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Pomaglumetad methionil (POM), a group 2 metabotropic
glutamate receptor (mGluR2/3) agonist, showed promise as
a novel antipsychotic in preclinical research but failed to show
efficacy in clinical trials, though it has been suggested that
it may be effective in certain patient populations, including
early in disease patients. We used the methyazoxymethanol
acetate (MAM) rat model of schizophrenia to determine
whether POM may prevent the development of dopamine
(DA) system dysfunction in a model representative of the
hyperdopaminergic state thought to underlie psychosis, com-
pared to control (SAL) rats. MAM and SAL rats were ad-
ministered either POM (3 mg/kg, i.p.), vehicle (1 ml/kg), or
no injection during postnatal day (PD) 31-40. In either late
adolescence (PD 47-56) or adulthood (PD 83-96), novel ob-
ject recognition (NOR) was tested, followed by anesthetized
in vivo electrophysiological recordings of VTA DA neuron
activity or ventral hippocampal (vHPC) pyramidal neuron
activity. MAM rats treated with POM demonstrated in-
creased NOR in adulthood compared to no injection MAM
rats, but not compared to vehicle-treated MAM rats. POM-
treated MAM rats demonstrated normalized DA neuron
population activity and VHPC pyramidal neuron activity
compared to vehicle and no injection MAM rats in both late
adolescence and adulthood. No significant differences were
observed across treatment groups in SAL rats. These results
suggest that peripubertal mGluR2/3 agonist administration
can prevent the emergence of vHPC pyramidal neuron hy-
peractivity and increased DA neuron population activity in
adult MAM rats.
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Introduction

Schizophrenia is a chronic and debilitating disorder
characterized by psychosis and a broad range of other

cognitive and behavioral symptoms that typically
emerge in late adolescence and early adulthood.'! The
neurodevelopmental hypothesis of schizophrenia states
that early disruption in brain development, due to ge-
netic and environmental factors, interacts with later
maturational processes to result in full manifestation of
the disorder.?® Tt has been suggested that targeting crit-
ical periods of maturation has the potential to alter the
course of schizophrenia,** which has been supported by
recent animal model research.®” Current treatments are
generally effective in alleviating psychotic symptoms that
are already established; however, recent research has sug-
gested that early-intervention treatments may specifically
target the development of pathophysiological processes.
The methazoxymethanol acetate (MAM) rodent
model has been used to study the neurodevelopment of
a number of phenotypes relevant to psychotic symp-
toms in schizophrenia.! Both MAM rats”!' and pa-
tients with schizophrenia'?> demonstrate a reduction in
parvalbumin (PV)+ GABA interneurons in the hippo-
campus. Converging evidence from animal and human
studies suggest that loss of PV+ interneuron regulation
of pyramidal neuron activity is associated with an im-
balance between excitatory and inhibitory neurotrans-
mission.!*!1* Indeed, hypermetabolism of the anterior
hippocampus has been observed in patients with schiz-
ophrenia and the clinical high-risk population,” " with
a spreading increase in hippocampal metabolism fol-
lowing the onset of psychosis.!® Increased hippocampal
glutamate levels have been reported in patients with
schizophrenia®?* and clinical high-risk individuals
who later transition to psychosis.”> Work in the MAM
model has further shown that the ventral hippocampus
(VHPC), analogous to the anterior hippocampus in hu-
mans,? regulates the number of spontaneously active DA
neurons in the ventral tegmental area (VTA).?? Greater
vHPC activity, as observed in MAM rats, results in higher
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DA neuron population activity, which allows for greater
responsivity of the DA system.? This may translate to in-
creased measures of presynaptic DA function in patients
that are thought to underlie psychotic symptoms.3*3!

The prodromal phase of schizophrenia is characterized
by a period of sub-clinical symptoms in the years prior to
the first episode of psychosis. Attenuated psychotic signs
generally begin after puberty and are progressive in se-
verity.?> The maturational processes involved in puberty
can shape brain development to support alterations in
physiology and behavior across adolescence. When com-
bined with genetic risk, these dynamic neurobiological
changes are thought to contribute to the vulnerability of
the developing brain to environmental factors that can
lead to the emergence of psychiatric disorders.?*3* This
may account for why adolescence is a period of peak
onset of many psychiatric disorders, including schizo-
phrenia.*>3¢ Prodromal interventions, such as protection
of excitatory-inhibitory circuits within the hippocampus,
may prevent or ameliorate the progression of psychosis in
at-risk individuals.?’

