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BRAUN, A. R., G. E. JASKIW, K. VLADAR, R. H. SEXTON, B. S. KOLACHANA AND D. R. WEINBERGER. 
Effects of tbotenic acid lesion of the medial prefrontal cortex on dopamme agomst-related behawors m the rat. PHARMA- 
COL BIOCHEM BEHAV 46(1) 51-60, 1993.-Behavioral responses to apomorphine and to the selecuve DI and D2 dopa- 
mine receptor agonists SK&F38393 and quinpirole were evaluated in rats following lbotenic acid (IA) or sham lesion of the 
medial prefrontal cortex (MPFC). IA-les]oned rats showed an increased responsiveness to the postsynapt]c effects of all of 
the dopamine agonists. Patterns of the responses to the selective agonists administered alone and in combination suggest that 
these effects might be due to selective increases in the sensitivity of postsynaptic D~ receptor-associated mechanisms. In 
addition, IA-lesioned rats pretreated with saline were hyperactive in comparison to sham-lesioned rats when animals were 
exposed to a novel open field, but spontaneous motor activity did not differ between these two groups when animals were 
pretreated with low doses (0.03 mg/kg) of quinpirole. The fact that hyperreactivity observed in lesioned animals is inhibited 
by a dose of quinpirole that ~s felt to act presynaptically, selecttvely attenuating endogenous dopammergic tone, suggests that 
effects of the MPFC lesion may be mediated presynaptically as well. 
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THE classical behaviors induced by the postsynaptic action of 
dopamine (DA) agonists depend upon concurrent stimulation 
of  Dx and D E receptors (2,6,16). While both receptor subtypes 
contribute to overall increases in arousal as measured by mo- 
tor activity (38) and desynchronization of  electrocortical po- 
tentials (39), the level of  DI receptor tone appears to be critical 
in the transition from functional to dysfunctional levels of 
arousal (5). A low level of  D, receptor s t imulat ion-when 
accompanied by activation of  the D 2 receptor-appears  to be 
necessary for the expression of  organized motor activity. In- 
creasing stimulation of  the DI receptor, on the other hand, 
results in progressive disorganization of  motor activity, emer- 
gence of  stereotypic behaviors, and failure of  attentional 
mechanisms (2,5,6). These responses have been proposed as 
animal models for neuropsychiatric disorders that are charac- 

terized by behavioral disorganization and are associated with 
apparent increases in dopaminergic tone. 

While these pharmacological principles are relatively well 
established, it is not yet clear which regions of the brain partic- 
ipate in this functional interaction between D~ and D 2 recep- 
tors. The medial prefrontal cortex (MPFC) of  the rat would 
appear to be of particular interest in this regard. It has a 
relatively high concentration of D~ receptors relative to other 
cortical areas (15,42). Although the absolute density of  D~ 
receptors is higher in the striatum, globus pallidus, and sub- 
stantia nigra pars reticulata, the MPFC has the highest DI/D 2 
receptor ratio measured in the brain (4). The MPFC, more- 
over, is known to participate in cognitive processes and in the 
integration of  complex sequences of motor behaviors (33). 
Accordingly, it is possible that stimulation of  D~ receptors 
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within the MPFC plays a critical role in regulating the nature 
of the behavioral output that follows combined administra- 
tion of D~ and D 2 agonists. 

Alternatively, because the medial prefrontal cortex appears 
to participate in the modulation of subcortical dopaminergic 
activity (26,30,34,41,43) it is possible that this region of the 
cortex, via its influence upon extracortical dopaminergic 
mechanisms, might modify the effects of dopamine agonists 
acting elsewhere in the brain. 

To characterize the role played by the medial prefrontal 
cortex in the generation of postsynaptic dopamine agonist- 
induced behaviors, animals received either ibotenic acid (IA) 
or sham lesions of this area and behavioral responses were 
evaluated following SC administration of vehicle, various 
doses of apomorphine, and the selective D1 and D 2 receptor 
agonists SK&F38393 and quinpirole administered alone or in 
combination. 

