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Abstract

Background: More evidence suggests that dorsal spinal cord microglia is an important site contributing to CB2
receptor-mediated analgesia. The upregulation of P2Y12 and P2Y13 purinoceptors in spinal dorsal horn microglia is
involved in the development of pain behavior caused by peripheral nerve injury. However, it is not known whether
the expression of P2Y12 and P2Y13 receptors at spinal dorsal horn will be influenced after CB2 receptor activation in
neuropathic pain rats.

Methods: Chronic constriction injury (CCI) and intrathecal ADPbetaS injection were performed in rats to induce
neuropathic pain. The paw withdrawal latency (PWL) was used to evaluate thermal hyperalgesia in neuropathic
rats. The expression of P2Y12 and P2Y13 receptors, p-p38MAPK, and NF-kappaBp65 was detected with RT-PCR and
western blotting analysis.

Results: Treatment with AM1241 produces a pronounced inhibition of CCI-induced thermal hyperalgesia and
significantly inhibited the increased expression of P2Y12 and P2Y13 receptors at the mRNA and protein levels,
which open up the possibility that P2Y12 and P2Y13 receptor expression are downregulated by CB2 receptor
agonist AM1241 in CCI rats. Western blot analysis demonstrated that AM1241 reduced the elevated expression
of p-p38MAPK and NF-κBp65 in the dorsal spinal cord induced by CCI. After administration with either SB203580
(p38MAPK inhibitor) or PDTC (NF-kappaB inhibitor), the levels of P2Y13 receptor expression in the dorsal spinal
cord were lower than those in the CCI group. However, in CCI rats, the increased expression of P2Y12 receptor
was prevented by intrathecal administration of PDTC but not by SB203580. In addition, minocycline significantly
decreased the increased expression of P2Y12 and P2Y13 receptors. The similar results can be observed in ADPbetaS-
treated rats. Intrathecal injection of ADPbataS causes thermal hyperalgesia and increased expression of P2Y12 and P2Y13
receptors in the dorsal spinal cord of naive rats. Moreover, intrathecal injection of AM1241 alleviates pain response and
reduces the elevated expression of P2Y12 and P2Y13 receptors, p-p38MAPK, and NF-κBp65 in the dorsal spinal cord of
ADPbetaS-treated rats. Intrathecal injection of SB203580 significantly inhibited the ADPbetaS-induced P2Y13 receptor
expression, without affecting P2Y12 receptor expression. However, treatment with either SB203580 or PDTC effectively
inhibited P2Y13 receptor expression compared to ADPbetaS-treated rats.
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Conclusions: In CCI- and ADPbetaS-treated rats, AM1241 pretreatment could efficiently activate CB2 receptor, while
inhibiting p38MAPK and NF-kappaB activation in the dorsal spinal cord. CB2 receptor stimulation decreased P2Y13
receptor expression via p38MAPK/NF-kappaB signaling. On the other hand, CB2 receptor activation decreased P2Y12
receptor expression via p38MAPK-independent NF-kappaB signaling pathway.
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Background
It is well known that the endocannabinoid system is an
important neuromodulatory system that mediates a broad
range of physiological processes [1, 2]. Endogenous canna-
binoids and its receptors can regulate some biological pro-
cesses, such as nervous system development, immune
homeostasis, and the response to multiple endogenous
and environmental insults. Endocannabinoids exert nu-
merous effects via interaction with G-protein-coupled
CB1 and CB2 receptors. More recent studies show that
activation of cannabinoid CB receptor reduces the spon-
taneous pain behavior as well as long-lasting hyperalgesia
and allodynia that result from noxious chemical stimuli
and peripheral inflammation [3]. Even more, Anand et al.
reported that activation of CB receptors either directly or
indirectly enhances the analgesic effect of non-steroidal
anti-inflammatory drugs (NSAIDs) [4].
Microglia cells are macrophage-like resident immune

cells that participate in the development of some nervous
system diseases. Neuroimmune activation of microglia
contributes to the generation and maintenance of neuro-
pathic pain after peripheral nerve injury. Recently, increas-
ing evidence suggests that the dorsal spinal cord is an
important site contributing to CB2 receptor-mediated
analgesia [5, 6]. The increased CB2 receptor expression
after peripheral nerve injury is highly restricted within the
lumbar spinal cord microglia [6]. Moreover, the same
pattern of CB2 receptor expression was observed in the
model of spinal nerve transaction, osteoarthritis, and
post-ischemic pain [7–9]. In addition, CB2 messenger
RNA (mRNA) is also present in cultured spinal cord
microglia cells [10].
There is a wealth of evidence to suggest that CB2-

preferring agonist produces analgesia through a variety
of mechanisms. Intrathecal treatment with CB2-
preferring agonist reduces pain hypersensitivity by
modulating the spinal immune response and microglia
function in chronic pain condition [11, 12]. JWH-015
(CB2 receptor agonist) reduces the expression of
interleukin-1beta (IL-1beta), interleukin-6 (IL-6),
interleukin-18 (IL-18), and tumor necrosis factor-alpha
(TNF-alpha) expression in the spinal cord, thereby dis-
playing an analgesic effect [12]. Gu et al. reported that
JWH-015 might relieve cancer pain by reducing NR2B-
dependent activity in the rat dorsal spinal cord [13].

