychotic agents haloperidol and chlorpromazine and
from the selective D, and D, antagonists SCH23390 and raclo-
pride, respectively. In addition, the effects of clozapine,
risperidone, and HP 873 in this model were further differen-
tiated from the anxiolytic effects of the benzodiazepine di-
azepam.

METHOD

Subjects

Male Wistar rats and male CD-1 mice (Charles River Labo-
ratories, Wilmington, MA) were housed under standard labo-
ratory conditions as outlined in the NIH Guide for the Care
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and Use of Laboratory Animals (National Institutes of Health
Publication 85-23, Revised 1985) with a 12 L : 12 D cycle and
allowed free access to water.

Drugs

Chlorpromazine (Smith Kline & French, Philadelphia,
PA), clozapine (Sandoz, Inc., East Hanover, NJ), diazepam
(Hoffmann-LaRoche, Nutley, NJ), haloperidol (McNeill
Pharmaceuticals, Fort Washington, PA), HP 873 (Hoechst-
Roussel, Somerville, NJ), raclopride (Astra, Worcester, MA),
ritanserin (Janssen), risperidone (Janssen) 8-hydroxy-2-(di-n-
propylamino) tetralin (8-OH-DPAT), and SCH23390 (Re-
search Biochemicals Inc., Natick, MA) were administered in
these studies. Compounds were either dissolved or suspended
in distilled water with a drop of Tween-80. The final volume
was prepared to account for salt content and the dosage was
expressed as 100% base. Mice were administered compounds
in a dosage volume of 1 ml/100 g while rats received com-
pound in a dosage volume of 1 ml/kg.

Assays

Apomorphine-Induced Climbing Mouse Assay (CMA).
Male CD-1 mice (20-30 g) were assigned to groups of 8 and
placed individually in wire mesh stick cages (4 X 4 x 10in.)
(10). After 1-h habituation to the cage, animals were IP ad-
ministered compounds 30 min prior to testing (except haloper-
idol: 60 min pretreatment). Apomorphine was then adminis-
tered SC at 1.5 mg/kg, a dose that causes a stereotyped
climbing behavior in all mice. For evaluation of climbing be-
havior, readings were taken at 10, 20, and 30 min after apo-
morphine administration, according to the following scale:
mice with four paws on bottom = 0; mice with one to two
paws on vertical wall = 1; mice with three to four paws on
vertical wall = 2. The climbing scores were individually to-
taled (maximum score = 6 per animal), and the mean score
of each group was compared to the mean score of the control
group, which was set to equal 100%. ED,, values and 95%
confidence limits were then calculated (31).

Catalepsy (CAT). Groups of 10 male Wistar rats were used
in this procedure. Catalepsy was scored as previously de-
scribed (9). Drugs were administered IP with a 60-min pre-
treatment time (except SCH23390: SC administration, 30 min
pretreat). The test consisted of placing an individual rat in a
white translucent plastic box (26 X 20 X 15 cm) with a
wooden dowel mounted horizontally 10 cm from the floor
and 4 cm from one end of the box. The floor was covered
with approximately 1 cm of bedding material. At the end of a
1-min acclimation period, each rat was gently grasped around
the shoulders and under the forepaws and carefully placed on
the bar. The latency (in seconds) for the rat to remove both
paws from the bar was recorded for a maximum of 180 s. For
every 20 s that the animal maintained the cataleptic posture,
it received one point such that maximum catalepsy was repre-
sented by a total of nine points. EDs, and 95% confidence
limits were calculated (31).

Social Interaction Test (SI). For the SI test (19), naive male
Wistar rats (250-300 g) were housed in pairs for 10 days prior
to the start of the test. The SI test consisted of familiarizing
each pair (cagemates) of rats to the arena (50 X 50 X 30cm)
for a period of 8 min on 2 consecutive days. In the unfamiliar
rat paradigm, on day 3 each rat was randomly assigned, ac-
cording to weight, to an unfamiliar partner in groups of 12
animals (six pairs) that were subsequently IP administered the
appropriate drug 30 min prior to testing. These rats were then
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returned to their home cage with their original cagemate until
testing. In the familiar rat paradigm, cagemates were IP ad-
ministered compounds (30 min pretreatment) and returned to
their home cage.