To assess the effects of the MPFC ibotenic acid lesion on 
presynaptic dopaminergic parameters, a second set of experi- 
ments was performed. IA- and sham-lesioned animals were 
pretreated with SC injections of vehicle or 0.03 mg/kg quin- 
p i r o l e - a  dose believed to act preferentially on presynaptic 
dopamine receptors, thereby reducing endogenous dopamin- 
ergic t o n e -  and spontaneous motor activity was evaluated fol- 
lowing exposure of animals to a novel open field. 

METHOD 

Animals 

Sixty male Sprague-Dawley rats (Zivic Miller), weighing 
between 250 and 300 g at the outset, were utilized in these 
experiments. Animals were housed in a temperature-con- 
trolled room illuminated on a 12 L • 12 D cycle. Food and 
water were provided ad lib throughout the course of the study. 

Cortical Lesions 

After induction of anesthesia with intramuscular ketamine 
(70 mg/kg) and xylazine (6 mg/kg), rats were positioned in a 
stereotaxic frame (Kopf Instruments, Topanga, CA, Model 
900), with the incisor bar set at 2.5 mm below the interaural 
line. Ibotenic acid (5 #g in 0.5 ttl delivered over 2.5 min) or an 
equal volume of vehicle (0.1 M phosphate-buffered saline, 
pH 7.4) were stereotaxically administered bilaterally through 
26-ga stainless steel cannulae at the coordinates AP + 3.5 mm 
and ML +0.7 mm to bregma and VD - 3 . 5  mm from dura 
according to the atlas of Paxinos and Watson (40). The can- 
nulae remained in place for 5 min after the end of the infu- 
sions. 

Ten animals with ibotenic acid (IA) lesions were randomly 
selected after the final testing session, anesthetized with chlo- 
ral hydrate (300 mg/kg, administered IP), and decapitated. 
After immersion in a 4°7o buffered formalin solution, brains 
were dehydrated in xylene and embedded in paraffin wax. 
Cresyl violet sections, 25/zm thick, were prepared. The outer- 
most area of neuronal cell loss as determined by light micro- 
scopy was used to define the boundaries of the lesion. 

Drugs and Behavioral Testmg 

Six weeks after surgery, sham- and ibotenic acid-lesioned 
animals were randomized into groups and their behavioral 
responses were assessed following a series of acute drug treat- 
meats. 

Animals were individually housed and acclimated to ob- 
servation cages for at least 1 h prior to injection of drugs 
in the first portion of the study. Apomorphine HBr (Sigma 
Chemical Co., St. Louis, MO), SK&F38393 (Research Bio- 
chemicals, Inc., Natick, MA), and quinpirole (Research Bio- 
chemicals) were dissolved in distilled water immediately before 
SC administration. Behaviors were observed in a series of 
18 15-s intervals over the course of a 90-min period of ob- 
servation that began 5 min following injection of drug or ve- 
hicle. 

A behavioral checklist similar to that described by Fray et 
al. (14) was utilized, permitting independent quantification of 
movements of the head, mouth, trunk, and limbs. Total mo- 
tor activity represented the frequency of intervals in which 
any motor behaviors were observed. Individual behaviors such 
as sniffing, locomotion, or grooming were scored as present 
or absent in an interval, and the associated behavioral scores 
were expressed as the percent of the total number of intervals 
in which that behavior was observed. 

Intensity of oral stereotypies was scored using a modifica- 
tion of the Ernst scale (32). Ernst scores for each animal were 
expressed as percent of the maximum possible value. Fre- 
quency," cf stereotypic behavior per se was calculated as well 
and again expressed as the percentage of the total number of 
intervals in which these behaviors were observed. For these 
purposes, stereotypy was rated as present in an interval when 
the animal received a score of 3 or greater on the Ernst scale 
or when characteristic repetitive and invariant patterns of 
head and limb movements were present. 

In the first testing session, all animals received injections 
of vehicle alone. One week later, animals were randomized 
into groups and received one of the following doses of apo- 
morphine: 0.125, 0.375, or 1.25 mg/kg. Seven days later, 
animals were re-randomized to control for the potentially 
confounding effects of prior drug exposure. Groups of 10 
animals each were treated with either the selective D~ agonist 
SK&F38393 (32 mg/kg), the selective D2 agonist quinpirole (3 
mg/kg), or both drugs administered in combination at these 
same doses. In cases of combined administration of agonists, 
quinpirole was administered first and SK&F38393 5 min later. 
Animals that received only one selective agonist were given a 
second injection of vehicle. 

