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Abstract
Schizophrenia is a life-long, severe, and disabling brain disorder that requires chronic
pharmacotherapy. Because current antipsychotic drugs do not provide optimal therapy, we have been
developing novel treatments that focus on receptors for the neuropeptide neurotensin (NT). NT69L,
an analog of neurotensin(8–13), acts like an atypical antipsychotic drug in several dopamine-based
animal models used to study schizophrenia. Another current animal model utilizes non-competitive
antagonists of the NMDA/glutamate receptor, such as the psychotomimetic phencyclidine (PCP). In
the present study, we investigated the effects of NT69L on PCP-induced behavioral and biochemical
changes in the rat. The top of an activity chamber was modified to allow us to perform microdialysis
in rat brain, while simultaneously recording the locomotor activity of a rat. PCP injection significantly
increased activity as well as the extracellular concentration of norepinephrine (NE), 5-HT, dopamine
(DA), and glutamate in the medial prefrontal cortex (mPFC). Pretreating with NT69L blocked the
PCP-induced hyperactivity as well as the increase of DA, 5-HT, NE, and glutamate in mPFC.
Interestingly and unexpectedly, NT69L markedly increased glycine levels, while PCP was without
effect on glycine levels. Thus, NT69L showed antipsychotic-like effects in this glutamate-based
animal model for studying schizophrenia. Previous work from our group suggests that NT69L also
has antipsychotic-like effects in dopaminergic and serotonergic rodent models. Taken together, these
data suggest that NT69L in particular and NT receptor agonists in general, will be useful as broad-
spectrum antipsychotic drugs.
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1. Introduction
Neurotensin (NT), a tridecapeptide, was first isolated from bovine hypothalami (Carraway and
Leeman, 1973). It is widely distributed throughout the central nervous system, with the highest
concentration in the amygdale, lateral septum, substantia nigra and ventral tegmental area
(Uhl, 1982). In the CNS, NT acts as a neurotransmitter or a neuromodulator (Nemeroff,
1986). The NT system is associated with several neurotransmitter systems including
dopaminergic, serotonergic, GABAergic, glutamatergic, and cholinergic. Biochemical studies
have shown that antipsychotic drug treatments increase NT neurotransmission, and centrally
administered NT produces biochemical and behavioral effects similar to those observed
following administration of antipsychotic drugs (Tamminga et al, 1985). Moreover, a large
amount of evidence suggests that targeting the neurotensin system may provide a novel
treatment for schizophrenia (Breslin et al., 1994), (Garver et al., 1991) and (Sharma et al.,
1997).

Our group has been developing analogs of NT that can be administered peripherally, pass into
brain, and induce behavioral effects and neurochemical changes similar to those of native NT
directly injected into brain (Boules et al., 2003) and (Boules et al., 2006). Since all known
activity of NT is mediated by the 8–13 fragment, we have focused our efforts on this part of
the molecule. Similar to the prototypical new generation, atypical, antipsychotic drug,
clozapine, NT69L, as one of these analogs of NT(8–13), has been shown to be effective in
several animal models that predict antipsychotic effects in humans. These include dopamine-
based animal models used to study schizophrenia such as apomorphine-induced climbing
(Cusack et al., 2000) and amphetamine-induced hyperactivity (Boules et al., 2001). Its effect
on monoamine systems involved in schizophrenia has also been studied (Liang et al., 2008)
and (Wang Rui, 2004).

Previous studies suggest that the investigation of dysfunction of the prefrontal cortex (PFC) is
very important for understanding the pathophysiology of schizophrenia, particularly cognitive
dysfunction (Weinberger, 1987) and (Pearlson et al., 1996). Nonschizophrenic patients with
prefrontal lesions show schizophrenia-like signs, especially negative and cognitive signs and
symptoms (Fuster, 1989). Additionally, it has been consistently reported that schizophrenic
patients show decreased metabolism, decreased blood flow, and impaired function of the PFC
(Park and Holzman, 1992) (Bertollo et al., 1996), (Cleghorn et al., 1992), and (McGuire et al.,
1993). Glutamatergic terminals in the PFC arise from different brain regions i.e. hippocampus,
thalamus, amygdala, and other cortical areas, while dopaminergic terminals in the PFC arise
from the ventral tegmental area (VTA). Several lines of evidence suggest that glutamatergic
and dopaminergic systems play an important role in the physiology and pathology of this area
of the brain. An imbalance of glutamate-dopamine interactions in the PFC might underlie
behavioral and neurochemical abnormalities that occur in psychiatric disorders such as
schizophrenia (Thierry et al., 1990), (Goldman-Rakic et al., 2000), (Moghaddam, 2002),
(Steketee, 2003) and (Sesack et al., 2003).

