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Background and Purpose—Our previous study demonstrated that pretreatment with electroacupuncture (EA) induces rapid
tolerance to focal cerebral ischemia. The present study was aimed to investigate the involvement of the endocannabinoid
system in the early neuroprotection conferred by EA pretreatment in the animal model of focal cerebral ischemia.
Methods—Two hours after the end of EA pretreatment, focal cerebral ischemia was induced by middle cerebral artery
occlusion for 120 minutes in male Sprague-Dawley rats or male C57BL/6 mice. The neurobehavioral scores, infarction
volumes, and neuronal apoptosis were evaluated at 24 hours or 7 days after reperfusion in the presence or absence of
AM251 (a selective cannabinoid receptor type 1 [CB1] receptor antagonist) or CB1 short interfering RNA. The
expression of CB1 receptor and the content of endocannabinoids in the brains were also investigated.
Results—EA pretreatment reduced infarct size, improved neurological outcome, and inhibited neuronal apoptosis at 24
hours or 7 days after reperfusion. The beneficial effects were abolished by AM251. CB1 knockdown by CB1 short
interfering RNA attenuated EA pretreatment-induced neuroprotection. EA pretreatment upregulated the neuronal
expression of CB1 receptor in the rat brains and elevated the brain tissue content of the endocannabinoid
2-arachidonylglycerol and N-arach-idonoylethanolamine-anandamide. Pretreatment with 2-arachidonylglycerol and
N-arach-idonoylethanolamine-anandamide also reduced infarct size and improved neurological outcome.
Conclusion—We conclude that pretreatment with EA increases the production of endocannabinoid 2-arachidonylglycerol
and N-arach-idonoylethanolamine-anandamide, which elicits protective effects against transient cerebral ischemia
through CB1 receptors. These results suggest a novel mechanism of EA pretreatment-induced rapid tolerance to focal
cerebral ischemia. (Stroke. 2009;40:2157-2164.)
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tion of endogenous ligands.2– 4 Two endogenous ligands for
the CB1 receptor have been proposed and termed endocannabinoids: N-arach-idonoylethanolamine-anandamide (AEA)
and 2-arachidonoylglycerol (2-AG). Immediately after the
discovery of endogenous cannabinoid system, research
activities had been focused on its protective effects against
ischemic damage in the heart and brain. Administration of
endocannabinoids such as 2-AG or AEA gives rise to
neuroprotection in vivo models of closed head injury and
acute cerebral infarction.5,6 In addition, increased CB1 receptor expression in response to acute ischemic insult has been
observed in the rat brain cortex.7 Accordingly, cerebral
ischemia has more severe effects in CB1 receptor knockout
mice than wild-type mice.8 These findings have prompted
investigations into the role of the endocannabinoid system in
neuroprotective effects.

eurological damage, in particular stroke, accounts for
approximately 40% of severely disabled adults. Although many advances have been made in the pharmacotherapy of stroke, clinical treatment of this debilitating disorder is
inadequate. There is a huge unmet medical need for developing novel and rational strategies aimed at reducing impairments after stroke and other neurological conditions. Our
previous study has demonstrated that pretreatment with electroacupuncture (EA) at the Baihui acupoint (GV 20) induces rapid
tolerance to cerebral ischemic insult.1 However, the underlying
mechanism is not fully understood and more evidence is needed
for EA pretreatment to be accepted clinically.
Studies on the pharmacology of cannabis were advanced
considerably by the cloning of the centrally located cannabinoid receptor type 1 (CB1) receptors and the peripherally
located cannabinoid CB2 receptors as well as the identifica-
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Several recent studies have reported the involvement of
endocannabinoid system in the ischemic tolerance in brain.
Repeated pretreatment with ⌬9-tetrahydrocannabinol, the
major active constituent of cannabis, led to tolerance to
ischemic insult in mice subjected to 4 hours-middle cerebral
artery occlusion (MCAO). The neuroprotective effect of
⌬9-tetrahydrocannabinol was inhibited by SR141716, a CB1
receptor antagonist.9 In an another study, ischemic preconditioning downregulated the postischemic CB1 receptor in the
gerbil hippocampus, indicating that the CB1 receptors may
participate in the mechanisms of endogenous neuroprotection
of ischemic preconditioning.10 Based on these findings, we
investigated whether the endocannabinoid system is involved
in the mediation of the neuroprotective effect by EA pretreatment at the Baihui (GV 20) acupoint.