We noticed that the interaction between cannabinoid
and P2 purinoceptors have been reported in previous
studies. Cannabinoids can modulate the purinergic com-
ponent of sympathetic neurotransmission in the per-
fused mesenteric vascular bed of rats [14]. ATP-induced
2-arachidonoylglycerol production is mediated through
purinergic P2X7 receptor in cultured mouse astrocytes
[15]. In addition, cannabinoid treatment attenuates the
slow response to ATP mediated by P2X2 and P2X2/3 recep-
tors in rat DRG neurons, which indicate that cannabinoids
may inhibit nociceptive responses produced by P2X recep-
tors [16]. Despite these observational findings, it is not clear
whether the interaction of CB2 receptor and P2Y purino-
ceptors is involved in CB2 receptor-mediated analgesia.
More evidence indicates that dorsal horn microglia

express various P2Y purinoceptors, and of these, P2Y6,
P2Y12, and P2Y13 receptor subtypes might share a role
in the pathogenesis of neuropathic pain that can occur
after peripheral nerve injury. Kobayashi et al. demon-
strated that there was a dramatic increase in P2Y6,
P2Y12, P2Y13, and P2Y14 receptor expression in rat
dorsal spinal cord microglia after spared nerve injury
[17]. Intrathecal injection of the specific P2Y6 antagonist
MRS2578, specific P2Y12 antagonist MRS2395, specific
P2Y13 antagonist MRS2211, or P2Y14 antisense locked nu-
cleic acids (AS-LNA) attenuated mechanical pain hypersen-
sitivity [17]. We noticed that the highest degree (49%) of
sequence identity is found between P2Y12 and P2Y13 recep-
tors [18]. For this reason, in the current study, we examined
whether the expression of P2Y12 and P2Y13 receptors can
be influenced after CB2 receptor activation by using
RT-PCR and western blot assay.

Methods
Animals
Adult male Sprague-Dawley rats (200–220 g) were used in
the present study. All animals were housed (one rat per
cage) in a standard 12-h light/dark cycle. The protocol
was prepared from SD rats in accordance with the
National Institutes of Health guidelines in a manner that
minimized animal suffering and animal numbers. All
experiments were carried out in accordance with China
animal welfare legislation and were approved by the Zunyi
Medical College Committee on Ethics in the Care and
Use of Laboratory Animals.
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Implantation of intrathecal catheter
Lumbosacral intrathecal catheters were constructed and
implanted as detailed in a previous study [19]. Under
anesthesia with pentobarbital sodium (40 mg/kg, i.p.),
the rats were fixed and a 2-cm longitudinal incision was
made above vertebrae L5–6. Polyethylene catheters (PE-
10) were pushed through the intervertebral space until a
sudden movement of the tail or the hind limb were ob-
served and then passed gently 2 cm upward to reach the
level of the lumbar enlargement. The tip of the catheter
was fixed on the neck area of the rats. Correct intra-
thecal placement was confirmed by injection of 2%
lidocaine (10 μl) through the catheter. The catheter was
judged to be intrathecal if paralysis and dragging of bi-
lateral hind limbs occurred within 30 s of this injection.
In addition, rats with signs of motor weakness were
excluded from the experiment. The rats were housed
individually after implantation of intrathecal catheter
and allowed to recover 5 days before the chronic constric-
tion injury (CCI) test. ADPbetaS (cat. no. A8016, Sigma)
was made with 0.9% sodium chloride. Minocycline (cat.
no. 13614-98-7, BBI) was made with 0.01 M PBS.
AM1241 (CB2 receptor agonist, cat. no. ab120934,
Abcam), SB203580 (p38 mitogen-activated protein kinase
(p38MAPK) inhibitor, cat. no. ab120162, Abcam), and
PDTC (nuclear factor-kappaB (NF-kappaB) inhibitor, cat.
no. ab141406, Abcam) were dissolved in dimethyl sulfox-
ide (DMSO) and then further diluted with 0.9% sodium
chloride, respectively. The medication was injected
through the catheter twice per day. The presence of
DMSO (< 0.1%) did not affect the thermal withdrawal
latency of the rat hind paw.

The chronic constriction injury (CCI) model
All surgical procedures were performed under strict
sterile conditions. Under anesthesia with pentobarbital
sodium (40 mg/kg, i.p.), the left sciatic nerve was
exposed, and a 15-mm length of sciatic nerve proximal
to the sciatic trifurcation was carefully dissected from
the underlying tissue. Four loose ligatures (using 4.0
braided silk) were applied around the sciatic nerve at
1-mm intervals. The left sciatic nerve was only ex-
posed but not ligated in sham-operated groups. Rats
exhibiting neurologic impairments or infection were
not included in this study.

Thermal Hyperalgesia
The thermal withdrawal latency (TWL) was tested using
a Plexiglas chamber over an elevated transparent glass
surface. The rats (1 day before ligation, 1, 3, 5, 7, 10 and
14 days after ligation) were placed in the chamber. A
radiant heat source was focused on the plantar surface
of a hind paw, and a light intensity was preset to obtain a
baseline latency of approximately 25 s. Each rat underwent
three trials with a 5-min interval, and the mean value of
the three trials was used as the TWL. A cutoff time of 30 s
was used to avoid tissue damage.

