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Abstract: Dopamine (DA) exerts powerful effects on the central regulation of motor and behavioral activities
during stressful conditions. This study aimed to evaluate the response of dopaminergic system in Acute Stress
(AS) and Chronic Unpredictable Stress (CUS) by measuring dopamine receptor (D, and D;) gene expression
and distribution in the frontal cortex, striatum, hippocampus and amygdala brain regions of rats and also
mvestigated the corresponding changes m the expression of immediate early gene (cfos) m the all selected brain
regions. Involvement of D, receptor in AS and CUS was examined by using A68930 (a D, selective agonist).
Rats were exposed to AS (single immobilization for 150 min) and CUS (two different stressors for 7 days). The
results showed that under baseline condition cfos gene was distributed in the brain, with the highest density
n the frontal cortex followed by amygdala, striatum and hippocampus. We also found that AS and CUS caused
an induction of cfos gene m frontal cortex, striatum and amygdala. Importantly the increased cfos mRNA
expression remains up regulated following the treatment of A68930 at 0.25 mg kg™ dose suggested that neurons
in these brain structures are activated. D, receptor gene was also found to be distributed in the brain, with the
highest density in the striatum followed by amygdala, frontal cortex and hippocampus. In case of D, receptor
gene, the highest density was found m the striatum followed by amygdala, ippocampus and frontal cortex.
Whereas, D, receptor gene was found to be elevated in the striatum and hippocampus in both stressed models,
but this was normalized by A68930 treatment. On the other hand, D, receptor mRNA level was reduced in the
frontal cortex and amygdala regions in CUS group only. Whereas, the expression D, receptor remains
unchanged in these regions. These changes in gene expression of D /D, receptor and cfos, clearly indicating
their diverse role in various central nervous system functions operated in particular brain regions.
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INTRODUCTION

Increasing number of evidences indicate that
stressful life events contribute to the expression and
exacerbation of different physiological, behavioral and
newrological pathologies (Nieoullon and Coquerel, 2003).
However, most of these studies suggest a major
mvolvement of stress on central dopaminergic systems,
i particular mesolimbic and mesocortical systems
(Rasheed et al., 2011; Pani ef ol., 2000). Dopamine (DA)
neurons in the Central Nervous System (CNS) are
thought to play a critical role in various neurological
and psycluiatric disorders, including schizophrenia,
Parkinson’s disease and drug  addiction
(Van Craenenbroeck et al., 2005). Studies on DA receptors

have been a primary approach towards understanding of
dopaminergic function, in turn, it may lead to the
development of improved therapeutic approaches to treat
these devastating newrological disorders (Hiroi et af.,
2002). When characterized by strictly pharmacological
approach, there are two major classes of DA receptors
subtypes D, class and D, class subtypes (Kebabian and
Calne, 1979) and it plays the key role in the control of
locomotion, learmng, working memory, cognition and
emotion (Nieoullon and Coquerel, 2003; Benturquia et al.,
2008). Therefore it was considered to be a major target for
drug  designing applied in the treatment of
neuropsychiatric diseases. Stress has been shown to alter
normal dopaminergic neurotransmission (Pani ef al.,
2000) and exposure to stress profoundly increases the
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dopaminergic activity (Varga et al., 2011) and induces
relevant adaptive responses of DA receptors in specific
brain regions (Brunelin ef af., 2008). In the imtial part of
our study, we observed a differential and bran region
specific dopaminergic response in relation to the DA
levels, D /D, receptor densities and consequent locomotor
behavior during stressful conditions (Rasheed er al,
2010). However, the effect of stress and DA receptor
activation by specific agonists on the expression of these
vital DA receptor genes in important brain region remains
to be elucidated. Thus, it was relevant to explore the
stress induced-changes of D, /D, receptors at the mRNA
level. In the present study, we aimed to evaluate the
response of dopaminergic system in Acute Stress (AS)
and Chromc Unpredictable Stress (CUS) in terms of
mRNA distribution and expression of D, /D, receptors
in the frontal cortex, striatum, hippocampus and amygdale
of rat brain. The effect of A 68930, a D, selective agonist
on the expression of DA receptor genes was also
examined to understand the biological basis of behavioral,
hormonal and other stress-induced changes observed
during AS and CUS conditions. Further, This study
examined the mvolvement of brain regions mediating the
changes of DA receptor gene expression during different
stressful conditions and following by the treatment of A
68930 by measuring the distribution and expression of ¢-
fos in these brain regions to locate the precise neurcnal
activation.

