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are Involved in the Regulation of Anxiety-
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Abstract

The role of serotoning (5-HT¢) receptors in the regulation of anxiety is poorly understood,
particularly in Parkinson’s disease-related anxiety. Here we examined whether 5-HTg receptors in
the prelimbic cortex (PrL) involve in the regulation of anxiety-like behaviors in sham-operated rats
and rats with unilateral 6-hydroxydopamine lesions of the medial forebrain bundle (MFB). The
lesion induced anxiogenic responses as measured by the open-field and elevated-plus maze (EPM)
tests compared to sham-operated rats. Intra-PrL injection of 5-HT4 receptor agonist WAY208466
(0.5, 3 and 6 pg/rat) decreased the percentage of time spent in the center area of the open field and
percentages of open arm entries and open arm time in sham-operated rats, indicating the induction
of anxiogenic responses, and injection of 5-HT4 receptor antagonist SB258585 (1, 2, and 4 pg/rat)
showed anxiolytic effects. Interestingly, WAY208466, at the same doses, increased the percentage
of time spent in the center area of the open-field and percentages of open arm entries and open arm
time in the lesioned rats, indicating the induction of anxiolytic effects, and SB258585, at the same
doses, produced anxiogenic responses. Collectively, our findings indicate that 5-HT4 receptors in
the PrL are involved in the regulation of anxiety-like behaviors, which may attribute to changes in
dopamine and noradrenaline levels in the limbic and limbic-related brain regions after activation and
blockade of PrL 5-HT¢ receptors.
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Introduction and cognitive processes (10). Increasing evidence
indicates that the ventral mPFC participates in the

The ventral region of the medial prefrontal
cortex (mPFC) includes the prelimbic (PrL) and
infralimbic cortices, projects to various brain
structures such as the amygdala, brainstem and
hypothalamus, and is related to diverse emotional

regulation of anxiety-like behaviors (6, 12, 14, 33).

Serotonergic neurotransmission has an impor-
tant role in the etiology, pathophysiology and treat-
ment of anxiety disorders. It is well known that the
mPFC receives serotonergic innervations from the
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raphe nuclei, and expresses multiple serotonin (5-
HT) receptor subtypes, including 5-HT¢ receptor (24,
32). Recent studies demonstrate the highest 5-HTy
receptor expression in the striatum, nucleus accum-
bens, olfactory tubercle, and cerebral cortex, with
moderate density in the amygdala, hippocampus,
hypothalamus, thalamus and cerebellum (7, 9, 11,
20). The specific localization of 5-HTg receptors in
the brain suggests that they play an important role
in cognition, feeding, seizures and affective states,
as well as in depression and anxiety (39, 42, 44).
Previous studies have found that both 5-HT¢ recep-
tor agonists and antagonists show anxiolytic effects
as measured by the different behavioral paradigms
of anxiety (23, 38, 40, 41). However, given that the
5-HTg receptor has emerged as an interesting mo-
lecular target for drug development and that there
is the as yet unresolved paradox that agonists and
antagonists of this receptor evoke complex effect in
anxiety-like behaviors (9, 28, 38, 43). By now, the
reported results involved in the anxiety-like effects
of 5-HTg receptor in different models of anxiety
have been inconsistent.

Classically, Parkinson’s disease (PD) is con-
sidered as a movement disorder; however, a range
of non-motor symptoms such as anxiety, depression
and cognitive deficits are increasingly recognised in
PD patients and parkinsonian animals, and anxiety
is a frequently encountered non-motor symptom of
PD (26). Further, central 5-HT system plays an im-
portant role in non-motor symptoms of PD, and de-
generation of the nigrostriatal pathway leads to an
impairment of the 5-HT system (13). Additionally,
our study has found that unilateral dopamine (DA)
depletion in PD rats induces depressive-like, and
activation and blockade of 5-HTy receptors in the
PrL could regulate these behaviors (46). Consider-
ing the fact that depression and anxiety are related
manifestations and frequently co-morbid in PD (21,
37), we speculate that 5-HTg receptors in the PrL
may be involved in the regulation of anxiety-like
behaviors in PD. Therefore, the present study was
designed to investigate effects of 5-HTg receptor
agonist and antagonist injected into the PrL on anx-
iety-like behaviors by commonly used paradigms
the open-field and elevated-plus maze (EPM) tests
in sham-operated rats and rats with unilateral 6-hy-
droxydopamine (6-OHDA) lesions of the medial
forebrain bundle (MFB).

