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ABSTRACT 
 

Background: Abnormal brain cannabinoid receptor (CBR, CB1 and CB2) 
activities have been implicated in post-traumatic stress disorder (PTSD) and 
stress-related psychiatric syndromes. We recently reported altered cannabinoid 
receptor expression in the cerebellum and brain stem of female animals 
immediately after 3 days repeated severe stress that was absent in the male 
animals. We hypothesize that this absence of change of CBR in male brain 
may reflect a delay rather than a lack of stress effect on CBR expression in 
male animals. 

Methods: Male adolescent rats were exposed to three-day sessions of 2h 
repeated restraint/tail shock stress daily before being tested twice for 
behavioral change in acoustic startle response (ASR): immediately after and 
seven days after the cessation of the last session of stress. CB1 and CB2 mRNA 
expression levels were quantified in the prefrontal cortex, amygdala, 
hypothalamus, hippocampus, cerebellum and brain stem of adolescent male 
rats using real-time PCR. CB1 and CB2 protein expression levels in the 
prefrontal cortex, olfactory, cerebellum and brain stem were determined using 
Western blot. 

Key findings: Different from the lack of change in brain CBR expression 
immediate after the stress in male animals as reported previously, we found 
significant changes in brain CBR expression7 days after cessation of the stress 
protocol. Compared to the controls, CB1 mRNA expression decreased 
significantly in the prefrontal cortex and brain stem (P<0.01), decreased at a 
trend level in the hippocampus and hypothalamus (P<0.1), showed no change 
in the cerebellum, but increased in the amygdala (P<0.05) of stressed male 
rats. CB2 mRNA expression decreased significantly in the prefrontal cortex, 
hypothalamus and brain stem (P<0.05), decreased at a trend level in the 
amygdala and hippocampus (P<0.1), and increased in the cerebellum (P<0.05) 
of stressed animals. CB1 protein expression level and glycosylated CB1 protein 
level decreased in the cerebellum but increased in the prefrontal cortex of 
stressed animals (p<0.05, each). CB2 protein level, however, decreased 
significantly in the prefrontal cortex (P<0.01), cerebellum (P<0.05) and brain 
stem (P<0.05) of the stressed animals. These delayed changes in brain CBR 
expression levels in male animals paralleled with the transition from a hypo 
ASR immediately after the stress to a hyper ASR 7 days after the cessation of 
the stress. 
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Significance: PTSD is a chronic anxiety disorder with a significant period 
of incubation after trauma exposure and greater prevalence and symptom 
severity in the females. Different from the previous findings of no change in 
the cannabinoid system immediately after stress in male animals, significant 
changes were found in brain cannabinoid receptor expression in male animals 
seven days after the stress. Importantly, the delayed change in brain CBR 
appears to parallel with the emergence of enhanced ASR in these animals, 
suggesting that altered cannabinoid system may contribute significantly to the 
development of enhanced ASR, a characteristic feature of patients with PTSD. 
As CB1 is a potent anxiolytic regulator, the divergent and time-dependent 
effects of repeated stress on male and female CB1 expression could contribute 
to sex dimorphism in PTSD development and symptom severity. In summary, 
repeated stress caused a delayed effect on brain CBR expression in male 
animals relative to that in female animals and that could underlie the gender 
difference in stress-induced anxiety disorders and PTSD.  

 
 

INTRODUCTION 
 
Cannabinoid receptors are among the most abundant G protein-coupled 

receptors expressed in the brain and play an important role in fear memory and 
extinction, emotional behavior, neuroprotection and apoptosis. Abnormal brain 
cannabinoid receptor expression/activity has been implicated in the 
pathophysiology of post-traumatic stress disorder (PTSD) and other stress-
related psychiatric syndromes. CB1 knockout animals show hypersensitivity to 
stressful stimuli, decreased sociability, increased aggressive and anxiety-like 
behaviors and disrupted response to anxiolytic drugs [21, 31, 54]. CB1 
knockout animals and CB1 antagonist-treated animals also show marked 
inability to extinguish fear memory [30]. These characteristics parallel the core 
clinical features of individuals with PTSD, i.e. reduced threshold of fear, 
impaired extinction of fear memory, vivid recall or flashbacks of traumatic 
memories and a high prevalence of cannabis abuse[24, 38, 57]. 