MATERIALS AND METHODS

Animals: Experimental protocols were approved by the
Institutional Ethical Committee of CDRI with following
guidelines of CPCSEA (Comimittee for the Purpose of
Control and Supervision of Experiments on Animals)
which complies with International norms of INSA (Indian
National Science Academy). Adult male Sprague Dawley
rats, (180-220 g) procured were used in the study. For
both control and stressed groups three rats were housed
per cage, in a room with temperature regulated at 224+2°C,
with a 12 h/12 h light/dark cycle (lights on 07:00 h, lights
off 19:00 h). Standard chow pellets and water were given
ad libitum, except during the period when food or water
deprivation was applied.

Drugs: A 68930[(1R,35)-1-aminomethyl-5,6-dihydroxy-3-
phenylisochroman HCl]-a D, receptor agonist, was
obtammed from Sigma Chemicals, St Louis, MO, TUSA. All

other chemicals used in the study were of analytical or
HPLC grade purchased locally.

Treatment schedule: Ammals were randomly divided mto
various groups, each group contaimng 10 rats. The,
respective groups consist of Non-stress (NS3), Acute
Stress (AS), Chronic Unpredictable Stress (CUS) along
with A 68930 treatment groups (A 68930+AS and A
68930+CUS). A 68930 was prepared m 0.9% NaCl
solution. Normal control (NS) and stress control groups
(AS and CUS) were injected with the same vehicle
solutions as used for the dissolution of respective drugs
and used for the purpose of comparison accordingly.
Drugs and vehicles were administered intraperitoneally
20 min prior to stress regimen in AS and CUS conditions
ina volume of 1 mL kg™ b.wt.

Stress procedures: All the rats were acclimatized under
laboratory conditions and handled daily for a week prior
to the commencement of experiment. Two different stress
models were used, Acute Stress (AS) and Chronic
Unpredictable Stress (CUS). AS was produced by
restraining 12 h fasted rats for 150 min inside a cylindrical
steel tube (7 cm diameter, 17.5 cm long, with holes for
ventilation) as previously described (Sheikh et ai., 2007,
Ahmad et al., 2010). CUS procedure includes fasting, tail
pinching, restraint, overnight wet cage bedding, isolation,
forced swimming, day-mght reversal, cold-restraint, water
deprivation, foot-shock and cold exposure (Katz et af.,
1981). Individual stressors and time of exposure during
CUS on every day have been summarized in Table 1.
Briefly, rats were subjected to fasting (food deprivation)
for 18 h, between 14.00 h to 10.00 h the next day. Tail
pinching comprised pinching the tail tip with specially
designed steel clips for 5 min. Restraint stress comprised
confinement for 150 min mside a cylindrical steel tube
(7 cm diameter, 17.5 cm long). Bedding material was
soaked with water overnight as a further stressor. For
isolation stress, rats were kept alone in a cage for 12 h. For
SWImming stress, rats were placed in a glass jar (35.5 cm
high, 20.2 am diameter) contaming water (depth: 25 cm) at

Table 1: Schedule of stressors used during chronic unpredictable stress for a period of 7 days