Materials and Methods
Animals and Drugs

Experiments were performed on male Sprague—
Dawley rats (270-320 g; Experimental Animal Center
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of Xi’an Jiaotong University, Xi’an, PRC), in ac-
cordance with the National Institute of Health
Guide for the Care and Use of Laboratory Animals,
and approved by the Animal Care Committee of the
University. Desipramine hydrochloride, 6-OHDA
hydrochloride and apomorphine hydrochloride were
purchased from Sigma-Aldrich (MO, USA), and
WAY208466 (high affinity and selective 5-HTg re-
ceptor agonist) and SB258585 (potent and selective
5-HTg receptor antagonist) were obtained from Tocris
(Bristol, UK). 6-OHDA and apomorphine were
prepared in saline containing 0.02% ascorbic acid;
desipramine, WAY208466 and SB258585 were dis-
solved in saline.

6-OHDA Lesions

To model PD in rats, 6-OHDA (12 pg/4 ul)
was injected into the right MFB (AP —4.4 mm, ML 2.0
mm, DV 7.8 mm relative to bregma) as previously
described, and these rats were received desipramine
(25 mg/kg, i.p.) 30 min prior to 6-OHDA injection
to protect noradrenergic neurons (25, 46). Sham-
operated rats received 4 pl of saline containing 0.02%
ascorbic acid in the same manner. One week after
surgery, rats were given apomorphine (0.05 mg/kg,
s.c.) and those exhibiting more than 20 contralateral
turns per 5 min were selected for further experi-
ments (36).

Guide Cannula Implantation and Intra-PrL Injections

Two weeks after injection of saline contain-
ing 0.02% ascorbic acid or 6-OHDA into the right
MFB, each rat was implanted with a stainless steel
guide cannula with the tip 1 mm above the right
PrL (AP 3.3 mm, ML 0.7 mm, DV 2.0 mm relative
to bregma) (25). After surgery, rats were allowed
to recover for one week before behavioral tests.

For drug injection, a needle was inserted
through the guide cannula until its tip was 1 mm
below the end of the cannula. The injection needle
was attached by a polyethylene tube to a 1-pl mi-
crosyringe. A 0.5-ul solution volume was injected
over 60 s, and the intracerebral needle was re-
moved 60 s post injection. Sham-operated and the
lesioned rats were injected in the PrL with saline,
WAY 208466, SB258585/WAY208466 or SB258585.
Behavioral tests were performed 10 min after intra-
PrL injection. The time between the two injections
was 5 min.

Behavioral Tests

All behavioral tests were performed during
the fourth week after the injection of saline contain-
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ing 0.02% ascorbic acid or 6-OHDA into the MFB.
These tests were done in an isolated room between
8:00 and 12:00 am, and behavior was recorded with a
digital video camera (HR-550E, Sony, Tokyo, Japan).

Open-Field Test

The open-field test was used to assess spon-
taneous locomotor activity as previously described
(46). The apparatus had a white floor of 100 cm
x 100 cm (divided by black lines into 25 squares
of 20 cm x 20 cm) and white walls of 40 cm high.
Each rat was placed in the center of the open-field,
and the number of squares crossed (horizontal lo-
comotion) and of rearings (vertical activity) was
observed for 5 min. The test was also used to as-
sess anxiety-like behavior in rats by measuring
time spent in the central area (60 cm x 60 cm) of
the open-field. The percentage of time spent in the
central area was defined as: [time spent in the cen-
tral area (s)/300 (s) x 100]. A decrease in the per-
centage of time spent in the center area is indicative
of anxiety state (35).

EPM test

The EPM test was performed to assess anxiety-
like behaviors previously described (27). Each rat
was placed on the central platform facing an open
arm at the beginning of the test and allowed to freely
explore for 5 min. Anxiety-like behavior was mea-
sured by the following parameters: percentages of
open arm entries [(number of open arm entries/
number of open arm + closed arm entries) x 100]
and open arm time [(time in open arm/time in open
+ closed arm) x 100]. Decrease in the percentages
of open arm entries and open arm time are sugges-
tive of anxiety-like behavior (27).

Histology and Immunohistochemistry

Cresyl violet staining was used to identify
the location of the injection sites. To determine
the extent of dopaminergic neurons degeneration in
the substantia nigra pars compacta (SNc), tyrosine
hydroxylase (TH) immunohistochemistry was per-
formed as described previously (36).