Gender differences in PTSD and other stress-related psychological 
disorders have been documented in the literature, with females showing 2 to 3 
fold higher prevalence and more severe symptoms of anxiety and depression 
than males [8, 9, 27, 39, 45]. However, the mechanism is unknown. We 
recently reported significant alterations of cannabinoid receptor expression and 
phosphorylation in the cerebellum and brain stem of female rats immediately 
after three-day restraint/tail shock [60]. Such alterations, however, were not 



Guoqiang Xing, Janis Carlton, Xiaolong Jiang et al. 86 

observed in the stressed male animals. Since male animals also develop PTSD 
and other stress-related psychiatric syndromes after stress exposure albeit at a 
lower prevalence, it may be necessary to look at the prolonged effects of stress 
on male animals. 

In this study, we examined CB1 and CB2 expression levels in multiple 
brain regions of adolescent male rats seven days after the cessation of three-
day repeated restraint/ tail shock. Adolescent animals were used because 
puberty is marked by a substantial increase in many stress-related 
psychological and physiological disorders (e.g. depression, anxiety, PTSD, 
and drug abuse)[48], and because a majority of PTSD patients did experience 
early life stress. Thus, studying adolescent animals could help to determine the 
initiating mechanisms associated with the development of anxiety disorders. 

 
 

MATERIALS AND METHODS 
 

Animals 
 
Male Sprague–Dawley (Taconic Farms, Germantown, NY, USA) 

weighing 120–150 g (five to six weeks old) were used in this study. Animals 
were housed two per cage and maintained at room temperature (22±2oC) on a 
12 hour light-dark schedule (lights on 1800 h). Animals had ad libitum access 
to food and water. All experimental procedures were approved by the 
Institutional Animal Care and Use Committee (IACUC) of the Uniformed 
Services University of the Health Sciences, and were carried out in an 
accordance with the NIH Guidelines for the Care and Use of Laboratory 
Animals. 

 
 

Stress Protocol 
 
Animals were left undisturbed for 7 days after arrival. The stress 

procedure consisted of a 2-hour per day session of immobilization and tail-
shocks over 3 consecutive days. Half of the animals (8 per group) were 
restrained in a plexiglas tube and given 40 electric tail shocks (2mA, 3 second 
duration) at varying intervals (140 to 180 seconds). The control animals were 
handled daily for the same time period but not subjected to the immobilization 
and tail-shock stress procedures. All animals were returned to their home 
cages immediately after exposure to the stress or control conditions. 
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Acoustic Startle Measurement 
 
Acoustic startle response (ASR) measurement (Janusz W. Blaszczyk, Acta 

Neurobiol. Exp. 2003) was conducted with a Startle Response Acoustic Test 
System (Coulbourn Instruments, Columbus, Ohio, USA). This system consists 
of weight-sensitive platforms in a sound-attenuated chamber. The pressures 
against the platform due to the animals' movements in response to sound 
stimuli were measured (detail see Jiang, XL et al). In current study the 
responses to 100 dB sound stimuli were presented. The maximum values were 
collected in the results and finally adjusted with the animal body weight of the 
same day to avoid the pressure difference due to different animal body weight 
on the platform. Animals were tested one day before stress as baseline reading 
and immediately (day 0) and seven days after the cessation of three-day 
restraint/tail shock. 

 
 

Tissue Dissection 
 
Seven days after the last session of the stress, both the control animals and 

the stressed animals were decapitated after light anesthesia with halothane. 
The brains were rapidly removed. A Vibratome (Technical Products 
International, St. Louis, MO, USA) was used to cut 1.6 mm-thick transverse 
slices containing the whole amygdala region (Bregma -3.60 mm to -2.00 mm) 
from tissue blocks. The basolateral complex, composed mainly of the lateral 
and basolateral nuclei, was dissected from this slice laterally, as outlined by 
the white matter tract of the external capsule (corpus callosum) and medially 
by the white matter tract of the longitudinal association bundle. This transverse 
slice (Bregma -3.60 mm to -2.00 mm) also contained the hippocampal dentate 
gyrus and CA1-CA3 regions as well as part of the hypothalamus. The 
prefrontal cortex, olfactory, cerebellum and brain stem were similarly 
dissected. All tissue samples were immediately stored in pre-cooled isopentine 
(–40oC). 