Materials and Methods
Downloaded from http://stroke.ahajournals.org/ by guest on January 2, 2018

Experimental Protocols
The experimental protocol used in this study was approved by the
Ethics Committee for Animal Experimentation of the Fourth Military Medical University and was conducted according to the Guidelines for Animal Experimentation of the Fourth Military Medical
University (Xi’an, China). Male Sprague-Dawley rats (280 to 320 g)
and male 10-week-old C57BL/6 mice (18 to 20 g) were provided by
the Experimental Animal Center of the Fourth Military Medical
University and housed under controlled conditions with a 12-hour
light/dark cycle, a temperature at 21⫾2°C, and humidity at 60% to
70% for at least 1 week before drug treatment or surgery. The animals
were allowed free access to standard rodent diet and tap water.

Experiment I
To assess the effect of AM251 on neuroprotection induced by EA
pretreatment, rats were anesthetized with 1% sodium pentobarbital
(SP, 40 mg/kg, intraperitoneally) at 2.5 hours before induction of
focal cerebral ischemia and were randomly assigned to MCAO,
EA⫹MCAO, AM251⫹MCAO, vehicle⫹EA, and AM251⫹EA
groups. AM251, a CB1 receptor antagonist, was purchased from
Tocris Bioscience and was dissolved in dimethyl sulfoxide and
Tween-80 and then diluted with saline (dimethyl sulfoxide: Tween80: saline⫽1:1:18) before use.

Experiment II
To determine the regulatory effect of EA pretreatment on the
endocannabinoid system before ischemia, rats were randomly divided into 3 groups: sham, SP, and EA groups.

Experiment III
To evaluate the neuroprotective effect of pretreatment with 2-AG
and AEA, the rats were intraperitoneally injected with 5 mg/kg
2-AG, 10 mg/kg AEA, or 1 mL vehicle at 2 hours before MCAO.
The 2-AG (No.1298) and AEA (No. 1339) were purchased from
Tocris Bioscience and dissolved in anhydrous ethanol:emulphor:saline (1:1:18) before use. One milliliter per dosage was injected
intraperitoneally. The dose and administration method of 2-AG and
AEA in this experiment were chosen based on previous studies.5,6

Experiment IV
To further elucidate the role of the CB1 receptor in EA-induced
early-phase neuroprotection, we first investigated the effectiveness
of short interfering RNA (siRNA) in vivo; C57BL/6 mice were
randomly divided into shams, siRNA, siRNA-c (control siRNA),
siRNA⫹EA, and siRNA-c⫹EA groups. Then, we tested the effect of
CB1 siRNA on neuroprotection induced by EA pretreatment;
C57BL/6 mice were randomly divided into MCAO, EA⫹MCAO,
siRNA⫹EA⫹MCAO, and siRNA-c⫹EA⫹MCAO groups.
Details of the experimental grouping and protocols are included in the
Supplemental material, available online at http://stroke.ahajournals.org.

Electroacupuncture Pretreatment
EA pretreatment was performed as described in our previous
studies.1 Briefly, animals were anesthetized with 40 mg/kg SP
(intraperitoneally) and inhaled oxygen by face mask at a flow rate of
1 L/min. The acupoint “Baihui (GV 20),” which is located at the
intersection of the sagittal midline and the line linking 2 rat ears, was
stimulated with the intensity of 1 mA and frequency of 2/15 Hz for
30 minutes by using the G6805–2 EA Instrument (Model
No.227033; Qingdao Xinsheng Ltd). The core temperature of all the
rats was maintained (Spacelabs Medical Inc) at 37.0⫾0.5°C during
EA pretreatment by surface heating or cooling. The right femoral
artery was cannulated for continuous monitoring of blood pressure
and for arterial blood sampling. Arterial blood gases and plasma
glucose were measured at the onset of EA, 15 minutes after the onset
of EA, and at the end of EA.