Data Treatment and Statistics

Behavioral data were only analyzed in rats
that had total loss of TH immunoreactive neurons
and histologically verified location of injection
sites (Fig. 1). The data were first compared using
unpaired Student’s 7-test between sham-operated
and the 6-OHDA-lesioned rats. Then, sham-operated
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Bregma +3.24 mm

Schematic drawing of representative section, the injection
site and TH immunohistochemistry. Photomicrograph
of Cresyl Violet staining showing the injection site (arrow)
in the PrL of sham-operated rat; and schematic drawing
(bregma: +3.24 mm) adapted from Paxinos and Watson.
Photomicrographs of TH immunohistochemical staining
in coronal section of the midbrain in sham-operated (n
= 13; B, upper) and the 6-OHDA-lesioned (n = 13; B,
bottom) rats showing the SNc¢ and VTA DA neurons
on the injected side (right) compared to uninjected side
(left). Note the complete and partial degeneration of
TH-immunoreactive neurons in the SNc¢ and VTA in
the 6-OHDA injected side, respectively. MTN, medial
terminal nucleus of the accessory optic tract. Scale bar,
A, B =500 pm.

and the lesioned groups were separated, and all
indexes in the behavioral tests after saline or drug
injections were analyzed using one way analysis of
variance (ANOVA) followed, when significant, by
Dunnett’s test for multiple comparisons. All data
were expressed as mean + standard error of the
mean (SEM), and the criterion for statistical signifi-
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Fig. 2. Histograms showing effects of 6-OHDA lesion, intra-PrL injection of 5-HT, receptor agonist WAY208466 and antagonist
SB258585 on locomotor activity measured by the open-field test. Unilaterally lesioning the MFB decreased the number of
squares crossed (A; horizontal movement) and the number of rearings (D; vertical movement) compared to sham-operated
rats. In sham-operated and the lesioned rats, intra-PrL injection of WAY208466, SB258585/WAY208466 or SB258585 did
not change the number of squares crossed (B, C) and the number of rearings (E, F) compared to saline injection into the PrL
in the same group. ***P < 0.001 vs. sham-operated rats; n = 10 rats/group.
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Fig. 3. Histograms showing effects of 6-OHDA lesion, intra-PrL injection of 5-HT, receptor agonist WAY208466 and antagonist

SB258585 on anxiety-like behavior measured by the open-field test. Unilaterally lesioning the MFB decreased the per-
centage of time spent in the center area compared to sham-operated rats (A). In sham-operated rats, intra-PrL injection
of WAY208466 decreased the percentage of time spent in the center area compared to the saline injection into the PrL
in the same group (B), and SB258585 increased the percentage of time spent in the center area (C). In the lesioned rats,
WAY208466 increased the percentage of time spent in the center area compared to the saline injection into the PrL in the
same group (B), and SB258585 decreased the percentage of time spent in the center area (C). **P < 0.01 vs. sham-operated
rats; TP < 0.05, 7P < 0.01 vs. the saline injection into the PrL in the same group; n = 10 rats/group.

cance was P < 0.05. saline injection into the PrL in the same group (Fig.
2, B, C, E and F).
In the open-field test, the MFB lesions in rats

significantly decreased the percentage of time spent

Results

CJP#61-4.indb 204

Unilateral MFB lesions in rats significantly
decreased the number of squares crossed and rearings
compared to sham-operated rats (both P < 0.001;
unpaired Student’s ¢-test; Fig. 2A and D). In sham-
operated and the lesioned rats, intra-PrL injection of
WAY208466, SB258585/WAY 208466 or SB258585
did not affect locomotor activity compared to the