 
 

Reverse Transcription and Quantitative Real-time PCR 
 
Dissected brain tissue samples were homogenized and total RNA was 

extracted using RNeasy kit (Qiagen, Germany) according to the 
manufacturer’s protocol. One microgram (1 g) of total RNA was reverse 
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transcribed into first-strand cDNA using the RETROscript reverse 
transcriptase kit (Ambion, TX) according to the manufacturer’s 
recommendations. 

Fifty nanograms (50 ng) of the reverse transcribed RNA from the RT-
reaction was used as the template for quantitative real-time PCR reaction with 
a final PCR reaction volume of 25 l and the final concentration of the 5’ and 
3’ PCR primers at 100 nM each. CB1 (TTTCCCACTCATTGACGAGAC, 
GTGAGCCTTCCAGAGAATGT) and CB2 (AAAGCACACCAACAT 
GTAGCC, GGAACCAGCATATGAGCAGAA) qPCR primers were designed 
using Primer3 software (MIT, MA) with the size of amplified cDNA ranging 
between 90 to150 base pairs [60]. Quantification of CB1 and CB2 mRNA 
expression was performed (in triplicate) using a 2-step PCR reaction procedure 
on an iQ5 Real-Time PCR System (BioRad, CA) using the SYBR Green 
SuperMix (BioRad, CA). After initial denaturation at 95oC for 3 minutes, 40 
cycles of primer annealing and elongation were conducted at 60oC for 45 
seconds, followed by denaturation at 95oC for 10 seconds. Fluorescent 
emission data was captured, and mRNA levels were quantified using the 
threshold cycle value (Ct). 

Fold change in mRNA expression was calculated using the following 
equation: Fold=2 (CT control -CT stress). To compensate for potential variations in 
input RNA amounts and the efficiency of reverse transcription, data for CB1 
and CB2 mRNA of each sample was additionally normalized by reference to 
the data obtained from house keeping genes -actin (GenBank accession no. 
X62085) determined from the same sample. The fold change in the 
compensated mRNA expression data was calculated using the equation: fold 
change=2- Ct, where Ct=target gene Ct –housekeeping gene ( -actin) Ct, and 

Ct is Ct control - Ct stress (or fold change) =2^( CT control - CT stress). 
 
 

Western Blot 
 
Brain tissues of prefrontal cortex, cerebellum, brainstem and olfactory 

were homogenized and sonicated for 40 seconds in the T-Per tissue lysis 
buffer for western blot analysis [Pierce, IL]. Other tissue proteins were not 
examined due to the limited amount of tissues. Protein concentrations were 
determined using a Bradford assay (BioRad, CA, USA). Aliquots of 20 μg 
proteins were separated by electrophoresis on NuPage gels (10%) and 
transferred to a polyvinylidene difluoride membrane before being incubated 
with the primary antibodies of CB1, glycosylated-CB1, and CB2 diluted at 
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1:500, each (Santa Cruze Biotechnologies, CA). The specificity of the CB1 and 
CB2 antibodies were validated by Santa Cruze Biotech and by different 
research groups [12, 19, 20, 51, 61]. The membranes were rinsed in a 0.01 M 
Tris-buffered saline solution (pH 7.4) containing 0.1% Triton X-100 for 
30 minutes, blocked in 5% non-fat dry milk for 30 minutes and incubated 
overnight at 4°C with the primary antibody in a Tris-buffered saline solution 
containing 3% non-fat dry milk. Membranes were washed three times with the 
Tris-buffered saline solution and incubated overnight at 4° C with a 
horseradish peroxidase-conjugated secondary antibody in the Tris-buffered 
saline solution containing 3% non-fat dry milk. Immunoreactive bands were 
visualized using horseradish peroxidase-conjugated anti-rabbit antibodies in a 
1:3,000 ratio, and ECL Western blotting detection reagents (GE Healthcare 
Bio-Sciences Corp, Piscataway, NJ). The western blots were captured with a 
digital camera and the intensities quantified with NIH Image 1.62. 