Four weeks after the completion of these experiments, ani- 
mals were again randomized with respect to prior drug expo- 
sure. Spontaneous motor activity in a novel open field (42 × 
42 × 30 cm) was evaluated over 20 min immediately follow- 
ing pretreatment with SC quinpirole, 0.03 mg/kg, or vehicle. 
Activity was measured with an Omnitech RXYZCM(16) 
system (46), which quantified vertical and horizontal motor 
activity and total distance traveled. Spontaneous motor 
activity was independently assessed using a checklist similar 
to that described above. In this case, behaviors were scored 
in a series of 12 10-s intervals over the 20-rain period of obser- 
vation. 

Behavioral scores derived by observation m either portion 
of the study were analyzed for statistical significance by non- 
parametric analysis of variance (ANOVA). For this purpose, 
the absolute number of intervals in which individual behaviors 
were observed was utilized. Scores for all animals were ranked 
for each experiment and tested using the Kruskal-Wallis sta- 
tistic. Data collected by the photocell-based activity monitor- 
ing system were analyzed by parametric ANOVA. In both 
cases, mean differences were tested using posthoc multiple- 
range tests designed to control for type I error. 
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FIG. 1. Behaviors induced by apomorphlne in sham- (n = 10) and ibotenic acid 
(n = 10)-lesioned animals. Behavior was monitored over a period of 90 mln follow- 
ing SC injection of 0.125 mg/kg (a) and 1.25 mg/kg (b) apomorphine. Bars repre- 
sent the mean frequencies of individu-,d behaviors =t= SEMs. *p < 0.05, **p < 
0.01, ***p < 0.001 vs. sham-lesioned animals. 

RESULTS 

Vehicle Injections 

Following injection o f  vehicle, no significant differences 
were observed in the frequency or  durat ion o f  any behaviors 
in IA- and sham-lesioned animals that had been acclimated to 
test cages. 

Apomorphine 

Nonstereotypic sniffing was increased in frequency in 
IA-lesioned animals treated with 0.125 m g / k g  (p  < 0.05, 
Fig. la). 

While the frequency of  other individual nonstereotypic be- 
haviors was increased in lesioned animals treated with this 
dose o f  apomorphine,  increases in the frequency of  these be- 
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haviors or of total motor activity did not reach statistical sig- 
nificance. There was, however, an apparent increase in spon- 
taneous motor activity following the initial postsynaptic drug 
effect in lesioned animals (Fig. 2a). 

Stereotypic behaviors were observed more frequently in 
lesioned animals treated with 0.375 mg/kg apomorphine 
(p < 0.01) when scores were compared with sham-lesioned 
controls (Fig. 2b). The lesion did not appear to alter the dura- 
tion of action of apomorphine. 

Intense compulsive oral stereotypies were increased, both 
in frequency (p < 0.01, Fig. lb) and intensity (p < 0.01, 
Fig. 3), in IA-lesioned animals that received 1.25 mg/kg apo- 
morphine, while less intense stereotypic sniffing was reduced 
(p < 0.001, Fig. lb). 

Selective Agonists 
The frequency of stereotypic behaviors was increased in 

IA-lesioned animals treated with the D2 agonist quinpirole 
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FIG. 2. Behaviors induced by lower doses of apomorphine in sham- and 
ibotenic acid-lesioned ammals (n = 10, each case). (a). Proporuon of ani- 
mals expressing any motor acuvity in consecutive 15-s observation intervals 
following the SC injection of 0.125 mg/kg apomorphine. 0a). Proportion of 
animals expressing compulsive oral (continuous licking, biting, and gnaw- 
ing) stereotypy in each observation interval following SC injection of 0.375 
mg/kg apomorphme. 
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pirole (LY), quinpirole + SK&F38393 (LY+SKF), and high-dose apomorphine (APO). 
SK&F38393 admimstered alone elicited no stereotypies in either IA- or sham-lesioned animals 
and did not contribute to Ernst scores. *p < 0.01, **p < 0.001 vs. sham-lesioned animals. 

alone, at a dose of 3 mg/kg (p < 0.05, Fig. 4a), while non- 
stereotypic behaviors such as sniffing and grooming were ob- 
served less frequently (p < 0.001 a n d p  < 0.01, respectively). 