RT-PCR
The rats were terminally anesthetized with pentobarbital
sodium (50 mg/kg) on days 3, 7, and 14 after CCI or
sham surgery. The lumbar region of the ipsilateral spinal
dorsal horn was dissected and placed into separate
RNase-free 1.5 ml Eppendorf tubes at −80 °C. Total
RNA was isolated by using the TRIzol (MRC Co.,
Cincinnati, USA) method after 24 h of PDGF-BB and
Rg1 action. After purification, the RNA was eluted using
RNase-free water, and its concentration and purity were
estimated using Spectrophotometer (Thermo Fisher
Scientific). All 260:280 absorbance ratios were in the
range of 1.9–2.1. During RNA isolation, the samples
were also treated with DNase (Qiagen) to remove any
contaminating genomic DNA. Complementary DNA
(cDNA) was subsequently synthesized from RNA using
the SuperScript II reverse transcriptase kit (Invitrogen)
according to the guidelines of the manufacturer. The
specific primers used in this study are listed in Table 1.
The final volume for qPCR was 20 μl of which 8 μl were
H2O, 10 μl mastermix (Life Technologies), 1 μl assay-
mix (Life Technologies), and 1 μl cDNA. Each qPCR
was done in duplicate. Real-time PCR was performed on a
LineGene Real-time PCR detection system (Bioer Tech-
nology, China). The reactions conditions were (1) 95 °C
8 min 1 cycle and (2) 95 °C 15 s and 60 °C 1 min, 40 cycles.
Data were analyzed using the 2−△△CT method [20].

Western blot
The rats were terminally anesthetized with pentobarbital
sodium (50 mg/kg). The lumbar region of the ipsilateral
spinal dorsal horn was rapidly dissected and rinsed in
cold phosphate-buffered saline then homogenized in
1 ml ice-cold chilled radioimmunoprecipitation (RIPA)

Table 1 Primers used for RT-PCR

Gene Forward reverse Reverse

P2Y12 R 5′-GAAAGCACCAGATGCCAGTC-3′ 5′-AGAACCTGGGTGATCTTGTAGTCTC-3′

P2Y13 R 5′-AACGGCATCAACCGTGAAGA-3′ 5′-ATGAACTGGCATGTGTGACTGACTA-3′

β-Actin 5′-AGCCATGTACGTAGCCATCC-3′ 5′-ACCCTCATAGATGGGCACAG-3′
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lysis buffer containing 1% Nonidet P-40, 0.5% sodium
deoxycholate, 0.1% sodium dodecyl sulfate, 1 μg/ml
aprotinin, 100 μg/ml phenylmethylsulfonyl fluoride,
1 mM sodium orthovanadate, 1 μM batimastat (BB-94),
and 1% protease inhibitor cocktail (Roche). Protein con-
centration was determined using a Bio-Rad Protein
Assay kit (cat. no. 5000002; Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). Total proteins were diluted in 4×
loading buffer and were incubated at 100 °C for 5 min.
Samples (80 μg) were then loaded onto a loading gel and
separated on a Bis-Tris gel (12% gel for P2Y12 and P2Y13;
10% gel for p38MAPK; 8% gel for NF-kappaBp65). Sepa-
rated proteins were transferred onto a nitrocellulose mem-
brane at 200 mA for 2 h. Nonspecific sites were blocked
for 1 h at room temperature in fat-free milk solution [10%
in 0.1% Tween-Tris-buffered saline (TTBS)]. Membranes
were then incubated overnight at 4 °C with the following
rabbit polyclonal antibodies: anti-P2Y12 (cat. no. ab184411;
1:1000; Abcam, Cambridge, UK), anti-P2Y13 (cat. no.
ab108444; 1:1000; Abcam), anti-phospho-p38 MAPK (cat.
no. ab45381; 1:1000; Abcam), and anti-NF-kappaBp65 (cat.
no. SAB4502611; 1:1000; Sigma). In addition, mouse
monoclonal beta-actin antibody (cat. no. NB600-501;
1:1000; Novus Biologicals) was used. The secondary
antibodies (goat anti-rabbit IgG: cat. no. A0208; goat anti-
mouse IgG: cat. no. A0216, Beyotime Institute of Biotech-
nology) were diluted to 1:1000 and incubated for 1.5 h at
room temperature. Subsequently, the membranes were
developed using the enhanced chemiluminescence (ECL)
reagent Beyo ECL plus (Beyotime Institute of Biotechnol-
ogy). Images of the blots were captured using a ChemiDoc
XRS system (Bio-Rad Laboratories, Inc.). The image was
scanned, and band intensity was semi-quantified using
Quantity One software v4.52 (Bio-Rad Laboratories, Inc.).

Statistical analysis
The data were presented as means ± standard deviation.
Statistical analysis was performed with one-way analysis
of variance (ANOVA) followed by least significant differ-
ence (LSD) post hoc test when multiple comparisons
were made (SPSS18.0, SPSS Inc., Chicago, IL, USA).
P < 0.05 was considered statistically significant.

Results
Effects of AM1241 on hyperalgesia in CCI rats
To investigate the effect of AM1241 on the thermal
threshold in rats, TWL was performed on the day before
(baseline) and on days 1, 3, 5, 7, 10, and 14 after CCI.
Wilkerson et al. reported that AM1241 produced a
dose-dependent reversal of mechanical nociceptive
threshold, with maximal reversal observed at 1.5 h after
AM1241 injection in CCI rats [21]. AM1241 treatment
did not alter basal nociceptive thresholds to mechanical
stimulation in the absence of nerve injury [22]. Then, we
observed the TWL values at 1.5 h after drug administra-
tion. Figure 1 shows the time course of the antinocicep-
tive effects produced by AM1241 at different doses.
There was no significant difference in the TWL among
these groups before the operation. Decreased TWL were
exhibited in the CCI rats on day 1 after nerve injury
compared to sham rats (P < 0.05), and the allodynia was
sustained for 14 days. No significant difference was iden-
tified between the CCI and 1pM AM1241 treatment
groups at any time points, which also means that
AM1241 at 1pM had no effect on pain behaviors in the
CCI rats. Compared to the vehicle-treated CCI group,
AM1241 at 10pM and 100pM exerted anti-hyperalgesic
effects as early as 1 day after CCI (P < 0.05), and the
effects lasted for 14 days (10pM: P < 0.05; 100pM:

