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Chronic corticosterone treatment increases the endocannabinoid
2-arachidonylglycerol in the rat amygdala
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Abstract

This research was designed to examine the effect of three weeks of administration of corticosterone (20 mg/kg) on endocannabinoid content
and cannabinoid CB1 receptor binding in the amygdala. It was found that the endocannabinoid 2-arachidonylglycerol was significantly increased
in the amygdala following chronic corticosterone treatment. However, there was no change in either the maximal binding (Bmax) or binding
affinity (KD) of [3H]-CP 55,940 to the CB1 receptor in the amygdala. Given the role of amygdalar endocannabinoids in the regulation of
emotionality, this suggests that the ability of glucocorticoids to influence affective behavior may involve interactions with regulation of
endocannabinoid content.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Accumulating evidence suggests that functional interac-
tions exist between the endocannabinoid and corticosteroid
systems. Administration of cannabinoid CB1 receptor ligands
has been shown to potently activate the hypothalamic–
pituitary–adrenal axis and increase secretion of glucocorti-
coids such as corticosterone (Weidenfeld et al., 1994; Wenger
et al., 1997). Alternatively, removal of adrenal steroids,
inhibition of corticosteroidogenesis or pharmacological block-
ade of the glucocorticoid receptor result in a sensitization of
the behavioral and physiological responses to cannabinoid
administration (Gordon et al., 1978; Jackson and Murphy,
1997; Pryce et al., 2003). These data suggest that the
cannabinoid CB1 receptor may be under negative regulation
by glucocorticoids. In support of this, it has been demon-
strated that removal of adrenal steroids through adrenalectomy
results in a significant upregulation of cannabinoid CB1

receptor mRNA in the striatum, an effect that is reversed by
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subsequent glucocorticoid treatment (Mailleux and Vander-
haeghen, 1993). Recently, we demonstrated that exposure to
21 days of chronic unpredictable stress, a regimen which
induces glucocorticoid hypersecretion (Hill et al., 2005),
resulted in a pronounced downregulation of both the
cannabinoid CB1 receptor and the endocannabinoid 2-
arachidonylglycerol (2-AG) in the hippocampus, but not the
limbic forebrain (Hill et al., 2005). This indicates a region-
specific effect of stress, and possibly glucocorticoids, in the
regulation of the endocannabinoid system. It has also been
demonstrated that chronic, but not acute, restraint stress results
in an increase in 2-AG in the amygdala, while amygdalar
content of the other major endocannabinoid, anandamide is
reduced (Patel et al., 2005b). These findings from differing
stress paradigms are interesting in light of in vitro work
suggesting that endocannabinoid production and release may
be facilitated by glucocorticoids (Di et al., 2003; Malcher-
Lopes et al., 2004). Thus, the cannabinoid CB1 receptor may
be under negative regulation by glucocorticoids in the
hippocampus and striatum, but not in the limbic forebrain.
However, the direction of the regulation of endocannabinoids
by glucocorticoids and stress is somewhat conflicting and
unclear.



Fig. 1. The effect of 21 days of chronic corticosterone (CORT) or vehicle (VEH)
on: A) the binding site density (Bmax) of the CB1 receptor in the amygdala; B)
the dissociation constant (KD) of [

3H]-CP 55,940 to the CB1 receptor in the
amygdala; C) 2-arachidonylglycerol (2-AG) content in the amygdala.
*Significantly different from control (Pb.05) (n=3–4/group for CB1 receptor
binding parameters; n=7/group for endocannabinoid quantification).
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The amygdala is a critical locus for the expression of
emotional behavior and several lines of evidence implicate the
endocannabinoid system in emotionality (Haller et al., 2004;
Marsicano et al., 2002; Uriguen et al., 2004). Cannabinoids are
known to have a potent biphasic effect on emotionality such that
relatively low doses reduce anxiety and higher doses increase
anxiety (Hill and Gorzalka, 2004; Marco et al., 2004), an
interaction likely subserved through their actions in the
amygdala (Patel et al., 2005a). Glucocorticoids and stress are
also known to influence amygdalar morphology and emotional
behavior (Korte, 2001; Yang et al., 2005; Vyas et al., 2002).
Knowledge of how these systems interact in the amygdala may
be crucial in determining the importance of this interaction in
the genesis of anxiety-based neuropsychiatric diseases. The
current study investigated the effect of 21 days of treatment with
the glucocorticoid corticosterone-21-acetate (20 mg/kg) on
endocannabinoid content and cannabinoid CB1 receptor
binding parameters in the rat amygdala.

