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Fik A TEERMEE CS7/BL/NRBENL N 6 4: TR, Hrggs+l (SNL) 41, SNL+CB,R #3051 (AM1241)
ZH . SNL+/INEE 4 Mo dm 77 (KB 2 ) 41, SNL+CB,R /N T4 RNA (siRNA ) 41 (SNL+siRNA#H ) . SNL+
CB,R /N T4 RNA+ /N B A4 #1520 ( SNL+siRNA+KIBFRE L ) o R HI SNL J5 i 2 37 b 280 B8 /N B
BRERL, SR FH AR 5 BRI A /s BB B4 20 rh CB,R AN B 40 76 fb e S 2 85 2 45 &R F 1 (IBA-1) 19
F 35, Von Frey £ 4E22i e /N AR B, Gepes b 467 /i IBA-1 Ot @A, qRT-PCR E/NUE
BEBEH R RAIEH RO, HAE B AINER CB,R I sh7 XA BETT M H &AMl 2 il /5 FL i (SIPSC) 52N
%% HEFARAME, SNL4VNUEE44h CB,R Kk (P<0.0125) , FEIFEAL (P<0.0167) , IBA-17%¢
e AR RIS (P1<0.0083) , RYEETF TNF-a. IL-18. IL-6 mRNA FikHHN (P#<0.0083) . i
TS CB.R 51 AM1241 8/INE SIS E IR RIS, 5 SNL 4AHLE, SNL+AM1241, SNL+KiEFR R4/
SRR B3 TR (P 3<<0.008 3) , IBA-1 2 B AIER FFRIAIIFEAL (P34<<0.008 3) , INF-a, IL-1f. IL-6 mRNA
Feik By (P#<0.0083) . siRNA $[n THE CB.R ik J5, 5 SNL 41AHLE, SNL+siRNA 4/NRAGIHBIFEAR (P<
0.008 3 ), IBA-1 5& 5 F FIER [ Fek 4141 ( P41 <<0.008 3 ), TNF-a., IL-1f, IL-6 mRNA k51411 ( P14 <0.008 3 );
MRS SRR R T siRNA B T4t CB,R Fik T30 Lk Ak (P34<<0.008 3) . AMI1241 {RS} T TRENS IS
si/INEUBBETY £ sIPSC MR ARG, 5 THRITAH 2 I A S EE X (P1<0.05) , TWKI#E R RS # I ]
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B, WA/ B 2 B AR TR e

[KiE] KRB ZIK CB2; /IMIGRTANM ; MEREITERR ; RAE; B8 Rt

[FESEE] R441.1 [XEtrEmE] A [XEHE] 0258-879X(2020)10-1115-08

Cannabinoid type 2 receptor alleviates hyperalgesia in neuropathic pain mice by inhibiting spinal microglia

activation
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[Abstract] Objective To investigate the effects of spinal cannabinoid type 2 receptor (CB,R) and microglia activation
on hyperalgesia in neuropathic pain mice. Methods Male C57/BL mice were randomly divided into six groups: sham, spinal
nerve ligation (SNL), SNL+CB,R agonist AM1241 (SNL+AM1241), SNL+microglia inhibitor minocycline (SNL—+
minocycline), SNL+small interfering RNA (siRNA) targeting CB,R (SNL+siRNA), and SNL+siRNA +minocycline