Fig. 1 Intrathecal injection of AM1241 attenuated CCI-induced hyperalgesia. Pain sensitivity was determined by measuring TWL on the day
before CCI and on days 1, 3, 5, 7, 10, and 14 after nerve injury. After nerve injury, the TWL in the vehicle-treated CCI group (0.005% DMSO) was
significantly lower than that in the sham group (*P < 0.05). No significant difference was identified between the vehicle-treated CCI group and
1pM AM1241-treated CCI group. At 1, 3, 5, 7, 10, and 14 days after nerve injury, the TWL in the 10- and 100pM AM1241-treated CCI rats were
significantly higher than that in the vehicle-treated CCI group (10pM: +P < 0.05; 100pM: +P < 0.05). All values represent mean ± standard deviation
(n = 8). *P < 0.05 compared with the sham group; +P < 0.05 compared with the vehicle-treated CCI group
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P < 0.05). For this reason, we used 100pM ADPβS in all
subsequent experiments.

Effects of AM1241 on the expression of the P2Y12 and
P2Y13 receptor mRNA and protein in the dorsal spinal
cord of CCI rats
It is known that P2Y12 and P2Y13 receptors are acti-
vated in dorsal spinal horn microglia after spared nerve
injury and contribute to the development and mainten-
ance of neuropathic pain [17]. To explore whether
P2Y12 and P2Y13 receptors are involved in the CB2
receptor-mediated analgesia, both mRNA and protein
content of P2Y12 and P2Y13 receptors were measured
by using RT-PCR and western blot. The CCI rats
presented increased expression of P2Y12 and P2Y13

receptor mRNA in the ipsilateral dorsal spinal cord
than the sham group (Fig. 2a, b; 3, 7, and 14 days:
P < 0.05). After treatment with 100pM AM1241, P2Y12

and P2Y13 receptor mRNA expression were signifi-
cantly lower than those in the vehicle-treated CCI
group (Fig. 2a, b; 3, 7, and 14 days: P < 0.05). The
western blot data further confirmed the results.
Compared with the sham rats, P2Y12 and P2Y13 recep-
tor expression were sharp increased to reach the peak
at 7 days after CCI (Fig. 2c–f; 3, 7, and 14 days:
P < 0.05). AM1241 (100pM) suppressed the elevated
expression of P2Y12 and P2Y13 receptors (Fig. 2c–f; 3,
7, and 14 days: P < 0.05), which confirmed that the
decreased expression of P2Y12 and P2Y13 receptors is
probably mediated by CB2 receptor activation.

Fig. 2 Intrathecal injection of AM1241 (100pM) attenuated CCI-induced hyperalgesia and increased expression of P2Y12 and P2Y13R in the rat
dorsal spinal cord. a RT-PCR quantitative analysis of the P2Y12R mRNA expression. *P < 0.05 means comparison with the sham group; +P < 0.05
means comparison with the vehicle-treated CCI group. n = 8 per group. b RT-PCR quantitative analysis of the P2Y13R mRNA expression. *P < 0.05
means comparison with the sham group; +P < 0.05 means comparison with the vehicle-treated CCI group. n = 8 per group. c Western blotting
image of P2Y12R expression. The top panel was the target band, P2Y12R protein, and the bottom one was for the loading control beta-actin. d
Western blotting image of P2Y13R expression. The top panel was the target band, P2Y13R protein, and the bottom one was for the loading control
beta-actin. e Western blotting quantitative analysis of the P2Y12R expression. *P < 0.05 means comparison with the sham group; +P < 0.05 means
comparison with the vehicle-treated CCI group. n = 8 per group. f Western blotting quantitative analysis of the P2Y13R expression. *P < 0.05
means comparison with the sham group; +P < 0.05 means comparison with the vehicle-treated CCI group. n = 8 per group
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The changes of p-p38MAPK and NF-kappaB expression in
the dorsal spinal cord after AM1241 administration in CCI
rats
p38MAPK and NF-kappaB signaling pathways within
the spinal cord were considered to facilitate the perception
of neuropathic pain after nerve injury [23, 24]. In particular,
peripheral nerve injury causes an increase in p38MAPK
phosphorylation and NF-kappaBp65 activation that also
paralleled with the increased expression of some proinflam-
matory cytokines [25]. Then, to evaluate whether AM1241-
induced antinociception is associated with p38MAPK phos-
phorylation and NF-kappaBp65 activation, we observed the
expression of p-p38MAPK and NF-kappaBp65 in the rat
dorsal spinal cord following the intrathecal injection of
AM1241 (100pM) in the CCI rats. As shown in Fig. 3, com-
pared with the sham group, the expression of p-p38MAPK
and NF-kappaBp65 in the CCI rats was significantly in-
creased at 3 and 7 days after nerve injury (3 days: P < 0.05;
7 days: P < 0.05). AM1241 (100pM) treatment significantly
reduced the expression of p-p38MAPK and NF-kappaBp65
in the rat dorsal spinal cord (3 days: P < 0.05; 7 days:
P < 0.05) compared with that in the vehicle-treated CCI
group. It seems that AM1241 attenuates neuropathic pain
through inhibiting p-p38MAPK and NF-kappaBp65 in a rat
model of chronic constriction injury.