 
 

STATISTICS 
 
Data regarding the effects of stress on CB1 and CB2 receptors for each 

brain region were analyzed using one-way ANOVA. A p-value less than 0.05 
was considered statistically significant. 

 
 

RESULTS 
 
Compared to that of the controls, CB1 mRNA expression decreased 

significantly in the prefrontal cortex and brain stem (P<0.01) and decreased at 
a trend level in the hippocampus (P<0.1) and increased significantly in the 
amygdala (P<0.05) of the stressed animals, but it did not change significantly 
in the cerebellum and hypothalamus (Figure 1). CB2 mRNA expression 
decreased significantly in the prefrontal cortex, hypothalamus and brain stem 
(P<0.05), decreased at a trend level in the amygdala and hippocampus (P<0.1) 
but significantly increased in the cerebellum (P<0.05) in stressed rats (Figure 
1). Total CB1 protein expression and glycosylated CB1 protein levels 
decreased significantly in the cerebellum but increased in the prefrontal cortex 
of stressed animals (p<0.05, each) (Figures 2-3). CB2 protein level decreased 
significantly in the prefrontal cortex (P<0.01), cerebellum (P<0.05) and brain 
stem (P<0.05) 7 days after repeated stress (Figures 2-3). 



 

 

Figure 1. One-way ANOVA of the delayed effect (7days after the stress) of three-day restraint/tail shock on CB1 and CB2 mRNA 
expression levels in the amygdala, a), hippocampus, b), hypothalamus, c), prefrontal cortex, d), cerebellum, e) and brain stem, f) of 
adolescent male rats. Black column: control group; grey column, stressed group, (n= 8, each group) * p  0.05; ** p  0.01, control vs. 
stress. 
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Figure 2. One-way ANOVA of the delayed effect (7days after the stress) of three-day restraint/tail shock on CB1 and CB2 protein 
expression levels in the prefrontal cortex, a), and cerebellum, b) of adolescent male rats. Black column: control group; blank column, 
stressed group, (n= 8, each group) * p  0.05; ** p  0.01, control vs. stress. 
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Figure 3. O One-way ANOVA of the delayed effect (7days after the stress) of three-day restraint/tail shock on CB1 and CB2 protein 
expression levels in the brainstem, a), and olfactory, b) of adolescent male rats. Black column: control group; blank column, stressed 
group, (n= 8, each group), * p  0.05, control vs. stress. 
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Figure 4. Immediate and delayed effects of three-day restraint/tail shock on peak value 
of acoustic startle response (ASR) (adjusted with same day body weight of each 
animal) in adolescent male rats ) immediately after three day stress versus that of the 
baseline value in stress group in the stressed animals when compared with that of the 
control group (as 100%, p<0.05). (Mean ± S.E.M). It is noticed that , this peak value of 
ASR increased significantly in the stressed male animals 7 days after the cessation of 
three-day restraint/tail shock compared with that of the control group (p<0.05). * p  
0.05, control vs. stress, (N= 24, for each of the control and stress group for Day 0, and 
N=16, each group for Day 7). 

A significant reduction in acoustic startle response (ASR) to 100 dB of 
sound stimuli (adjusted with same day body weight of each animal) 
immediately after three-day restraint/tail shock occurred in the stressed 
animals compared with that of the control group (as 100%, p<0.05) (Figure 4).  

However, acoustic startle response increased significantly in the stressed 
animals 7 days after the cessation of three-day restraint/tail shock compared 
with the control group (p<0.05) (Figure 4). 

 
 
 



 

 
(Reprinted from Neuroscience Letters, (Xing et al.), Cannabinoid receptor expression and phosphorylation are differentially regulated 

between male and female cerebellum and brain stem after repeated stress: implication for PTSD and drug abuse 502(1): 5-9, 
Copyright (2011), with permission from Elsevier). 

