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Activation of cannabinoid receptor type 2
attenuates surgery-induced cognitive
impairment in mice through anti-
inflammatory activity

Lingling Sun, Rui Dong, Xin Xu, Xi Yang and Mian Peng*
Abstract

Background: Neuroinflammation plays a major role in postoperative cognitive dysfunction (POCD). Accumulated
evidence indicates that cannabinoid receptor type 2 (CB2R) can mediate anti-inflammatory and immunomodulatory
effects in part by controlling microglial activity. However, the impact of CB2R on postoperative cognition has not
been investigated. We hypothesized that CB2R is involved in surgery-induced cognitive impairment in adult mice.

Methods: Adult C57BL/6 mice were subjected to intramedullary fixation surgery for tibial fracture under isoflurane
anesthesia and CB2R agonist (JWH133) or CB2R antagonist (AM630) treatment. The mice were trained 24 h prior to
surgery using a fear conditioning protocol and assessed in a novel context on postoperative days 1, 3, and 7 to
evaluate cognitive function. Open-field testing was performed to evaluate the locomotor activity of the mice. The
expression levels of IL-1β, TNF-α, MCP-1, and CB2R in the hippocampus and prefrontal cortex were assessed by
Western blotting; the expression of microglial marker CD11b in the CA1 area of the hippocampus and medial
prefrontal cortex was assessed by immunostaining.

Results: The mice displayed no changes in locomotor activity after surgery and drug treatments. The mice exhibited
impaired hippocampal-dependent memory accompanied by an increased expression of proinflammatory factors in the
hippocampus and prefrontal cortex 1, 3, and 7 days after surgery, while hippocampal-independent memory remained
unaffected at the same time points. JWH133 treatment attenuated surgery-induced memory loss, while AM630
treatment aggravated surgery-induced memory loss, paralleled by a decreased or increased expression of
proinflammatory factors in the hippocampus and prefrontal cortex. The expression of CB2R in the hippocampus and
prefrontal cortex was upregulated following surgery; however, it was downregulated by postoperative treatment with
JWH133. Similarly, the expression of CD11b in the CA1 area of the hippocampus and medial prefrontal cortex was
upregulated following surgery and downregulated by postoperative treatment with JWH133.

Conclusions: These findings indicate that CB2R may modulate the neuroinflammatory and cognitive impairment
in a mouse model of orthopedic surgery, and the activation of CB2R may effectively ameliorate the hippocampal-
dependent memory loss of mice in the early postoperative stage.
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Background
Postoperative cognitive dysfunction (POCD) is increas-
ingly recognized as a common complication of major sur-
gery. POCD refers to a relative decline in performance
from preoperative levels on neuropsychological tests of
learning, memory, and executive functioning in the short
and long terms after surgery [1]. Clinical studies have
shown that POCD is associated with disadvantageous out-
comes, including the prolongation of hospitalization, im-
pairment in daily functioning, premature departure from
the workforce, and increased risk of mortality [2]. The in-
cidence of POCD is expected to rise, as older age has been
identified as the main predisposing factor, and the popula-
tion of older surgical patients is increasing [1]. However,
the neuropathogenesis of POCD is still largely unknown.
An accumulating body of evidence suggests a pivotal

role for inflammatory processes due to surgical trauma
in the initiation of POCD [3]. Preclinical studies have
also indicated that the postoperative memory deficit is
paralleled by increased levels of cytokines in the plasma
and hippocampus, and interrupting the inflammatory
process has been found to mitigate memory dysfunction
[4–6]. Under normal quiescent conditions, the immune
system is activated by environmental and psychological
stimuli; it secretes low levels of proinflammatory cyto-
kines, such as interleukin (IL)-1, IL-6, and tumor necro-
sis factor (TNF)-α, and inflammatory mediators, such as
prostaglandins; it positively regulates the remodeling of
neural circuits, promoting memory consolidation, long-
term potentiation (LTP), and neurogenesis. However, in
conditions in which the immune system is strongly acti-
vated, such as infection or surgical trauma, glia and
other brain immune cells change their morphology and
function and secrete high levels of proinflammatory cy-
tokines and prostaglandins. The overproduction of these
inflammatory mediators creates a neurotoxic response;
produces direct detrimental effects on memory, neural
plasticity, and neurogenesis; and eventually leads to
POCD [7].
Found primarily in the peripheral immune system, the

cannabinoid receptor type 2 (CB2R) has anti-inflammatory
and immunomodulatory actions [8]. It is now accepted
that CB2R is also present in limited numbers in the central
nervous system; moreover, a prominent upregulation of
CB2R expression under neuroinflammatory conditions has
been observed in the brain, particularly in microglia [9].
Neuroinflammation is commonly thought to be involved
in the pathogenesis and progression of neurodegenerative
diseases such as Alzheimer’s disease (AD), Parkinson’s dis-
ease (PD), multiple sclerosis (MS), and amyotrophic lateral
sclerosis (ALS). Additionally, an elevated expression of
CB2R in brain tissues has been reported in these neurode-
generative diseases [10–13]. The neuroprotective effects of
CB2R activation have been confirmed in animal models,
particularly in animal models for AD and stroke [14–17].
In addition, CB2R appears to play an important role in
controlling chemokine-induced chemotaxis of immune
cells at lesion sites [18]. Importantly, the activation of
CB2R is believed to dampen the production of inflamma-
tory mediators and to facilitate the production of prosurvi-
val factors by controlling glial activity and toxicity [19].
Taken together, evidence casts light on a plausible link

between neuroinflammation and postoperative cognitive
dysfunction. There is a growing appreciation of the po-
tential role of CB2R in immunomodulation and neuroin-
flammation. However, there is scarce evidence available
on how CB2R contributes to neuroinflammation and
cognitive function in the setting of surgery.
In recent years, the effects of the endocannabinoid sys-

tem on cognition and emotion mediated by the canna-
binoid receptor type 1 (CB1R) have been widely
investigated, and studies have gradually begun to exam-
ine CB2R [20]. In this study, we assessed changes in the
expression of CB2R and proinflammatory factors, in-
cluding IL-1β, TNF-α, and monocyte chemoattractant
protein (MCP)-1, in the hippocampus and prefrontal
cortex in a mouse model of orthopedic surgery. We also
investigated whether a selective CB2R agonist and antag-
onist could change the CB2R expression, neuroinflam-
mation, and impaired learning and memory in these
mice. Our primary hypothesis is that CB2R expression is
associated with the neuroinflammation and cognitive
impairment in mice following surgery.