The changes of P2Y12 and P2Y13 receptor expression in
the dorsal spinal cord after SB203580 or PDTC
administration in CCI rats
Through the analysis of these data generated in the previous
experiments, we speculate that the inhibition of p38MAPK/
NF-kappaB pathway is an important mechanism in CB2
receptor-mediated decreased expression of P2Y12 and

P2Y13 receptors in CCI rats. To further ascertain the role of
p38MAPK/NF-kappaB pathway in P2Y12 and P2Y13 recep-
tor expression in rats after nerve ligation, the p38MAPK
inhibitor SB203580 and NF-kappaB inhibitor PDTC were
applied. We observed the TWL values at 1.5 h after drug in-
jection in every group. SB203580 (50 μmol/l) and PDTC
(5 μg/10 ml) treatments did not alter basal nociceptive
thresholds in the absence of nerve injury. The CCI group
displayed significantly decreased thermal withdrawal latency
on days 1, 3, 5, and 7 compared with the sham rats (Fig. 4a:
P < 0.05), which were markedly increased by SB203580
(Fig. 4a: P < 0.05) or PDTC (Fig. 4a: P < 0.05), respectively.
In Fig. 5b, c, compared with that in the vehicle-treated CCI
group, SB203580 (50 μmol/l) treatment significantly sup-
pressed the increased expression of P2Y13 receptor mRNA
after nerve injury (3 days: P < 0.05; 7 days: P < 0.05) without
affecting the expression of P2Y12 receptor mRNA. However,
compared with that in the vehicle-treated CCI group,
SB203580 (50 μmol/l) or PDTC (5 μg/10 ml) treatment
significantly suppressed the increased expression of P2Y13

receptor after nerve injury (SB203580: 3 days: P < 0.05;
7 days: P < 0.05; PDTC: 3 days: P < 0.05; 7 days: P < 0.05).
It seems that p38MAPK/NF-kappaB pathway may play an
important role in CCI-induced increased expression of
P2Y13 receptor. However, the increased expression of P2Y12

receptor may be regulated via p38MAPK-independent
NF-kappaB pathway.

The changes of P2Y12 and P2Y13 receptor expression in
the dorsal spinal cord of after minocycline administration
in CCI rats
Mounting studies indicate that spinal microglia activa-
tion often promotes the activation of a series of genes

Fig. 3 Intrathecal injection of AM1241 (100pM) attenuated CCI-induced hyperalgesia and increased expression of p-p38MAPK and NF-kappaBp65
in the rat dorsal spinal cord (n = 8 per group). a Western blotting image of p-p38MAPK expression. The top panel was the target band, p-p38MAPK,
and the bottom one was for the loading control beta-actin. b Western blotting quantitative analysis of the p-p38MAPK expression in the rat dorsal
spinal cord. *P < 0.05 means comparison with the sham group; +P < 0.05 means comparison with the vehicle-treated CCI group. c Western blotting
image of NF-kappaBp65 expression. The top panel was the target band, NF-kappaBp65, and the bottom one was for the loading control beta-actin.
d Western blotting quantitative analysis of the NF-kappaBp65 expression in the dorsal spinal cord of the rats. *P < 0.05 means comparison with the
sham group; +P < 0.05 means comparison with the vehicle-treated CCI group
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Fig. 4 Intrathecal injection of SB203580 (50 μM) or PDTC (5 μg/10 ml) suppressed the increased expression of P2Y12 and P2Y13R in the dorsal
spinal cord of CCI rats. a Comparison of thermal stimulation pain threshold in the ipsilateral hind paw of the rats (n = 8). Data are presented as
TWL. CCI reduced TWL from days 1 to 7 after nerve injury. *P < 0.05 compared with control group. Pretreated with SB203580 (50 μM) or PDTC
(5 μg/10 ml) significantly inhibited the reduced withdrawal threshold days 1 to 7 in CCI rats, respectively (compared with vehicle-treated CCI
group, SB203580: +P < 0.05; PDTC: +P < 0.05). b RT-PCR results show the expression of P2Y12 mRNA expression in the rat dorsal spinal cord
(n = 8 per group). *P < 0.05 means comparison with the control group; +P < 0.05 means comparison with the vehicle-treated CCI group.
c RT-PCR results show the expression of P2Y13 mRNA expression in the rat dorsal spinal cord (n = 8 per group). *P < 0.05 means comparison
with the control group; +P < 0.05 means comparison with the vehicle-treated CCI group. d Western blotting image of P2Y12R and P2Y13R
expression. The top panel was the target band, and the bottom one was for the loading control beta-actin. e Western blotting quantitative
analysis of the P2Y12R expression in the rat dorsal spinal cord. *P < 0.05 means comparison with the sham group; +P < 0.05 means comparison
with the vehicle-treated CCI group. f Western blotting quantitative analysis of the P2Y13R expression in the rat dorsal spinal cord. *P < 0.05
means comparison with the sham group; +P < 0.05 means comparison with the vehicle-treated CCI group