Phencyclidine (PCP), a noncompetitive antagonist of the N-methyl-D-aspartate (NMDA)/
glutamate receptor, induces schizophrenia-like cognitive dysfunction and psychotic behavior
in otherwise normal individuals (Snyder, 1980) and (Javitt and Zukin, 1991). Thus, its
administration to rodents has proven useful as an animal model for studying schizophrenic
psychosis (Jentsch and Roth, 1999). The present study was conducted to determine whether
NT69L alters PCP- induced behavioral and biochemical changes in a glutamate-based animal
model.
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2. Results
Effect of NT69L on the PCP-induced hyperlocomotion

Locomotor activity was recorded for 220 mins. At 60 mins, rats received either Saline or NT69L
injection. At 100 mins, rats received either Saline or PCP injection. Thus, there were four
groups: Saline/Saline, NT69L/Saline, Saline/PCP and NT69L/Saline involved in all the
experiments.

Both NT69L/Saline treatment and NT69L/PCP treatment had no effect on the locomotor
activity (all P>0.57). An overall Time by Group interaction (P<0.001) was observed. Saline
injection significantly increased locomotor activity by 4 fold in both Saline/Saline group and
Saline/PCP group at 80 mins (P=0.01). In Saline/PCP group, PCP injection significantly
increased locomotor activity by 9 fold as compared with no change in NT69L/PCP group (at
all time points since 120 mins, P<0.001) (Fig. 2). Insert Figure 2 and Table 1 about here.

Effects of NT69L on monoamine levels in the mPFC after PCP injection
The top of an activity chamber was modified to allow us to monitor the extracellular
concentration of monoamines and amino acids in mPFC by using in vivo microdialysis while
simultaneously recording locomotor activity for a rat.

During the whole experiment, there was no change in the release of NE (all P>0.078), 5-HT
(all P>0.14) and DA (all P>0.10) in Saline/Saline group, NT69L/Saline group and NT69L/
PCP group. From 120 mins to 220 mins, an overall Time by Group interaction was observed
for NE (P=0.003) and DA (P=0.05). In the Saline/PCP group, systemic administration of PCP
(5 mg/kg i.p) significantly increased NE level to 247±37% (at 140mins P=0.049; at 160mins
P=0.007; at 180mins P=0.005; at 200mins P=0.024), 5-HT level to 176±30%, DA level to 214
±31% (at 140mins P<0.001; at 160mins P=0.005; at 180mins P<0.001). Pretreatment of NT69L
(1 mg/kg i.p) blocked PCP-induced increase of NE, 5-HT and DA release in the mPFC in
NT69L/PCP group (Fig. 3A-C). The basal concentration of NE, 5-HT and DA is shown in
Table 1.

There was no change in the release of DOPAC in Saline/Saline group, NT69L/Saline group
and Saline/PCP group (all P>0.18). In NT69L/PCP group, NT69L injection significantly
increase DOPAC release to 146±19% at 100mins (P=0.02), and the following PCP injection
exacerbated NT69L-induced increase of DOPAC in NT69L/PCP group (Fig. 3D) (at 220 mins,
P=0.01). The basal concentration of DOPAC is shown in Table 1.