Methods
Animals
The experimental protocol was approved by the Animal
Ethics Committee of Zhongnan Hospital of Wuhan Uni-
versity, Hubei, China, and all experiments were per-
formed in accordance with the National Institutes of
Health Guidelines for the Care and Use of Laboratory
Animals. Adult male C57BL/6 mice (4 months old,
weighing 20–30 g, from the Experimental Animal Center
of Hubei province) were housed five per cage with free
access to food and water. The temperature, humidity,
and day-night cycle were maintained according to the
standards established by the experimental animal labora-
tory at Zhongnan Hospital of Wuhan University. The
mice were acclimatized to the laboratory environment
for at least 7 days prior to the initiation of experiments.

Drugs
The CB2R agonist JWH133 and CB2R antagonist AM630
were purchased from Cayman Chemical (Ann Arbor,
USA) and dissolved in DMSO, Tween 80, and distilled
water (1:1:8) on each day of drug administration. The drug
administration time, doses, and vehicles were chosen
based on our preliminary experiments as well as previous
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findings [21–23]: 2 mg/kg for JWH133 and 3 mg/kg for
AM630, administered intraperitoneally at a volume of
10 ml/kg. The drug treatment was initiated immediately
after recovery from anesthesia and repeated every 24 h
postoperatively, and behavioral tests were carried out
30 min after drug treatment.

Experimental protocol
The mice were randomly allocated to the control group,
JWH133 group, AM630 group, anesthesia group (isoflur-
ane anesthesia), surgery group (surgery under isoflurane
anesthesia), surgery + JWH133 group (JWH133 treat-
ment after surgery under isoflurane anesthesia), or sur-
gery + AM630 group (AM630 treatment after surgery
under isoflurane anesthesia). The mice were trained for
fear conditioning 24 h prior to surgery treatments. Fear
conditioning tests were performed 1, 3, and 7 days after
surgery. Within each treatment group, separate cohorts
were subjected to assessment at each time point (n = 6
per cohort). The animals were sacrificed 2 h after the be-
havioral assessment 1, 3, and 7 days after surgery; half
(n = 3) were used for Western blotting and half (n = 3)
for immunostaining. In addition, the open-field test
was carried out to evaluate the locomotor activity of
the mice.

Surgical model
The mice were subjected to an intramedullary fixation
surgery for tibial fracture under isoflurane anesthesia as
described in a previous study [24], with modifications to
the anesthesia protocol. In brief, anesthesia consisted of
induction with 3.0% isoflurane followed by maintenance
with 1.5% isoflurane carried by 100% oxygen. A skin in-
cision was made below the knee, the tibia was exposed,
and a 0.3-mm pin was inserted into its medullary cavity,
thus achieving intramedullary fixation. Next, the bone
was fractured at the midpoint. Lastly, the wound was su-
tured after necessary debridement. The process of surgery
lasted approximately 10 min, and the total duration of
anesthesia was fixed at 20 min. The rectal temperature of
the mice was maintained at 37 ± 0.5 °C during the surgery
by controlling the temperature in the anesthetizing cham-
ber. The mice were left to recover on heated pads after
anesthesia. Following recovery, they were returned to their
home cage. To treat the pain associated with the skin inci-
sion, a 2% lidocaine solution was applied locally before the
incision, and 1% tetracaine hydrochloride mucilage was
applied to the wound twice daily until day 3 post surgery.

Behavioral tests
Open-field test
The open-field test was carried out 15 min before the
training phase and each test phase of fear conditioning.
Each mouse was gently introduced into the center of an
open-field chamber under dim light and allowed to
move freely for 5 min. The activities were automatically
recorded by a video camera connected to the Any-Maze
animal tracking system software (Xinruan Information
Technology Co. Ltd., Shanghai, China), and movement
parameters were calculated by the software. The total
distance traveled was used to determine the locomotor
activity of the mice. The floor of the chamber was
cleaned with 75% ethanol to avoid the presence of olfac-
tory cues after each test session.

Fear conditioning test
A previously published paradigm of the fear condition-
ing test (FCT) was adopted. This test consists of a train-
ing phase prior to surgery and a test phase 1, 3, and
7 days after surgery [24].
One day prior to surgery, the mice were trained for

fear conditioning to establish long-term memory. Each
mouse was placed into the conditioning chamber for a
120-s accommodation period, followed by six pairs of
conditional-unconditional stimuli and another 60 s of
remaining in the conditioning chamber. One pair of
conditional-unconditional stimuli consists of a 20-s, 70-
dB sine wave tone (conditional stimulus), then a context-
ual interval of 25 s (trace interval), and finally a 2-s,
0.70-mA electrical footshock (unconditional stimulus).
The pairs of conditional-unconditional stimuli were sep-
arated by random intervals from 45 to 60 s.
The test phase of the FCT consists of a context test,

which reflects hippocampal-dependent memory, and a
tone test, which assesses hippocampal-independent
memory. In the context test, the mice were simply
placed back into the conditioning chamber for 5 min
without a tone or footshock. The tone test was per-
formed 2 h after the context test. The mice were placed
in a novel chamber with a different shape for 5 min, dur-
ing which the tone was delivered for 3 min. The percent-
age freezing time (defined as the time in which mice had
no movements except for respiration) was recorded by
the Any-Maze animal tracking system software.

Western blotting for proinflammatory factors and CB2R
The mice in the control, surgery, surgery + JWH133,
and surgery + AM630 groups were sacrificed 1, 3, and
7 days after anesthesia or surgery to assess the expres-
sion of CB2R, IL-1β, TNF-α, and MCP-1 in the hippo-
campus and prefrontal cortex using Western blotting.
The brain tissues (hippocampus and prefrontal cortex)
of the mice were harvested following decapitation. Each
sample was homogenized in ice-cold lysis buffer
(150 mM NaCl, 1 mM EDTA, 50 mM Tris, 1% Triton,
0.1% sodium dodecyl sulfate, and 0.5% deoxycholate)
plus a protease inhibitor. The lysate was centrifuged at
12,000 rpm for 5 min at 4 °C to remove the sediment.
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The total protein concentrations in the supernatants
were determined using a BCA protein assay kit (Aspen,
Wuhan, China). The protein extracts were separated
using sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis gels and blotted to nitrocellulose membranes.
The membranes were then blocked with 5% nonfat milk
for 1 h at room temperature. The blots were incubated
overnight at 4 °C with the following primary antibodies:
anti-CB2R (1:1000, Abcam, Cambridge, UK), anti-IL-1β
(1:1000, Santa Cruz Biotechnology, Inc., Santa Cruz,
USA), anti-TNF-α (1:1000, Abcam, Cambridge, UK),
anti-MCP-1 (1:1000, Abcam, Cambridge, UK), or anti-
GAPDH (1:10,000, Abcam, Cambridge, UK). After rins-
ing, the membranes were incubated with horseradish
peroxidase-conjugated goat anti-mouse IgG secondary
antibody (Kirkegaard & Perry Laboratories, Inc.,
Gaithersburg, USA) for 30 min at room temperature.
The specific immunoreactivity was detected using en-
hanced chemiluminescence (Aspen, Wuhan, China). The
bands were scanned, and the optical density was mea-
sured using image analysis software (AlphaEaseFC soft-
ware). The immunoreactivity of CB2R, IL-1β, TNF-α,
and MCP-1 was normalized to that of GAPDH.