Transfection of siRNA in the Mouse Brain
We performed in vivo siRNA transfection in C57BL/6 mice according to the method described by Luo et al.11 Under anesthesia with SP
(40 mg/kg), a stainless steel cannula was stereotaxically implanted in
the unilateral cerebral ventricle. The stereotaxic coordinates were
0.4 mm posterior and 1.0 mm lateral to the bregma and 2.5 mm
below the surface of the skull. In light of the manufacturer’s
instructions, 1 L of 10 g/L CB1-siRNA (Santa Cruz Biotechnology, sc-39911) or control-siRNA (Santa Cruz Biotechnology,
sc-37007) duplex stock solution was incubated with 10 L Invivofectamine Reagent (Invitrogen Corporation; 1377-901) for 30 minutes at room temperature in an orbital shaker. Then the Invivofectamine–siRNA mixture was diluted with 15 volumes (150 L) of
5% glucose. Two microliters of the diluted mixture was stereotaxically delivered into the ipsilateral lateral ventricle. After recovering
from anesthesia, mice were returned to their cages and given ad
libitum access to food and water. The protein expression of CB1
receptor was evaluated 24 hours posttransfection using Western blot.

Transient Focal Cerebral Ischemia
Focal cerebral ischemia was induced by MCAO in rats or mice using
an intraluminal filament technique as described previously.1,12,13
After 2 hours of MCAO, the filament was withdrawn, regional
cerebral blood flow was restored to normal as monitored by laser
Doppler flowmetry (PeriFlux 5000; Perimed AB), and wounds were
sutured.

Neurobehavioral Evaluation and
Infarct Assessment
Twenty-four hours or 7 days after reperfusion, an 18-point scoring
system reported by Garcia et al14 with modifications was used for
neurological assessment by a blinded observer. Then, animals (n⫽8
for each group) were decapitated and 2-mm thick coronal sections
from throughout the brain were stained with 2% 2,3,5-triphenyltetrazolium chloride (Sigma-Aldrich) to evaluate the infarct volume, as
described previously.1,12,13

TUNEL Staining
Samples from 5 groups (n⫽5 for each group) in Experiment I were
used for experiments. Twenty-four hours after reperfusion, neuronal
apoptosis in the ischemic penumbra was assessed in situ by terminal
deoxynucleotide transferase-mediated dUTP nick-end labeling
(TUNEL) staining as described in our previous studies.12 The
TUNEL staining was quantitatively evaluated with the method
described by Wang et al.15 Briefly, 32 pixels of 0.10 mm2 were
placed by light microscope with 100⫻ magnification and then the
total number of positively stained cells in these pixels was counted
and expressed as cells per millimeter squared.

Double Immunofluorescence for CB1 Receptor
and Neuronal Nuclei
At 120 minutes after the end of EA pretreatment, the rats (n⫽3 for
each group) in Experiment II were anesthetized and transcardially
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Figure 1. Neurological scores 24 hours and
7 days after reperfusion in the rats with 120
minutes of MCAO. Pretreatment with EA
significantly improved the neurological
scores, whereas the CB1 receptor antagonist AM251 reversed the beneficial effect of
EA pretreatment. *P⬍0.01 versus MCAO;
#P⬍0.01 versus EA⫹MCAO.
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perfused with phosphate-buffered saline and 4% paraformaldehyde
as described previously.12 The 10-m thick coronal sections were
incubated with the following primary antibodies: anti-CB1 receptor
rabbit polyclonal antibody (Santa Cruz Biotechnology; 1:100 dilution) and antineuronal nuclei mouse monoclonal antibody (Chemicon International Inc; 1:1000 dilution) together for 12 hours at room
temperature. After washing 3 times with phosphate-buffered saline,
sections were next incubated with fluorescein isothiocyanate-labeled
goat–antirabbit IgG (Molecular Probes Inc; 1:800 dilution) and
Alexa-labeled goat–antimouse IgG (Sigma-Aldrich; 1:800 dilution)
together for 1 hour at room temperature. Finally, sections were
observed and images were captured using Olympus BX-60 fluorescence microscope (Olympus Corporation).