S

in the center area compared to sham-operated rats
(P < 0.01; unpaired Student’s t-test; Fig. 3A). In
sham-operated rats, intra-PrL injection of WAY208466
(1.5, 3, and 6 pg/rat) significantly decreased the
percentage of time spent in the center area compared
to the saline injection into the PrL (Fy45 = 3.398,
P < 0.05, one-way ANOVA; followed by Dunnett’s
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Fig. 4. Histograms showing effects of 6-OHDA lesion, intra-PrL injection of 5-HT4 receptor agonist WAY208466 and antagonist
SB258585 on anxiety-like behavior measured by the EPM test. Unilaterally lesioning the MFB decreased the percentages
of open arm entries and open arm time compared to sham-operated rats (A, D). In sham-operated rats, intra-PrL injection
of WAY208466 decreased the percentages of open arm entries and open arm time compared to the saline injection into the
PrL in the same group (B, E), and SB258585 increased the percentages of open arm entries and open arm time (C, F). In the
lesioned rats, WAY 208466 increased the percentages of open arm entries and open arm time compared to the saline injection
into the PrL in the same group (B, E), and SB258585 decreased the percentage of open arm entries and open arm time (C, F).
**P <0.01, ***P < 0.001 vs. sham-operated rats; TP < 0.05, TP < 0.01, 1P < 0.001 vs. the saline injection into the PrL

in the same group; n = 10 rats/group.

post-hoc test, 6 pug, P < 0.05; Fig. 3B), indicating an
anxiogenic response. Intra-PrL injection of SB258585
(1, 2, and 4 pg/rat) significantly increased the per-
centage of time spent in the center area compared
to the saline group (£33, = 3.81, P < 0.05, one-way
ANOVA; followed by Dunnett’s post-hoc test, 4 ng,
P < 0.05; Fig. 3C). The data indicate the induction
of anxiolytic response following the injection of
SB258585.

In the 6-OHDA-lessoned rats, intra-PrL injec-
tion of WAY208466, at doses of 3 and 6 ug/rat (but
not 1.5 pg/rat), significantly increased the percent-
age of time spent in the center area compared to the
saline injection into the PrL (F, 45 = 5.247, P < 0.001,
one-way ANOVA; followed by Dunnett’s post-hoc
test, 3 ug, P < 0.05; 6 pg, P < 0.01; Fig. 3B), in-
dicating an dose-dependent anxiolytic response.
Intra-PrL injection of SB258585, at the same doses,
significantly decreased the percentage of time spent
in the center area compared to the saline group
(F336 = 3.18, P < 0.05, one-way ANOVA; followed
by Dunnett’s post-hoc test, 4 pg, P < 0.05; Fig.
3C). The data indicate the induction of anxiogenic
response following the injection of SB258585. Ad-
ditionally, prior injection of SB258585 blocked the
effects of WAY208466 in two groups of rats (Fig.
3B).

In the EPM test, the MFB lesions in rats
significantly decreased the percentages of open

S

arm entries and open arm time compared to sham-
operated rats (open arm entries, P < 0.01; open arm
time, P < 0.001; unpaired Student’s ¢-test; Fig. 4, A
and D). In sham-operated rats, intra-PrL injection
of WAY208466 (1.5, 3, and 6 pg/rat) significantly
decreased the percentages of open arm entries and
open arm time compared to the saline injection into
the PrL (open arm entries, Fy 45 = 2.618, P < 0.05;
open arm time, Fy45 = 3.332, P < 0.05; one-way
ANOVA; followed by Dunnett’s post-hoc test, 6 ng,
both P < 0.05; Fig. 4, B and E), indicating an anx-
iogenic response. Intra-PrL injection of SB258585
(1, 2, and 4 pg/rat) significantly increased the per-
centages of open arm entries and open arm time
compared to the saline group (open arm entries,
F336=3.023, P <0.05; open arm time, F5 35 = 5.656,
P < 0.01; one-way ANOVA; followed by Dunnett’s
post-hoc test, 4 ug, P < 0.05 for the percentages of
open arm entries; 2 ug, P < 0.05, 4 pg, P < 0.001
for the percentage of open arm time; Fig. 4C and
F). The data indicate the induction of anxiolytic
response following the injection of SB258585.

In the 6-OHDA-lesioned rats, intra-PrL injection
of WAY208466, at doses of 3 and 6 pg/rat (but not
1.5 pg/rat), significantly increased the percentages
of open arm entries and open arm time compared to
the saline injection into the PrL (open arm entries,
Fy45=4.714, P <0.01; open arm time, F4 45 = 7.489,
P < 0.001; one-way ANOVA; followed by Dun-
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nett’s post-hoc test, 3 pg, P < 0.05, 6 pg, P < 0.01
for the percentages of open arm entries; 3 ug, P <
0.05, 6 ug, P <0.001 for the open arm time; Fig. 4,
B and E), indicating an dose-dependent anxiolytic
response. Intra-PrL injection of SB258585, at the
same doses, significantly decreased the percentages
of open arm entries and open arm time compared
to the saline group (open arm entries, F33, = 3.12,
P < 0.05; open arm time, F33, = 5.174, P < 0.01;
one-way ANOVA; followed by Dunnett’s post-hoc
test, 4 ug, P < 0.05 for the percentage of open arm
entries; 1 ug, P <0.05, 2 and 4 pg, P < 0.01 for the
percentage of open arm time; Fig. 4, C and F). The
data indicate the induction of anxiogenic response
following the injection of SB258585. Additionally,
pretreatment with SB258585 blocked the effects of
WAY208466 in two groups of rats (Fig. 4, B and E).