Immunofluorescence for CD11b
The mice from the control, surgery, surgery + JWH133,
and surgery + AM630 groups were sacrificed 1, 3, and
7 days after anesthesia or surgery treatment to assess the
expression of microglial marker CD11b in the CA1 area
of the hippocampus and the medial prefrontal cortex
using immunofluorescence. The mice were anesthetized
with isoflurane and perfused transcardially with ice-cold
saline followed by 4% formalin. The fixed brain was rap-
idly dissected, postfixed overnight at 4 °C, embedded,
and cut into serial sections containing the hippocampal
CA1 area and medial prefrontal cortex. The sections
were blocked with 5% bovine serum albumin for 20 min,
washed in PBS, and then incubated with a mouse mono-
clonal antibody against the microglial marker CD11b
(1:200, Abcam, Cambridge, UK) at 4 °C overnight. Next,
after washing, the sections were incubated with FITC-
Fig. 1 The locomotor activity of the mice was not affected by the treatm
traveled 1 day before surgery (a) and 1, 3, and 7 days after surgery (b–d)
each group (n = 6 per group)
labeled goat anti-mouse IgG (1:50, Aspen, Wuhan,
China) secondary antibody at room temperature for 2 h
in the dark. Lastly, after washing, the immunostained
sections were visualized using a fluorescence micro-
scope (Olympus, Tokyo, Japan) equipped with an im-
aging system.
Statistical analysis
The normality of data was analyzed by the Shapiro–Wilk
test, and we found that the data were normally distrib-
uted. The data are expressed as the mean ± standard
error of the mean (SEM). Both the behavioral data and
immunohistochemical data were analyzed using a re-
peated measures analysis of variance (ANOVA), followed
by a Student–Newman–Keuls multiple range test for
post hoc comparisons. All analyses were performed
using a statistical package (GraphPad Prism 5, Graph-
Pad, San Diego, CA, or SPSS 19.0, IBM, Armonk, NY).
A p value less than 0.05 was considered statistically
significant.
Results
Locomotor activity
We initiated the study by assessing the baseline loco-
motor activity of the mice 15 min before the training
phase of the FCT. The effects of anesthesia, surgery, and
postoperative drug treatments on locomotor activity
were evaluated 15 min before each test phase of the
FCT on 1, 3, and 7 days after surgery. The effect of each
drug was also assessed in mice that did not undergo sur-
gery. The total distance traveled in the open-field cham-
ber during 5 min of exploration was used to assess the
locomotor activity. A repeated measures ANOVA for the
data reported in Fig. 1 identified no significant differ-
ences among the groups (Fig. 1a-d; overall F (6,35) =
0.228, n = 42, p = 0.965). These data indicate that the
baseline locomotor activity was equal among the groups
of mice, and locomotor activity was not affected by the
above treatments.
ents. The open-field test was performed to assess the total distance
. The data are plotted as the mean ± standard error of the mean for
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Fear conditioning test
The freezing time in the training phase of fear condi-
tioning showed no significant differences between the
groups (data not shown, Additional file 1: Figure 1), in-
dicating that the baseline learning and memory abilities
of the groups were equal.
The context test of the FCT was performed to assess

hippocampal-dependent memory. A repeated measures
ANOVA for the data reported in Fig. 2 identified differ-
ences among the groups (Fig. 2a–c; overall F (6,35) =
15.036, n = 42, p < 0.05). Compared to the control
Fig. 2 Surgery impaired hippocampal-dependent memory, but not hippocam
hippocampal-dependent memory loss, while AM630 treatment aggravated it
were assessed 1, 3, and 7 days after surgery. The data are plotted as the mean
versus the control group, #p < 0.05 versus the surgery group
condition, treatment with JWH133, AM630, or isoflur-
ane anesthesia did not significantly change the freezing
time of mice in the context test at any time point
(Fig. 2a–c; p > 0.05 for each). Surgery under isoflurane
anesthesia decreased the freezing time in the context
test 1, 3, and 7 days after surgery compared to the con-
trol condition (Fig. 2a–c; p < 0.05 for each). Postopera-
tive JWH133 treatment reduced the freezing time in the
context test on days 3 and 7 after surgery (Fig. 2a; p <
0.05), while postoperative AM630 treatment reduced the
freezing time in the context test only 7 days after surgery
pal-independent memory. JWH133 treatment alleviated postoperative
. The percent freezing time in the context test (a–c) and tone test (d–f)
± standard error of the mean for each group (n = 6 per group). *p < 0.05
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(Fig. 2a–c; p < 0.05 for each), compared to the control
condition. Furthermore, postoperative JWH133 treat-
ment increased the freezing time in the context test on
postoperative days 3 and 7 (Fig. 2b, c; p < 0.05 for both),
while postoperative AM630 treatment reduced the
freezing on day 7, compared to the surgery group
(Fig. 2c; p < 0.05).
The tone test of the FCT was performed to assess

hippocampal-independent memory, such as the pre-
frontal cortex. A repeated measures ANOVA for the
data reported in Fig. 2 detected no significant difference
among the groups in the freezing time in the tone test
(Fig. 2d–f; overall F (6,35) = 0.253, n = 42, p = 0.955).

Expression of proinflammatory factors in the
hippocampus
We determined the effects of surgery and postoperative
JWH133/AM630 treatment on the expression of IL-1β,
TNF-α, and MCP-1 in the hippocampus of the mice on
postoperative days 1, 3, and 7 by Western blotting (Fig. 3).
A repeated measures ANOVA for the data reported in
Fig. 3 identified significant differences among groups in
the hippocampal expression of IL-1β (Fig. 3d–f; overall F
(3,8) = 26.420, n = 12, p < 0.05), TNF-α (Fig. 3g–i; overall F
(3,8) = 88.152, n = 12, p < 0.05), and MCP-1 (Fig. 3j–l;
overall F (3,8) = 90.259, n = 12, p < 0.05). Surgery induced
a marked increase in the expression of IL-1β, TNF-α, and
MCP-1 in the hippocampus on postoperative days 1, 3,
and 7 compared to the control group (Fig. 3a–c). Com-
pared to the mice in surgery group, those that received
postoperative JWH133 treatment had decreased hippo-
campal IL-1β expression on postoperative days 3 and 7
(Fig. 3b, c, e, f; p < 0.05 for all), as well as decreased hippo-
campal expression of TNF-α (Fig. 3a–c, g–i; p < 0.05 for
each) and MCP-1 (Fig. 3a–c, j–l; p < 0.05 for each) on
postoperative days 1, 3, and 7. Postoperative AM630 treat-
ment increased the hippocampal expression of IL-1β
(Fig. 3b, c, e, f; p < 0.05 for all) and TNF-α (Fig. 3b, c, h, i;
p < 0.05 for all) on postoperative days 3 and 7.

