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Introduction:

• Methamphetamine (METH) emerged as leading psychostimulant of

drug abuse globally, contributing to extreme psychiatric alterations and

high frequencies of long-term habit formation.

• Imbalances between the patch and matrix compartments of the striatum

often result in stereotypy and repetitive behaviors associated with drug

addiction.

• Inflexible behaviors involve repetition of single or multiple motor

movements and fixed patterns in cognitive and emotional

processes. Animals in the laboratory often perform repetitive acts like

grooming rather than adopting normalized behavior with auditory stimuli

and visual cues.

• Habit formation results through the elongated development of stimulus-

response learning where animals form associations between a sensory

stimulus and response to the point where the behavior becomes

instinctual. These behaviors develop independently and take place in

the same frequency even when the reward is devalued.

• C-Fos is a marker of neuronal transcription that serves a master switch

between short term stimuli into long term responses

• Past research studies display increased c-Fos gene expression and

strengthened synaptic connections in the patch circuit over matrix units,

demonstrating its vital role in habit formation associated with drug

abuse. The patch circuit also needs to remain intact for the

development of stereotypic behavior.

• The goal of the study is to assess whether the activation of the patch

compartment results in inflexible behavioral patterns associated with

METH abuse
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Discussion
• The goal of the study was to determine whether inhibition of the PLC

cortex, directing excitatory projections to the patch compartment, resulted

in decreased patterns of stereotypic behavior associated with drug use.

Overall, iDREADD rats presented with less instinctive responses in METH

administration, showing flexibility through behavioral modulations.

• No difference between lever presses for METH before aversion training

between vehicle and iDREADD groups

• After aversion training, iDREADD rats exposed to saline and LiCl

possessed a decreased frequency of lever presses in comparison to

their vehicle counterparts

It seems plausible that animals receiving pAAv-CaMKIIa-hM4D(Gi)-

mCherry infusions failed to develop stimulus-response associations during

random-interval training. Habit formation can be confirmed in the future

through high, steady rates of lever pushes by extending the duration of self

administration and optimizing RI training. Additionally, further protocol

adaptations need to be implemented in mCherry immunohistochemistry

staining to effectively track the progression of iDREADD infusions and draw

comparisons to self administration findings. Further experimentation will

confirm whether deactivating PRL results in equalizing the imbalance

between the patch-matrix compartments to diminish habit formation.

• The study initiates its first phase by deactivating neuronal activity in the patch

compartment through iDREADD (AAV-CaMKII-hM4Di-mCherry) infusions

which are accordingly inserted through AAV virus vectors, targeting regions of

interest within the prelimbic cortex (PLC), which specifically projects to the

patch compartment. Inhibition of PLC neurons will decrease the activity of

patch compartment neurons.

• The receptors are then tagged with mCherry to track neuronal expression of

iDREADDs throughout the course of the study

Table 1: Experimental protocol

Results:

Experiment Procedure Time Duration

Infuse inhibitory DREADDS (or Vehicle) 

into PLC

• Male Sprague-Dawley rats (175-200 g) placed 

upon stereotaxic frame after being anesthesized 

with ketamine (90 mg/kg) and zylazine (9 

mg/kg)

• Bilaterally infused with 0.5 ul of pAAv-CaMKIIa-

hM4D(Gi)-mCherry or 1% DMSO (control) at 

bregma coordinates: +2.7 mm interior, 0.5 mm 

lateral, -3.2 mm ventral through the burr hole.

4-6 weeks recovery 

period

Jugular Catheterization • Fitted with catheters into right jugular vein and 

sutured with a vascular access button after 

being anesthetized under isoflurane.

• Food restricted to 85% of original

• weight before beginning self-administration 

protocol.

48 hours recovery period

Self Administer METH on continuous 

reinforcement

• Placed in standard operant conditioning 

chambers

• Magazine training with random interval METH 

infusions (0.1 mg/kg) and lever training for the 

following 3 days

• Received cue signals from the light

2x a day for 3 days

1 mg/kg saline or CNO 

(to activate 

iDREADDs) given 20' 

prior to each session

Self Administer METH on random interval • Random interval training periods (RI-15 sec, RI-

30 sec, RI-60 sec) to promote habit formation

2x a day for 2 days

1 mg/kg saline or 

CNO given 20' prior to 

each session

Administer METH followed by LiCl or 

saline in conditioned place preference 

chamber to determine whether an 

aversion to METH has developed

• Completed CPP testing to devalue the METH 

infusion with LiCl in the condition chamber,

• Received 1.5 M LiCl or saline (control). 10 

minutes after, returned to the self administration 

chamber for an extinction period

3 days

1 mg/kg saline 

or CNO given 20' prior 

to each session

Immunohistochemistry staining for c-Fos

expression

• Sacrificed immediately through transcardial

perfusion with 4% formaldehyde.

• Brains stored in 0.1 M phosphate-buffered 

solution and sectioned on vibratome

• mCherry immunohistochemistry to test for the 

presence of AAV-CaMKII-hM4Di-mCherry

Figure 5: Preaversion lever presses for 

vehicle and iDREADD groups

* No difference accounted for between 

both groups

Figure 4: mCherry immunohistochemistry 

staining presenting AAV-CaMKII-hM4Di-

mCherry neurons in PLC

Figure 5: Animals developed an aversion 

to METH when paired with LiCl

Figure 6: iDREADD activation decreased 

percentage of lever presses after pairing with 

noxious stimulus
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Figure 1: Methamphetamine use increases the levels of c-Fos in patch 

compartment, indicating imbalances in patch-matrix system. In this 

figure, mu opioid receptors are used to delineate the patch compartment.

Figure 3: Injecting AAV virus vector containing

iDREADD into PLC to send axonal projections to

patch compartment neurons. 4-6 weeks later, CNO

is administered to activate iDREADD, creating

inhibitory responses

Methods:

Figure 2: Coronal section at striatum 

level approximately + 2.0 mm anterior 

to bregma. Mu opioid receptors 

concentrated in patch compartment

Figures 2-3: Preliminary process outlining 

iDREADD infusion

The study anticipates that selective inhibition of the patch compartment 

will lead to a decrease in habit formation and long-term abuse liability in 

METH addiction.
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