IA-lesioned animals treated with SK&F38393 alone, at a 
dose of 32 mg/kg, expressed more intense g r o o m i n g - a  be- 
havior characteristically produced by selective DI receptor 
s t imula t ion- than  did animals that had received sham lesions 
(/9 < 0.05, Fig. 4b). 

The frequency of compulsive oral (licking, biting, and 
gnawing) stereotypies was increased in IA-lesioned animals 
treated with the combination of quinpirole and SK&F38393 at 
the above doses (p < 0.001, Fig. 4c), while the frequency of 
less intense stereotypic sniffing was reduced (/9 < 0.001). The 
frequency of complex stereotypies (repetitive head and limb 
patterns and self-mutilation) did not appear to be affected by 
the lesion, however (Fig. 4c). 

Stereotypic Behavior Across Treatments 

Ernst stereotypy scores were increased in IA-iesioned 
animals treated with the nonselective agonist apomorphine 
(p < 0.01, Fig. 3) and the selective D2 agonist quinpirole ad- 
ministered in combination with the selective D~ agonist 
SK&F38393 (p < 0.001, Fig. 3). Intensity of oral stereotypic 
behaviors was increased in animals treated with quinpirole 
alone, but did not reach statistical significance. 

O/gen-field Behaviors 

When exposed to a novel open field, IA-lesioned animals 
displayed significantly more spontaneous horizontal locomo- 
tor activity than sham-lesioned controls (19 < 0.05, Fig. 5). 
Results were similar for indices of vertical activity, as well as 
for total distance traveled. Horizontal and vertical activity, 
however, were uncorrelated. Similarly, increased open-field 

locomotor activity was unaccompanied by or correlated with 
significant increases in rearing, nonstereotypic sniffing, or 
other elements of observed motor activity. 

Pretreatment with 0.03 mg/kg quinpirole was equally ef- 
fective in inhibiting spontaneous motor activity in IA- and 
sham-lesioned animals (/9 < 0.05, Fig. 5). The frequency of 
spontaneous motor activity was indistinguishable in the two 
groups that had received this dose of the D2 agonist. 

Histology 
In agreement with previously reported histology (26), the 

lesion induced by IA infusion consisted of a small central 
region of occasional cavitation surrounded by a larger area of 
gliosis and neuronal absence. The lesion was confined to the 
region traditionally defined as the MPFC and in all 10 animals 
produced neuronal loss extending rostrally from the genu of 
the corpus callosum to a region just caudal to the frontal pole, 
mediolaterally from the midline to the forceps minor, and 
ventrodorsally from the shoulder of the infralimbic cortex and 
cingulate cortex area 1 to the lower border of cingulate cortex 
area 3 (40). In addition, there was a more variable degree of 
involvement of medial and ventral orbital cortices, frontal 
cortex area 2, and cingulate cortex area 2 (40). In no cases 
were the corpus striatum or nucleus accumbens directly in- 
volved. Although we used doses of IA that are reported to be 
axon sparing, the integrity of fibers of passage in the lesion 
area was not independently assessed. There was no correlation 
between the extent of the lesion and either spontaneous or 
drug-induced behavioral responses. 

DISCUSSION 

Postsyna/gtic Mechanisms 
Behaviors typically elicited by the nonselective dopamine 

agonist apomorphine and selective D~ and DE agonists quinpir- 
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FIG. 4. Behaviors induced by selective dopamine agonlsts administered alone and m combination to sham- and ibotenic acid-lesioned ammals 
(n = 10, each case). (a). Relative frequency of behaviors observed following SC administration of 3 mg/kg of the selective D 2 agonist quinplrole 
(LY171555); compulsive sniffing is synonymous with stereotypic sniffing as used in the text. (b). Frequency of total motor activ]ty and of the 
characteristic intense grooming behavior elicited by 32 mg/kg of the selective Dt agonist SK&F38393 administered SC; this agent elicited no 
stereotyplc behawors m either IA- or sham-lesioned animals. (c). Relative frequency of individual stereotypic behaviors observed following 
combined administration of these same doses of qulnp~role and SK&F38393, administered SC and IP, respectively. Bars represent the mean 
frequencies of individual behaviors + SEMs. *p < 0.05, **p < 0.01, ***p < 0.001 vs. sham-lesioned animals. 