Reverse Transcription–Polymerase Chain Reaction
for Detection of CB1 mRNA
Animals were decapitated under deep anesthesia with 4% isoflurane
in oxygen. The ipsilateral hemispheres were harvested for reverse
transcription–polymerase chain reaction and Western blot analysis
(n⫽5 for each group).
Total RNA was extracted from brain tissue using Trizol reagent
(Invitrogen Corporation) according to the manufacturer’s recommendations. The cDNA was synthesized using the Superscript First
Strand Synthesis Kit (Promega Corporation) according to the manufacturer’s instructions. The sequences of primers (CB1 and glyceraldehyde phosphate dehydrogenase) and PCR-reactive condition
were described in previous study.16 All primers were synthesized by
Shanghai Sangon Biological Engineering Technology and Services
Co Ltd (Shanghai, China).

Western Blot Analysis of CB1 Protein
The hemispheres were homogenized in RIPA lysis buffer (Beyotime,
Nantong, China) with 1⫻ Roche complete protease inhibitor cocktail
and 1 mmol/L phenylmethylsulfonyl fluoride on ice. The Western
blot was performed like our previous study.12 The following primary
antibodies were used in this study: anti-CB1 receptor rabbit polyclonal antibody (1:200 dilution) and antiglyceraldehyde phosphate
dehydrogenase mouse monoclonal antibody (Santa Cruz Biotechnology; 1:1000 dilution). Appropriate secondary horseradish peroxidase–
conjugated goat–antirabbit or goat–antimouse antibody (Pierce Biotechnology Inc; 1:5000 dilution) were used.

Endocannabinoid Extraction and Liquid
Chromatography/Mass Spectrometry
At 120 minutes after the end of EA pretreatment, the rats from 3
groups (n⫽5 for each group) in Experiment II were decapitated
under deep anesthesia and the ipsilateral hemispheres were separated. Endocannabinoids were extracted from brains after EA pretreatment and endocannabinoid content was determined by isotope
dilution and liquid chromatography–atmospheric pressure chemical
ionization–mass spectrometry as described by Patel et al.17 Endocannabinoid contents were presented as nanograms per milliliter.

Statistical Analysis
The software, SPSS 11.0 for Windows (SPSS Inc, Chicago, Ill), was
used to conduct statistical analyses. All values, except for neurological scores, are presented as mean⫾SEM and were analyzed by
one-way analysis of variance, and between-group differences were
detected with post hoc Student-Newman-Keuls test. The neurological deficit scores were expressed as median (range) and were
analyzed with Kruskal-Wallis test followed by the Mann–Whitney U
test with Bonferroni correction. Values of P⬍0.05 were considered
statistically significant.

Results
EA Pretreatment-Induced Improvement of
Neurological Outcome Is Reversed by AM251
Twenty-four hours and 7 days after reperfusion, pretreatment
with EA significantly improved the neurological scores compared with that of the MCAO group (P⬍0.01). The CB1
receptor antagonist AM251 had no effect on neurological scores
when administered alone but reversed the beneficial effect of EA
pretreatment given 30 minutes before the onset of EA pretreatment (P⬍0.01, AM251⫹EA versus EA⫹MCAO). The neurological score of the vehicle⫹EA group was similar to that of the
EA⫹MCAO group. There were no statistical differences in the
neurological deficit scores among MCAO, AM251⫹MCAO,
and AM251⫹EA groups (Figure 1).

EA Pretreatment-Induced Reduction of Infarct
Volume Is Abolished by AM251
The EA⫹MCAO group showed a smaller brain infarct volume
compared with the MCAO group (P⬍0.01). The infarct volume
of the AM251⫹EA group was similar to that of the MCAO
group and was larger than that of the EA⫹MCAO group
(P⬍0.01). The infarct volume of the vehicle⫹EA group was still
significantly different from that of the MCAO group (P⬍0.01)
and was similar to that of the EA⫹MCAO group. The result of
the AM251⫹MCAO group was not significantly different from
that of the MCAO group (Figure 2).

