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Chronic peripubertal WIN 55212-2 administration is associated with 

changes in fear conditioning and synaptic proteins 

Figure 4 – A z-stack of multiple 2D images is shown with 

arrows indicating the co-localized yellow colour  
Figure 3 – Illustration of primary and 

secondary antibody co-localization 

Introduction 

Research on long-term neurological effects of 
chronic cannabis use is limited.  It has recently 
been demonstrated that, in animal models, 
chronic cannabinoid treatment during the 
peripubertal (adolescent) period is uniquely 
capable of causing neurological damage.  
Therefore, the youngest age groups may be at 
the highest risk for long-term detrimental 
effects of cannabis consumption. Research 
has also indicated that increased levels of 
anxiety may be associated with cannabis use. 
For this reason, the amygdala, which has long 
been implicated in anxiety and fear 
responses, was the focus of the synaptic 
examination in this study.  

Methods 

Forty-eight male Wistar rats were randomly 
allocated to one of two treatment groups and 
three behavioural conditions. The drug treatment 
groups received daily subcutaneous injections of 
WIN 55212-2 mesylate (Sigma-Aldrich) for 23 days 
starting on post-natal day 37 while the vehicle 
(Tween-80/saline) groups served as a control (see 
Fig 1). For the classically conditioned fear learning, 
the paired (conditioned) groups were exposed to a 
10-second tone (1000Hz, 90db; CS) followed by a 
one second 0.5 mA foot shock (US; see Fig 2). The 
unpaired groups received the tone with a one-
second foot shock at random intervals while the 
tone-only groups received the tone sequence 
without the shocks. Each animal’s time spent 
“freezing” was recorded in seconds. Following a 
probe trial, the animals were perfused and 
prepared for confocal microscopy (see Fig 3 & 4). 
Synaptic proteins were quantified using an 
automated counting program (see Fig 5).  

Results 

Subjects in the paired groups showed significantly 
more freezing than the subjects in either the 
unpaired or tone-only groups (F(2,47)=14.272, 
p<0.05; see Fig 6).  There was no significant 
interaction between WIN 55212-2 mesylate and fear 
condition but an a priori t-test revealed a significant 
difference between the drug and vehicle groups for 
the tone-only condition (t(15)=3.09, p<0.05; see Fig 
6). There were no significant differences between 
groups for synaptic co-localizations in the lateral 
amygdala (LA) or central amygdala (CE; see Tables 1 
& 2).  When the level of freezing was correlated with 
the synaptic co-localizations, a significant association 
was observed for the vehicle conditioned group 
(r=0.79, p<0.05) but not for the drug conditioned 
group (r=-0.39, p>0.05; see Fig 7). 

Conclusions 

 The behavioural data suggests that chronic WIN 
55212-2 mesylate administration does not 
effect the paired groups but does influence 
freezing during the tone-only condition 
 

 The amount of fear response was significantly 
associated with synaptic change in the vehicle 
group but not in the WIN 55212-2 group 
 

 Taken together, the results suggest chronic CB1 
stimulation during the adolescent phase of rat 
development alters anxiety and synaptic change 
in the lateral amygdala 

Figure 6 – Fear conditioning data. The ‘a’ represents significant main effect difference between 

pared and other groups. The ‘b’ represents significant difference between drug and vehicle groups. 
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Figure 1 – Drug condition 

diagram; WIN 55215-2 vs vehicle 

Fear Conditioning 
Classically conditioned fear response 

Figure 2 – Auditory fear conditioning box; 

Paired, unpaired, and tone only groups 
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Figure 7 – Scatterplots showing the association between synaptic co-

localizations in the LA and time freezing for the vehicle and drug groups. 
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Table 1 – Synaptic data is presented as average number of co-localized proteins per core (75K µm3). 

LA refers to the lateral amygdala.  

LA 
Drug Control 

Mean SE Mean SE 

Paired 169.686 (45.97) 131.590 (14.721) 

Unpaired 196.313 (68.055) 135.005 (41.634) 

Tone Only 204.882 (52.988) 237.402 (76.526) 

Table 2 – Synaptic data is presented as average number of co-localized proteins per core (75K µm3). 

CE refers to the central amygdala.  

CE 
Drug Control 

Mean SE Mean SE 

Paired 131.400 (15.410) 146.367 (17.670) 

Unpaired 144.299 (19.144) 105.082 (16.445) 

Tone Only 207.304 (44.478) 167.444 (45.370) 

a 

b 

Figure 5 – Image of a 3D sampling space employed for design-

based stereology 