Discussion

Although rats with unilateral 6-OHDA lesions
of the MFB showed decreased horizontal and vertical
activity in the open-field test, intra-PrL injection of
WAY208466 or SB258585 did not affect locomotor
activity in both sham-operated and the lesioned rats.
These results are confirmed by previous studies
(12, 31, 46). Thus, effects of WAY208466 and
SB258585 on anxiety-like behavior tests are not di-
rectly related to animal’s locomotor state.

In the present study, rats with unilateral MFB
lesions showed increased anxiety-like behaviors in
the open-field and EPM tests compared to sham-op-
erated rats, indicating the induction of anxiogenic
responses. Likewise, several studies found that rats
with unilateral MFB lesions had anxiety-like be-
haviors as measured by the EPM, locomotor cham-
ber or social interaction tests (5, 12, 34). However,
other studies using the same model showed no ef-
fects on anxiety-like behaviors in the EPM, open
field or acoustic startle response tests (4, 16). This
discrepancy may be related to the extent of the le-
sion, used anxiety paradigms and time frame for
the behavioral tests. Therefore, our results support
previous studies (5, 12, 15, 34), and the notion that
unilaterally lesioning the MFB in rats is able to
induce anxiety-like behaviors. These findings also
indicate that DA depletion plays an important role
in the onset of anxiety in PD.

The ventral mPFC, including the PrL, is in-
volved in the regulation of anxiety-like behaviors,
because several studies have shown that lesions of
the ventral mPFC in rats induce anxiolytic effects
(14, 33). Further, the mPFC receives serotonergic
afferents from the raphe nuclei (24), and expresses
a relative high density of 5-HTy receptors (7, 45,
46). Previous studies have found that both 5-HTg
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receptor agonists (e.g., WAY208466, WAY 181187
and EMD386088) and antagonists (e.g., SB258585
and SB399885) produce anxiolytic effects in rats
and mice after intraperitoneal or intra-hippocampal
administration (23, 26, 28, 40, 43). These findings
suggest that the 5-HT¢ receptor may be an impor-
tant target of action of anxiolytic effects.

Although 5-HT, receptor agonists and antago-
nists have an evident role in decreasing anxiety,
little is known concerning effects of 5-HT4 recep-
tor agonist WAY208466 and antagonist SB258585
injected into the PrL on anxiety-like behaviors
in rats, particularly in PD-related anxiety. In the
present study, intra-PrL injection of WAY208466
induced anxiogenic responses as measured by the
open field and EPM tests in sham-operated rats;
however, the results are inconsistent with previous
reports, because activation of 5-HT, receptors produces
anxiolytic effects (1, 23). Further, intra-PrL in-
jection of SB258585 produced anxiolytic effects
in sham-operated rats, which are consistent with
reported data (23, 40, 43). Therefore, current data
suggest that 5-HT4 receptors in the PrL are in-
volved in the regulation of anxiety-like behaviors.
It is surprising that the behavioral effects produced
by WAY208466 and SB258585 in the 6-OHDA-
lesioned rats were opposite compared to sham-op-
erated rats, i.e., intra-PrL injection of WAY208466
produced anxiolytic responses, and SB258585 in-
duced anxiogenic responses. Additionally, pretreat-
ment with SB258585 in the PrL completely blocked
behavioral effects produced by WAY208466 in two
groups of rats, indicating that effects produced by
WAY208466 are mediated via 5-HT¢ receptors. The
behavioral effects produced by intra-PrL injection
of WAY208466 and SB258585 in sham-operated
and the lesioned rats could be explained by the fol-
lowing observations.

