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Introduction

Methodology

The development of modern pharmacological chemogenetics (DREADDS) subserve a method by which proteins are
artificially altered to interact with their respective small molecule ligands, thus enabling study of neural circuits to
specific motivational behaviors. These artificial receptors are activated by a specific subset of designer ligands, most
notably clozapine–N-oxide (CNO) which has
excellent CNS penetration. As dopamine has been
shown to play a crucial role in behavioural paradigms,
validation of the DREADDs approach can, therefore,
be demonstrated by observing DREADD-induced performance
changes in locomotor and progressive ratio. A further method of
validation is in the form of immunohistochemical analyses to
determine which cells have taken up the retrograde virus and are now
expressing the receptor. One such protocol involves double-antibody
staining cells for mCherry and tyrosine hydroxylase (TH, a dopamine neuron-specific marker), whose co-localisation
permits the accuracy of DREADD localization to dopaminergic cells to be determined. Overall this study aimed to
validate the efficacy of DREADDs in inhibiting dopamine neurotransmission within the poorly-characterized medial
VTA-AcbSh pathway by behavioural and immunohistochemical assessments.

Groups - 10 animals were assigned to express Gi-inhibitory DREADDs, whereas 9 animals acted as controls.

A

Locomotor Results
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LOCOMOTOR TASK
Locomotor activity was recorder over 120 minute
period. DREADD and control groups were given a
CNO or saline pretreatment, and stimulated with 06mg of Methylphenidate to augment the effect of
CNO pretreatment., according to a Latin Square
design.

PR TASK

Both groups received a pretreatment of saline or
CNO. Motivational behavior was then assessed using
a progressive ratio schedule of reinforcement,.
Successive reward delivery therefore required an
ever-increasing number responses, reflecting the
effort that was invested in the task.

IMMUNOHISTOCHEMISTRY

Rats were tested for c-Fos, TH and mCherry expression by performing a post-mortem double-antibody
immunohistochemical analysis on fixed brain slices of the ventral striatum and midbrain. The c-Fos staining
protocol employed the NMDA channel antagonist MK-801 to obtain a clearer visualization of the fluorescence.

Progressive Ratio Results
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Immunohistochemistry
Excellent TH expression was
observed in all subjects,
delineating the VTA and SNr
clearly.
However,
varying
levels
of
mCherry
colocalisation
were found,
indicating that not all the
neurons
infected
with
DREADDs were dopaminergic.
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The low levels of colocalisation
in animals may explain the poor
performance seen in locomotor
and PR paradigms.

Conclusion

In DREADD animals, CNO pretreatment led to a
significant reduction in total locomotor activity
over 120 minutes.
The reduction was greater with a pretreatment of
the stimulant MPH, showing the CNO selectively
inhibited
animals
expressing
inhibitory
DREADDs.

There was no significant difference in performance
between control and DREADD animals, after both
saline or CNO pretreatment. This result was seen
for:
- Total trials completed
- Total target touches
- Number of breakpoints

•

Chemogenetic activation of medial VTA-DA neurons with CNO caused a decrease in locomotor
activity in the DREADD group selectively, but not in the PR paradigm

•

Under under baseline conditions these paradigms are not
sensitive enough to show marked differences in performance.

•

Parallel inhibition of these GABA neurons acted as a functional
opponent circuit, leading to a disinhibition of the dopaminedependent fall in performance in the locomotor paradigms.

•

Figure from (Creed et al, 2014)

Overall, DREADD-technology has been shown to permit the specific targeting of cellular
populations within the medial VTA-AcbSh pathway, thereby validating a potential method to
pharmacologically examine the resultant effects on impulsivity in future studies.

