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Endocannabinoid system (ECS) plays role in many physiological processes,
including mood, learning and memory. It is also involved in the pathogenesis
of anxiety and mood disorders, as well as neurodegenerative disorders (Hill
and Gorzalka, 2009; Ranieri et al., 2016). ECS consists of the endogenous
cannabinoids (endocannabinoids), cannabinoid receptors and the enzymes
that synthesize and degrade endocannabinoids.

The cannabinoid receptors (CB1 and CB2) belong to the class of G-protein
coupled membrane receptors. CB1 receptors are expressed mainly in the
central nervous system with highest density being detected in the basal
ganglia, hippocampus, cerebellum, prefrontal cortex, amygdala (Mackie, 2005).

The endogenous cannabinoids act as retrograde modulators of
neurotransmission being released on demand from the postsynaptic neurons
and binding to the presynaptically located CB1 receptors (Freund et al., 2003; De

Petrocellis and Di Marzo, 2009). The manipulation of the endocannabinoid
signaling often produces contrasting findings concerning cognition and
emotions, which can be related to the fact that CB1 receptors are expressed
at stimulatory (glutamatergic) and inhibitory (GABAergic) synapses (Ruehle et

al., 2012).

The role of the cannabinoid receptors in learning and memory processes has
been intensively studied, but is not yet fully understood. There are numerous
reports about in general, memory impairing effects of cannabinoid agonists
and memory enhancing effects of cannabinoid antagonists (Zanettini et al.,

2011; Kruk-Slomka Received 15 July 2019, accepted 28 May 2020 RESEARCH PAPER Acta
Neurobiol Exp 2020, 80 DOI: 10.21307/ane-2020-025 : 286–296 Acta Neurobiol Exp 2020, 80
CB1 receptors modulate memory in depressive-like state et al., 2017)

INTRODUCTION METHODS
Subjects 
The experiments were carried out on male Wistar rats (200-220 g)
Surgical procedures
The surgical procedure involved drilling two burr holes 2 mm in
diameter at the points 8 mm anterior to bregma and 2 mm from the
midline on its both sides (coordinates of bulbi olfactorii were
detected according to the stereotaxic atlas of Pellegrino and
Cushman (1967). The bulbs were aspirated with a stainless needle
attached to a water pump. The implantation of the cannula into the
right lateral ventricle was performed 7 days after OBX surgery, as
previously described (Marinov et al., 2013).
Behavioral tests
Two-way active avoidance test 

RESULTS

Our study demonstrated that the subchronic i.c.v. administration of CB1 antagonist HU 210 attenuated the
depressive-like state in an OBX rat model by normalizing the locomotor activity and partially improving the memory
disturbances, induced by the olfactory bulbectomy. The CB1 antagonist SR 141716A modified the avoidance
performance in OBX rats and showed a significant memory enhancing effect in the sham-operated rats. The results
point to a possible involvement of CB1 receptors in the learning and memory deficits of OBX rats, tested in active and
passive avoidance paradigms. Future studies would add to our understanding of the contribution of the CB1 receptors
to the mechanisms of memory impairment in depression and Alzheimer’s disease.

CONCLUSION

Effects of HU 210 (5 μg/1 µl) and SR 141716A (3 μg/1 µl) administered i.c.v. for 7 days to OBX rats on the number of avoidances 
(shuttle box). (A) 1st training day; (B) 2nd training day; (C) retention test. n=7. Means (± S.E.M.) are presented.* P≤0.05; ** P≤0.01; *** 
P≤0.001 – comparison vs. sham controls; + P≤0.05; ++ P≤0.01; +++ P≤0.01 – significance vs. OBX rats +++ Р≤0.001.

Repeated two-way ANOVA analysis on the number of avoidances in
the shuttle box test demonstrated a significant effect for factors
treatment (sham-saline, sham-HU, sham-SR, OBX-saline, OBX-HU
and OBX-SR.

Post hoc SNK comparisons showed that HU 210 impaired the
performance of sham-operated rats by decreasing the number of
avoidances on the 1st day (P≤0.04); 2nd day (P≤0.01) and аt the
retention test (P≤0.006) as compared to the sham-saline controls

SR 141716A microinjected in the sham-operated rats increased
significantly the number of avoidances on the 1st day (P≤0.04), 2nd
day (P≤0.03) and at the retention test (P≤0.04) as compared to the
saline-treated controls

The bilateral removal of bulbi olfactorii impaired the performance of 
OBX rats in the shuttle box. The SNK test showed significantly lower 
number of avoidances as compared to the sham- controls on the 1st 
training day ,the 2nd training day and on the retention test.

SR 141716A revealed a memory deteriorating effect in OBX rats by 
worsening the memory deficits, induced by the bulbectomy. The CB1 
antagonist decreased the number of avoidances in the ТWАА test on 
the 1st, 2nd training day and at the retention test as compared to 
both OBX saline-treated controls 

The animals were trained in a shuttle-box apparatus according to 
the method of Buresova and Bures (1983) and modified by Petkov
et al. (1993). The shuttle box apparatus is a box (50 × 29 × 21 cm) 
separated into two compartments by a wall with a U-shaped gate. 
Light (21 W) was used as a conditioned stimulus (CS); the 
unconditioned stimulus (US) was electric non-scrambling current 
(20–30 V, 0.5 mA, AC, 50 Hz) delivered through the grid floor for 12 
s. The CS preceded the onset of the US by 9 s and continued during 
the action of the US. Prior to avoidance training the rats were given 
a 6-min session of exposure to light stimuli in the shuttle box 
(alternating 9 s light and 9 s interval) for adaptation. During the first 
training session each rat was trained with 50 trials; 24 hours later 
was carried out the second training session. At the retention test 
(24 h after the 2nd training session), the light stimulus was applied 
for 9 s and was followed by a 1 s electric shock. Each trial began 
with a 9 s light stimulus, followed by a 12 s shock. One trial lasted 
21 s, the inter-trial interval was 9 s. Each trial started in the 
compartment where the rat was located at the end of the 
inter-tri- al interval. If the rat crossed the barrier to the opposite 
compartment within 9 s after the onset of light stimulus, the 
stimulus was terminated and no shock was delivered (avoidance 
response). 

Two-way active avoidance test 
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