Effects of NT69L on the amino acid levels in the mPFC after acute PCP injection
Saline/Saline treatment had no effect on the glutamate release in mPFC. In the first 100 mins,
an overall Time by Group interaction (P=0.02) was observed for glutamate release. NT69L
injection increased glutamate level to136±15% in NT69L/Saline group and to130±9% in
NT69L/PCP group, at 80mins (P=0.02) as compared with no change in Saline treated groups
(all P>0.78). From 120 mins to 220 mins, PCP injection increased glutamate release to 142
±13% in Saline/PCP group at 120 mins (P=0.008). Pretreatment of NT69L blocked the PCP-
induced increase of glutamate in NT69L/PCP group (Fig. 4A). On the other hand, PCP injection
decreased NT69L-induced increase of glutamate release in NT69L/PCP group vs NT69L/
Saline group (P=0.03). The basal concentration of glutamate is shown in Table 1.

There was no change in glycine release in mPFC in both Saline/Saline group and Saline/PCP
group (P>0.39). An overall Time by Group interaction (P<0.001) was observed for glycine re
lease. NT69L injection significantly increased glycine release (to 228 ± 27% in NT69L/Saline
group and to 265 ± 19% in NT69L/PCP group, at 80 mins–140 mins P<0.001; at 160mins
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P=0.01) (Fig. 4B). Additionally, there was a significant difference between NT69L/Saline
group and NT69L/PCP group since PCP injection gradually decreased NT69L-induced glycine
release in NT69L/PCP group (at 120 mins P=0.04; at 140 mins P=0.02). The basal
concentration of glycine is shown in Table 1.

3. Discussion
NT69L, an analog of NT (8–13), has atypical, antipsychotic-like effects in several DA-based
animal models. This peptide mediates its effect through both NTS1 and NTS2, the two NT G-
protein coupled receptors that are thought to mediate most, if not all, effects of NT and other
NT receptor agonists. Because NT69L only binds to NT receptors in a large screen of binding
sites (Richelson, unpublished data), the pharmacological effects of this peptide are mediated
by NT receptors. The question is whether NTS1, NTS2, or both receptors are involved in the
antipsychotic-like effects of NT69L. PFC is rich in NTS1 binding sites mostly on the cell bodies
of pyramidal cells and on GABA-ergic interneurons (Petrie et al., 2005). This region also
contains immunoreactivity for NTS2 (Asselin et al., 2001).

Animal models for studying schizophrenic psychosis that are DA-based only relate to the
positive symptoms of the disease and not the negative and cognitive signs and symptoms.
Moreover, several studies have reported that amphetamine may actually alleviate negative and
cognitive signs and symptoms in schizophrenia patients (Goldberg et al., 1991). On the other
hand, PCP-based animal models may reflect both the positive and negative symptoms of
schizophrenia, including cognitive dysfunction that can be found in normal human subjects
given PCP (Snyder, 1980) and (Javitt and Zukin, 1991). The present studies show that systemic
administration of PCP significantly increased locomotor activity as expected and that
pretreatment with NT69L blocked PCP-induced hyperactivity. These results support previous
work with an analog of PCP, dizocilpine (MK801), showing that NT69L reverses the disruption
of prepulse inhibition of the startle response caused by this NMDA non-competitive antagonist
(Shilling et al., 2003). Previous work on another NT(8–13) analog (Feifel et al., 1999) supports
the hypothesis that NT receptor agonists in general exhibit antipsychotic-like effects at least
in part through the NMDA/glutamate system.

In the current study, PCP caused similar neurochemical changes in the mPFC as observed in
schizophrenic patients. In the PFC, a complex interaction exists between various
neurotransmitters including DA, NE, 5-HT, acetylcholine, glutamate, GABA, and NT
(Steketee, 2003). Most of these neurotransmitters are involved in neurochemical changes
observed in schizophrenic patients. DA levels appear to be elevated in brains of schizophrenic
patients (see review by Heritch, 1990) and have also been reported in schizophrenic patients
by using brain imaging techniques. Levels of 5-HT have consistently been reported to be
elevated in the putamen, caudate, globus pallidus, and prefrontal cortex in schizophrenic
patients (Ohuoha et al., 1993). An apparent relationship has been demonstrated between
elevated NE and certain schizophrenic symptoms (Breier et al., 1994). NE has been shown to
reduce distractibility by strengthening PFC function and to improve cognitive dysfunction seen
in schizophrenia (Arnsten et al., 2004). Additionally, some form of a glutamate dysfunction
has been demonstrated in schizophrenia. It includes increased levels of both glutamate and
NMDA receptors in the amygdala and hippocampal regions (Zavitsanou et al., 2002), (Gao et
al., 2000) and (Kerwin et al., 1990).