ole and SK&F38393 were neither inhibited nor attenuated by 
ibotenic acid lesion of  the medial prefrontal cortex, nor did 
these behaviors differ qualitatively from those observed in 
sham-lesioned animals. These results indicate that stimulation 
of  either D, or D2 receptors in the MPFC is not necessary for 
the generation of  classical dopamine agonist-induced behav- 
iors and that Dj receptors within this region are not directly 
implicated in the D~ receptor-dependent behavioral disorgani- 
zation that follows coadministration of  appropriate doses of  
selective agonists (5). 

On the contrary, IA-lesioned rats exhibited enhanced be- 
havioral responses to both selective agonists and apomor- 
phine. These results suggest that while stimulation of  dopa- 
mine receptors within the medial prefrontal cortex may not 

play a primary role in the generation of  dopamine agonist- 
induced behaviors neurons within the MPFC may play a role 
in modulating dopamine receptor-associated mechanisms else- 
where in the brain. 

It must be mentioned that because only single doses of  
both selective DI and D 2 receptor agonists were used our re- 
sults should be interpreted cautiously. While these doses were 
selected for their ability to produce characteristic postsynap- 
tic behavioral responses in unlesioned animals (5,6), other 
doses could have produced different results in IA-lesioned 
animals. 

Enhanced behavioral responses to apomorphine (9,47) and 
amphetamine (1,17,18,23-25,35) have been reported after a 
variety of  ablative frontocortical lesions. In most o f  these 
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cases, the lesion extended beyond the confines of the MPFC 
or predominantly affected other regions of the frontal cortex. 
Our data confirm these earlier studies and demonstrate specif- 
ically that intrinsic MPFC neurons modulate the expression of  
behaviors induced by dopamine agonists. The present results 
suggest that projections from the MPFC to subcortical or 
other cortical regions may normally play an inhibitory role 
that is interrupted when intrinsic neurons in this region are 
lesioned. The finding that behavioral responses to direct- 
acting dopamine agonists are augmented in IA-lesioned ani- 
mals suggests that the modulatory effect of  the MPFC must 
operate, at least in part,  at a postsynaptic level. 

Augmented responses to all postsynaptically active doses 
of  apomorphine were observed in IA-lesioned animals. The 
lowest dose of  apomorphine produced more nonstereotypic 
sniffing, while higher doses produced an increase in the fre- 
quency and intensity of  stereotypic behavior. The striatum 
and nucleus accumbens have been implicated in the expression 
of  stereotypy and nonstereotypic locomotor/exploratory ac- 
tivity, respectively, although some functional overlap appears 
to exist (10,31,49). Accordingly, our findings would suggest 
that MPFC efferents may modulate postsynaptic responsive- 
ness in both regions of  the basal ganglia. 

In addition, behavioral responses to the selective agonists 
suggest that the modulatory effects of  the MPFC may selec- 
tively involve D1 receptor-associated mechanisms. IA-lesioned 
animals showed increases in the frequency of  compulsive oral 
stereotypies and decreases in the frequency of  less intense ster- 
eotypic behaviors following combined administration of the 
selective D~ and D E receptor agonists SK&F38393 and quinpir- 
ole. Previous studies demonstrated that this behavioral pat- 

tern is specifically associated with an augmentation of post- 
synaptic DI receptor tone (2,6). Further, because licking, bit- 
ing, and gnawing stereotypies were also s ignif icant ly-albei t  
modest ly- increased in IA-lesioned animals receiving the se- 
lective D 2 agonist alone, a lesion-induced increase in D~ recep- 
tor-mediated activity appears likely: These behaviors are al- 
most never observed in unlesioned animals treated with 
quinpirole alone (2,5,6) and generally appear only when the 
D~ receptor is stimulated concurrently. 