Figure 5. Two-way ANOVA of the immediate effects of three-day restraint/tail shock CB1 and CB2 mRNA expression levels in the 
cerebellum, a) and c) , and brain stem, b) and d) of adolescent male and female rats. Black column: control rats; grey column, stressed 
rats, (n= 8, each group), a, p<0.01, male control vs. female control; b, p<0.05, male control vs. female control; *, p<0.05;  
**, p<0.01, control vs. stress, within-sex 1-way ANOVA. 
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(Reprinted from Neuroscience Letters, (Xing et al.), Cannabinoid receptor expression and phosphorylation are differentially regulated 

between male and female cerebellum and brain stem after repeated stress: implication for PTSD and drug abuse 502(1): 5-9, 
Copyright (2011), with permission from Elsevier). 

Figure 6. Two-way ANOVA of the immediate effects of three-day restraint/tail shock on CB1 and CB2 protein expression levels in the 
cerebellum. Top panel, representatives of cerebellum western blotting: twenty micrograms ( g) of rat cerebellum tissue homogenates 
were resolved on SDS-PAGE gel and incubated with the specific CB antibodies and detected using an ECL detecting system. Bottom 
panel, semi-quantitative Western blotting of A), phosphorylated CB1 proteins (p-CB1); B), total CB1 proteins; C), CB2 proteins in 
cerebellar tissue homogenates of adolescent male and female rats. The mean value (mean ±s.d.) of the male control group (n=8) was 
used as the arbitrary reference (=1) for other groups (n=8). Two-way ANOVA revealed significantly elevated p-CB1 protein in the 
stressed animals, primarily in the females*, p<0.05; Black bar, control group; gray bar, stress group (n=8, each group). 
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(Reprinted from Neuroscience Letters, (Xing et al.), Cannabinoid receptor expression and phosphorylation are differentially regulated 

between male and female cerebellum and brain stem after repeated stress: implication for PTSD and drug abuse 502(1): 5-9, 
Copyright (2011), with permission from Elsevier). 

Figure 7. Two-way ANOVA of the immediate effects of three-day restraint/tail shock on CB1 and CB2 protein expression levels in brain 
stem. Top panel, representatives of brain stem western blotting: twenty micrograms ( g) of rat tissue homogenates were resolved on 
SDS-PAGE gel and incubated with the specific CB antibodies and detected using an ECL detecting system. Bottom panel, semi-
quantitative Western blotting of A), phosphorylated CB1 proteins (p-CB1); B), total CB1 proteins; C), CB2 proteins in the brain stem of 
adolescent male and female rats. The mean value (mean ±s.d.) of the male control group (n=8) was used as the arbitrary reference (=1) 
for other groups (n=8). Black bar, control group; gray bar, stress group (n=8, each group). 
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DISCUSSION 
 
In this study, CB1 mRNA expression decreased significantly in the 

prefrontal cortex and brain stem, decreased at trend level in the hippocampus 
and hypothalamus, but increased significantly in the amygdala of male animals 
7 days after the repeated stress. This result, while in contrast to the lack of 
brain CB1 mRNA alteration in the male animals immediately after the stress 
(Figure 5-7) [60], supports the notion that the cannabinoid receptor in the male 
animals is also vulnerable to the detrimental effect of repeated severe stress, 
albeit in a delayed manner when compared with the female animals. 

Repeated stress also reduced CB2 mRNA expression in most brain regions 
except cerebellum where CB2 mRNA levels increased 7 days after the stress. 
Such delayed alteration of CB2 mRNA expression was not observed in the 
brain of male and female animals immediately after the stress [60] (data 
submitted). 

Discordance between CB mRNA and protein expression is noticed in this 
study: stress reduced CB1 mRNA level of the PFC and brain stem but 
increased CB1 protein level in the PFC and no change in the brain stem; stress 
reduced cerebellar CB1 and CB2 protein levels but increased cerebellar CB2 

mRNA level and no change in CB1 mRNA level. While no easy explanation is 
available, this may reflect different induction and degradation mechanisms 
between the mRNA and protein. The induction of protein expression is usually 
slow and lags behind that of mRNA which often has a shorter half-life than 
proteins. The greater CB1 protein level in the prefrontal cortex of the stressed 
male rats may be transient if the reduced prefrontal CB1 mRNA level is an 
indication of further change in brain CB1 protein expression in the male 
animals. A recent study showed reduced CB1 receptor protein levels in the 
putamen and the nucleus accumbens of young male rats after 8 weeks isolation 
rearing stress [28]. Three weeks of chronic mild stress is also effective in 
reducing CB1 receptor proteins in the hippocampus of adult male rats [46]. 