Group II  metabotropic glutamate receptors
(mGluR2/3) showed promise in preclinical research
as a target to treat the aberrant excitatory-inhibitory
balance implicated as a central component of the de-
velopment and pathophysiology of schizophrenia.’®*
The mGIluR2/3 pomaglumetad methionil (POM) failed
during phase III clinical trials***!; however, later ana-
lyses found that early in disease patients treated with
POM demonstrated significant improvement in symp-
toms, which was not observed in chronic patients.** This
suggested that regulating glutamate early in the disease
may be particularly useful in the treatment of schizo-
phrenia.*** Our previous work demonstrated that POM
can indirectly regulate DA neuron activity via the vHPC
circuit. We therefore aimed to determine whether
peripubertal administration of POM can prevent vHPC
dysfunction and increased DA neuron population ac-
tivity observed in adult MAM rats.

Methods

Subjects

All procedures were conducted in accordance with
the National Institute of Health Guide for the Care
and Use of Laboratory Animals and approved by the
University of Pittsburgh Institutional Animal Care and
Use Committee. Timed pregnant Sprague-Dawley dams
(Envigo) were obtained on gestational day (GD) 15 and
MAM (20 mg/kg, i.p., Midwest Research Institute) or
saline (SAL; 1 ml/kg, i.p.) was administered on GD 17.
Male pups were weaned on postnatal day (PD) 23. All
rats were housed in groups of 2-3 with littermates in a
temperature (22°C) and humidity (47%)-controlled fa-
cility with ad libitum food and water in a normal 12-hour
light-dark cycle.

Peripubertal mGluR2/3 Treatment Prevents MAM

Drug Administration

LY2140023 (pomaglumetad methionil, POM), the pro-
drug of mGIluR2/3 agonist LY404039, was obtained
from Selleck Chemicals and dissolved in 0.9% sterile sa-
line with dropwise addition of 1M NaOH to POM (pH
~7) at a volume of 1 ml/kg. Vehicle-treated rats received
0.9% sterile saline. Peripubertal treatments occurred
from PD 31-40. All rats were weighed daily and received
3 mg/kg POM (i.p.), 1 ml/kg vehicle (i.p.) or no injection
(NI). The POM dose was selected based on a previous
dose-response study demonstrating normalization of DA
neuron population activity and to control levels in adult
MAM rats.¥ Rats within each cohort were divided be-
tween the 2 experimental timepoints (figure 1).

Novel Object Recognition

Novel Object Recognition (NOR) was performed on PD
47-48 or PD 83-84. Each rat was habituated to a rectan-
gular box (L70 X W40 X H30 cm) for 10 minutes 1 day
prior to the test. The test day involved two 5 min trials
separated by a 1 h intertrial interval. In the first trial (T1),
rats were placed in the box containing 2 identical objects.
In the second trial (T2), one of the objects presented in
T1 was replaced by a novel object. The familiar and novel
objects were too heavy to be displaced by the animals
and had different shape, color, and texture. The box and
objects were cleaned between each trial. Habituation and
behavioral tests were performed during the dark cycle.
Behavior was recorded on video and object interaction
was averaged between 2 experimenters blinded to treat-
ment group. Interaction time of each object in each trial
was recorded manually with stopwatches and defined
as time when the rat interacts directly with the object,
such as licking, sniffing, or touching it with its forepaws.
Recognition memory was assessed using the discrim-
ination index (discrimination index = (novel — familiar
/ novel + familiar)), corresponding to the difference
between the time exploring the novel and the familiar
object, corrected for total time exploring both objects.
Two-way ANOVA was used to compare the differences

> Novel object recognition (PD 47-48)
> Record from VTA or vHPC

GD 17 PD 31 PD 40

| | | PD 47 PD 56
I PD 83 PD 96

POM (3 mg/kg), |

Vehicle (1ml/kg),
or No Injection > Novel object recognition (PD 83-84)
> Record from VTA or vHPC

Pregnant dams
Injected with
MAM or saline (SAL)

Fig. 1. Experimental timeline. Methyazoxymethanol acetate
(MAM) and SAL rats received peripubertal treatments (PD
31-40) and cohorts were randomly split into groups that were
either tested during late adolescence (PD 47-56) or adulthood
(PD 83-96). A random subset of each group was used for novel
object recognition test during the dark cycle, which occurred
either PD 47-48 or PD 83-84. Rats were then used for in vivo
electrophysiological recordings to record either DA neuron
activity in the ventral tegmental area (VTA) or pyramidal neuron
activity in the hippocampus.
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between MAM and SAL groups, treatment group, and
the possible interaction between MAM and treatment on
behavioral measures. Tukey’s post hoc comparisons were
conducted for significant interaction effects.