Day Time Procedure Duration Time Procedure Duration ¢(h)
1 10:00 am. Tail pinching 5 min 2:00 p.m. Fasting (food deprivation) 18
2 10:00 a.am. Restraint stress 150 min 3:00 pamn. Wetted soil cage 18
3 9:00 am. Isolation stress 12h 9:00 p.m. Day night reversal 15
4 12:30 p.m. Cold restraint stress 2h 3:00 pamn. Water deprivation 18
5 10:00 am. Foot shock 20 min 4:00 p.m. Cold exposure 3
6 10:00 a.am. Forced swimming 30 min 2:00 p.amn. Fasting (food deprivation) 18
7 9:00 a.m. Restraint stress 150 min 12:30 p.m. Sacrificed by cervical dislocation -
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23°C for 30 min. Day and night reversal involved keeping
the rats in the dark during the usual day (3 h) and in high
mtensity light during the might (12 h). During water
deprivation, water was removed for 18 h, between 14.00 h
to 10.00 h the next day. In foot-shock stress, rats were
subjected for 20 min to one shock per 2 sec of 2mA viaa
grid floor m an agressometer (Techno electromcs,
Lucknow, India). Cold exposure involved placing rats in
a programmable environment test chamber (Remi,
Mumbai, India) for 3 h at 4°C. In cold-restraint stress, rats
were restrained as above and kept in the cold chamber for
2hat4°C.

Sample preparation for RT-PCR: Immediately after the
last stressor all the rats were killed by conscious cervical
dislocation followed by decapitation and the brains were
mnmediately removed. The discrete regions (cortex,
striatum, hippocampus and amygdala) were dissected on
an 1ce-cold glass plate (Glowinski and Iversen, 1966).
Total RNA was extracted from brain samples using
TRIZOL. Reagent (Invitrogen Life Technologies,
Karlsruhe, Germany). First-strand ¢cDNA was synthesized
using 5 pg of total RNA using commercially available
RETRO script kit (Ambion Tne, Austin, TX,USA). Genes
for D, D, receptor, cfos and b-Actin were amplified with
specific primer sets as previously described (Vrana ef al.,
1995, Konturek et al., 2003, Nakahara et al., 2002). ¢cDNA
samples were ammealed at 94°C (5 min) and amplified for
30 cycles with the following cycling conditions: 94°C for
1 min; respective ammealing temperature for D, receptor-
60°C, D, receptor -63°C, c-fos -63°C and b-Actin -55°C for
1 min; 72°C for 1 min followed by a final extension at 72°C
for 10 min. The amplified products were electrophoresed
on 1.0% agarose gel m TAE buffer and visualized by
ethidium bromide staining.

Densitometric analysis: Measurement of the scanned
bands was performed using UN-SCAN-IT software (Silk
Scientific Corporation, Oren, UT, USA). Each band was
scarnned five times and the mean band intensity (pixel per
band) was obtained. Data were normalized to suitable
loading controls and expressed as Mean+SD followed by
appropriate statistical analysis.

Statistical All  statistical analyses
performed using one-way Analysis of Variance (ANOVA)
with Tulkey-Kramer post-hoc analysis and p<0.05 was

analysis: were

considered statistically significant. For cell counting and
fibers density, inter group comparisons were performed
with ANOVA values shown as Mean+SEM unless stated
otherwise.
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RESULTS

Effect of A 68930 on AS and CUS induced changes in
brain DA D./D, receptors gene expressions
Distribution of DA D/D, receptor gene expression in
selected brain regions: The D, receptor gene encodes
two molecularly distinct isoforms, named long (DL,
404 bp) and short (ID,3, 317 bp). Results showed that D,
receptor gene was distributed in the brain, with the
highest density in the striatum followed by amygdala,
frontal cortex and hippocampus .In case of D, receptor
gene, the highest density was found in the striatum
followed by amygdala, hippocampus and frontal cortex
(Fig. la).

DA D/D, receptor gene expression in the frontal cortex:
Exposure to CUS produced a sigmficant decreased in the
expression of D, receptor mRNA as compared with
nomstress (NS) group (p<0.05). The expression of D,
receptor mMRNA was insignificantly decreased following
the treatment of A 68930 (0.25 mg kg™ (p=0.05).
However, there was no change in the expression of D,
receptor mMRNA in all the groups studied (p=0.05) (Fig. 2a).

DA D/D, receptor gene expression in the striatum: The
D, receptor mRNA expression sigrificantly
increased in AS and CUS group when compared to
NS control group (p<0.05). Pretreatment of A 68930
(0.25 mg kg™") significantly decreased the expression of

was

D, receptor gene (p<0.05). Expression of D, receptor was
also sigmficantly decreased 1 CUS group as compared
with NS control group (p<0.05), but A 68930 treatment had
no effect on the gene expression of D, receptor (p=0.05)
(Fig. 2b).