For each paradigm, either unfamiliar or familiar pairs of
rats were placed in the test arena and observed for SI behavior
and overall motor activity for 5 min with a summed score
totaled for each parameter per pair of rats. SI time (seconds)
per pair of rats was measured as time spent sniffing partner,
climbing over and crawling under partner, mutual grooming,
genital investigation, and following and walking around part-
ner. Aggressive behavior (biting, boxing, and pulling each
other) was not considered SI behavior. Also passive social
contact was not counted as SI, that is, if animals were next to
each other for more than 10 s and did not actively interact
the scoring was discontinued until movement resumed. Motor
activity was measured by counting the number of rears (lifting
of both front paws) and walks (of one body length) per pair
of rats. Data were analyzed by one-way analysis of variance
(ANOVA) followed by Dunnett’s test.

Biochemistry

Radiolabeled ligand binding studies for dopamine D, and
D, and serotonin 5-HT,, and 5-HT, receptors were performed
according to the following established methods. Male Wistar
rats (125-225 g) were sacrificed and appropriate areas of the
brains rapidly removed at 4°C. For each binding assay, appro-
priate brain tissue was chosen based upon *H ligand selectivity
and specificity based upon receptor densities and pharmaco-
logical activity of these sites. Each tissue sample was weighed
and homogenized by a Polytron (PT-10) at a setting of 5 for
15 s in a Tris buffer (0.05 M, pH 7.7). The homogenate was
then centrifuged at 48,000 X g for 15 min in a Sorvall RC5B
equipped with an SS-34 rotor. The pellet was resuspended,
homogenized, and centrifuged as above. The tissue for the
5-HT,, assay was first incubated for 10 min at 37°C to remove
any endogenous serotonin and then recentrifuged as above.
The final pellets were then resuspended in incubation buffer
and appropriate volumes. Radiolabeled ligand studies for do-
pamine D, and D, and serotonin 5-HT,, and 5-HT, receptors
were performed according to the following standard methods
that accounted for their respective incubation time and tem-
perature conditions (Table 1): dopamine D, receptor (23); do-
pamine D, receptor (30); serotonin 5-HT,, receptor (36); sero-
tonin 5-HT, receptor (37). The incubations were stopped by
rapid filtration through a Whatman GF/B (Whatman, Clif-
ton, NJ) in a Brandel M-24 cell harvester and washed three
times with 5 ml ice-cold 0.05 M Tris buffer. The filters were
dried overnight and then counted by adding 10 ml Liquiscent
scintillation cocktail and placed in a Beckman LS-3801 scintil-
lation counter (Beckman Instruments, Fullerton, CA) and ra-
dioactivity was counted for 2 min. The percentage specific
binding was calculated as the difference of total binding vs.
binding in the presence and absence of appropriate specific
displacer. The ICs, values for each compound were calculated
from the percent specific binding at each drug concentration
using linear regression (31). The IC,, values were then trans-
formed into K; values (6).

RESULTS

Table 2 summarizes the effects of the antipsychotic agents
tested, as well as diazepam, ritanserin, and 8-OH-DPAT, in
the CMA and CAT assays. A ratio of the EDy, values in
CAT vs. CMA activity was generated for each agent tested.
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TABLE 1
RECEPTOR BINDING METHODOLOGY
Tissue Temperature Incubation

Receptor Ligand [nM} (ug protein/ml) Specific Displacer (°C) Time (min)
D, [*H]-SCH23390 (0.5) Striatum (250) d-Butaclamol 370 30

(1uM)
D, [*H]-Spiroperidol (0.14) Striatum (250) d-Butaclamol 37° 20

2 M)
5-HT 5 [*H]-DPAT (0.5) Hippocampus (200) Serotonin 25° 10

(10 uM)
5-HT2 [*H)-Spiroperidol (1.5) Frontal cortex (250) Methysergide 37° 10

(5 uM)

Haloperidol, chlorpromazine, SCH23390, and raclopride had
a CMA/CAT ratio of less than 5, while risperidone and HP
873 had ratios of 95.0 and 323.1, respectively. A ratio for
clozapine could not be determined as the compound was de-
void of cataleptic activity at doses up to 80 mg/kg, while
higher doses were lethal. Diazepam, ritanserin, and 8-OH-
DPAT were inactive in both tests.