Electrophysiological Recordings

In vivo extracellular recordings occurred on either PD
47-56 or PD 83-96. Rats were anesthetized with chloral
hydrate (400 mg/kg; i.p.) and placed on a stereotaxic
frame (Kopf). Supplemental anesthesia was administered
1.p. to maintain suppression of the hind limb withdrawal
reflex. Body temperature was maintained at 37°C with a
temperature-controlled heating pad (CWE Inc.). Single-
barrel glass electrodes (WPI) were pulled vertically (PE-2,
Narasige, Japan), broken under a microscope to an im-
pedance of 6-8 M(), and filled with 2 M NaCl containing
2% Chicago Sky Blue dye in 2 M saline. Electrodes were
lowered with a hydraulic micropositioner (Kopf) to
sample neural activity in the region of interest. Single-
unit activity was obtained using an amplifier (Fintronics)
using a highpass filter at 30 Hz and lowpass at 16 kHz.
Neural activity was recorded for at least 1 minute of
stable spontaneous activity using LabChart software
(AD Instruments). At the end of each recording, elec-
trode placement was verified following each experiment
via electrophoretic ejection of Chicago Sky Blue dye
from the tip of the recording electrode (—20 pA constant
current, 20 min). Rats were then overdosed with chloral
hydrate and decapitated. The brains were removed and
fixed for at least 48 hours (8% paraformaldehyde in PBS),
cryoprotected (25% sucrose in PBS) until saturated,
and sliced on a cryostat into 60pum sections, which were
mounted onto gelatin-coated slides. Slides were stained
with a mixture of cresyl violet and neutral red for veri-
fication of electrode sites with reference to a stereotaxic
atlas.*

VIA Recordings and Dopamine Neuron Identification
Criteria. Recordings were performed by making 6-9 ver-
tical electrode passes (“tracks”) in a predetermined grid
pattern with each track separated by 0.2 mm (AP: —5.3 to
—5.7 mm and ML: 0.6 to 1.0 mm from bregma, DV: —6.5 to
—9.0 mm from the top of brain). DA neurons were identified
by established criteria, including a biphasic action potential
with duration >2.2 ms, 1-10 Hz firing rate, and irregular and
burst firing patterns with burst initiation defined as interspike
interval of <80 ms and termination as >160 ms.*”*
Hippocampal  Recordings and  Pyramidal  Neuron
Identification Criteria. Recordings were performed by
making 6 electrode tracks as described above, with co-
ordinates AP: —5.5 to —5.9 mm and ML: 4.6 to 5.0 mm
from bregma, DV: —5.5 to —8.5 mm from the top of brain.
Neurons with a long biphasic action potential duration
>2.0 ms and £2.0 Hz firing rate were classified as putative
pyramidal neurons. Burst firing was characterized with
burst firing criteria described above.
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Electrophysiological Recording Analysis. Three param-
eters of DA neuron activity were analyzed: (1) the average
number of spontaneously active DA neurons encountered
per electrode track (“population activity”), (2) average
firing rate, and (3) the percentage of spikes that occurred
in bursts (%SIB). Firing rate and %SIB were analyzed for
pyramidal neurons. Analysis of firing rate and bursting
activity was performed using NeuroExplorer (Plexon).
Population activity was averaged within each animal and
then across animals in each group, whereas the firing rate
and burst activity of each neuron was counted as an inde-
pendent replicate and averaged across animals in a group.
Significance was assessed with a 2-way ANOVA (MAM
x Treatment) followed by Tukey post hoc comparisons.