DA D/D, receptor gene expression in the hippocampus:
The D, receptor mRNA expression was significantly
increased when rats were subjected to both AS and CUS
as compared to NS control group (p<0.05). This increased
m D, receptor gene expression was significantly
normalized by the admimstration of A 68930
(0.25 mg kg™") (p>0.05). Whereas gene expressicn of D,
receptor remains unaltered by A68930 treatment in all the
groups examined (Fig. 3a).

DA D,/D, receptor gene expression in the amygdala:
Administration of A68930 to CUS group significantly
normalized the decreased mRNA expression of D, receptor
(p<0.05). Whereas, A68930 had no effect on the mRNA
expression of D, receptor m both the stressed models
(p=0.05) (Fig. 3b).
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Fig. 1(a-b) Tmage (upper panel) and quantitative analysis result (lower panel) of the alterations in levels of gene
expression of (a) D, D, receptor and (b) cfos m frontal cortex, striatum, hippocampus and amygadala were
analyzed by RT-PCR. Data expressed as MeantSEM of four independent experiments. The blots are
representative and the results in the histogram are expressed as ratio of relative intensity of gene of interest
to P-actin. Statistical analysis was performed by One Way ANOVA followed by Tukey-Kramer multiple

comparison test

Effect of A 68930 on AS and CUS induced changes in
brain cfos mRNA expression

Distribution of cfos mRNA in selected brain regions:
Figure 1b shows that cfos gene was distributed in the
brain, with the highest density in the frontal cortex
followed by amygdala, striatum and hippocampus.

cfos gene expression in the frontal cortex and striatum:
The cfos mRNA expression was significantly mcreased
when rats were subjected to both AS and CUS as
compared to NS control group in both the bram regions
(p=<0.05). Administration of A 68930 (0.25 mg kg™") hadno
effect on these changes (p=0.05) (Fig. 4a, b).

cfos gene expression in the hippocampus and amygdala:
The cfos mRNA expression was significantly mcreased
when rats were subjected to both AS and CUS as
compared to NS control group in amygdala region of brain
(p<0.03). Administration of A 68930 (0.25mgkg™)
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showed no effect on this change (p=>0.05). Whereas, in
hippocampus A 68930 administration showed no effect in
both AS and CUS groups (p>0.05) (Fig. 5a, b).

DISCUSSION

Dopamine has been implicated n the stress-related
regulation of the HPA axis, as well as in depression
{(Zacharko and Amsman, 1991, Cabib and Puglisi-Allegra,
1996). There is evidence that central dopaminergic
systems exert a positive control on the HPA axis. We
observed that under baseline condition cfos gene is likely
to be distributed in the brain, with the highest density in
the frontal cortex followed by amygdala, striatum and
hippocampus. However, the D, receptor gene encodes
two molecularly distinct isoforms, named long (DL,
404 bp) and short (D,S, 317 bp). D, receptor gene is
distributed mn the brain, with the lnghest density in the
stnatum  followed by amygdala, frontal cortex and
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Fig. 2(a-b): Image (upper panel) and quantitative analysis result (lower panel) of the alterations in the levels of gene
expression of D, and D, receptor m the (a) frontal cortex and (b) striatum in response to stress and A 68930
treatment were analyzed by RT-PCR. Data expressed as MeantSEM of four independent experiments. The
blots are representative and the results in the histogram are expressed as ratio of relative intensity of gene
of nterest to B-actin. Statistically significant at *p< 0.05, # p<0.05 and ##p=< 0.01 in comparison to NS control

group

hippocampus. In case of D, receptor gene, the highest
density was found in the striatum followed by amygdala,
hippocampus and frontal cortex. The particular abundance
of these genes in different brain regions found in our
study was well supported by others (Pacak et al., 1995;
Fremeau et al., 1991; Dearry et al., 1990; Picetti et ai.,
1997). This differential abundance of D, /D, receptor and
cfos mRNA level, suggesting their diverse role in various
CNS function operated mn particular brain regions.