Several mechanisms could explain the apparent augmen- 
tation of DI receptor-mediated transmission in IA-lesioned 
animals. An increase in the release of  endogenous DA may be 
involved. Alternatively, the lesion could produce an increase 
in the sensitivity of D, receptors or D~ receptor-linked in- 
traneuronal mechanisms. The latter possibility is supported 
by the fact that direct stimulation of the D~ receptor by 
SK&F38393 administered alone resulted in augmentation of 
the intensive grooming r e s p o n s e - a  behavior specifically re- 
lated to selective D~ receptor stimulation (37 ) - i n  IA-lesioned 
animals. 

IA lesion of the MPFC therefore produces an increased 
responsiveness to dopamine agonists that appears to be medi- 
ated, at least in part,  by an increase in the sensitivity of post- 
synaptic, D~ receptor-associated mechanisms. Previous work 
established neuroanatomic and biochemical processes that 
could subserve these effects. 

The MPFC provides direct (48), presumably glutamatergic 
(36,52), innervation of  intrinsic cells of the basal ganglia (3). 
A competitive relationship has been demonstrated in striatal 
cells between the local effects of D~ receptor stimulation and 
glutamatergic stimulation (20). Accordingly, partial loss of  
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corticostriatal glutamatergic projections following an IA le- 
sion of the MPFC might result in a functional disinhibition of 
postsynaptic D~ receptor-mediated effects. Indeed, it is inter- 
esting to note that discrete electrolytic lesions of  the MPFC 
enhance DA-stimulated adenylate cyclase activity within the 
basal ganglia (43), an effect mediated by the Di receptor. 

Presynaptic Mechamsms 

The present results suggest that the effects of the MPFC 
lesion on dopaminergic activity may be mediated presynapti- 
cally as well. While no differences between vehicle-treated IA- 
and sham-lesioned animals were observed when behaviors 
were monitored in cages to which animals had become accli- 
mated, lesioned animals that received injections of  vehicle 
showed significantly more locomotor activity than unlesioned 
animals when placed in a novel open field. 

Increased open-field locomotor activity in these instances 
was not accompanied by or correlated with significant in- 
creases in rearing, nonstereotypic sniffing, or other elements 
of  observed motor activity. Similarly, horizontal and vertical 
activity monitored automatically were uncorrelated. These 
findings suggest that the hyperreactive response to novelty 
seen in these animals does not represent the expression of  
organized exploratory activity. An apparent hyperreactivity 
of  MPFC-lesioned animals to novel environments has been 
demonstrated previously (21,22,26). 

In the present study, hyperactivity was abolished by pre- 
treatment with 0.03 mg/kg q u i n p i r o l e - a  dose thought to act 
preferentially on presynaptic D2 dopamine receptors, causing 
a reduction in the firing rate of  mesencephalic DA neurons 
and in the synthesis and release of  DA in terminal fields (8). 
This observation suggests, first, that novelty-induced hyper- 
reactivity observed in MPFC-lesioned animals is mediated, at 
least in part,  by increases in presynaptic DA release. Further, 
the fact that IA-lesioned animals appear to be more sensitive 
to the activity-decreasing effects of  the low dose of  quinpirole 
suggests that removal of the MPFC may modify the presynap- 
tic, as well as the postsynaptic, effects of the D 2 agonist. 

The MPFC is clearly in a position to regulate presynaptic 
dopaminergic activity within the forebrain. In addition to the 
striatal efferents outlined above, the MPFC projects directly 
to the substantia nigra and ventral tegmental area (48), the 
nuclei of origin of  the forebrain DA systems (13). The MPFC 
may normally play a role in modulating the responsiveness of 
the mesencephalic DA systems to novelty or to other environ- 
mental stressors. 

Both we and others found that experimentally induced dys- 
function of the MPFC alters stress-induced neurochemical 
and behavioral indices of DA transmission within the basal 
ganglia (12,27,28,29). It has been postulated (28,29) that the 
MPFC contributes significantly to compensatory mechanisms 
that dampen environmentally driven changes in basal ganglia 
DA release. Accordingly, the "cost" of an MPFC lesion may 
include exposure to abnormally high levels of  DA in the basal 
ganglia during stressful experiences. 