EA Pretreatment-Induced Reduction of Neuronal
Apoptosis Is Attenuated by AM251
No positive TUNEL staining (brown) was detected in the brain
sections of sham animals 24 hours after reperfusion. However, a
large number of TUNEL-positive cells in the ischemic penumbra of rat brain were seen in the MCAO, AM251⫹EA, and
AM251⫹MCAO groups, whereas in contrast, only a small
amount of TUNEL-positive cells in the EA⫹MCAO and
vehicle⫹EA groups were observed (Figure 3A). The quantitative analysis of the number of TUNEL-positive cells and viable
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Figure 2. Infarct sizes at 24 hours and 7
days after reperfusion in the rats with 120
minutes of MCAO. A–B, Representative
2,3,5-triphenyltetrazolium chloride staining
of the cerebral infarct in comparable sections of rat brain from 5 groups at 24
hours and 7 days after reperfusion. C–D,
Quantification of infarct volume at 24
hours and 7 days after reperfusion,
respectively. Pretreatment with EA significantly reduced the infarct volume,
whereas the CB1 receptor antagonist
AM251 abolished the protective effect of
EA pretreatment. *P⬍0.01 versus MCAO;
#P⬍0.01 versus EA⫹MCAO.
Downloaded from http://stroke.ahajournals.org/ by guest on January 2, 2018

cells in the ischemic penumbra of rats showed that the
pretreatment with EA significantly reduced the number of
TUNEL-positive cells at 24 hours after reperfusion compared
with MCAO, AM251⫹EA, and AM251⫹MCAO groups.
There was no difference among the MCAO, AM251⫹EA,
and AM251⫹MCAO groups (Figure 3B). On the other hand,
the number of viable cells (blue) in the ischemic penumbra
was significantly increased in EA⫹MCAO and vehicle⫹EA
groups in comparison to MCAO, AM251⫹EA, and

AM251⫹MCAO groups (P⬍0.05) as revealed by hematoxylin staining, but there was no difference among the latter 3
groups (Figure 3C).

EA Pretreatment Upregulates the Expression of
Neuronal CB1 Receptor
The expression and localization of CB1 receptor was examined by double immunofluorescence staining with neuronal
nuclei (neuronal marker, red) and CB1 receptor (green). As

Figure 3. Neuronal apoptosis at 24 hours
after reperfusion in the rats with 120 minutes of MCAO. A, Representative photomicrographs of TUNEL staining in the
peri-infarct zone (region of interest identified in adjoining coronal section). The
white arrowhead indicates viable cell and
the red arrowhead indicates TUNELpositive cell. Scale bars⫽50 m. B–C,
Quantitative analysis of the number of
TUNEL-positive cells and viable cells in
the ischemic penumbra of rats in 5
groups. Pretreatment with EA significantly
decreased the number of TUNEL-positive
cells, whereas the CB1 receptor antagonist AM251 attenuated the reduction in
the number of TUNEL-positive cells.
*P⬍0.01 versus control; #P⬍0.01 versus
EA⫹MCAO.
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Figure 4. Upregulation of neuronal CB1 receptor in the rat brain after EA pretreatment. A, Representative double immunofluorescence
staining for CB1 receptor (green) and neuronal nuclei (neuronal marker, red) in brain sections. The CB1 receptors are increased and
colocalized in the neurons (arrowheads) 2 hours after the end of EA pretreatment. Scale bars⫽20 m. B, The mRNA expression of CB1
receptor was analyzed by using reverse transcription–polymerase chain reaction. EA pretreatment significantly upregulated the mRNA
expression of CB1 receptor at 30 and 60 minutes after the end of EA pretreatment. C, The protein expression of CB1 receptor was
evaluated by using Western blot. Pretreatment with EA significantly upregulated the protein expression of CB1 receptor at 120 minutes
after the end of EA pretreatment. *P⬍0.05 versus sham group.

shown in Figure 4A, in the sham and SP groups, little expression
of CB1 receptor was observed throughout the hemisphere.
However, the expression of CB1 receptor in the ipsilateral
hemisphere was significantly increased after the EA pretreatment. Double immunofluorescence for CB1 receptor and neuronal nuclei demonstrated that the CB1 receptor was mainly
localized in neurons in the ipsilateral hemisphere. Thus, the
CB1 receptors were upregulated and colocalized with the
neurons (arrowheads) 2 hours after the end of EA pretreatment in the ipsilateral hemisphere.
EA pretreatment produced an evident upregulation of CB1
receptor in the ipsilateral hemisphere as revealed by the
presence of both mRNA (Figure 4B) and protein (Figure 4C).
The expression of CB1 receptor mRNA significantly increased at 30 and 60 minutes after the end of EA pretreatment
as compared with that in sham or SP groups (Figure 4B;
P⬍0.05) but returned to normal level at 120 minutes after the
end of EA pretreatment. The semiquantitative analysis of
Western blot indicated that EA pretreatment significantly
increased the expression of CB1 receptor protein compared
with that in sham or SP groups at 120 minutes after the end
of EA pretreatment (Figure 4C; P⬍0.05). However, there was
no difference in CB1 receptor mRNA or protein expression
between the sham and SP groups at 30, 60, and 120 minutes
after the end of EA pretreatment.