Stress causes an induction of cfos m the frontal
cortex, striatum and amygdala. An increase of cfos mRNA
expression remains up regulated following the treatment
of A6R930 at 0.25 mg kg™' dose suggested that neurons
1n these brain structures are activated. Interestingly, in the
hippocampus  significantly lesser induction of cfos
suggested the different vulnerability and effect of stress
on various bramn regions. Present results are in agreement
with other studies in which they observed a region vise
activation/induction of cfos immuno-reactivity upon the
exposure of various stressors (Pacak et al, 1995).
Sustained expression of c-fos in response to long-lasting
stimuli has been observed m a wvariety of stressful
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Chronic
stimulation of ¢-fos gene expression, or neurons of certain

conditions. stress may cause persistent
brain nuclei or regions are activated alternatively.
Whether this is due to activation of other intracellular
mechanisms or to the intensity of the stimulus remains to
be determined. However, induction of cfos an immediate
early gene by stress m the brain regions like the frontal
cortex, striatum and amygdala, further support our finding
where we observed most of the dopaminergic changes
response to stress i these brain structures. Results also
demonstrated that exposure of different stressful
conditions (AS and CUS) produced a diverse effect on the
mRNA expression of D, receptor, with relatively no
change m D, receptor expression m the frontal cortex,
striatum, hippocampus and amygdala. The D, receptor
mRNA was found increased in the striatum and
hippocampus both in AS and CUS groups, which was
countered following the treatment of A68930
{0.25mg kg ™). On the other hand D, receptor mRNA level
was decreased in the frontal cortex and amygdala regions
in CUS group only. Most of these changes of D,/D,

receptor at mRNA level during stress are i line with the
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Fig. 3(a-b): Image (upper panel) and quantitative analysis result (lower panel) of the alterations in the levels of gene
expression of D, and D, receptor in the (a) hippocampus and (b) amygdala in response to stress and A 68930
treatment were analyzed by RT-PCR. Data expressed as Mean+SEM of four independent experiments. The
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of nterest to B-actin. Statistically significant at *p<0.05, # p<0.05 and ## p< 0.01 in comparison to NS control

group

changes observed at the protem level We have
previously demonstrated by receptor binding studies that
CUS causes a significant decrease m the number of D,-like
receptors in the frontal cortex and pretreatment with D,
agonist A 68930 further decreased the density in this
region. This could be attributed to the increase binding of
D, receptors in presence of A 68930. However, in case of
striatum  and hippocampus A 68930 pretreatment
ameliorates the CUS induced change in the number of D,-
like receptors. In AS, the brain regional trend of D,-like
receptor number is similar to CTJS, although statistically
not significant, whereas at mRNA level AS was capable
of significantly up regulating D, receptors in the striatum
and hippocampus regions of brain. The discrepancies in
the expression of D /D, receptors during AS condition at
the protein and gene level in discrete brain regions under
stressful  conditon camnot be totally understood,
however, insufficiency m post translational changes
may be hypothesized.

Neuroanatomical studies have demonstrated that
D, receptors are highly expressed in the striatum, nucleus
accumbens and olfactory tubercle, with somewhat lower
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concentrations in the frontal cortex (Missale ez al., 1998).
Peripheral administration of a D, like receptor agonist is
known to induce a robust expression of immediate early
genes (e.g., c-fos) in intact habituated rats, especially in
the nucleus accumbens, olfactory tubercle and cortex
(Wang and McGinty, 1996). In the present study, we also
found an induction of c-fos mRNA in discrete brain
regions which can be correlated with the changes i motor
activity. Several authors have demonstrated increased
expression of DR binding sites in cortex, striatum,
nucleus accumbens and olfactory tuberculum in rats
(Papa et al, 2002; Kircuac and Ganguly, 1993;
Watanabe et al., 1997), which could be a consequence of
disturbances in DA uptake, storage and/or metabolism
(Russell ef al., 2005). The results may also indicate that
the stimulation of dopamine D, receptors, possibly in the
prefrontal cortex and striatum 1s associated with mtubitory
actions on locomotor activity. These changes m D, like
receptor density at mRNA level during AS and CUS can
also be explamed on the basis of corresponding changes
in the levels of DA and its normalization following the
treatment of A68930.
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