Previous studies have clearly shown that acute administration of PCP to animals profoundly
increases forebrain dopaminergic (Doherty et al., 1980), (Verma and Moghaddam, 1996) and
(Jentsch et al., 1997), serotonergic (Amargos-Bosch et al., 2006), and noradrenergic (Marwaha,
1982) transmissions. Our results confirmed these findings where systemic administration of
PCP significantly increased extracellular concentration of DA, 5-HT, and NE in the mPFC.
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Pretreatment with NT69L significantly decreased the PCP-induced increase of DA, 5-HT, and
NE release in the mPFC, a result that is similar to the effect of NT69L on DA, 5-HT, and NE
release caused by nicotine (Liang et al., 2008).

A recent in vivo microdialysis study shows that NT69L (1 mg/kg) increases extracellular
concentrations of DA by about 35–40% in mPFC (Prus et al., 2007). However, we did not
observe an increase of DA levels in mPFC after NT69L injection. This discrepancy may be
due to the difference of probe location, flow rate, or temporal resolution. The results of NT69L
on DOPAC levels were interesting. Our previous work showed that NT69L elevates DOPAC
levels in the hypothalamus (Boules et al., 2000). This also appeared to be the case for the mPFC
(Fig. 3D). However, the data suggest that the combination of PCP and NT69L were synergistic
(and not additive) with respect to DOPAC release. Since DOPAC is a major metabolite of DA,
whose release was markedly increased by PCP (Fig. 3D), these results suggest that NT69L
decreases PCP-induced release of DA by increasing DA metabolism.

As a noncompetitive antagonist of the NMDA receptor, PCP has consistently been shown to
increase levels of glutamate in the mPFC (Abekawa et al., 2006) and (Abekawa et al., 2007).
Our present findings again reproduce these previous results. A possible explanation is that in
mPFC, PCP blocks the NMDA receptors’ function on GABA neurons, which indirectly
disinhibits cortico-cortical glutamate neurons. These neurons synapse to glutamatergic
pyramidal cells via non-NMDA types of glutamate receptors (Adams and Moghaddam,
1998). The disinhibition increases extracellular concentrations of glutamate in mPFC. The
elevated glutamate binds to non-NMDA receptors, causing the activation of cortico-accumbal
glutamatergic pathway which then induces hyperactivity (Berendse et al., 1992). Previous
studies have shown that NT treatment increases glutamate levels in several brain regions such
as striatum (Ferraro et al., 2001) and the mPFC (Sanz et al., 1993). The present study is the
first to show that NT69L can increase extracellular concentrations of glutamate in mPFC. It
has been proposed that NT increases glutamate levels through interactions with NTS1 and DA
D2 receptors on presynaptic membranes. Thus, binding of NT69L to NTS1 receptors would
inhibit D2 receptor function on the glutamate neuron, further stimulating glutamate release
(Antonelli et al., 2007). Moreover, pretreatment of NT69L blocked the PCP-induced glutamate
release in the mPFC. In the current study, there was no change in GABA release in mPFC in
all groups (data not shown). A previous study shows that NT increases extracellular
concentration of GABA in the PFC (Petrie et al., 2005). The discrepancy is likely due to the
way these compounds were administered. NT was directly injected into brain of NT (Petrie et
al., 2005), while in this and all our other studies, NT69L was given outside the brain. We have
discussed previously that conclusions about the effects of a NT receptor agonist given outside
the brain cannot be predicted from studies in which a NT receptor agonist is injected into
discrete areas of the brain (Richelson et al., 2003).