Fig. 5 The effect of minocycline on the expression of P2Y12 and P2Y13 receptors. All values represent mean ± standard deviation. a RT-PCR results
show the expression of P2Y12 mRNA expression in the rat dorsal spinal cord (n = 8 per group). *P < 0.05 means comparison with the sham group;
+P < 0.05 means comparison with the CCI rats. b RT-PCR results show the expression of P2Y13 mRNA expression in the rat dorsal spinal cord (n = 8 per
group). *P < 0.05 means comparison with the sham group; +P < 0.05 means comparison with the CCI rats. c Western blotting quantitative analysis of
the P2Y12R expression in the rat dorsal spinal cord. *P < 0.05 means comparison with the control; +P < 0.05 means comparison with the ADPbetaS-
treated rats. d Western blotting quantitative analysis of the P2Y13R expression in the rat dorsal spinal cord. *P < 0.05 means comparison with the
control; +P < 0.05 means comparison with the ADPbetaS-treated rats. e Western blotting image of P2Y12R expression. The top panel was the target
band, P2Y12R, and the bottom one was for the loading control beta-actin. f Western blotting image of P2Y13R expression. The top panel was the target
band, P2Y13R, and the bottom one was for the loading control beta-actin
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and neurotransmitters, which leads to chemokine secre-
tion and pain hypersensitivities. In different models of
neuropathic pain, the phosphor-p38MAPK in the rat
dorsal spinal cord was found exclusively in microglia,
but not in neurons or astrocytes [23, 26, 27]. In addition,
Yin et al. reported that the NF-κB-IR cells represented
neurons, microglia, and astrocytic cells in the spinal cord
on day 7 after CCI surgery [28]. In order to identify
whether reduction of microglia activity can influence the
expression of P2Y12 and P2Y13 receptors, we observed
the effect of intrathecal administration of minocycline
(5μg/10μl) on the expression of these two receptors in
the CCI rats. In our present experiments, results from
RT-PCR and western blot support the idea that dorsal
spinal cord P2Y12 and P2Y13 receptors play an important
role in the maintenance of neuropathic pain. Moreover,
compared with that in the CCI rats, intrathecal admin-
istration of minocycline resulted in lower expression
of P2Y12 and P2Y13 receptors at mRNA or protein
level (mRNA: P < 0.05; protein: P < 0.05). It seems
that minocycline could efficiently decrease microglia
activity, which results in downregulation of P2Y12 and
P2Y13 receptor expression.

The changes of P2Y12 and P2Y13 receptor expression in
the dorsal spinal cord of ADPβS-treated rats
Tatsumi et al. reported that intrathecal injection of 2Me-
SADP induced mechanical hypersensitivity in SD rats
[29]. In the present study, we found intrathecal injection
of ADPbetaS have the similar effect on naive rats. ADPbe-
taS, a non-selective P2Y receptor agonist, is widely used in
pharmacological studies of purine and related compounds.
The agonist ADPbetaS activates the G-protein-coupled
purine P2Y1, P2Y12, and P2Y13 receptors [18]. Kobayashi
et al. reported that P2Y1 mRNA was expressed in some
dorsal horn neuron and astrocyte [30]. P2Y12 and P2Y13

receptors were rather selectively expressed in dorsal spinal
cord microglia [17]. Thermal hyperalgesia was induced by
repeated intrathecal injection of ADPbetaS (100 μM) for
seven consecutive days. As shown in Fig. 6a, the
ADPbetaS-treated rats displayed significantly decreased
thermal withdrawal latency on days 3, 5, and 7 compared
with the sham groups (P < 0.05), which were markedly
increased by AM1241 (100pM, P < 0.05), SB203580
(50 μmol/l, P < 0.05), or PDTC (5 μg/10 ml, P < 0.01),
respectively. Compared with the control group, P2Y12

and P2Y13 receptor expression at mRNA levels in

Fig. 6 The effect of AM1241, SB203580, and PDTC on the thermal threshold and the expression of P2Y12 and P2Y13 receptors. Data are presented
as TWL. All values represent mean ± standard deviation. a Comparison of thermal stimulation pain threshold in the ipsilateral hind paw of rats
(n = 8). Spinal ADPbetaS injection reduced TWL from days 3 to 7 after ADPbetaS injection. *P < 0.05 compared with control group. Pretreated
with AM1241 (100 PM, 20 min), SB203580 (50 μM), or PDTC (5 μg/10 μl) significantly inhibited the reduced withdrawal threshold days 3 to 7 in
ADPbetaS-treated rats, respectively (compared with ADPbetaS-treated rats, AM1241: P < 0.05; SB203580: P < 0.05; PDTC: P < 0.05). b RT-PCR results
show the expression of P2Y12 mRNA expression in the dorsal spinal cord of the rats in every groups (n = 8 per group). *P < 0.05 means comparison
with the control group; +P < 0.05 means comparison with the ADPbetaS-treated rats. c RT-PCR results show the expression of P2Y13 mRNA expression
in the dorsal spinal cord of the rats in every group (n = 8 per group). *P < 0.05 means comparison with the control group; + P < 0.05 means
comparison with the ADPbetaS-treated rats. d Western blotting image of P2Y12R expression. The top panel was the target band, P2Y12R, and the
bottom one was for the loading control beta-actin. e Western blotting quantitative analysis of the P2Y12R expression in the dorsal spinal cord of the
rats. *P < 0.05 means comparison with the control; +P < 0.05 means comparison with the ADPbetaS-treated rats. f Western blotting quantitative
analysis of the P2Y13R expression in the dorsal spinal cord of the rats. *P < 0.05 means comparison with the control; +P < 0.05 means comparison with
the ADPbetaS-treated rats
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ADPbetaS-treated rats was significantly increased at 7 days
after ADPbetaS administration (Fig. 6b, c: P < 0.05). After
treatment with AM1241 (100pM), P2Y12 and P2Y13 recep-
tor expression at mRNA levels were significantly lower
compared with the ADPbetaS-treated rats (Fig. 6b, c:
P < 0.05), which largely confirmed that CB2 receptor stimu-
lation would lead to the decreased expression of P2Y12 and
P2Y13 receptors. Western blot experiments showed similar
results. In ADPbetaS-treated rats, the expression of P2Y12