Figure 1 summarizes the effects of haloperidol at 0.05-0.25
mg/kg (A), chlorpromazine at 1.25-5.0 mg/kg (B), SCH23390
at 0.0325-0.125 mg/kg (C), and raclopride at 0.315-1.25 mg/

kg (D) on social interaction behavior and overall motor activ-
ity in the unfamiliar and familiar rat paradigms. At the doses
tested, these agents only decreased SI behavior in both unfa-
miliar and familiar rats and in overall motor activity. Signifi-
cant sedation limited testing to the highest doses shown.

The effects of clozapine, risperidone, HP 873, and diaze-
pam on social interaction behavior in unfamiliar and familiar
rats are shown in Fig. 2. Clozapine at 10 mg/kg significantly
increased SI behavior by 39% in unfamiliar rats while being
ineffective in familiar rats (Fig. 2A). At 20 mg/kg (data not

TABLE 2

EFFECTS OF ANTIPSYCHOTIC AGENTS, DIAZEPAM, RITANSERIN AND
8-OH-DPAT IN THE CMA AND CAT TEST

ED,, and 95% Confidence Limits

Climbing Behavior Catalepsy Ratio

Compound (mg/kg) (mg/kg) (CAT/CMA)

Haloperidol 0.13 05 3.8
(0.11-0.15) (0.44-0.55)

Chlorpromazine 1.32 2.7 2.1
(1.2-1.5) (0.27-27.0)

SCH23390 0.16 0.05 0.3
(0.14-0.2) (0.02-1.1)

Raclopride 0.6 2.8 4.7
(0.52-0.70) (1.0-8.3)

Clozapine 12.3 0% at 80mg/kg* ND
(10.8-14.5)

Risperidone 0.06 5.7 95.0
(0.05-0.08) (3.7-8.6)

HP 873 0.095 30.7 323.1
(0.09-0.10) (19.6-48.1)

Diazepam Not active Not active ND
up to 40 mg/kg up to 40 mg/kg

Ritanserin Not active Not active ND
up to 20 mg/kg up to 40 mg/kg

8-OH-DPAT Not active Not active ND

up to 5.0 mg/kg

up to 10 mg/kg

Mice were administered compounds (mg/kg, IP) 30 min prior to testing (except
haloperidol: 60 min pretreatment) for CMA and rats were administered com-
pounds (mg/kg, IP) 60 min prior to testing for catalepsy. EDj, values and 95%
confidence limits were calculated by means of the Litchfield and Wilcoxon (31)
method. n = 8 mice per group for CMA and 10 rats per group for catalepsy.

ND, not determined.

*Highest dose tested; toxicity and lethality were observed at higher doses.
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FIG. 1. Comparison of the effects of haloperidol, chlorpromazine, SCH23390, and raclopride in the unfamiliar and familiar social interaction
(SI) paradigms as measured by mean percentage change from control (+ SEM) Rats were administered (mg/kg, IP) compounds 30 min prior to
testing # = six pairs per group. *p < 005, one-way ANOVA followed by Dunnett’s test NT, not tested.

shown), significant sedation limited SI activity. Risperidone
at 0.0625 mg/kg (Fig. 2B) significantly increased SI behavior
in unfamiliar rats (+25%) but was ineffective in familiar rats
at the doses tested. Significant sedation was observed at higher
doses. HP 873 at both 0.5 and 1.0 mg/kg (Fig. 2C) signifi-
cantly increased SI behavior in unfamiliar rats by 25 and 30%,
respectively. There was no effect on social interaction in famil-
iar rats. Significant sedation was noted at the 2.5-mg/kg dose.
On the other hand, diazepam at 1.25 and 2.5 mg/kg (Fig. 2D)
significantly increased SI behavior in unfamiliar rats by 25
and 64%, respectively, and at 5.0 mg/kg significantly in-
creased SI by 28% in familiar rats. Significant sedation was
observed at 2.5 mg/kg for unfamiliar rats and at 5.0 mg/kg
for familiar rats.