Perhaps most interesting are our results showing for the first time that a NT receptor agonist
robustly increased extracellular concentrations of glycine in the mPFC. This was an unexpected
finding that opens up a new direction for the investigation of a possible mechanism of atypical
antipsychotic-like activity of NT69L and other NT agonists. Normal NMDA receptor function
depends on not only the binding of glutamate to the receptor, but also the binding of glycine
to an allosteric site on this receptor (GLYB). The source of endogenous ligands for GLYB,
such as glycine and D-serine, are largely from glial cells. Studies have reported low levels of
D-serine in schizophrenic patients (Hashimoto et al., 2003)), which suggests hypofunction of
NMDA receptors in brains of patients with schizophrenia. In addition, clinical studies using
GLYB agonists (such as D-serine and D-cycloserine) have shown very promising results for
treatment of schizophrenia. A significant decrease in negative and cognitive symptoms has
been reported in the GLYB agonist treated group (Heresco-Levy et al., 1999) and (Coyle and
Tsai, 2004). Additionally, as mentioned previously, our unpublished studies suggest that the
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effects of NT69L in animal models are more similar to clozapine than to the typical
antipsychotic drug haloperidol. Interestingly, clozapine alters the glycine modulatory site on
NMDA receptors (Coyle and Tsai, 2004). The mechanism whereby NT69L elevates brain
levels of glycine in the mPFC is uncertain. However, it could possibly involve transport
mechanisms for glycine into glial cells.

Recent work utilizing pharmacological magnetic resonance imaging (phMRI) shows that
agents stimulating NMDA receptors via the GLYB co-agonist site (e.g., D-serine) can
potentiate NMDA receptor activity in the living rat brain (Gozzi et al., 2008). This preclinical
work along with the clinical studies mentioned supports the idea that glycine receptor agonists
hold promise for treatment of schizophrenia. More importantly, this phMRI study (Gozzi et
al., 2008) showed that the effects of PCP could be completely inhibited by pretreatment with
GLYB receptor agonists. These data suggest that in our studies NT69L blocked the effects of
PCP by increasing glycine release.

Several studies have shown that PCP affects NT systems. However, the results are not
consistent. PCP (2.5 mg/kg, s.c) causes a short lasting elevation of extracellular NT-LI levels
in the mPFC (Hertel et al., 1995). While in another study both acute and chronic administrations
of PCP significantly decreased the content of NT-LI in the frontal cortex (Wachi et al.,
1985).

In summary, we report some novel observations with the NT receptor agonist NT69L: 1) it
blocked PCP-induced biochemical changes, while blocking its behavioral effects; and 2)
NT69L increased both glutamate and glycine levels in the mPFC. These observations open up
new lines of investigation focusing on the mechanism of glycine release by NT69L, the role
of this release in the antipsychotic-like effects of this compound, and the relationship between
changes in glutamate and glycine release. Ongoing studies of the effect of NT69L on PCP-
induced changes in monoamines and amino acids in the mPFC may provide possible neuronal
mechanisms for understanding some of the pathophysiology of schizophrenia and may provide
further neuronal targets for the pharmacological treatment of schizophrenia.

4. Experimental Procedure
Animals and Surgery

All procedures were approved by the Mayo Foundation Institutional Animal Use and Care
Committee. Male Sprague-Dawley rats (approximately 2.5 months of age and weighing 300
±25 g at the beginning of the study) (Harlan, Indianapolis, IN, USA), were housed in a
temperature controlled room (23±2°C) with a 12/12 light/dark cycle (lights off at 6:00 pm) and
free access to food and water. On the day of surgery, each rat was anesthetized with gasiform
isoflurane (1% isoflurane in a mixture of 20% oxygen and 80% nitrogen gas), and placed in a
stereotaxic apparatus (KOPF Ins., Tujunga, CA, USA) for surgical implantation of a guide
cannula. The guide cannula (CMA Microdialysis Inc., Acton, MA, USA) was positioned to
mPFC according to the coordinates (AP 3.2, ML 0.5, DV 2.0). The guide cannula was secured
to the skull with dental cement anchored by two stainless steel screws. After surgery, each rat
was individually housed and allowed to recover for at least 3 days before the microdialysis
experiment.