groups. A neuropathic pain mouse model was established by SNL. The expression levels of spinal CB,R and microglia-specific
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protein ionized calcium-binding adapter molecule 1 (IBA-1) were determined by Western blotting, mechanical pain thresholds
were measured by Von Frey, spinal microglia activation was observed by IBA-1 immunofluorescence, and the expression levels
of inflammatory factors in spinal cord dialysate were determined by quantitative real-time polymerase chain reaction (QRT-PCR).
Electrophysiology was applied to observe the effect of CB,R agonist on spontaneous inhibitory postsynaptic current (sIPSC)
in the spinal dorsal horn. Results Compared with the sham group, the expression of CB,R in spinal cord was significantly
decreased in the SNL group (£<<0.012 5), the pain threshold was significantly reduced (£<<0.016 7), the fluorescence
quantification and protein expression of IBA-1 were significantly increased (both £<<0.008 3), and the mRNA expression levels
of tumor necrosis factor a (7NF-a), interleukin (IL)-1§ and IL-6 were significantly increased (all P<<0.008 3). After intrathecal
injection of CB,R agonist AM1241 or microglial inhibitor minocycline, compared with the SNL group, the pain thresholds of
mice were significantly increased in the SNL+AM1241 and SNL-+minocycline groups (both P<<0.008 3), the fluorescence
quantification and protein expression of IBA-1 were significantly decreased (both £<<0.008 3), and the mRNA expression
levels of TNF-a, IL-1 and IL-6 were significantly decreased (all P<<0.008 3). After targeted interfering CB,R expression by
siRNA, compared with the SNL group, the pain threshold was significantly decreased in the SNL~+siRNA group (P<<0.008 3),
the fluorescence quantification and protein expression of IBA-1 were significantly increased (both £<<0.008 3), and the
mRNA expression levels of TNF-a, IL-1B and IL-6 were significantly increased (all P<<0.008 3); while intrathecal injection
of minocycline significantly reversed the above changes (all #<<0.008 3). Intervention in vitro of AM1241 could significantly
enhance the frequency and amplitude of sIPSC in the spinal dorsal horn (both £<<0.05), while continuous treatment with
minocycline inhibited the enhancement effects of AM1241 on sIPSC. Conclusion CB,R can reduce the neuroinflammatory
responses and enhance the inhibitory electrical activity in the spinal cord by inhibiting spinal microglia activation, thereby
alleviating hyperalgesia of neuropathic pain in mice.
[Key words] cannabinoid receptor CB2; microglia; neuropathic pain; inflammation; spinal cord; hyperalgesia
[ Acad J Sec Mil Med Univ, 2020, 41(10): 1115-1122]
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AMZETCI PR AE BRI AT R o /N B4
CAEETHEMS A, MGETAREFEF . FHill
WA R A SRR, ST AR M T
f S5 FIThAE ' . 2 BIKPRZE 4K ( cannabinoid
type 2 receptor, CB,R ) FEZERKIETHME Fe 4,
S 50PENRTNT . SRR SO AN MRS A AR L R,
AF5EAIE 55 CB,R 76 /NI Jox 48 s rh AR AR i 2 3R
ik, IR RRRIE Y B AR B RE, H CB,R
P BN ) e A% fnb 25 ek A N T BT B Y . AR PR IR A
e g, (HILHLEI RS2 L AR
Fh 25 45 F, (spinal nerve ligation, SNL) ¥ A &7
P20 PR /N BRBE RS, B/ T4 RNA (small
interfering RNA, siRNA ) &5l CB,R ik, ##
TP REA CB,R AR/ NI 5T 240 R Aok it 26895 2
PRSI 52 S AEFHBILTR, A I DR 2 i o 28 g LA
PIR P BRI R

L1 FEBshahbXA @M C57/BL /N (&
H20~30g) 180 H, M Al AR K% (5 =
K2 LR [ s A VR IE S
SCXK (/') 2018-0006] , fHIR . THIB ST TR,
K SNL J7 2% 8 37 #2255 B PR B A, CB,R
8 PF 1 P B ) AM1241 (50 pg/kg, 52 [F Sigma 2y
Al L /N BT AR AR ER (minocycline,
10 ng/kg, [ Sigma /A r] ) WEMHT 5 mL AL
K5 T 95 1 e BURY B 2 h S N TS 10 pl 4525
B S BN A S bt CBLR — 3t (FRREEL B
1 :500) . RYLESE 4543 A T 1 (ionized
calcium-binding adapter molecule 1,IBA-1 ) —4Hi( i
BELLBIA 1 2 1000) #4504 H 2 E Abcam A ],
T GAPDH —4it (#BELLBI 1+ 5000) . Hife
THL (BB 1 2 5000) ¥ [ EE CST 2
Al HPEDIGMH APt IBA-1 —BT (FRBEHLEI N
1 : 500) g F HAS Wako A ], £ 1gG %t
“hr (FBEELBS 1 0 1000) 1 H 3£ [E] Invitrogen
o Ale K /N BRUBE BL 23 8 TR SNL. SNL+
AM1241, SNL+Kif# 2 . SNL+siRNA, SNL+
SIRNA+ KRR .
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1.2 #AEE DRURREE L& R IEE, VI
FHK 1~2 em/NA, BYFFAIAE, 76 L, R R L,
Jrmalial TS IFLA, BYERERI; L, B2, 268 L,~L,
= FAEFR . FH S mL VS Ak m i A A, e
HUPE-10 548 ] R v dli A, Hf AR AT 0L S 5,
BAZ 1 em Ji WINE T BD B A O, iRk 4E
GUIH, ZEMESE TR R, 75
0.3 mL Z NHEHE (100 g/L) FpEYGL, AR5/
HUIERSR

13 APZmmEAR RN ES KHNE
BRI/ BRI, BURFRMOE o VR I B ik,
TR R Lo~ Lo MEAAR, FHWE B me W 42 Ls #55E, 6-0
WAL LB, SRIGHIREEG LIRS 2 ik, 4
37 SNL #2055 BRSO AR . I T3 4T 0.3 mL 2
KHER (100 g/L ) WG, BF AR/
TREEHMAMALEH, HaTAREAES SNL 4/
AR

1.4 1% 9% & 4% W siRNA Yoo F A 4 CB.R & &
DNRAER G E S AR /N CB,R Rk
SIRNA FE41 I144 H pa e 2 18 5 154K pLVX-shRNA
( & Clontech A ] ) , #RJ5 4 H4H pLVX-shRNA
AR5 lenti-XTM HTX R4t ( 3E[H Clontech /A A )
JLEFE LR 203T 4, 1557 48 h 5 im e &
AR DR 1 B R BT 24 e S Y P VR S R
] siRNA 12 9% % & & 4 2 /N B 58 T4 CB.R 3
K, IR FH AR A R EN IR 0 Tk R