Ritanserin failed to increase social behaviors in either the
unfamiliar or familiar rat paradigm, while significant sedation
was observed at higher doses (Fig. 3). However, the 5-HT;,
agonist 8-OH-DPAT (0.125-0.25 mg/kg) significantly in-
creased social behaviors by 106 and 114%, respectively, in the
unfamiliar rat paradigm, while having no effect in the familiar
rat paradigm.

Table 3 summarizes the results of the radiolabeled ligand
binding studies for the compounds tested at the D,, D,, 5-
HT,,, and 5-HT, receptor sites. As a measure of antipsychotic
drug atypicality, the D,/5-HT, receptor binding ratios of clo-
zapine, risperidone, and HP 873 were determined to be greater
than 12. The selective D, receptor antagonist SCH23390 dis-
played a weak affinity for the D, receptor site (K; > 2.0 pM)
and as a consequence its D,/5-HT, ratio was found to be > 18.
Haloperidol and chlorpromazine had D,/5-HT, receptor bind-
ing ratios of less than 3. The D, antagonist raclopride dis-
played weak affinity for the 5-HT, receptor binding site (>2.0
M) such that the D,/5-HT, was not determined. Diazepam
exhibited weak receptor binding affinity for all receptor bind-
ing sites studied in this investigation. The 5-HT, antagonist
ritanserin only had potent affinity for the 5-HT, receptor site
and weak affinity for the D, receptor and as a consequence a
D,/5-HT, ratio of 640.

The relative affinity of these compounds for the D, and
5-HT,, receptor binding sites were also compared. Clozapine,
risperidone, and HP 873 exhibited D,/5-HT,, receptor bind-
ing ratios of 1.1, 1.0, and 3.25, respectively. On the other
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FIG. 2. Comparison of the effects of clozapine, risperidone, HP 873, and diazepam in the unfamiliar and familiar social interaction (SI)
paradigms as measured by mean percentage change from control (+ SEM) Rats were administered (mg/kg, IP) compounds 30 min prior to
testing n = six pairs per group *p < 005, one-way ANOVA followed by Dunnett’s test NT, not tested.

hand, haloperidol, chlorpromazine, and SCH23390 produced
ratios of <0.25, < 0.1, and 0.001, respectively. Because of
the weak affinity of raclopride, diazepam, and ritanserin for
the D, and 5-HT,, receptors, a D,/5-HT,, receptor binding
ratio was not determined. The 5-HT,, agonist 8-OH-DPAT
displayed selective affinity for the 5-HT,, receptor site and as
a consequence had a D,/5-HT,, ratio of greater than 1,000.

DISCUSSION

One of the negative symptoms of schizophrenia involves
psychosocial deficits that inhibit a schizophrenic patient’s abil-
ity to interact in normal everyday social circumstances and
settings and may impede therapeutic recovery and subsequent
reassimilation into society. Therefore, for optimal effective-
ness an antipsychotic agent should affect both the positive
symptoms of schizophrenia as well as some of the negative
symptoms, such as social withdrawal. One setback in the de-
velopment of antipsychotic agents has been the lack of reliable
procedures to predict a compound’s effectiveness for treating

negative symptoms. To address this issue, the present study
presents a modification of the classic SI paradigm in rats. We
now report that the atypical antipsychotic agents clozapine
and risperidone, which have been reported to be more effec-
tive than conventional antipsychotic agents for negative symp-
tomatology, significantly increased social interaction behavior
in unfamiliar but not familiar rats. Further, the putative atypi-
cal antipsychotic HP 873 also increased social behavior in rats
in this manner. All these agents increased social behavior at
doses similar to those that produced efficacy in preclinical
antipsychotic screening procedures. In contrast, the typical
antipsychotic agents haloperidol and chlorpromazine and the
selective D, and D, antagonists, SCH23390 and raclopride,
respectively, decreased social behavior in unfamiliar rats. In
the familiar rat paradigm, clozapine, risperidone, and HP 873
had no effect on social behavior, while the typical agents de-
creased this behavior. Therefore, in the unfamiliar rat para-
digm, where the novel rat serves as an anxiogenic or stressful
stimulus, only clozapine, risperidone, and HP 873 effectively
increased social behavior. The increase of this behavior by
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FIG. 3. Comparison of the effects of ritanserin and 8-OH-DPAT in the unfamiliar and familiar social interaction (SI) paradigms as measured

by mean percentage change from control (+ SEM) Rats were administered (mg/kg) ritanserin 30 min prior and 8-OH-DPAT 15 min prior to
testing n = six pairs per group *p < 0035, one-way ANOVA followed by Dunnett’s test.
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TABLE 3