Microdialysis Procedure and Locomotor Activity
Microdialysis experiments were carried out on conscious, freely moving rats. On the day of
the experiment, the stylet in the guide cannula was replaced with the microdialysis probe
(CMA/12 with 2 mm membrane active length, CMA Microdialysis Inc., Acton, MA, USA).
The probe was perfused at 2 μl/min with artificial cerebrospinal fluid (146 mM NaCl, 1.2 mM,
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CaCl2, 3 mM KCl, 1.0 mM MgCl2, 1.9 mM Na2HPO4, 0.1 mM, NaH2PO4, pH 7.4). The rat
was placed into a Plexiglas Opto-Varimex Minor motility chamber (Columbus Instruments,
Columbus, OH, USA). The chamber has a modified top to allow us to perform microdialysis
in rat brain, while simultaneously recording the locomotor activity of a rat. After at least 2 h
equilibration, dialysate samples were automatically collected every 20 min into vials
containing 2 μl perchloric acid (0.5 M) to retard oxidation of monoamines. Three baseline
fractions were collected before NT69L or saline injection. Pretreatment of NT69L (1 mg/kg,
ip) or saline occurred 40 min before PCP (5mg/kg, ip) or saline injection during microdialysis.
Locomotor activity was recorded during 1 hr baseline collection, 40 min after saline/NT69L
injection and 2 hrs following PCP/Saline injection. Half of the volume of all dialysate samples
was immediately analyzed via the HPLC-electrochemical detector for the determination of
monoamines and their metabolites. The other half was analyzed via CE-LIF for measuring
amino acid levels. Results were reported as % increase over baseline. At the end of each
experiment, the animals were sacrificed and the brains were removed and sectioned to verify
the correct position of the probe (Figure 1). Only the data from rats with accurate probe
placement were included in data analyses (One animal in saline/PCP group was excluded, due
to inaccurate cannula placement).

Monoamine Assay
Monoamines and their metabolites were measured on an ESA HPLC coupled with Coulochem
II electrochemical detector system (ESA Inc., Chelmsford, MA, USA) with a 20 μl sample
loop. They were separated on an MD-150 analytical column (3 × 150mm, 3μm C18, ESA Inc.,
Chelmsford, MA, USA) with MDTM mobile phase (ESA Inc., Chelmsford, MA, USA) at 0.6
ml/min. Potential settings for detection were E1 at −175 mV, E2 at 250 mV, GC at 350 mV.
Peaks were displayed, integrated, and stored with ESA 501 Chromatography data system (ESA
Inc., Chelmsford, MA, USA). The detection limits of NE, DA, 5-HT and DOPAC are 263.8
pM, 22.6pM, 37.8pM and 259.4 pM, respectively.

Amino Acid Assay CE
Amino acids were measured utilizing the procedure established by (Lada and Kennedy,
1996) and refined by (Bowser and Kennedy, 2001) and (Smith et al., 2004). Briefly, analytes
in the dialysate containing primary amine moieties were derivatized on-line by mixing dialysate
flow with a 1μl/min stream of OPA derivatization solution (10 mM OPA, 40 mM BME, 36
mM borate, 0.81 mM HPBCD, 10% MeOH (vol/vol), pH 10.5), with a reaction time of
approximately 30 s. Samples of the dialysate were injected onto the capillary (separation buffer
= 40 mM borate, 0.9 mM HPBCD) using a flow-gate interface as described previously (Lada
and Kennedy, 1996; Bowser and Kennedy, 2001; Smith et al., 2004). The OPA labeled analytes
were detected using LIF in a sheath-flow detector cell. Fluorescence was excited using the 351
nm line (20 mW total UV) of an argon-ion laser (Enterprise II 622; Coherent Laser Group,
Santa Clara, CA, USA). Emission was filtered and collected at 90° from the incident beam on
a photomultiplier tube (PMT, R9220; Hamamatsu, Bridgewater, NJ, USA). Current from the
PMT was amplified and sampled with the same software and hardware used for controlling
the injections. The detection limits of glutamate and glycine are 84.5nM and 28.7nM,
respectively.