Results

Peripubertal Pomaglumetad Treatment Prevents
Increased DA Neuron Population Activity in Adult
MAM Rats

Peripubertal (PD 31-40) POM treatment significantly re-
duced DA neuron population activity in the VTA of rats re-
corded from PD 47-56 or “late adolescence” (figure 2A; 2-way
ANOVA main effects: for Treatment, F(2,38) =4.801, P=.014;
post hoc vehicle MAM vs POM MAM: P = .020) and from
PD 83-96 or “adulthood” (figure 2D; 2-way ANOVA main
effects: for MAM: F(1,35)=17.29, P <.001, MAM-by-POM
interaction: F(2,35)=4.518, P = .018; post hoc vehicle MAM
vs POM MAM: P = .022). There was no significant differ-
ence in DA neuron population activity between vehicle and
NI in MAM or SAL rats in late adolescence (figure 2A) or
adulthood (figure 2D). In adulthood, vehicle-treated MAM
rats displayed significantly greater DA neuron population ac-
tivity compared to vehicle-treated SAL rats (P = .0138) and
NI MAM rats displayed significantly greater DA neuron pop-
ulation activity compared to NI SAL rats (P = .020). There
was no significant difference of peripubertal POM treatment
in SAL rats in late adolescence (figure 2A) or adulthood
(figure 2D). There was no significant difference in firing rate
or percentage of spikes in burst of DA neurons in late adoles-
cence (figure 2B-C) or adulthood (figures 2E and 2F).

Reduced NOR Only in Adult MAM Rats That Did Not
Receive Peripubertal Injections

No significant effects were observed in the NOR task in
MAM or SAL rats across treatment groups in late adoles-
cence, both in discrimination index (figure 3A) and total time
exploring the objects (figure 3B). A main effect of MAM was
observed in rats that were treated around puberty and tested in
the NOR task during adulthood (figure 3C; F(1,59) = 12.67,
P < .001). Adult MAM rats that received peripubertal
POM treatment displayed significantly increased discrim-
ination index compared to MAM rats that received NI
during puberty (figure 3C; P = .031), but it was not signifi-
cantly different from MAM rats that received vehicle during
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Fig. 2. Peripubertal pomaglumetad treatment prevents increased DA neuron population activity in adult methyazoxymethanol acetate
(MAM) rats. (A) In rats that were recorded in late adolescence, POM-treated MAM rats displayed reduced DA neuron population
activity in the ventral tegmental area (VTA) compared to vehicle and no injection (NI)-treated MAM rats. There were no significant
differences in the firing rate (B) or bursting activity (C) of the DA neurons in MAM or SAL rats in late adolescence. (D) In rats that were
recorded in adulthood, POM-treated MAM rats displayed reduced DA neuron population activity compared to vehicle and NI-treated
MAM rats. There were no significant differences in the firing rate. (E) or bursting activity (F). For population activity graphs (A, D), the
numbers in bars represent the number of rats per group and for firing rate and bursting activity graphs (B-C, E-F), the numbers in bars
represent the number of DA neurons per group. *P < .05 within groups #P < .05 between groups.

peripuberty (figure 3C). Adult NI-MAM rats displayed sig-
nificantly lower NOR compared to NI-SAL rats (P = .007),
but vehicle-MAM rats did not show a significant difference
in NOR compared to vehicle-SAL rats (figure 3C). A main
effect of treatment was observed in total time exploring ob-
jects in adulthood (figure 3D; 2-way ANOVA main effect for
treatment: F(2,53) = 3.633, P =.0332.

Peripubertal Pomaglumetad Treatment Prevents
Increased Firing Rate of Ventral Hippocampal
Pyramidal Neurons in Adult MAM Rats

MAM rats that were treated with vehicle or NI during
peripuberty and recorded during late adolescence displayed

significantly increased firing rate of pyramidal neurons in
the vHPC compared to SAL rats that were treated with
vehicle or NI (figure 4A; 2-way ANOVA main effects for:
MAM: F(1,219) = 36.54, P < .001, MAM-by-POM inter-
action: F(2,219) = 5.782, P = .004; post hoc, vehicle-MAM-
vehicle vs vehicle-SAL P < .001, NI-MAM vs NI-SAL P
< .001). Peripubertal POM treatment in MAM rats sig-
nificantly reduced the firing rate of pyramidal neurons
in the vHPC compared to vHPC of vehicle-MAM rats
(P = .035) and NI-MAM rats (P = .001) in late adoles-
cence. There was no significant difference in the firing rate
of vHPC pyramidal neurons between NI and vehicle treat-
ment in MAM rats and no significant difference in firing
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Fig. 3. Reduced novel object recognition only in adult methyazoxymethanol acetate (MAM) rats that did not receive peripubertal
injections. (A) In late adolescence (PD 47-48), MAM and SAL rats displayed no differences in time interacting with a novel object
compared to a familiar object as measured by a discrimination index ((novel-familiar)/(novel+familiar)) or in locomotor activity as
measured by total time spent exploring objects (B). (C) In rats tested in adulthood (PD 83-84), POM-treated MAM rats displayed an
increase in time spent exploring the novel object as measured by the discrimination index compared to no injection (NI)-treated MAM
rats, though not significantly reduced compared to vehicle-treated MAM rats. (D) No significant differences were observed in total time
spent exploring the objects. For all graphs, the numbers in bars represent the number of rats per group. **P < .01 within groups ##P <