Expression of proinflammatory factors in the prefrontal
cortex
We determined the effects of surgery and postoperative
JWH133/AM630 treatment on the expression of IL-1β,
TNF-α, and MCP-1 in the prefrontal cortex of the mice
on postoperative days 1, 3, and 7 by Western blotting
(Fig. 4). A repeated measures ANOVA for the data re-
ported in Fig. 4 identified significant differences in the
expression of IL-1β (Fig. 4d–f; overall F (3,8) = 30.251, n
= 12, p < 0.05), TNF-α (Fig. 4g–i; overall F (3,8) =
225.153, n = 12, p < 0.05), and MCP-1 (Fig. 4j–l; overall F
(3,8) = 105.022, n = 12, p < 0.05) in the prefrontal cortex
among the groups. Surgery induced a marked increase
in the expression of IL-1β, TNF-α, and MCP-1 in the
prefrontal cortex 1, 3, and 7 days after surgery compared
to the control group (Fig. 4a–c). Compared to the levels
in the surgery group, the expression of IL-1β, TNF-α,
and MCP-1 were decreased by postoperative JWH133
treatment and increased by postoperative AM630 treat-
ment in the prefrontal cortex on days 3 and 7 postopera-
tively (Fig. 4b, c, e, f, h, i, k, l; p < 0.05 for each).

CB2R expression in the hippocampus
A repeated measures ANOVA for the data reported
in Fig. 5 identified significant differences in CB2R ex-
pression (Fig. 5d–f; overall F (3,8) = 79.639, n = 12, p
< 0.05) in the hippocampus among the groups. CB2R
expression was enhanced in the hippocampus of the
mice in the surgery group compared to the control
group on postoperative days 1, 3, and 7 (Fig. 5). Post-
operative daily administration of JWH133 resulted in
reduced CB2R expression on postoperative days 3 and
7 (Fig. 5b, c, e, f; p < 0.05 for all), while postoperative
daily administration of AM630 resulted in increased
CB2R expression on postoperative days 3 and 7
(Fig. 5b, c, e, f; p < 0.05 for all) compared to the sur-
gery group, in which mice were daily treated with ve-
hicle. Interestingly, after postoperative JWH133
treatment for 7 days, the expression of CB2R in the
hippocampus did not differ from that of the control
group (Fig. 5c, f; p > 0.05).

CB2R expression in the prefrontal cortex
A repeated measures ANOVA for the data reported in
Fig. 6 identified significant differences among the groups
in CB2R expression in the prefrontal cortex (Fig. 6d–f;
overall F (3,8) = 138.324, n = 12, p < 0.05). The expression
of CB2R was enhanced in the prefrontal cortex of mice
in the surgery group compared to the control group on
postoperative days 1, 3, and 7 (Fig. 6). Daily postopera-
tive administration of JWH133 to the surgical mice re-
sulted in reduced CB2R expression on postoperative
days 3 and 7 (Fig. 6b, c, e, f; p < 0.05 for all), while daily
postoperative administration of AM630 to surgical mice
resulted in increased CB2R expression on postoperative
days 3 and 7 (Fig. 6b, c, e, f; p < 0.05 for all), compared
to the vehicle-treated surgical mice. Interestingly, after
postoperative JWH133 treatment for 7 days, there was
no significant difference between the surgery + JWH133
and control groups in the expression of CB2R in the
prefrontal cortex (Fig. 6c, f; p > 0.05).

CD11b expression in the CA1 area of the hippocampus
A repeated measures ANOVA for the data reported in
Fig. 7 identified significant differences among the groups
in CD11b expression in the CA1 area of the hippocam-
pus (Fig. 7b–d; overall F (3,20) = 217.728, n = 24, p <
0.05). The expression of microglial marker CD11b was



Fig. 3 Surgery resulted in an increased expression of proinflammatory factors in the hippocampus. JWH133 treatment alleviated the surgery-induced
upregulation of proinflammatory factors in the hippocampus, while AM630 aggravated it. Representative Western blotting bands show the expression
of IL-1β, TNF-α, and MCP-1 in the hippocampus 1, 3, and 7 days after surgery (a–c). The expression of IL-1β, TNF-α, and MCP-1 were normalized to that
of GAPDH as an internal control (d–l). The data are plotted as the mean ± standard error of the mean for each group (n = 3 per group). *p < 0.05 versus
the control group, #p < 0.05 versus the surgery group
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upregulated in the CA1 area of the hippocampus of mice
in the surgery group on postoperative days 1, 3, and 7
compared to the control group (Fig. 7). Postoperative daily
administration of JWH133 resulted in reduced CD11b ex-
pression on postoperative days 1, 3, and 7 (Fig. 7a–d; p <
0.05 for each), while postoperative daily administration of
AM630 resulted in increased CD11b expression on post-
operative day 7 (Fig. 7a, d; p < 0.05), compared to the sur-
gery group, which received daily vehicle treatment.
CD11b expression in the medial prefrontal cortex
A repeated measures ANOVA for the data reported in
Fig. 8 identified significant differences in CD11b expres-
sion (Fig. 8b–d; overall F (3,20) = 139.834, n = 24, p <
0.05) in the medial prefrontal cortex (mPFC) among the
groups. The expression of microglial marker CD11b was
upregulated in the medial prefrontal cortex of the mice
in the surgery group on postoperative days 1, 3, and 7
compared to the control group (Fig. 8). Postoperative



Fig. 4 Surgery resulted in an increased expression of proinflammatory factors in the prefrontal cortex. JWH133 treatment alleviated the
surgery-induced upregulation of proinflammatory factors in the prefrontal cortex, while AM630 aggravated it. Representative Western blotting bands
show the expression of IL-1β, TNF-α, and MCP-1 in the prefrontal cortex 1, 3, and 7 days after surgery (a–c). Expression levels of IL-1β,
TNF-α, and MCP-1 were normalized to that of GAPDH as an internal control (d–l). The data are plotted as the mean ± standard error of
the mean for each group (n = 3 per group). *p < 0.05 versus the control group, #p < 0.05 versus the surgery group
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daily administration of JWH133 to surgical mice resulted
in reduced CD11b expression on postoperative days 3
and 7 (Fig. 8a, c, d; p < 0.05 for all), while postoperative
daily administration of AM630 resulted in increased
CD11b expression on postoperative day 7 (Fig. 8a, d; p <
0.05) compared to the surgery group, which received
daily vehicle treatment.
Discussion
The aim of the current study was to assess the associa-
tions among cognitive impairment, neuroinflammation,
and CB2R expression in adult mice subjected to ortho-
pedic surgery under isoflurane anesthesia. To our know-
ledge, this is the first evaluation of the influence of
selective CB2R ligands on learning and memory in