EA Pretreatment Increases the Content of
Endocannabinoid in Brain Tissue
Pretreatment with EA increased the brain tissue content of the
endocannabinoid 2-AG from 5.20⫾0.71 ng/mL to 9.60⫾0.93
ng/mL (P⬍0.01) and AEA from 0.81⫾0.12 ng/mL to
2.32⫾0.23 ng/mL (P⬍0.01). However, endocannabinoid
contents in the sham and SP groups were not significantly
different from each other (Figure 5A–B).

Endocannabinoid Pretreatment
Induces Neuroprotection
Twenty-four hours after reperfusion, pretreatment with 2-AG
and AEA significantly improved the neurological scores and

reduced the infarction volumes compared with those of the
MCAO group (P⬍0.05). There were no statistical differences
between MCAO and vehicle⫹MCAO groups (Figure 5C–D).

Knockdown of CB1 Receptor by siRNA Attenuates
EA Pretreatment-Induced Neuroprotection
Twenty-four hours after intracerebroventricular administration of CB1 siRNA or siRNA-c, CB1 receptor protein in
mouse brain was analyzed by Western blot (Figure 6A). The
results indicated that the protein expression of CB1 receptor
was downregulated by CB1 siRNA compared with either
sham or siRNA-c (P⬍0.01). The upregulation of CB1 receptor by EA pretreatment was inhibited in CB1 siRNA-treated
mice compared with siRNA-c-treated ones (P⬍0.01). Moreover, pretreatment with EA significantly reduced the infarction volumes at 24 hours after reperfusion (P⬍0.01,
EA⫹MCAO versus MCAO). The CB1 knockdown by
siRNA attenuated the protective effect of EA pretreatment
(P⬍0.01, siRNA⫹EA⫹MCAO versus EA⫹MCAO),
whereas siRNA-c had no effect on the neuroprotection of EA
pretreatment (Figure 6B).

Discussion
The present study demonstrated that the rapid tolerance to
focal cerebral ischemia induced by EA pretreatment is attenuated by a specific CB1 receptor antagonist AM251, whereas
the agent itself had no significant effect on neurological
outcome, infarct volume, or neuronal apoptosis. Besides,
pretreatment with EA at Baihui acupoint (GV 20) for 30
minutes increased the brain tissue content of the endocannabinoid 2-AG and AEA as well as upregulated the expression of neuronal CB1 receptor in the brain. Furthermore,
pretreatment with 2-AG and AEA induced neuroprotection,
and CB1 knockdown by CB1 siRNA in vivo attenuates EA
pretreatment-induced reduction in infarction volumes. These
results suggest that pretreatment with EA increases the
production of the endocannabinoid 2-AG and AEA, which
elicits protective effects against transient cerebral ischemia

2162

Stroke

June 2009

Downloaded from http://stroke.ahajournals.org/ by guest on January 2, 2018

Figure 5. Endocannabinoid content in the
rat brain tissue and neuroprotection of
endocannabinoid pretreatment. A–B, The
content of endocannabinoid in the rat
brain was significantly increased in the EA
group compared with that in the sham
and SP groups. *P⬍0.01 versus sham
group. C–D, Pretreatment with AEA and
2-AG significantly improved the neurological scores and reduced the infarction volumes compared with those of the MCAO
group. *P⬍0.05 versus MCAO group.