Increased neuronal activity in the mPFC is as-
sociated with anxiety, because stress and anxiety-
inducing stimuli consistently activate the mPFC in
rats (30). A recent study has also found that intra-PrL
injection of WAY208466 increases the firing activity
of PrL glutamatergic neurons in rats, while
SB258585 decreases the firing activity of the neurons
(46). Therefore, a more likely explanation for current
data is that intra-PrL injection of WAY208466 or
SB258585 changes the activity of PrL glutamatergic
neurons in sham-operated rats, which produces anx-
iogenic or anxiolytic effects. However, the present
results showed that WAY208466 produced anxi-
olytic responses and SB258585 induced anxiogenic
behaviors in the 6-OHDA-lesioned rats. Although
the behavioral effects of 5-HTg receptor agonists and
antagonists could be involved in multiple factors
which include: systemic or local administration of the
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drugs and neuroanatomical site of local adminis-
tration, selectivity of the drugs, different experi-
mental models, and used anxiety paradigms, the
neurochemical results may provide direct evidences
for the paradoxical effects of WAY208466 and
SB258585 in sham-operated or the lesioned rats,
and between two groups of rats.

The regulatory role of monoaminergic system
in emotional and behavioral processes has long
been recognized together with its implication in a
variety of behavior-related disorders, including
anxiety (22). The mPFC, amygdala, habenula and
ventral hippocampus are main structures of the
limbic and limbic-related brain regions that are in-
volved in the regulation of anxiety (46). Our previ-
ous studies found that DA depletion could induce
anxiety-like behaviors in PD rats (12, 34). In these
studies, the neurochemical results revealed that
unilateral 6-OHDA lesions decreased DA levels in
the limbic and limbic-related brain regions (34, 46).
Our recent study has found that intra-PrL injection
of WAY208466 or SB258585 changes DA and no-
radrenaline (NA) levels in several brain regions in
sham-operated and the 6-OHDA-lesioned rats (46).
This study also demonstrated that activation and
blockade of 5-HT¢ receptors in PrL produce differ-
ent effects on depressive-like behaviors in unilat-
eral 6-OHDA-induced Parkinson's rats. Consider-
ing the fact that depression and anxiety are related
manifestations and often co-exist in PD (21, 37), we
could predict that 5-HTg4 receptors in PrL may be
involved in the regulation of PD-related anxiety.
Additionally, several studies have also shown that
5-HTg receptor agonist WAY208466 and antagonists
SB258585 and SB271046 do not change 5-HT lev-
els in the limbic and limbic-related brain regions (17,
19, 46), indicating that 5-HT is not involved in the
regulation of anxiety induced by the agonist and an-
tagonists. These neurochemical results suggest that
intra-PrL injection of WAY208466 and SB258585
decreases or increases DA and NA neurotransmis-
sion in the limbic and limbic-related brain regions
in sham-operated and the lesioned rats, which leads
to anxiogenic or anxiolytic responses.

The mPFC has direct or indirect connections
to limbic and limbic-related brain regions believed
to be involved in anxiety such as raphe nuclei
and amygdala, and regulates the activity of these
downstream brain structures (2, 8, 29). Therefore,
dysfunctional changes within these interconnected
brain regions are involved in the regulation of anxiety.
It is also interesting to note that WAY 208466 increases
the firing activity of PrL glutamatergic neurons
in both sham-operated and the 6-OHDA-lesioned
rats (46); however, WAY208466 produced opposite
behavioral effects. Likewise, SB258585 also produced

S

different behavioral effects, although SB258585
decreases the firing activity of PrL glutamatergic
neurons in two groups of rats (25). Indeed, previous
studies have found that intra-mPFC injection
of 5-HT,, receptor agonist 8-OHDP-AT decreases
serotonergic neuron activity in the rat dorsal raphe
nucleus, and 5-HT release in the dorsal raphe nu-
cleus and mPFC (2, 3). As with the connections be-
tween mPFC and raphe nuclei, the mPFC is thought
to regulate emotional responses by directly inhibit-
ing amygdala activity (18). These studies suggest
that the mPFC exerts its effects on anxiety largely
through its interactions with downstream brain
structures. Based on previous studies and current
data, we consider that changed excitatory gluta-
matergic output of the PrL may affect the activity
of the aforementioned downstream brain structures.

Together, the present results indicate that ac-
tivation and blockade of 5-HT¢ receptors in the PrL
produced different behavioral effects in the tests of
anxiety in sham-operated and the 6-OHDA-lesioned
rats, which may be involved in changed DA and NA
neurotransmission in the limbic and limbic-related
brain regions.
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