COMPARISON OF THE K; (uM) VALUES FOR RECEPTOR BINDING TO DOPAMINE D, AND D, RECEPTOR BINDING SITES
AND SEROTONIN S$-HT,, AND 5-HT, RECEPTOR BINDING SITES

K (uM) values Ratios
Compound D, D, SHT,, SHT, D,/SHT,  D,/5HT,,
Haloperidol 0.52 =+ 0.1 0.013 + 0.002 >2.0 0.045 + 0.009 0.29 <0.25
Chlorpromazine 0.26 =+ 0.06 0.033 + 0.006 >2.0 0.012 + 0.004 2.75 <0.1
SCH 23390 0.0003 + 0.00001 >2.0 0.31 + 0.05 0.056 + 0.015 >18 0.001
Raclopride >2.0 0.06 =+ 0.01 >2.0 >2.0 ND ND
Clozapine 0.69 + 0.08 0.79 + 0.1 0.64 =+ 0.1 0.061 + 0.04 12.9 1.1
Risperidone 0.55 =+ 0.07 0.02 + 0.001 0.57 x 0.1 0.0014 + 0.0009 14.3 1.0
HP-873 0.546 =+ 0.08 0.054 + 0.008 0.168 + 0.02 0.0031 + 0.002 174 3.25
Diazepam >2.0 >2.0 >2.0 >2.0 ND ND
Ritanserin >2.0 0.64 + 0.23 >2.0 0.001 + 0.0004 640 ND
8-OH-DPAT >2.0 >2.0 0.002 + 0.0002 >2.0 ND > 1000

Relative ratio values of K; for D, / 5-HT, and D, / 5-HT,, were generated for each compound. » = mean + SE of at least three

experiments. ND, not determined.

these atypical agents was differentiated from the anxiolytic
effects of diazepam that increased social behavior in both the
unfamiliar and familiar rat paradigms.

In the clinical setting, all antipsychotic agents affect both
positive and negative symptoms to some degree (28). How-
ever, clozapine has been reported to positively affect resocial-
ization more effectively than other antipsychotic agents
(15,27). Risperidone’s reported effectiveness on some negative
symptoms may be related to its S-HT, antagonism and conse-
quent effects on anergia (3,8). Although clozapine, risperi-
done, and HP 873 exhibited a unique ability amongst the
antipsychotic agents tested to increase social behavior in unfa-
miliar rats, the mechanism of action responsible for these ef-
fects remains uncertain.

Receptor binding studies have shown that while clozapine
has relatively weak but equal affinity for both the dopamine
D, and D, receptor sites risperidone and HP 873 have greater
affinity for the D, site. The typical antipsychotic agents tested
in this study have dopamine receptor binding profiles similar
to risperidone and HP 873, suggesting that the relative affinity
for D, vs. D, sites is not related to the observed increases
in social interaction behaviors. Also, the selective D, and D,
receptor antagonists SCH23390 and raclopride, respectively,
only decreased social interaction behavior. All these com-
pounds also have affinity for the serotonin 5-HT, receptor
site. However, because the selective 5-HT, receptor antagonist
ritanserin had no effect on social behavior 5-HT, antagonism
alone does not enhance social behavior in rats.

Antipsychotic atypicality defined as reduced EPS liability
has been predicted based upon a higher affinity for the recep-
tor binding to serotonin 5-HT, receptors relative to dopamine
D, receptors (26,34) as well as being relatively devoid of cata-
leptic behavior in rodents (22). Clozapine, risperidone, and
HP 873 all possess this favorable ratio (D,/5-HT, > 12) and
preclinically are devoid of cataleptic effects at doses that are
effective on social behaviors (26,35,42).

