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INTRODUCTION

Dopamine (DA) is the predominant catecholamine neurotransmitter in the human center nervous system, where it
controls a variety of functions including cognition, emotion, locomotion activity, hunger and endocrine system
regulation. The effects of the DA are brought about when DA interacts with the membrane bound dopamine
receptors that belong to the G-protein coupled receptor family. There are five different types of DA receptors
which are subdivided into two subfamilies; first, the D1-like that includes D1R, D5R and second, the D2-like that
includes D2R, D3R and D4R. Dopamine is synthesized by the neurons of the substantial nigra and ventral
tegmental area (VTA), and by hypothalamic neurons of the arcuate and periventricular nuclei (8). Projections
originating from brain areas that synthesize this neurotransmitter give rise to four axonal pathways which are (i)
nigro-striatal; (ii) mesolimbic; (iii) mesocortical; and (iv) tuberoinfundibular (7). The mesolimbic pathway
originates from the midbrain VTA and innervates the ventral straitum, the olfactory tubercle (OT) and parts of the
limbic system (7). This pathway has been implicated in the control of the reward mechanisms and in the

psychomotor effects generated by drugs of abuse, including cocaine.

Cocaine is a psychostimulant that acts by blocking the
activity of DA transporter (DAT), and thereby elevates
DA levels in nucleus accumbens (NAc), dorsal striatum
(DS) and frontal cortex. The nucleus accumbens (NAC)
is a brain region involved in functions ranging from
motivation and reward to feeding and drug addiction. It
consists of two functionally and anatomically distinct
subregions, the central “core” and the surrounding
“shell”. Striatum is a heterogeneous structure composed
of >95% medium sized spiny neuron and 5%
interneurons. The interneurons may be either cholinergic
or GABAergic which release acetyl choline (Ach) or
GABA respectively in the striatum. In the presence of
cocaine, DA levels in the synapse rise up and it activates
the dopamine receptors. Activation of dopamine
receptors, in turn activate several kinases which induce
the expression of several immediate early genes (IEG)
for example c-fos. These IEGs have been used as marker
of cellular response to cocaine in brain. The activation of
the D1Rs is important for cellular and behavioral
reactions to cocaine to be produced. Research shows that
if D1R- mediated signaling is impaired, either by genetic
ablation of D1R or by blocking of D1R by
pharmacological agents, it strongly decreases the
behavioral and cellular response to cocaine. In such a
case, therefore, it is expected that because the D2Rs are
not involved, then the effects of cocaine would be
amplified in vivo in genetically engineered mice devoid
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of D2R. However, this is in contrary to the observations
that have been made (10). Results have shown that the
D2R-/- mice responded in an impaired manner to cocaine
and other drugs of abuse. It means that an intact D2R-
mdiated signaling is required to show the rewarding
effects of drugs. Also, cocaine fails to induce c-fos in
D2R -/- mice. This leads researchers to speculate that
the absence of the inhibitory circuit that is normally
controlled by the D2R is responsible for suppression of
c-fos in MSN. It is also well documented that D2R
mediates the control of release of Ach and GABA from
cholinergic and GABAergic interneurons respectively.

Hypothesis

We aim to observe the expression of c-fos, an early
immediate gene, which has been used as a marker to
study cellular responses exerted by cocaine in brain
of ChAT Cre mice. In this line of mice, exon 2 of D2R
has been floxed by LoxP sites and Cre has been put
under the control of ChAT (Choline Acetyl Tranferase)
promoter. ChAT is expressed only in the neurons that
synthesize Ach. In this way, D2R is genetically ablated
specifically in cholinergic interneurons. We hypothesize
that since release of acetylcholine is regulated by D2R-
mediated mechanism, the loss of D2R in cholinergic
neurons will lead to overflow of acetyl choline in the
striatum leading to suppression of c-fos expression, and
thereby reducing effects exerted by cocaine in ChAT Cre
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mice.

Procedure

In this experiment, mutant mice, whose D2R is
genetically ablated only in cholinergic interneurons, were
tested for c-fos expression and were compared to wild
type mice. Total of 10 mice, 5 mutant and 5 wild types,
were injected with saline (control) or cocaine (20 mg/kg
i.p.). Mice were sacrificed 60 minutes after injection, and
their brains were taken out. The brains were occluded
within OCT solution to freeze the brain. The brains were
sectioned with cryostat machine into sections of brain,
which were mounted onto slides (10 sections per slide).
Double in situ hybridization was performed on the
sections to look for c-fos expression and enkaphelin
expression (ENK). ENK is expressed in D2R expression
neurons, so it is used as marker of D2R expression
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neurons in striatum and NAc. Three pictures from dorso-
medial striatum and nucleus accumbens (shell) were
acquired from each side of brain. In each brain slice, the
number of green (c- fos) and orange (c-fos-ENK)
neurons were manually counted and expressed as the
average.

RESULT

In situ hybridization studies reveal that the c-fos
expression is suppressed in ChAT Cre mice in response
to cocaine as opposed by what was observed in WT
mice. In the WT mice treated with cocaine (20mg/kg), c-
fos was found to be induced in both in striatum (Fig. 1a)
and in NAc (Fig. 1b). When looked for co-expression of
c-fos and ENK, we found that c-fos largely expressed in
ENK negative neurons (Fig. 2a and 2b).

c-fos expression in Striatum (Double in-situ hybridization)
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Co-expression of c-fos and ENK in Striatum (Double in-situ
hybridization)
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