PTSD is a chronic anxiety disorder with a significant incubating time 
period after the trauma exposure. However, the underlying mechanism 
remains unknown. Our study suggests that a delayed alteration of brain 
cannabinoid receptor expression could be involved. Indeed, the delayed CB1 
receptor alteration coincides with the progressive increase in acoustic startle 
response in the stressed male animals [50]. 

The data from our studies indicate that male and female adolescent 
animals differ significantly in the prefrontal cortex response to the repeated 
stress as reflected in the divergent prefrontal CB1 protein expression after the 
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stress (data submitted for publication). The adolescent male animals show a 
trend of increased CB1 protein expression in the prefrontal cortex immediately 
after the stress that become significant at 7 days after the stress whereas the 
female rats show significantly reduced prefrontal CB1 receptor expression 
immediately after the stress (data submitted for publication). 

Prefrontal cortex is known to exert a powerful inhibitory effect on 
amygdala activity and plays an important role in fear extinction [25, 59]. The 
initial increase in CB1 expression and CB1–mediated signaling in the 
prefrontal cortex of adolescent male animals immediately after the stress could 
potentially inhibit amygdala activation, control fear memory and facilitate the 
reorganization of the interconnection and inter-regulation between the regions 
to strength the endurance and resistance to repeated stress in the male animals. 
Whereas the rapidly reduced CB1 expression in the prefrontal cortex of female 
animals could potentially weaken the inhibitory effect of prefrontal cortex on 
amygdala activity, and cause increased fear and a greater emotional 
disturbance in the stressed female animals. Further studies are warranted to 
test these possibilities. 

It should be noted that the increased CB1 protein in the prefrontal cortex 
of male animals could be transient and short-lived especially if the intensity 
and the duration are strong and long enough as reflected in the reduced CB1 
mRNA expression 7 days after the completion of the stress that could predict a 
subsequent reduction of CB1 protein expression in the prefrontal cortex of 
stressed male animals. This, again needs to be verified in future studies. 

The divergently induced CB1 receptor expression in the prefrontal cortex 
of male and female animals by stress could play an important role in the 
gender difference in the prevalence and severity of anxiety disorders, PTSD 
and stress-related psychological symptoms, by favoring increased stress 
endurance and fear control in the males and by increased emotional 
disturbance and pain in the females [23, 34]. Forebrain CB1 receptor activation 
is known to exert anxiolytic function [10, 41, 43] whereas loss or inhibition of 
CB1 receptor in the amygdala, hippocampus, and prefrontal cortex is 
associated with inability to extinguish fear memory [14, 30, 47]. 

In this study, CB2 receptor protein levels decreased significantly in the 
prefrontal cortex of male rats 7 days after repeated stress. Similar reduction of 
CB2 receptor levels were found in the prefrontal cortex of male and female rats 
immediately after the stress (data submitted). The biological implication of the 
stress-induced deficiency in CB2 expression remains to be understood. 

One possibility is that CBR deficiency could be involved in the reduced 
volumes of prefrontal cortex as well as reduced hippocampus and cerebellum 
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volumes in subjects with PTSD and with traumatic stress exposure [13, 18, 58, 
63]. CB1 and CB2 receptor exert neuroprotective functions through multi anti-
inflammation, anti-apoptosis and pro-neurogenesis mechanisms [11, 29, 42, 
53, 62]. CB1 and CB2 also regulate neural progenitor (NP) cell proliferation 
and neurogenesis. CB1 receptor activation promotes NP cell proliferation and 
neurosphere generation in postnatal and adult brain, an action that is abrogated 
in CB1-deficient multipotent NP cells. CB2 receptor activation also induced 
cell proliferation in embryonic cortical slices and in adult hippocampal NPs 
[1, 2, 40]. 