through CB1 receptors, suggesting a new mechanism of EA
pretreatment-induced rapid tolerance to focal cerebral
ischemia.
The phenomenon of ischemic tolerance can be induced
by pretreatment of sublethal stresses other than ischemia.
The window of protection from preconditioning is bimodal. The first window of protection (rapid tolerance)
lasting no longer than 3 hours appears immediately after the
preconditioning maneuvers, after which protection wears off;
the second window of protection (delayed tolerance) reap-

pears 24 hours after preconditioning, lasting 12 to 72 hours.18
Our previous study demonstrated that similar to the rapid
tolerance induced by ischemic preconditioning, 2 hours
before lethal ischemic insult, EA pretreatment at Baihui
acupoint (GV20) for 30 minutes could reduce infarct volumes
and improve neurological deficit 24 hours after transient
MCAO, indicating that the rapid tolerance to cerebral ischemic insult appears at 2 hours after the end of EA pretreatment.1 In the present study, EA pretreatment induced rapid
tolerance and exerted potent neuroprotection manifested fur-

Figure 6. Effect of CB1 siRNA on infarct
volumes at 24 hours after reperfusion in
the mice with 120 minutes of MCAO. A,
The protein expression of CB1 receptor
was analyzed by using Western blot. CB1
siRNA significantly downregulated the protein expression of CB1 receptor. *P⬍0.01
versus sham or siRNA-c; #P⬍0.01 versus
siRNA-c⫹EA. B, The infarct volumes were
assessed by 2,3,5-triphenyltetrazolium chloride staining at 24 hours after reperfusion.
Pretreatment with EA significantly reduced
the infarct volume, whereas the CB1 siRNA
attenuated the protective effect of EA pretreatment. *P⬍0.01 versus MCAO; #P⬍0.01
versus EA⫹MCAO.
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ther as significant reduction in infarct size and amelioration
of neurological outcome lasting 7 days as well as inhibition of
neuronal apoptosis after 24 hours reperfusion.
The involvement of the endocannabinoid system in the
protective effect of preconditioning on ischemia in rat isolated hearts19 as well as in rat hearts in vivo has been
documented.20 Recently, cannabinoids and CB1 receptor
have been reported to participate in the mechanisms of
endogenous neuroprotective effects of ischemic preconditioning in the brain.9,10 However, little is known about the
involvement of the endocannabinoid system in EA pretreatment in brains. We therefore investigated the role of the
endocannabinoid system in the rapid ischemic tolerance
induced by EA pretreatment. Our results showed that the
neuroprotection induced by EA pretreatment were abolished
by a selective antagonist of CB1 receptor AM251 given 30
minutes before the onset of EA pretreatment. While given
alone, AM251 had no significant effect on ischemia-induced
neurological outcome, infarct volume, or neuronal apoptosis.
Similarly, administration of vehicle, the solvent of AM251, at
30 minutes before the onset of EA pretreatment did not alter
the beneficial effects induced by EA pretreatment. These data
indicated the absence of direct aggravating effects of AM251
or vehicle intervention in the experiments.
Moreover, the present immunofluorescence data showed
that the CB1 receptors were increased and colocalized in the
neurons 2 hours after the end of EA pretreatment, indicating
that EA pretreatment upregulated the expression of neuronal
CB1 receptor in the brain. Upregulation of neuronal CB1
receptor after EA pretreatment might be an important protective mechanism of tolerance against ischemia. Because CB1
receptors are expressed by neurons, vascular smooth muscle
cells, and endothelial cells in the brain, it is plausible that
activation of different “pools” of receptors could have opposite effects on neuronal survival during injury. There is
evidence that the neuronal CB1 receptor is associated with a
decrease in overall neuronal excitability, whereas activation
of cerebrovascular CB1 receptors could be detrimental at
times when the brain requires tight autoregulation of blood
flow as occurs during ischemia.21,22
Several studies have shown that the CB1 receptor expression is increased in response to acute ischemic insult, and
ischemia has more severe effects in CB1 knockout mice than
wild-type mice after experimental brain ischemia, which
suggested that upregulation of the CB1 receptor may be
involved in preventing ischemic neuronal damage.7,8 In the
present study, we found that the mRNA expression of CB1
receptor increased after EA stimulus and reached peak 30
minutes after the end of EA pretreatment in the ipsilateral
hemisphere. The CB1 mRNA in the anesthetic control hemisphere, however, remained unchanged after EA pretreatment.