.01 between groups.

rate across all treatment groups in SAL rats (figure 4A).
NI-MAM rat vHPC pyramidal neurons demonstrated
significantly increased bursting activity compared to
POM-MAM rats (P = .015) and there were no significant
differences in bursting activity in SAL rats recorded during
late adolescence (figure 4B).

MAM rats that were treated with vehicle or NI during
puberty and recorded during adulthood displayed signif-
icantly increased firing rate of pyramidal neurons in the
vHPC compared to SAL rats that were treated with vehicle
or NI (figure 4C; 2-way ANOVA main effects for: MAM:
F(1,254) = 23.65, P < .001, MAM-by-POM interaction:
F(2,254) = 3.678, P = .027; post hoc, MAM-vehicle vs
SAL-vehicle P = .002, NI-MAM vs NI-SAL P = .004).
Peripubertal POM treatment in MAM rats significantly
reduced the firing rate of pyramidal neurons in the vHPC
compared to VHPC of vehicle-MAM rats (P = .035) and
NI-MAM rats (figure 4C; P = .001). No significant differ-
ences were observed in bursting activity in MAM or SAL
rats recorded during adulthood (figure 4D).

Discussion

In this study, we examined the effects of peripubertal
administration of the mGIluR2/3 agonist, POM, on DA
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system dysregulation in the MAM model. Peripubertal
administration of POM prevented several of the adult
phenotypes of the MAM model, including increased DA
neuron population activity in the VTA and increased
vHPC pyramidal neuron activity. Previous studies have
shown that the increased DA neuron population activity
observed in adult MAM rats is indirectly driven by the
vHPC, which shows increased pyramidal neuron firing
rate in MAM rats.!®? Accordingly, treatments that
reduce VHPC activity have been shown to reduce DA
neuron activity in MAM rats.> -4

Previous work has shown that early-intervention strat-
egies can prevent the emergence of MAM phenotypes in
adulthood. Peripubertal (PD 31-40) treatment of MAM
rats with the anxiolytic drug, diazepam, prevented the
hyperdopaminergic state, anxiety-like behavior and the
higher neuronal firing rates within the basolateral amyg-
dala normally present in adult MAM rats.%* Increasing
GABA function during this period may protect PV+
interneurons that are still forming perineuronal nets,*
as it has been shown previously that severe peripubertal
stress can produce a loss of PV+ interneurons in the
vHPC and hyperdopaminergic state in normal rats in
adulthood, similar to MAM rats.””*® These studies em-
phasize the importance of disease phase as a factor in
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Fig. 4. Peripubertal pomaglumetad treatment prevents increased firing rate of ventral hippocampal pyramidal neurons in adult
methyazoxymethanol acetate (MAM) rats. (A) In late adolescence (PD 47-56), MAM rats that received vehicle or no injection (NI)
during puberty displayed increased firing rate of pyramidal neurons compared to pyramidal neuron firing rate in SAL rats, which was
normalized in MAM rats that received peripubertal POM. (B) MAM rats that did not receive injections showed an increase in percentage
of spikes in bursts in late adolescence, compared to POM-treated MAM rats. (C) Vehicle and NI-MAM rats recorded in adulthood

(PD 83-96) also displayed increased vHPC pyramidal neuron firing rate compared to vehicle and NI-SAL rats. MAM rats that received
peripubertal POM had an average pyramidal neuron firing rate not significantly different from SAL rats. (D) No significant differences
were observed in the percentage of spikes in burst in vHPC pyramidal neurons recorded in MAM and SAL rats at adulthood. For all
graphs, the numbers outside of parenthesis represent the number of neurons per group and the number in parenthesis represents the

number of rats per group. *P < .05; **P < .01 within groups ##P <

clinical trials that can play a role in heterogeneity of
treatment response, whether due neurophysiological
changes in the pathophysiology over time* or other po-
tential confounding variables, such as prior antipsychotic
drug treatment.*