2. Methods

Twenty four, 70-day old male Long–Evans rats (300 g)
housed in groups of three in triple mesh wire cages were used in
this study. Colony rooms were maintained at 21 °C, and on a
reverse 12 h light/dark cycle, with lights off at 0900 h. All rats
were given ad libitum access to Purina Rat Chow and tap water.
Subjects were randomly assigned to two groups and were either
subjected to 21 days of subcutaneous injections of 20 mg/kg
corticosterone-21-acetate (Sigma, Canada) or vehicle (1, 2-
propanediol). Twenty four hours following the last injection,
rats were rapidly decapitated, brains were removed and the
amygdala were dissected over dry ice, flash frozen in liquid
nitrogen and stored at − 80 °C until analysis. All treatments of
animals were approved by the Canadian Council for Animal
Care and the Animal Care Committee of the University of
British Columbia.

Amygdala were homogenized and membranes were har-
vested and assayed for CB1 receptor binding using a previously
described protocol (Hill et al., 2005). A separate cohort of
animals was prepared using the same injection regimen, and had
their amygdala removed for endocannabinoid analysis. These
amygdala samples were subjected to a lipid extraction process
and endocannabinoid content of the lipid extracts was
determined using isotope-dilution liquid chromatography/mass
spectrometry as described previously (Patel et al., 2003).

Statistical comparisons of the effects of chronic cortico-
sterone treatment on cannabinoid CB1 receptor binding
parameters and endocannabinoid content were done using
an independent t-test. Significance was established against an
alpha level of .05.

3. Results

Chronic corticosterone treatment did not affect the binding
parameters of [3H]-CP 55,940 for the cannabinoid CB1 receptor
in the amygdala. Specifically, there were no significant
differences in the binding site density (Bmax) [t (5)=0.278,
PN.05] or [3H]-CP 55,940 dissociation constant (KD) [t (5)=
0.443, PN .05] between animals treated with corticosterone and
those with vehicle. However, three-week administration of
corticosterone significantly increased amygdalar content of the
endocannabinoid 2-AG [t (12)=3.10, Pb.01]. Due to a
contamination problem, anandamide levels could not be
quantified. Data regarding the effects of chronic corticosterone
treatment on the endocannabinoid system in the amygdala can
be seen in Fig. 1.

4. Discussion

In this study, it was found that chronic administration of the
glucocorticoid corticosterone-21-acetate resulted in a significant
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upregulation of the endocannabinoid 2-AGwithout affecting the
density or binding affinity of the cannabinoid CB1 receptor in the
amygdala. These data do not support the hypothesis that glu-
cocorticoids exert ubiquitous negative regulation over the
cannabinoid CB1 receptor, but perhaps that this effect is region
specific. However, the increase in ligand content without
concurrent downregulation of receptor, suggests that chronic
glucocorticoid treatment results in an enhancement of endocan-
nabinoid transmission in the amygdala. In vitro work has
suggested that glucocorticoids increase synthesis and release of
endocannabinoids in the hypothalamus through activation of a
membrane bound, G-protein coupled receptor (Di et al., 2003;
Malcher-Lopes et al., 2004). Our current data support the idea
that glucocorticoids increase endocannabinoid synthesis; how-
ever it is important to note that these findings cannot be
generalized to regions outside of the amygdala given the region-
specific regulation of the endocannabinoid system (Hill et al.,
2005; Patel et al., 2005b).

The present findings, taken together with evidence that
repeated restraint stress increases 2-AG levels in the amygdala
(Patel et al., 2005b), suggest the possibility that glucocorticoids
could mediate this stress effect. However it must be noted that in
that study, endocannabinoid measurements were made when the
corticosterone response to stress had habituated (Patel et al.,
2005b), suggesting that other factors may be involved. Chronic
corticosterone treatment has been shown to enhance fear
conditioning through actions in the amygdala (Conrad et al.,
2004), however this is likely not mediated by changes in
endocannabinoid content, as the endocannabinoids are not
believed to be involved in the acquisition of fear conditioning,
but instead play a crucial role in fear extinction (Marsicano et
al., 2002). While the effects of chronic glucocorticoid treatment
on fear extinction are not known, there is a recent study
demonstrating that acute systemic or intra-amygdala infusion of
glucocorticoid receptor agonists enhances fear extinction,
whereas glucocorticoid synthesis inhibition or receptor antag-
onism impairs extinction (Yang et al., 2005). Given the possible
role of glucocorticoids in regulating endocannabinoid levels in
the brain (Di et al., 2003), and the critical role of endocanna-
binoids in the extinction of fear behavior (Marsicano et al.,
2002) it would be interesting to determine how chronic
corticosterone treatment affects fear extinction, and further-
more, if this effect is due to interactions with the endocanna-
binoid system. Given the importance of both endocannabinoids
and corticosteroids in the expression of emotional behavior,
understanding their interactions in brain regions regulating
these behaviors is of great importance. In conclusion, this
research provides the first evidence that prolonged glucocorti-
coid treatment enhances endocannabinoid transmission in the
amygdala of the rat.
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