and P2Y13 receptors at the protein levels were obviously
elevated (Fig. 6d). After treatment with AM1241 (100pM),
P2Y12 and P2Y13 receptor expression at the protein levels
were significantly lower compared with the CCI group
(Fig. 6e, f: P2Y12: P < 0.05; P2Y13: P < 0.05).
To further explore whether p38MAPK/NF-κB pathway

are necessary for the increased expression of P2Y12 and
P2Y13 receptors in the ADPbetaS-treated rats, we
observed the effect of intrathecal injection of SB203580
and PDTC on expression of these two receptors in
ADPbetaS-treated rats. SB203580 and PDTC were
injected 30 min before AM1241 administration. RT-
PCR showed that both SB203580 and PDTC treatment
effectively inhibited P2Y13 receptor expression in the
dorsal spinal cord of the ADPbetaS-treated rats (Fig. 6c,
SB203580: P < 0.05; PDTC: P < 0.05). Similarly, western
blot analysis also demonstrated both SB203580 and
PDTC treatment effectively inhibited P2Y13 receptor
protein expression in the dorsal spinal cord of the
ADPbetaS-treated rats (Fig. 6f, SB203580: P < 0.05;
PDTC: P < 0.05). On the other hand, we noticed that
the increased P2Y12 receptor expression at mRNA and
protein levels can be suppressed by PDTC (Fig. 6b, e,
PDTC: P < 0.05), but not be impaired by SB203580. These
observations suggest that p38MAPK/NF-kappaB pathway
may play an important role in ADPbetaS-induced in-
creased expression of P2Y13 receptor. However, the
increased expression of P2Y12 receptor may be regulated
via p38MAPK-independent NF-kappaB pathway.

Discussion
During recent years, more and more studies suggest the
existence of a crosstalk between endocannabinoids and
other neurotransmitter systems in the nervous system.
Varodayan et al. reported that CB1 receptor activation
decreased the frequency of spontaneous and miniature
GABAA receptor-mediated inhibitory postsynaptic cur-
rents [31]. Cannabinoids also inhibit purinergic compo-
nents of sympathetic neurotransmission in rat mesenteric
bed [14]. Tatsumi et al. suggest that spared nerve injury
induced P2Y12 and P2Y13 receptor activation in rat spinal
dorsal horn microglia [29]. In this study, we observed the
effect of CB2 receptor activation on P2Y12 and P2Y13 re-
ceptor expression in the spinal dorsal horn in neuropathic
pain rats. Chronic constriction injury model of neuropathic

pain shows some symptoms that are common in human
neuropathic pain patients including allodynia and mechan-
ical and thermal hyperalgesia. In this study, using this
model, we found that the expression levels of the dorsal
spinal cord P2Y12 and P2Y13 receptors increased. The level
of mRNA and protein of P2Y12 and P2Y13 receptors was
suppressed by intrathecally administered AM1241 in the
CCI rats. In order to further validate the results,
ADPbetaS-treated rats were used. We found that, in the
ADPbetaS-treated rats, the increased expression of P2Y12

and P2Y13 receptors in the dorsal spinal cord were signifi-
cantly inhibited after AM1241 administration. It seems
that stimulation of CB2 receptor can repress P2Y12 and
P2Y13 receptor gene transcription, thereby displaying an
analgesic effect in the CCI rats.
Overwhelming evidences indicate an important role

for endocannabinoid-CB2 receptor signaling in a large
number of the major pathologies including cardiovascu-
lar, gastrointestinal, neurodegenerative, psychiatric, and
many other diseases [14, 32]. JWH133 (CB2 receptor
agonist) could efficiently attenuate paraquat-induced
p38MAPK and NF-kappaB activation in lung tissue of
rats with paraquat-induced acute lung injury [32]. In
AβPP/PS1 mice, JWH133 reduced expression of active
p38MAPK and some proinflammatory cytokines [33].
CB2 receptor, expressed in microglia, is an important
pathological modulator in regulating immune responses
and inflammation in the nerve system. In rat forebrain
microglia, CB2 receptor agonist attenuates LPS-induced
reactive oxygen species (ROS) generation partly through
reduction of NF-kappaB activation [34]. In BV2 micro-
glia, CB2 receptor activation suppresses the hypoxia-
induced neuroinflammatory response through inhibition
of NF-kappaB activation [35]. Immunofluorescence stud-
ies have shown that the levels of p-p38 (phosphorylated
p38) are particularly increased in the spinal microglia
after nerve injury but are not increased in the neurons
and astrocytes [23, 26, 36]. Intrathecal administration of
SB203580 suppresses development of the peripheral nerve
injury-induced tactile allodynia [26, 29]. In addition,
several studies have demonstrated that pNF-kappaB
contribute to the transmission of nociceptive signals in
inflammatory and neuropathic states [25, 26, 36–39]. Chu
et al. observed that atorvastatin may primarily inhibit the
nuclear translocation of pNFκB to prevent CCI-induced
peripheral neuropathic pain. In addition, double immuno-
fluorescent staining further demonstrated that pNFκB
proteins were decreased by atorvastatin in DRG satellite
cells and spinal microglia [37]. Moreover, Wang et al. re-
ported that the activation of spinal cord microglial p38/
NF-kappaB pathway is also involved in the development
of tolerance to morphine-induced analgesia [39]. To
further explore the underlying mechanisms of AM1241
alleviating neuropathic pain, we observed the effect of
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AM1241 on the expression of p-p38MAPK and NF-
kappaBp65. It seems that the decreased expression of
p-p38MAPK and NF-kappaBp65 in microglia may
contribute to CB2 receptor-mediated analgesia.
In the present study, minocycline suppressed the ele-