This leads to the question of how early-intervention
targeting increased glutamatergic activity may produce
long-lasting changes in preventing DA neuron hyperac-
tivity. Puberty is a critical time in the stabilization of PV+
interneuron connections within the hippocampus through
the formation of perineuronal nets, which is thought to
underlie the closure of critical periods in development.’%
Early life stress, particularly in those with a predisposition
to increased stress responsivity, may lead to loss of PV+
neurons during this time and subsequent dysregulation of
pyramidal neuron activity.®® MAM offspring display in-
creased stress responsivity, prior to the manifestation of a
hyperdopaminergic state,*"*> which has led to the proposal
that treatments aimed at reducing anxiety and intervening
in the development of glutamate dysfunction may prevent
the deleterious effects of stress on the DA system during
this critical time in development.”** Indeed, mGIluR2/3

.01 ###P < .001 between groups.

agonists have been shown to have anxiolytic potential
in both animal models and humans. They demonstrate
anxiolytic-like activity in rodents in tasks including stress-
induced hyperthermia and the elevated plus maze,® ¢ al-
though further studies are needed to determine their
anxiolytic-like effects in MAM rats. In humans, they reduce
fear-potentiated startle without sedative effects® and dem-
onstrated therapeutic potential for patients with panic dis-
order™ and generalized anxiety disorder.”’ It is of note that
the effects observed in the present study were present even
following the stress of repeated i.p. injections. Activation
of mGIuR2/3 in the amygdala may play a role in its regu-
lation of fear and anxiety states. For example, infusion of
mGIluR2/3 agonists into the BLA disrupts fear-potentiated
startle” and blocking mGIluR2/3 receptors can impair fear
extinction in rats.”® These results suggest that mGluR2/3
activation may in part suppress anxiety by inhibiting pro-
jection neurons within the BLA. Future experiments are
needed to determine whether mGIluR2/3 agonist action in
the BLA during peripubertal treatment is necessary for its
long-term effects on DA neuron activity in adulthood, or
whether normalizing VHPC activity alone is sufficient.

1811



S. F. Sonnenschein & A. A. Grace

The present study was limited to male rats due to pre-
viously reported differences in DA neuron population
activity across the estrous cycle between female MAM
and SAL rats,” including differences in response to
mGluR2/3 agonist administration.* Additional studies
are needed to clarify the effects of early intervention in
female rats that account for differences between MAM
and SAL females across the estrous cycle. Additionally,
female rats have shown resilience to stressors during
PD 31-40 that are sufficient to result in increased
DA neuron population activity in adult male rats.’””
Therefore, a better understanding of the time course
of stress responsivity and how it impacts circuit func-
tion in female rats would help guide these critical future
studies.

In the NOR test, both MAM rats that received vehicle
injections and POM injections displayed NOR similar to
SAL rats. Only MAM rats that did not receive injections
displayed impaired NOR in adulthood, as previously ob-
served in adult MAM rats.’” All rats were handled equally
and one possibility is that repeated injections during pu-
berty, regardless of POM or vehicle, may improve NOR
in adult MAM rats. Stress during puberty can produce
mixed results on memory-related behavior’ and has been
shown to result in greater adaptation to stressful experi-
ences in adulthood, such as increased foraging behavior
under threat,” consistent with the concept of stress in-
oculation.”®” It is therefore possible that the mild stress
of 1.p. injections during puberty may have improved their
task performance, which did not appear to be linked to
pyramidal neuron firing rate.

MAM rats treated with peripubertal vehicle or NI
and tested during late adolescence displayed increased
firing rate of pyramidal neurons in the vHPC, but their
DA neuron activity was not significantly different from
vehicle and Nl-treated SAL rats recorded in late adoles-
cence. However, MAM rats treated in the same cohorts
and tested during adulthood displayed both increased
vHPC pyramidal neuron firing rates and increased DA
neuron population activity. The developmental period
captured during PD 47-56 may represent an interme-
diate phenotype in which the increased vHPC pyramidal
neuron activity was present prior to increased DA neuron
population activity, which emerged in adulthood. It is un-
clear how rapid the transition to a hyperactive DA system
occurs in adult MAM rats; however, these results suggest
that it follows the onset of increased vVHPC pyramidal
neuron activity.

In sum, this study demonstrates that peripubertal ad-
ministration of an mGIuR2/3 agonist can prevent the
emergence of VHPC pyramidal neuron hyperactivity
and increased DA neuron population activity in adult
MAM rats. These results support the hypothesis that
targeting excitatory-inhibitory dysfunction has the po-
tential to prevent DA system dysfunction relevant to
schizophrenia.
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