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Labeling of dDG Neurons Involved in a Cocaine Experience  

Injections of an adeno-associated virus (AAV) were targeted to the dDG such that mice would express 
the tetracycline transactivator (tTA) protein driven by the c-Fos promoter, encoding the light sensitive 
opsin, channelrhodopsin-2 (ChR2) fused to the fluorescent reporter eYFP under the control of the 
tetracycline response element (TRE)

AAV9-c-Fos-tTA-TRE(ChR2)-eYFP (tag cocaine memory) 

● Cocaine increased locomotion during conditioning. Sensitization was observed from the first session to the last. Upon reinstatement, locomotion was slightly higher than 
normal in saline mice (perhaps due to the presence of the patch cord). Generally speaking, reactivation of the tagged 1st exposure to cocaine did not induce locomotion 
nor did it interfere with the effects of the drug during reinstatement. There was a dissociation between preference and locomotion suggesting that this aspect of cocaine 
is not what drives preference. 

● In eYFP mice, a cocaine priming injection induced reinstatement of CPP, as expected
● We saw no sex differences in any measure
● Artificial reactivation of the 1st exposure to cocaine did not reinstate place preference for the light side. In fact, when administered cocaine, it conferred protective effects, 

as it attenuated reinstatement. This may be due to extinction-like effects. Another possible explanation is that the initial exposure was associated with some aversive 
property (e.g., stress, anxiety, fear), which became encoded. Thus, we plan to tag the 4th exposure to capture sensitization effects and compare. We also predict distinct 
effects in the ventral vs. dorsal DG, consistent with prior research. 

HISTOLOGY

● Substance abuse is characterized by a continual propensity to relapse1

● Relapse-prevention strategies following abstinence, focus on reducing cravings

● In rodent models, cravings are studied by examining drug-seeking behavior2 

● Factors precipitating drug-seeking include exposure to drug-related cues, the drug itself, 
and stress3-4

● One factor not yet directly investigated is the contribution of drug-related memories to 
drug seeking behavior 

● Contextual memory traces (engrams) are stored in the hippocampus5

● In mice, we can genetically tag and manipulate engrams, such that we can reactivate 
them with light post-encoding6 

● To investigate the role of drug-related memories in reinstatement, we tagged dorsal 
dentate gyrus (dDG) hippocampal cells involved in encoding a cocaine-related memory7 
(1st conditioning session / exposure to cocaine) using a doxycycline (DOX) inducible, Tet-
tag system to express channelrhodopsin-2 (ChR2) driven by the c-Fos promoter, in male 
and female c57BL/6 mice

● Conditioned place preference (CPP) can be used to study rewarding aspect of drugs, and 
specifically, the reinstatement model has been used to study relapse8

● Using CPP, we assess whether a cocaine-tagged experience could be used in place of 
cocaine to reinstate preference thus exploring whether reinstatement could be primed 
via the memory of the drug in comparison to the drug itself 

● Mice underwent cocaine (15 mg/kg, i.p.)7,9 CPP training 

● Preference for the drug-paired side was then extinguished and reinstated using a priming 
injection of cocaine (7.5mg/kg)7,9 (or saline), optical reactivation of the tagged cocaine-
related memory (20Hz, ChR2 or eYFP)7 , or both  

● We found that artificially reactivating a cocaine engram concurrently with cocaine 
administration, blocked reinstatement

● These data suggest that such reactivation may confer protective effects, potentially 
reducing relapse risk, and therefore have therapeutic significance

● Building on what we have previously shown with fear memories10, we hypothesize that 
artificial reactivation of these memories, may lead to extinction-like effects
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Measured with Noldus Ethovision: 
Locomotion: Mean speed / Mean distance travelled 
Preference Ratio (%): 
Calculated during test as: 
Time on Side A / (Time on Side A + Time on Side B)
● For Pre-Test Preference Ratio, we used the mean of all 3 tests to 

establish initial preference 
● White: Time spent on white side / (Time on white + Time spent on black)  
● Black: Time spent on black side / (Time on white + Time spent on black)  
Preference Score (%): 
Calculated during test as: 
%Time on drug paired side - %Time on saline-paired side 

CPP MEASURES
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CELL COUNTS 

Mice initially preferred dark side; therefore, we used a 
biased design: pairing the light side with cocaine  

1st cocaine conditioning session (D1) was tagged off DOX. Mice were immediately placed back on DOX 
after this session. Mice then received alternating days of saline (D2, 4, 6, 8, 10) paired with the dark side and 
cocaine (D3, 5, 7, 9) paired with the light side

PREFERENCE SCORE

Artificial reactivation of a cocaine-related memory (1st  exposure) did not reinstate place preference similar to the drug. In fact, 
when mice were given the drug and reactivation of the memory, it drug prime-induced place preference was blocked. We saw 
no sex differences. 

 

RESULTS

A higher proportion of cells were 
labeled with the eYFP virus compared 
to ChR2. However, this did not 
significantly affect our results. 

Engram size was 
similar across 
groups at around 
7% of DAPI 
labeled dDG cells

LOCOMOTION

Cocaine induces locomotor sensitization. Mice traverse more distance at higher speeds when given 
cocaine vs. saline. Artificial reactivation of a tagged dDG cocaine engram (1st exposure) in doesn’t 
induce locomotor effects nor does it interfere with the effects locomotor effects of cocaine. 
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Tag 4th exposure - compare 1st and 4th exposure. 
Compare ventral vs. dorsal DG.
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 Independent Variables: 

Virus (ChR2 / eYFP)
Sex (Males / Females) 
Drug (RE) (Cocaine / Saline)  
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Artificial Reactivation of a Cocaine-Associated Engram in the Dorsal Dentate Gyrus 
Attenuates Cocaine Prime-Induced Reinstatement of Conditioned Place Preference 

INTRODUCTION EXPERIMENTAL DESIGN

For reinstatement, reactivation of the tagged cocaine memory took place in the CPP chamber. Half the mice 
received saline, and half received cocaine; all received light stimulation (20Hz, 450nm)

• Male and female 
• c57BL/6 mice

CONCLUSIONS & FUTURE DIRECTIONS
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