Fig. 5 Surgery resulted in an increased expression of CB2R in the hippocampus. JWH133 treatment alleviated the surgery-induced upregulation
of CB2R in the hippocampus, while AM630 aggravated it. Representative Western blotting bands show the expression of CB2R in the hippocampus 1,
3, and 7 days after surgery (a–c). The expression of CB2R was normalized to that of GAPDH as an internal control (d–f). The data are plotted as the
mean ± standard error of the mean for each group (n = 3 per group). *p < 0.05 versus the control group, #p < 0.05 versus the surgery group
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surgical mice. In addition, we explored the effects of
pharmacological activation or blockade of CB2R by
systemic administration of the CB2R agonist JWH133
or the CB2R antagonist AM630, respectively, on learning
and memory in surgical mice. We also assessed the in-
flammatory responses in brain regions closely related to
memory.
Our results showed that hippocampal-dependent

memory was impaired following surgery. Postoperative
JWH133 treatment attenuated the surgery-induced
Fig. 6 Surgery resulted in an increased expression of CB2R in the prefronta
of CB2R in the prefrontal cortex, while AM630 aggravated it. Represent
the prefrontal cortex 1, 3, and 7 days after surgery (a–c). The expressio
(d–f). The data are plotted as the mean ± standard error of the mean f
#p < 0.05 versus the surgery group
memory loss, while postoperative AM630 treatment ag-
gravated the surgery-induced memory loss. With respect
to neuroinflammatory responses in memory-related
brain regions, the present study showed increased IL-1β,
TNF-α, and MCP-1 expression in the hippocampus and
prefrontal cortex following surgery. Postoperative
JWH133 treatment reversed the increased expression of
IL-1β, TNF-α, and MCP-1 in these two brain regions; in
contrast, postoperative AM630 treatment enhanced the
increased expression of IL-1β, TNF-α, and MCP-1 in
l cortex. JWH133 treatment alleviated the surgery-induced upregulation
ative Western blotting bands show the expression of the CB2R in
n of CB2R was normalized to that of GAPDH as an internal control
or each group (n = 3 per group). *p < 0.05 versus the control group,



Fig. 7 Surgery resulted in an increased expression of CD11b in the CA1 area of the hippocampus. JWH133 treatment alleviated the surgery-induced
upregulation of CD11b in the CA1 area of the hippocampus, while AM630 aggravated it. Representative immunofluorescence images
show the expression of CD11b (green pixels) in the hippocampal CA1 area of mice 1, 3, and 7 days after surgery (a). Original magnification = ×200.
Quantitative analyses of the immunofluorescence images (b–d). The data are plotted as the mean ± standard error of the mean for each group (n = 3
per group). *p < 0.05 versus the control group, #p < 0.05 versus the surgery group
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Fig. 8 Surgery resulted in an increased expression of CD11b in the mPFC. JWH133 treatment alleviated the surgery-induced upregulation of CD11b in
mPFC, while AM630 aggravated it. Representative immunofluorescence images show the expression of CD11b (green pixels) in the mPFC of mice 1, 3,
and 7 days after surgery (a). Original magnification = ×200. Quantitative analyses of the immunofluorescence images (b–d). The data are plotted as the
mean ± standard error of the mean for each group (n = 3 per group). *p < 0.05 versus the control group, #p < 0.05 versus the surgery group
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these two brain regions. Moreover, our study showed an
upregulation of CB2R in the hippocampus and pre-
frontal cortex of mice in the surgery group on postoper-
ative day 1, but daily administration of JWH133 reversed
the expression of CB2R in both brain regions to the level
of the control group on postoperative day 7. Further-
more, we found an upregulation of CD11b in hippocam-
pal area CA1 and the mPFC of surgical mice and a
relative downregulation by postoperative JWH133
treatment.
Neuroinflammation has been associated with cognitive

impairment and stands out among the mechanisms
underlying POCD [25]. The cytokines IL-1β and TNF-α
are widely described neuroinflammatory mediators asso-
ciated with cognitive impairment [4, 26, 27]. Moreover,
recent studies have revealed an increased expression of
MCP-1 mRNA in the hippocampus of mice with POCD
[28, 29]. An impaired memory paralleled by increased
IL-1β, TNF-α, and MCP-1 concentrations in the hippo-
campus and prefrontal cortex following surgery was
observed in the present study, which agrees with the
above studies indicating a co-occurrence of neuroinflam-
mation and postoperative cognitive impairment.
Our study focused on the effects of selective CB2R li-

gands on postoperative cognition in adult mice. The
finding that postoperative treatment with the CB2R
agonist JWH133 ameliorated postoperative memory loss
and attenuated the increased levels of proinflammatory
factors in the hippocampus and prefrontal cortex indi-
cates that the activation of CB2R may have a protective
effect on early postoperative cognition. Indeed, the pro-
tective effect of CB2R agonists has been demonstrated in
other animal models and behavioral assessments [14–17].
For example, a previous study revealed that MDA7, an-
other CB2R agonist, could ameliorate the memory defi-
ciency in the Morris water maze test induced by bilateral
microinjection of amyloid-β into the hippocampal CA1
area of rats [14]. In another study, JWH133 was found to
enhance aversive memory consolidation in the step-down
inhibitory avoidance test, whereas AM630 impaired it
[23]. Similarly, the CB2R agonist O-1966 was demon-
strated to reverse the retention deficit in a food-motivated
operant learning task in a stroke model [15]. Neuropatho-
logical findings in human brains suggest that the upregu-
lation of CB2R is a common response against different
types of chronic injury in the human CNS, and the select-
ive presence of CB2R in microglial cells strongly suggests
an important role for this receptor in disease-associated
neuroinflammatory processes [9]. The current finding that
CB2R expression was upregulated in the hippocampus
and prefrontal cortex of mice 1 day after surgery but was
reversed by postoperative JWH133 treatment to the level
of the control group 7 days after surgery, adding support
for the notion that CB2R acts as a negative feedback
regulator [14]. We speculate that the neuroinflammatory
response may initiate the upregulation of CB2R, whose
subsequent activation limits the extent of the neuroin-
flammatory response, leading to its final downregulation.
Taken together, these results support the notion that the
neuroprotective effects of CB2R activation are mediated
by its suppression of microglial activation and proinflam-
matory cytokine production [19].
Interestingly, although postoperative JWH133 treat-