The significantly reduced cannabinoid receptor mRNA and protein 
expression in the brain stem of the stressed animal is consistent with the fact 
that periaqueductal gray, locus coeruleus (LC), raphe nuclei, reticular 
activating system, solitary tract, vestibular and cochlear nuclei embedded in 
the brain stem are involved in the regulation of pain sensation, sleep-awake 
cycle, acoustic startle response, cardiovascular reactivity that are frequently 
altered in subjects with PTSD [3, 4, 15, 33, 35, 36, 44, 56]. Further 
immunohistochemistry/in situ hybridization studies are required to determine 
if and how changes of cannabinoid receptor expression in this brain stem 
nucleus are correlated with the enhanced acoustic startle response, increased 
cardiovascular and sleep disorder and pain in PTSD. 

Since stress enhances NE synthesis/turnover in the LC and its subsequent 
release in the basolateral amygdala via alpha1A adrenergic receptor located in 
the presynaptic terminals, intense sympathetic activation and local NE release 
could regulate CB expression/activity. Alternatively, CB receptors in the brain 
stem could potentially interacts with the alpha2-adrenergic autoreceptors to 
inhibit norepinephrine release from the adrenergic neurons of the locus 
coeruleus under physiological conditions [49]. Thus, brain CB and adrenergic 
systems could interact in central regulation of cardiovascular response in 
stress-induced anxiety disorders [7]. 

In this study, CB1 and CB2 receptor protein level decreased significantly in 
the cerebellum of male rats 7 days after the repeated stress. Reduced CB1 

receptor expression was also found in the cerebellum but not brain stem of 
adolescent female rats immediately after the stress (Figures 4 and 6) [60]. A 
recent study showed that acute postnatal maternal deprivation stress 
significantly increased neuronal apoptosis in the cerebellum of male rat pups 
and that increased apoptosis was attenuated by inhibiting endogenous 
cannabinoid (eCBs) degradation [26], suggesting an important neuroprotective 
role of eCBs in cerebellum. Furthermore, significant correlations were also 
found between structural volumes of cerebellum and the clinical symptoms of 
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pediatric maltreatment-related PTSD, with PTSD subjects had significantly 
reduced volume of the left and right hemispheres and total cerebellum volume 
[13]. These data show a close link between stress-induced apoptosis and 
cerebellum atrophy in PTSD although the exact mediator(s) and the time 
course of the atrophy remain unknown.  

Our present study suggests that repeated stress-induced CB1 receptor 
reduction in adolescence could be involved in the cerebellar neuronal 
apoptosis and structural atrophy in PTSD. 

Despite the highest expression of cannabinoid receptors (CB1 and CB2) in 
the cerebellum [20, 25, 48], its functional role in PTSD remains to be 
established. The downregulation of cerebellar CB1 receptor after repeated 
stress could have contributed to altered time sense in PTSD and cerebellar 
cannabinoid hypofunction in subjects of frequent marijuana use [55]. Impaired 
time sense has been reported in marijuana users who exhibited cerebellar 
hypoactivity in response to delta-9-tetrahydrocannabinol (a potent CB1 agonist 
and primary component of marijuana) [32].  

As marijuana use is common among PTSD subjects and is correlated with 
the severity of PTSD symptoms [5], our studies imply that such increased 
marijuana use in subjects with PTSD and with traumatic exposure may be a 
compensatory mechanism or self-medicine to counter-balance the stress-
induced brain deficiency of CB receptor expression and activity [6, 9, 16, 17, 
22, 37, 52]. 

 
 

CONCLUSION 
 
We have demonstrated that repeated inescapable intense stress can indeed 

induce delayed but significant alterations in brain CB1 and CB2 receptor 
expression of the adolescent male animals albeit absent immediately after the 
stress. Such delayed alteration when compared with the immediate alteration 
in the female animals may underlie the gender difference in the prevalence and 
severity of stress-related anxiety disorders including PTSD. Because of the 
potent anxiolytic, neuroprotective, neural progenitor cell proliferating, and 
neurosphere generating effects of CB1 and CB2 , further studies of CB1 and 
CB2 in stressed animals could lead to better understanding and treatment of 
PTSD and stress-related psychological symptoms. 
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