Interestingly, CB1 receptor proteins were upregulated 2 hours
after the end of EA pretreatment. This finding is not in line
with the well-recognized notion that rapid tolerance induction, in
contrast to tolerance of the delayed type, does not depend on
protein synthesis.23 However, the fast protein expression of CB1
receptors is in accordance with the findings of a recent study,24
which demonstrated that pretreatment with cannabidiol (50
mg/kg) and ⌬9-tetrahydrocannabinol (1 mg/kg) enhanced the
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expression level of CB1 receptor protein in the hippocampus and
hypothalamus of rats 1 hour after the drugs were injected
intraperitoneally. Although the mechanism underlying rapid
protein expression of CB1 receptors induced by EA pretreatment
in the brain needs further study, these results suggest that the
EA-induced early-phase neuroprotection is mediated through a
CB1 receptor-related pathway.
To strengthen the hypothesis that the neuroprotective effect
of EA pretreatment is mediated through the CB1 receptor, the
siRNA approach was used in this study. We demonstrated
that the protein expression of CB1 receptor was downregulated by CB1 siRNA, and the upregulation of CB1 receptor
by EA pretreatment was inhibited in CB1 siRNA-treated
mice. Our results also showed that the neuroprotective effect
induced by EA pretreatment was absent in animals treated
with CB1 siRNA. The data further elucidate the role of the
CB1 receptor-related pathway in EA-induced early-phase
neuroprotection.
Another main hypothesis tested in this study is that the
content of endocannabinoids in the brain would be modulated
after pretreatment with EA. The present results showed that
EA pretreatment produced an elevation of the content of the
endocannabinoid 2-AG and EAE in brain tissue. It was
reported that delayed preconditioning with the nitric oxide
donor nitroglycerin increased the heart tissue content of the
endocannabinoid 2-AG, whereas tissue levels of the endocannabinoid EAE remained unchanged.19 This disagreement may
be results from a different mode of preconditioning used or
different tissue observed. The previous studies demonstrated
that pretreatment with either 2-AG or EAE before the
ischemia mimicked preconditioning inasmuch as it protected
the ischemic insults in a similar fashion in rat isolated
hearts.25 Endogenous cannabinoids exert neuroprotective effects in animal models of various forms of acute neuronal
injury such as cerebral ischemia, traumatic brain injury, and
neurodegenerative diseases.5,6,26 In the present study, pretreatment with 2-AG and AEA afforded neuroprotection
manifested as the reduction of infarct sizes and improvement
of neurological outcomes 24 hours after reperfusion followed
by 120 minutes of focal ischemia. Thus, our finding suggests
that pretreatment with EA increases the production of the
endocannabinoid 2-AG and AEA, which elicit protective
effects against transient cerebral ischemia.
According to the theory of Traditional Chinese Medicine,
Baihui (GV 20) belongs to an acupoint of the DU series and
has been commonly used for treating cerebrovascular diseases in China and other countries.27,28 It has also been
proved in experimental studies that acupuncture at the Baihui
(GV 20) acupoint after ischemia could attenuate the cerebral
ischemic injury in monkey and rat.29,30 However, patients
with stroke at the acute stage are usually too urgent to be
treated by EA alone. Therefore, it would be beneficial to find
a proper way to use EA in the prevention and alleviation of
cerebral ischemic injury. Our preliminary results have shown
that EA pretreatment produced a neuroprotective effect in
patients, suggesting that pretreatment with acupuncture, ie,
preventing the patients susceptible to stroke before they have
an attack, may be a clinically applicable way to use EA to
prevent and alleviate the disease.31 The results of our previous

2164

Stroke

June 2009

study showed that pretreatment with EA at Baihui acupoint
(GV 20) protects the brain from injury by ischemia and
reperfusion, whereas pretreatment with EA at nonacupoints
does not produce evident neuroprotection. A detailed study
on the cannabinoid signaling pathway and the link between
EA and the cannabinoid system is needed to explore the
precise mechanism of EA-induced neuroprotection.

Summary
The present data indicated that pretreatment with EA may
produce a neuroprotective effect through manipulation of the
endocannabinoid system and/or its signaling pathway. These
findings may provide a novel mechanism of pretreatment
with EA-induced rapid tolerance to focal cerebral ischemia.
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