ment significantly decreased TNF-α and MCP-1 expres-
sion 1 day post surgery in the hippocampus, it failed to
do so in the PFC. Similarly, the effects of JWH133 ad-
ministration on CD11b expression also differed between
the hippocampus and PFC. These results were not sur-
prising, given that various brain areas may have different
mechanisms to regulate neuroinflammation caused by
surgical trauma, although the precise mechanisms have
yet to be identified [30, 31]. For example, in rodents, a
peripheral injection of lipopolysaccharide (LPS) was
previously shown to produce an acute inflammatory re-
sponse in which IL-1β levels are elevated in the hippo-
campus but not in the PFC [30, 31]. In addition, the
time course of CB2R expression after surgical insults,
the interactions between CB2R and CB1R, and the exact
pathways of CB2R-mediated inflammation among differ-
ent brain regions are still largely unknown. Thus, future
studies are necessary to investigate the time course and
regulatory mechanisms of CB2R activation across differ-
ent brain areas in surgery-induced neuroinflammation.
It should be noted that the mice exposed to anesthesia

alone exhibited no memory deficit, which concurs with
previous studies suggesting that anesthesia alone may
have no significant influence on POCD development
[4, 26, 27]. However, other studies [32–34] have sug-
gested that the anesthetics isoflurane and sevoflurane
induce learning and memory impairment. This dis-
crepancy may be attributed primarily to the following
two differences among studies: first, the anesthesia
strategy, which is the concentration of isoflurane and
the duration exposure; and second, the age of the ex-
perimental animals, which has been identified as the
main predisposing factor for postoperative cognitive
dysfunction. In addition, the surgical mice presented a
decreased freezing time in the context test, but no
significant difference in freezing time in the tone test,
compared with that in the control group. In other
words, surgery impaired the hippocampal-dependent
but not hippocampal-independent memory in mice,
which coincides with the finding that hippocampal-
dependent learning and memory is specifically vulnerable
to surgery-induced impairment in young adult rats [26].
Furthermore, although increased neuroinflammation was

also found in the PFC following surgery, hippocampal-
dependent but not hippocampal-independent functions
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were impaired in our mice. This outcome was not
surprising. On the one hand, as mentioned previously,
hippocampal-dependent learning and memory is espe-
cially vulnerable to inflammatory insults [7]; on the other
hand, dysfunction in particular cognitive domains occurs
only when specific underlying intra-neuronal pathways,
such as the brain-derived neurotrophic factor (BDNF)-
mediated pathway, are significantly affected [26]. The
BDNF pathway, in particular, has been implicated as a me-
diator between neuroinflammation and cognitive impair-
ment [7]. It is possible that BDNF levels in the PFC
remained intact, as did the cognitive functions mediated
by this brain region.
In the current study, the dose and administration time

of JWH133 and AM630 were selected based on previous
studies [21–23] to ensure adequate functionality. How-
ever, our results demonstrated no effects of the CB2
agonist/antagonist on the performance of mice in behav-
ioral tests on postoperative day 1. These results were in-
consistent with those of a previous study [23], which
indicated that JWH133 and AM630 had opposing effects
on the performance of mice in the step-down inhibitory
avoidance test in the early postsurgical timeframe (1
and 24 h after training). The discrepant findings con-
cerning CB2 receptor ligands are attributable to differ-
ences in the treatment duration, experimental conditions,
animal model, strain, and species [35]. For example,
García-Gutiérrez et al. [21] reported that JWH133 had no
effect in the light/dark box test after acute treatment and
elicited an anxiogenic response after chronic treatment.
Likewise, AM630 can induce anxiogenic and anxiolytic
activity in mice after acute and chronic treatment,
respectively.
The current study has some limitations. First, we

did not employ CB1R-selective ligands or non-
selective ligands of cannabinoid receptors, so we can-
not exclude possible interactions of the cannabinoid
receptors. Additionally, endogenous ligands (endocan-
nabinoids) have been demonstrated to play a key neu-
romodulatory role in the central nervous system [36].
The best-characterized endocannabinoids are arachi-
donoylethanolamide (AEA), also known as ananda-
mide [37], and 2-arachidonoylglycerol (2-AG) [38].
AEA and 2-AG behave as a partial and full agonist,
respectively, at both cannabinoid receptors (CB1R and
CB2R) [39, 40]. AEA has been reported to play an import-
ant role in the modulation of memory consolidation and
in anxiety-like responses [41]. In the current study, we did
not measure the levels of AEA and 2-AG in the brain. Fu-
ture investigations should examine the potential effects of
these endocannabinoids on the surgery-induced neuroin-
flammation and cognitive impairments. Second, our study
emphasized the surgery-induced neuroinflammation in
the hippocampus and prefrontal cortex of mice, but
systemic inflammation was not examined. Moreover, the
synaptic plasticity alterations and the neuronal pathways
that may have contributed more directly to cognitive func-
tion were not investigated. Third, in addition to memory,
CB2R may be involved in the regulation of anxiety.
JWH133 treatment was previously shown to increase
anxiety-like behavior, whereas AM630 has anxiogenic ef-
fects [21]; thus, we cannot rule out the possibility that an
alteration in anxiety levels by CB2R ligands influenced the
freezing behavior in the fear conditioning test in mice.
Fourth, in the current study, we just used local analgesics,
but not other analgesics such as buprenorphine, to control
incisional pain. These local anesthetics may not be effect-
ive for nociceptive processes from the fracture and its
healing callus. Additionally, CB2R activation has been re-
ported to attenuate nociceptive responses in models of
neuropathic and osteoarthritic pain [42, 43]. More import-
antly, in the present study, we did not perform any pain-
related behavioral tests. Therefore, postoperative pain
could be a confounding factor in the present study
because incisional pain induces cognitive impairment
in rodents [44]. Fifth, because the present study
lacked CB2R knockout mice or a surgery + antagonist
+ agonist group (surgery + AM630 + JWH133 group),
we cannot demonstrate unequivocally the contribution
of CB2R to surgery-induced neuroinflammation and
cognitive impairment. Finally, because it is difficult
and expensive to use aged mice, we used only adult
mice in our experiment. Similarly, we only used male
mice in the experiments, because they were intended
to be part of a pilot study. These limitations indicate
the need for further investigations.

Conclusions
In summary, the results of the current study show that
CB2R activation has a potential protective effect on
memory in the early postoperative stage. Treatment with
the CB2R agonist JWH133 dampened neuroinflamma-
tion and enhanced memory following surgery, whereas
treatment with the CB2R antagonist AM630 aggravated
neuroinflammation and worsened memory following
surgery. Taken together, these results highlight CB2R as
a potential target for the treatment of postoperative
cognitive dysfunction, pending further investigations.