Clinically, clozapine and risperidone have exhibited re-
duced EPS liability (8,26,35). Typical antipsychotic agents do
not possess a favorable D,/5-HT, ratio, produce catalepsy
in rodents, and clinically possess EPS liability. Even though
SCH23390 exhibits a favorable D,/5-HT, ratio, it has been
suggested previously that the 5-HT, antagonist properties of

this compound would have minimal effects at doses that
achieve D, receptor blockade (4). In fact, SCH23390 produced
catalepsy in rats at doses similar to its CMA activity. As we
previously suggested, 5S-HT, antagonism alone is probably not
sufficient to induce social behavior and, likewise, a favorable
D,/5-HT, ratio does not appear to be solely responsible for
the observed increases in social behavior because SCH23390
does not increase social behavior.

It has been previously shown that 5-HT,, agonists in-
creased social behaviors in unfamiliar rats (16). The present
results show that both the atypical as well as the typical anti-
psychotic agents possess various receptor binding affinities for
the 5-HT,, receptor site. Because typical antipsychotic agents
do not increase social behaviors but possess 5-HT,, binding
properties, 5-HT,, affinity per se in an antipsychotic agent
may not be sufficient to affect social behavior. Therefore, the
question remains; Why do only the “atypical/negative symp-
tom” antipsychotic agents positively affect social behaviors
while the typical antipsychotic agents are devoid of this prop-
erty?

Social behavior has been attributed to higher-level func-
tioning of the frontal cortex (18). Moreover, it has been shown
that 5-HT,, receptor sites and a predominance of dopamine
D, compared to D, receptor sites are present in the prefrontal
cortex (13,17,20,21,38). In addition, it has recently been
shown that there was a significant increase in the number of
5-HT,, receptor sites in the prefrontal and temporal cortices
of both unmedicated and medicated schizophrenic patients
(21). Although 5-HT,, agonists such as buspirone have been
relatively ineffective against the positive symptomatology of
schizophrenia (2,25), there have been reports that suggest
these agents were effective in reducing stress-induced psycho-
social deficits in chronic schizophrenic patients (25,40).

Therefore, the positive effects on social behavior in rats
produced by clozapine, risperidone, and HP 873 may be at-
tributed to a D,/5-HT,, receptor binding ratio of greater than
or equal to 1. That is, antipsychotic agents effective for treat-
ing the negative symptoms of schizophrenia possess equal or
greater 5-HT,, receptor binding affinity relative to that for
D, receptors. On the other hand, all of the other antipsychotic
agents tested in the present study have D,/5-HT,, ratios of
less than 0.1. Compounds that possess more potent 5-HT,,
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agonism compared to D, antagonism may show positive ef-
fects on social behavior by preferentially activating 5-HT,,
receptors in the prefrontal cortex compared to blockade of D,
receptors in this region (43). However, greater D, receptor
antagonism compared to 5-HT,, agonism in this region may
prevent an increase in social behavior. The clinical relevance
of this hypothesis may be related to reports of dopaminergic
cortical hypofrontality observed in schizophrenic patients dis-
playing negative symptomatology (14). We speculate that
compounds such as clozapine, risperidone, and HP 873 may
show better efficacy in negative symptoms and, in particular,
social withdrawal in part due to a favorable combination of
greater 5-HT,, receptor agonism in relation to D, receptor
antagonism. Other explanations for this phenomenon cannot
be excluded. For example, molecular cloning techniques have
revealed a Ds receptor similar to the D, receptor in the frontal
cortex that may be important for dopaminergic activity (7,41).
In addition, clozapine has been shown to bind with highest
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affinity to the D, receptor subtype (44). Future studies may
reveal that the unique profile of clozapine and other atypical/
negative symptom agents may be due to selective interactions
at these sites.

In conclusion, the present study provides evidence to show
that by comparing the effects of antipsychotic agents in unfa-
miliar vs. familiar rats in the social interaction assay a preclini-
cal empirical differentiation can be made between atypical/
negative symptom and other antipsychotic agents. Further,
this activity may be due to the greater serotonin 5-HT,, recep-
tor binding affinity relative to that for dopamine D, receptors.
This type of antipsychotic agent may enhance therapeutic effi-
cacy in schizophrenics and aid in the resocialization of a pa-
tient into society.
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