Brief, repeated episodes of  increased DA release during 
routine environmental stresses could also account for some 
of the apparent postsynaptic DA receptor-mediated changes 
observed in the present study. It is known, for example, that 
chronic treatment with DA agonists can induce behavioral 
sensitization to the effects of  these drugs in rats, a phenome- 
non that has been used as a model for the psychotomimetic 
effects of chronic DA agonist exposure in humans [for review, 
see (45)]. While alterations in drug-induced release of DA are 

suspected (45), increases in the sensitivity of  intraneuronal, 
postsynaptic mechanisms have also been implicated (19,44). 
Indeed, repeated administration of  the direct Dj agomst 
SK&F38393 (but not the D 2 agonist quinpirole) results in the 
development of  behavioral supersensitivity (7,11) and an en- 
hanced sensitivity of  striatal neurons to DA agonists (51). 
Repeated stimulation of  the D~ receptor through stress- 
induced DA release in rats with MPFC lesions (e.g., in the 
course of routine handling and injections) might produce simi- 
lar effects. 

CONCLUSIONS 

Results of the present study demonstrate that stimulation 
of  either D~ or O 2 receptors in the medial prefrontal cortex is 
not necessary for the generation of  classical dopamine agonist- 
induced behaviors. Nor is activation of D~ receptors within 
the MPFC responsible for the behavioral fragmentation that 
follows systemic administration of D t and 02 dopamine ago- 
nists in the appropriate ratios. 

On the contrary, behavioral responses to apomorphine, 
SK&F38393, and quinpirole indicate that the loss of intrinsic 
MPFC neurons results, instead, in increased sensitivity to the 
postsynaptic effects of  dopamine agonists. Responses to the 
selective agonists suggest that such an effect may be due at 
least in part to increases in the sensitivity of postsynaptic D~ 
receptor-associated mechanisms. Glutaminergic projections 
from the MPFC have an inhibitory influence upon Dt receptor 
mediated processes at the level of  striatal neurons. The MPFC 
lesion may, in removing this influence, result in augmentation 
of  behavioral effects of D~ receptor activation. While D~ re- 
ceptors within the MPFC may not be directly responsible for 
induction of dopaminergic behaviors, MPFC neurons may 
play a significant role by modulating D~ receptor tone else- 
where in the brain. 

Additionally, the hyperactivity observed in IA-lesioned an- 
imals exposed to a novel open field and the inhibition of this 
activity by presynaptic doses of quinpirole suggest that effects 
of  the MPFC lesion might also be mediated presynaptically. 
Destruction of  intrinsic MPFC neurons may result in enhance- 
ment of the phasic increases in dopamine release that accom- 
pany acute exposure to novelty or stress. This might itself 
lead to some of the postsynaptic effects observed in lesioned 
animals: Repeated stress-induced increases in DA release 
could result in gradual sensitization of postsynaptic DA recep- 
tor-associated mechanisms. If this were the case, the MPFC 
lesion might produce behavioral sensitization in the same fash- 
ion as chronic intermittent administration of  dopamine ago- 
nists such as amphetamine, treatments that have themselves 
been used as models for psychosis. 

Overall, our results are consistent with increasing evidence 
that the MPFC, itself the target of  mesocortical dopamine 
projections, plays a critical role in modulating dopaminergic 
mechanisms in subcorticai regions of the brain, particularly in 
the anteromedial striatum and nucleus accumbens septi. The 
modulatory role of  the MPFC may be of  significance in cer- 
tain neuropsychiatric illnesses. For instance, prefrontal corti- 
cal dysfunction--especially under conditions of  novelty or 
during the performance of specific cognitive t a s k s - i s  ob- 
served in patients with schizophrenia, an illness also character- 
ized by dopaminergic dysregulation (50). The results of  the 
present study--suggesting that MPFC dysfunction could re- 
sult in functional disinhibition of both pre- and postsynaptic 
dopaminergic mechan isms-may  provide a heuristically useful 
model for this disorder. 
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