Additional file

Additional file 1: Figure S1. All mice groups showed no significant
difference in freezing time of training phase of fear conditioning (one-way
ANOVA, F = 8.564, n = 42, p = 0.110). Data are plotted as mean ± standard
error of the mean for each group (n = 6 per group). (PDF 143 kb)

Abbreviations
ANOVA: Analysis of variance; CB1R: Cannabinoid receptor type 1;
CB2R: Cannabinoid receptor type 2; CD11b: Cluster of differentiation 11b;

dx.doi.org/10.1186/s12974-017-0913-7


Sun et al. Journal of Neuroinflammation  (2017) 14:138 Page 14 of 15
DMSO: Dimethyl sulfoxide; EDTA: Ethylenediamine tetra-acetic acid; FCT: Fear
conditioning test; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase;
HIP: Hippocampus; IL-1β: Interleukin-1 beta; MCP-1: Monocyte chemotactic
protein 1; mPFC: Medial prefrontal cortex; PBS: Phosphate buffer saline;
POCD: Postoperative cognitive dysfunction; SEM: Standard error of the mean;
TNF-α: Tumor necrosis factor-alpha

Funding
This research was supported by the National Natural Science Foundation of
China (no. 81371195) and a research grant for the Outstanding Talented
Young Doctor Program of Wuhan (2014).

Availability of data and materials
The datasets analyzed during the current study are available from the
corresponding author on reasonable request.

Authors’ contributions
LLS designed and performed the experiments, analyzed and interpreted the
data, and drafted the manuscript. RD participated in designing the study and
interpreting the results. XX contributed to behavioral testing and
biochemical analysis. XY participated in preparing the animal models. MP
conceived the study, participated in its design and coordination, secured
funding for the project, helped to draft the manuscript, and critically revised
the manuscript. All authors read and approved the final manuscript.

Ethics approval
The experimental protocol was approved by the Animal Ethics Committee of
Zhongnan Hospital of Wuhan University, Hubei, China, and all experiments
were performed in accordance with the National Institutes of Health
Guidelines for the Care and Use of Laboratory Animals.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 3 March 2017 Accepted: 10 July 2017

References
1. Tsai TL, Sands LP, Leung JM. An update on postoperative cognitive

dysfunction. Adv Anesth. 2010;28(1):269–84.
2. Steinmetz J, Rasmussen LS, Lund T, et al. Long-term consequences of

postoperative cognitive dysfunction. Anesthesiology. 2009;110:548–55.
3. Krenk L, Rsamussen LS, Kehlet H. New insights into the pathophysiology of

postoperative cognitive dysfunction. Acta Anaesthesiol Scand. 2010;54(8):951–6.
4. Cibelli M, Ma D, Takata M, Fanselow MS. Role of interleukin-1b in

postoperative cognitive dysfunction. Ann Neurol. 2010;68:360–8.
5. Terrando N, Yang T, Jonsson Fagerlund M, Akassoglou K. Resolving postoperative

neuroinflammation and cognitive decline. Ann Neurol. 2011;70:986–95.
6. Barrientos RM, Hein AM, Frank MG, Watkins LR, Maier SF. Intracisternal

interleukin-1 receptor antagonist prevents postoperative cognitive decline and
neuroinflammatory response in aged rats. J Neurosci. 2012;32(42):14641–8.

7. Yirmiya R, Goshen I. Immune modulation of learning, memory, neural
plasticity and neurogenesis. Brain Behav Immun. 2011;25(2):181–213.

8. Rom S, Persidsky Y. Cannabinoid receptor 2: potential role in immunomodulation
and neuroinflammation. J Neuroimmune Pharmacol. 2013;8(3):608–20.

9. Benito C, Tolón RM, Pazos MR, et al. Cannabinoid CB2 receptors in human
brain inflammation. Br J Pharmacol. 2008;153:277–85.

10. Cristina Benito EANN, Romero JN. Cannabinoid CB2 receptors and fatty acid
amide hydrolase are selectively overexpressed in neuritic plaque-associated
glia in Alzheimer’ s disease brains. J Neurosci. 2003;23(35):11136–41.

11. Gómez-Gálvez Y, Palomo-Garo C, Fernández-Ruiz J, García C. Potential
of the cannabinoid CB2 receptor as a pharmacological target against
inflammation in Parkinson’s disease. Prog Neuro-Psychopharmacol Biol
Psychiatry. 2016;64:200–8.
12. Yiangou Y, Facer P, Durrenberger P, Chessell IP, Naylor A, Bountra C, et al.
COX-2, CB2 and P2X7-immunoreactivities are increased in activated
microglial cells/macrophages of multiple sclerosis and amyotrophic lateral
sclerosis spinal cord. BMC Neurol. 2006;6:12.

13. Benito C, Romero JP, Tolon RM, Clemente D, Docagne F, Hillard CJ, et al.
Cannabinoid CB1 and CB2 receptors and fatty acid amide hydrolase are
specific markers of plaque cell subtypes in human multiple sclerosis. J
Neurosci. 2007;27(9):2396–402.

14. Wu J, Bie B, Yang H, Xu JJ, Brown DL, Naguib M. Activation of the CB2
receptor system reverses amyloid-induced memory deficiency. Neurobiol
Aging. 2013;34(3):791–804.

15. Ronca RD, Myers AM, Ganea D, Tuma RF, Walker EA, Ward SJ. A selective
cannabinoid CB2 agonist attenuates damage and improves memory
retention following stroke in mice. Life Sci. 2015;138:72–7.

16. Martín-Moreno AM, Brera B, Spuch C, et al. Prolonged oral cannabinoid
administration prevents neuroinflammation, lowers b-amyloid levels and
improves cognitive performance in Tg APP 2576 mice. J
Neuroinflammation. 2012;9(1):8.

17. Murikinati S, Juttler E, Keinert T, Ridder DA, Muhammad S, Waibler Z, et al.
Activation of cannabinoid 2 receptors protects against cerebral ischemia by
inhibiting neutrophil recruitment. FASEB J. 2010;24(3):788–98.

18. Miller AM, Stella N. CB2 receptor-mediated migration of immune cells: it can
go either way. Br J Pharmacol. 2008;153(2):299–308.

19. Fernández-Ruiz J, Romero J, Ramos JA. Endocannabinoids and
neurodegenerative disorders: Parkinson’s disease, Huntington’s chorea,
Alzheimer’s disease, and others. In: Pertwee RG, editor. Endocannabinoids,
handbook of experimental pharmacology. Switzerland: Springer
International Publishing; 2015. p. 233–59.

20. Zanettini C, Panlilio LV, Aliczki M, Goldberg SR, Haller J, Yasar S. Effects of
endocannabinoid system modulation on cognitive and emotional behavior.
Front Behav Neurosci. 2011;5:57.

21. García-Gutiérrez MS, García-Bueno B, Zoppi S, Leza JC, Manzanares J.
Chronic blockade of cannabinoid CB2 receptors induces anxiolytic-like
actions associated with alterations in GABAA receptors. Brit J Pharmacol.
2012;165(4):951–64.

22. Llorente-Berzal A, Terzian ALB, di Marzo V, Micale V, Viveros MP, Wotjak CT.
2-AG promotes the expression of conditioned fear via cannabinoid receptor
type 1 on GABAergic neurons. Psychopharmacology. 2015;232(15):2811–25.

