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• Previous studies established the role of excitatory projections towards the patch
compartment in the formation of inflexible behavior

• This project thoroughly established & measured habit formation within animals

• The study aimed to assess how inhibition of excitatory projections to the patch
compartment affects habitual METH administration and c-Fos expression within the
striatum (Horner 2020)
• Vehicle rats lacking inhibitory iDREADD infusions presented with a standard ability

to lever press for METH and continued to self administer following the aversion
training

• Experimental rats with preferential inhibition of the PRL learned to lever press for
equal amounts of METH as control animals, but exhibited salient behavior through
habit disruption

• Similarly, double labeled immunohistochemistry analysis appeared to
show diminished concentrations of c-Fos labeled cortical cells and mu opioid
receptors in animals administered with AAV5-hSyn-hM4D(Gi)-mCherry.
• Confirms activation of inhibitory iDREADDs in the PLC through decreased

mCherry staining to represent reduced patch neuronal expression
• Decreased c-Fos staining indicates lack of transcriptional activity associated with

drug use

• Potential sources of error include
• Difficulty visualizing neuronal expression through immunohistochemistry and

confocal microscope imaging due to mechanical difficulties with slide stage holder
• Analysis of c-Fos labeled images are ongoing

Methamphetamine (METH) addiction manifests as
an international public health concern with
approximately 35 million users worldwide (Ali,
Onaivi & Dodd 2011). METH abuse is associated
with high criminal activity and results in negative
symptoms, including acute toxicity,
cerebrovascular hemorrhages, and psychosis.

Patch-matrix imbalance is implicated in habit
formation (Horner, 2020)
• The striatum coordinates voluntary movement
and consists of:
• Patch compartment associated with reward
processes & habit formation

• Matrix compartment enables switch in motor
behavior

Table 1: Laboratory Protocol
Experimental Phase Procedure Time Line
Initial animal handling • Free feeding

• Ideal weight range < 325-350 g
• Weight monitored daily throughout 

project
Intracranial infusion • Bilaterally infused with 0.5 ul AAV5-hSyn-hM4D(Gi)-mCherry/ 1% DMSO 

in sterile saline
• Marked coordinates (2.7 mm anterior to bregma, +/- 0.5 mm from midline, -3.8 

mm below skull surface
• Needles in place for 1 minute to prevent backflow

• Recovery period of 4-6 weeks
• Food restricted to 85% of original 

weight before self administration

Jugular catheterization • Inserted into right jugular vein connected to subcutaneous back access button
• Treated with amoxicillin & catheters flushed daily with heparinized saline 

following procedure

• 48 hour recovery period 

Lever Press Training • 0.1 mg/kg METH through catheter (Jenrette et al., 2019)
• Continuous reinforcement schedule with cue light signals
• Random interval training (RI-15 sec, RI-30 sec, RI-60 sec)

• 4 days CRF & 6 days RI
• 2 days per RI

Aversion Training • METH devaluation with LiCl in CPP training (Horner, et al., unpublished)
• AM: saline paired with biased side
• PM: METH paired with non biased side. Followed immediately with 1.5 M 

LiCl/saline
• Extinction test following preference test

• 1 mg/kg CNO (to activate inhibitory 
DREADDs) or 1% DMSO 30’ prior to 
PM session

• Two 30’ sessions per day then three 
day training schedule 

Animal sacrifice & 
Immunohistochemistry

• Transcardial perfusion with 4% formaldehyde 
• 0.1 M PBS to preserve brains and sectioned on vibratome & cryostat
• Double labeled immunohistochemistry

Habit formation occurs through stimulus-
response learning, irrespective of incentive.

c-Fos acts as a marker of neuronal
transcriptional activity
• Used to delineate compartmental differences
• Indicates presence of internal motivation

overriding adaptive behavior (Murray, Gilbert
& Logan 2013)

This project evaluates the role of patch-matrix
imbalance in behavioral stereotypy associated with
METH abuse
• Seek to administer AAV5-hSyn-hM4D(Gi)-

mCherry through AAV viral vector to inhibit
excitatory projections to patch compartmental
neurons

The study anticipates preferential inhibition of
patch compartmental activity with declined c-Fos
levels through administration of AAV5-hSyn-
hM4D(Gi)-mCherry to decrease maladaptive
behavioral patterns
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Figure 5: No difference in ability to learn to lever press for
METH reward between iDREADD and vehicle infused
animals

Figure 6: No difference in METH dose administered between
iDREADD and vehicle infused animals

Discussion

Figure 7: No difference in ability to develop METH aversion
between iDREADD and vehicle infused rats

Figure 8: Declined self administration in iDREADD infused
rats upon re-exposure following aversion training
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Introduction

Figure 9: Complete brain
visualization of c-Fos & mu
opioid receptor labeled cells
(at 4x). 9B: Zoomed imaging
of dual c-Fos and MOR
labeled cells. 9C: Staining of c-
Fos neuronal expression (at
20x). 9D: Staining of MOR
receptor labeled cells
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