vated expression of P2Y12 and P2Y13 receptors in the CCI
rats, which also further confirmed the role of dorsal spinal
cord microglia activation in the regulation of these two
purinoceptor expression. Microglia p38MAPK/NF-kap-
paB signaling pathway is a multi-component pathway that
regulates the expression of hundreds of genes that are
involved in diverse and key cellular and organismal pro-
cesses. Inhibition of p38MAPK activation by SB203580
also decreased the activation of NF-kappaB and the
production of proinflammatory cytokines [40, 41].
There are some similar findings which discerned that
NF-kappaBp65 regulates P2X3 and P2Y2 receptor
transcription [42, 43]. In the present study, we found
that peripheral nerve injury induced an increased ex-
pression of p-p38MAPK and NF-kappaBp65 that par-
alleled with the marked increase of the expression of
P2Y13 receptors. Furthermore, AM1241 pretreatment
significantly inhibited the expression of p-p38MAPK
and NF-kappaBp65, and this suppression is paralleled
with the decreased P2Y13 receptor expression. Moreover,
inhibition of p38MAPK/NF-kappaB signaling pathway
decreased the expression of P2Y13 receptor in the CCI
rats. Thus, our results raise a possibility that p38MAPK/
NF-kappaB signaling pathway may be involved in CB2
receptor-mediated decreased expression of P2Y13 receptor
because upregulation of P2Y13 receptor expression was
markedly reduced by SB203580 and PDTC, respectively.
In the ADPbetaS-treated rats, the increased expression of
P2Y13 receptor was inhibited after SB203580 or PDTC
treatment, which largely confirmed that downregulation
of p38MAPK/NF-kappaB signaling is necessary for the
decreased expression of P2Y13 receptor after CB2 receptor
activation.
p38MAPK-dependent and p38MAPK-independent

NF-kappaB signaling pathway was reported in some
different types of cells [39, 40, 44–46]. Wang et al. re-
ported that focal adhesion kinase activates NF-kappaB
via ERK1/2 and p38MAPK pathways in Aβ(25–35)-in-
duced apoptosis of differentiated PC12 cells [46].
NADPH oxidase/Akt/NF-kappaB, but not p38MAPK, is
involved in CCL2 production in endothelial cells stimu-
lated with LPS [47]. In the present study, the increased
expression of P2Y12 receptor in CCI rats was not signifi-
cantly altered after SB203580 pretreatment, which imply
that the expression of P2Y12 receptor is not mediated by
p38MAPK. However, the increased expression of P2Y12

receptor was significantly inhibited after PDTC pretreat-
ment, which imply that downregulation of NF-kappaB
signaling is necessary for the decreased expression of

P2Y12 receptor after PDTC pretreatment. Similarly, in
the ADPbetaS-treated rats, the increased expression of
P2Y12 receptor was inhibited by PDTC but was not in-
fluenced by SB203580. It is most likely that the increased
expression of P2Y12 receptor is probably mediated
through p38MAPK-independent NF-kappaB signaling.
Jin et al. also suggest that PI3K/Akt pathway localized in
spinal microglia is involved in both neuropathic and in-
flammatory pain [48]. Lee et al. also discerned that PI3K/
Akt is involved in the expression of inflammatory media-
tors in microglia through the activation of NF-kappaB
[49]. However, whether PI3K/Akt/NF-kappaB is neces-
sary for the decreased expression of P2Y12 receptor after
AM1241 pretreatment awaits further investigation.
In the central nerve system, microglia cells are consid-

ered as the primary responders to noxious stimulation. In
the spinal cord, CB2 receptor activation may inhibit the
microglia p38MAPK and NF-kappaB activation to prevent
CCI- and ADPbetaS-induced neuropathic pain. CB2 re-
ceptor stimulation decreased P2Y13 receptor expression
via p38MAPK/NF-kappaB signaling. However, CB2 recep-
tor activation decreased P2Y12 receptor expression via
p38MAPK-independent NF-kappaB signaling pathway. It
seems that decreased expression of P2Y12 and P2Y13

receptors may be considered one of the mechanisms
involved in CB2 receptor-mediated analgesia.

Conclusions
In the present study, we found that CB2 receptor activa-
tion significantly inhibited peripheral nerve injury-induced
thermal hyperalgesia and the increased expression of
P2Y12 and P2Y13 receptors in the rat dorsal spinal cord.
The suppression of p38MAPK/ NF-kappaB signaling may
play a role in CB2 receptor-mediated analgesia. CB2 re-
ceptor stimulation inhibits the expression of P2Y13 recep-
tor via p38MAPK/NF-kappaB signaling. However, CB2
receptor activation inhibited the expression of P2Y12 re-
ceptor via p38MAPK-independent NF-kappaB signaling
pathway. CB2 receptor activation which induced the de-
creased expression of P2Y12 and P2Y13 receptors may be
important for pathophysiological events occurring within
the spinal cord, for where it is implicated in the transduc-
tion of the “pain” message.
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