23. García-Gutiérrez MS, Ortega-Álvaro A, Busquets-García A, Pérez-Ortiz JM,
Caltana L, Ricatti MJ, et al. Synaptic plasticity alterations associated with
memory impairment induced by deletion of CB2 cannabinoid receptors.
Neuropharmacology. 2013;73:388–96.

24. Vizcaychipi MP, Xu L, Barreto GE, Ma D, Maze M, Giffard RG. Heat shock
protein 72 overexpression prevents early postoperative memory decline
after orthopedic surgery under general anesthesia in mice. Anesthesiology.
2011;114(4):891–900.

25. Hovens IB, Schoemaker RG, van der Zee EA, Heineman E, Izaks GJ, van
Leeuwen BL. Thinking through postoperative cognitive dysfunction: how to
bridge the gap between clinical and pre-clinical perspectives. Brain Behav
Immun. 2012;26(7):1169–79.

26. Hovens IB, Schoemaker RG, van der Zee EA, Absalom AR, Heineman E, van
Leeuwen BL. Postoperative cognitive dysfunction: Involvement of
neuroinflammation and neuronal functioning. Brain Behav Immun. 2014;38:
202–10.

27. Terrando N, Monaco C, Ma D, Foxwell BMJ, Feldmann M, Maze M. Tumor
necrosis factor-alpha triggers a cytokine cascade yielding postoperative
cognitive decline. Proc Natl Acad Sci. 2010;107(47):20518–22.

28. Degos V, Vacas S, Han Z, van Rooijen N, Gressens P, Su H, et al. Depletion of
bone marrow–derived macrophages perturbs the innate immune response
to surgery and reduces postoperative memory dysfunction. Anesthesiology.
2013;118(3):527–36.

29. Vacas S, Degos V, Tracey KJ, Maze M. High-mobility group box 1 protein
initiates postoperative cognitive decline by engaging bone marrow-derived
macrophages. Anesthesiology. 2014;120(5):1160–7.

30. Csölle C, Sperlágh B. Peripheral origin of IL-1β production in the rodent
hippocampus under in vivo systemic bacterial lipopolysaccharide (LPS)
challenge and its regulation by P2X7 receptors. J Neuroimmunol. 2010;
219(1-2):38–46.

31. Barrientos RM, Frank MG, Hein AM, Higgins EA, Watkins LR, Rudy JW, et al.
Time course of hippocampal IL-1 β and memory consolidation impairments in
aging rats following peripheral infection. Brain Behav Immun. 2009;23(1):46–54.



Sun et al. Journal of Neuroinflammation  (2017) 14:138 Page 15 of 15
32. Li X, Su F, Ji M, Zhang G, Qiu L, Jia M, et al. Disruption of hippocampal
neuregulin 1-ErbB4 signaling contributes to the hippocampus-dependent
cognitive impairment induced by isoflurane in aged mice. Anesthesiology.
2014;121(1):79–81.

33. Zhang Y, Shi HN, Marcantonio ER. Anesthetics isoflurane and desflurane
differently affect mitochondrial function, learning, and memory. Ann Neurol.
2012;71:687–98.

34. Shen X, Dong Y, Xu Z, Wang H, Miao C, Soriano SG, et al. Selective
anesthesia-induced neuroinflammation in developing mouse brain and
cognitive impairment. Anesthesiology. 2013;118(3):502–15.

35. Micale V, Di MV, Sulcova A, Wotjak CT, Drago F. Endocannabinoid system
and mood disorders: priming a target for new therapies. Pharmacol Ther.
2013;138:18–37.

36. Kano M, Ohno-Shosaku T, Hashimotodani Y, Uchigashima M, Watanabe M.
Endocannabinoid-mediated control of synaptic transmission. Physiol Rev.
2009;89(1):309–80.

37. Devane WA, Hanus L, Breuer A, Pertwee RG, Stevenson LA, Griffin G, et al.
Isolation and structure of a brain constituent that binds to the cannabinoid
receptor. Science. 1992;258:1946–9.

38. Mechoulam R, Ben-Shabat S, Hanus L, Ligumsky M, Kaminski NE, Schatz AR,
et al. Identification of an endogenous 2-monoglyceride, present in canine gut,
that binds to cannabinoid receptors. Biochem Pharmacol. 1995;50:83–90.

39. Stelt MVD, Marzo VD. Anandamide as an intracellular messenger regulating
ion channel activity. Prostaglandins Other Lipid Mediat. 2005;77(1-4):111–22.

40. Sugiura T, Kobayashi Y, Oka S, Waku K. Biosynthesis and degradation of
anandamide and 2-arachidonoylglycerol and their possible physiological
significance. Prostaglandins Leukot Essent Fatty Acids. 2002;66(2-3):173–92.

41. Busquets-Garcia A, Puighermanal E, Pastor A, de la Torre R, Maldonado R,
Ozaita A. Differential role of anandamide and 2-arachidonoylglycerol in
memory and anxiety-like responses. Biol Psychiat. 2011;70(5):479–86.

42. Luongo L, Palazzo E, Tambaro S, Giordano C, Gatta L, Scafuro MA, et al.
1-(2′,4′-dichlorophenyl)-6-methyl-N-cyclohexylamine-1,4-
dihydroindeno[1,2-c]pyrazole-3-carboxamide, a novel CB2 agonist,
alleviates neuropathic pain through functional microglial changes in
mice. Neurobiol Dis. 2010;37(1):177–85.

43. Romero-Sandoval A, Nutile-McMenemy N, DeLeo JA. Spinal microglial and
perivascular cell cannabinoid receptor type 2 activation reduces behavioral
hypersensitivity without tolerance after peripheral nerve injury.
Anesthesiology. 2008;108(4):722–34.

44. Zhang X, Xin X, Dong Y, Zhang Y, Yu B, Mao J, et al. Surgical incision-
induced nociception causes cognitive impairment and reduction in
synaptic NMDA receptor 2B in mice. J Neurosci. 2013;33(45):17737–48.
•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Animals
	Drugs
	Experimental protocol
	Surgical model
	Behavioral tests
	Open-field test
	Fear conditioning test

	Western blotting for proinflammatory factors and CB2R
	Immunofluorescence for CD11b
	Statistical analysis

	Results
	Locomotor activity
	Fear conditioning test
	Expression of proinflammatory factors in the hippocampus
	Expression of proinflammatory factors in the prefrontal cortex
	CB2R expression in the hippocampus
	CB2R expression in the prefrontal cortex
	CD11b expression in the CA1 area of the hippocampus
	CD11b expression in the medial prefrontal cortex

	Discussion
	Conclusions
	Additional file
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval
	Consent for publication
	Competing interests
	Publisher’s Note
	References