Statistical Analysis
Two-way repeated-measure ANOVA followed by Tukey test was used to compare the
percentage of increase over baseline in all microdialysis experiments as well as distance in
locomotor activity tests between groups and time as independent factors, and time as the
repeated factor using Sigma Stat software (SPSS, Inc., Chicago, IL, USA). The interaction
between the time and groups has also been considered. Difference between groups was
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analyzed by one-way ANOVA using the same software in each time point. P<0.05 was
considered significant.
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Figure 1.
Coronal sections showing microdialysis probe placement within mPFC for all animals. Panel
A: A picture of real brain coronal section. Black arrow points out probe location. Panel B-C,
Brain coronal section figures. Solid lines indicate the active dialysis regions. Numbers below
the figure represent the position of the slice relative to Bregma. The figure was adapted from
Paxinos and Watson (2005).
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Figure 2.
NT69L blocked PCP-induced hyperactivity. The data are shown as the mean of total travel
distance measured every 20 min (±S.E.M.). (N=5 for Saline/PCP group, Saline/Saline group
and NT69L/Saline group, N=6 for NT69L/PCP group). *, P<0.05 NT69L treated groups versus
Saline treated groups. #, P<0.05 versus Saline/Saline, NT69L/Saline and NT69L/PCP groups.
Gray arrow indicates when rats received either saline or NT69L injection. Black arrow indicates
when rats received either saline or PCP injection.
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Figure 3.
In panels A, NT69L blocked the PCP-induced increase of NE levels in mPFC. In panels B,
NT69L blocked the PCP-induced increase of 5-HT levels in mPFC. In panels C, NT69L
blocked PCP-induced increases of DA levels in mPFC. In panels D, NT69L increased DOPAC
levels in mPFC. All data are shown as the % baseline of monoamines measured every 20 min
(±S.E.M.). (N=5 for Saline/PCP group, Saline/Saline group and NT69L/Saline group, N=6 for
NT69L/PCP group). %, P<0.05 versus NT69L/Saline and NT69L/PCP groups. *, P<0.05
NT69L treated groups versus Saline treated groups. &, P<0.05 versus NT69L/Saline and
Saline/Saline groups. #, P<0.05 versus Saline/Saline, NT69L/Saline and NT69L/PCP groups.
@, P<0.05 versus Saline/Saline and NT69L/PCP groups. **, P<0.05 versus Saline/Saline
group. +, P<0.05 versus NT69L/PCP group. Gray arrow indicates when rats received either
saline or NT69L injection. Black arrow indicates when rats received either saline or PCP
injection.
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Figure 4.
In panels A, NT69L blocked the PCP-induced increase of glutamate levels in mPFC. In panels
B, NT69L significantly increased glycine levels in mPFC in both NT69L/Saline group and
NT69L/PCP group. All data are shown as % baseline of amino acids measured every 20 min
(±S.E.M.). (N=5 for PCP group, Saline/Saline group and NT69L/Saline group, N=6 for NT69L
pretreated group). *, P<0.05 NT69L treated groups versus Saline treated groups. @, P<0.05
versus Saline/Saline and NT69L/PCP groups. $, P<0.05 versus Saline/Saline, and Saline/PCP
groups. Gray arrow indicates when rats received either saline or NT69L injection. Black arrow
indicates when rats received either saline or PCP injection.
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Table 1

Basal concentration of Monoamines and amino acids in mPFC.

Saline/Saline NT69L/Saline Saline/PCP NT69L/PCP

Dopamine (nM) 0.75±0.3 0.82±0.15 0.80±0.10 0.7±0.2

5-HT (nM) 0.68±0.09 0.74±0.14 0.74±0.07 0.7±0.1

NE (nM) 1.9±0.83 2.4±0.4 2.6±0.2 2±1

DOPAC (nM) 39±8 46±5 43±5 47±7

Glutamate (μM) 3.5±0.6 2.8±0.8 3.0±0.3 2.1±0.6

Glycine (μM) 5.8±1.2 4.7±0.9 4±1 5.2±0.8
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