1.5 AU ERE 4351 F SNLARFT ARG 1.
7. 14 d N E /N R B . 00 R/ BUE T
2R IH 4B A T MG R AR 28, 1E Y 1 h
J5i, FH Von Frey £F4£#% ( 32[% North Coast Medical
Oy N B S I R R R S BGRAL, 218
77, IR R ROV R R A, BER e R B
2 KN Z /D Al 5 min, AR B 3 YRR
SEEME, SR up-down IEA AT WL FR{E . Akt fa
1 AN BRI HLAR 2453, 5236 7h >R FH I Von Frey
TYE L2 T RAE ] 10 g, FIFHE]Jy 555,

1.6 &G Rk En CB,R A= IBA-1 &5 /MR
JRIR 5 TR ECH L~ Ly BEOABEZH 2L, JA 200 uL
SLRWOR T S0, AR5 T = 20 15 min B L
o JHBCA BMNE S W BE, JFAE 99 C &1
TSP 10 min, B 30 pg & HFEAHLT 10% SDS-
PAGE, kHINRH M M5 2 PVDF [, 28 5%
JBERE WA ] 2 he A3l A St CB,R . fedt

IBA-1. %t GAPDH —¥i, 4 C W&E IR, TBST
PRI 3 Ua, AT R PR E 2 h, K5t
ke KOG . K H Photoshop B4 & 2% Hr 1Y
JREE(E, B R A BAIRT A A B 200 K (E /
GAPDH JKJE(H.
1.7 Sk 38 kikteml IBA-1 &k /NEUREE IS 1K
Y 0.1 mol/L PBS Fll 4% 22 58 F [ 975 Y 22 0 WE T8
Tio WL, ~Ls BoE 865 FH 4% 2 2 B VA WU 18]
i, FHJEFEA 30% FREMEA B K . FH VR DI L
([ Leica A7) ) % 20 um JE Y F, H 5% 1l
LM IRE 2 h, 4 °C &M TFInA %Pt IBA-1
—PUF A R, PBSTE 3 IR, MA LRI 1gG %
HPUERIEE 2 h, P B MEL I,
1.8 qRT-PCR # | ¥ & B F mRNA & & /)
RIS & T LB AL, TR kYT E, 4
PRAMEM R T B8, 1 ABHTE, RRRENTE R
B REAE ] — P B . TGS F IR
Mril, W 2 h GBI . R TRIzol WA HZHEL
BREENTHRCHE RNA, 4066 T RNA W
A4, 37 °C 15 min. 85 C 15s. 4 C 10 min 5%
P S 355 cDNAL SR LA cDNA st . LA
GAPDH N NZIEHEIT QRT-PCR, 3I¥IFH WK 1,
R & 95 °C 15 min, 95 °C 155, 60 'C 15s,
72 °C 40 s &3 40 IR THEBAFEARR ACEIFIE
15 B By EEH A X ek

®1 INEERSEERNIYFT
Tab 1 Primer sequences of quantitative real-time

polymerase chain reaction

Gene Primer sequence (5'-3")

TNF-o. F: CCCGGAATGTCGATGCCTGAGTG
R: CGCCCCGGCCTTCCAAATAAAT

IL-1p8 F: CTTCATGAGTCAGCTTTGCACCAGC
R: AGCTGAGAAAGCAGGCGGTAAGAAA

IL-6 F: TCTCGAGCCCACCAGGAACGA

R: AGGGAAGGCAGTGGCTGTCA

F: CCACTCCTCCACCTTTGACG

R: TAGCCAAATTCGTTGTCATACCAGG

GAPDH

TNF-a: Tumor necrosis factor a; IL-1B: Interleukin 1p;
IL-6: Interleukin 6; GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase; F: Forward; R: Reverse

1.9 A zien  FEHLERE 20 HOE R /N BURREE
J&i, BUL,~L BOA S T B0 A T (artificial
cerebrospinal fluid, ACSF) ', ACSF ZH i{: NaCl
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117 mmol/L, KCI 3.6 mmol/L, CaCl, 2.5 mmol/L
MgCl, 1.2 mmol/L, NaH,PO, 1.2 mmol/L., NaHCO;
25 mmol/L. 7% % ¥ 11 mmolL, Hi 95% O,.
5% CO, IR & KM ACSE 58 /010 Fll, Wi F
T bR A R A ), AR 30 R AL4% 400 pm
JREEY) R, HF % Gibb i 33 °C fHIRFE 1 he
IR 5 B B T e # ) ACSF 5 22 T 1930 s B
b, R B A 25 0 SO AR P B R A 28 e,
Wit AT PRI PN R ) F A R A 4 M R TR AR
MM, AR NV AY: Cs,SO, 110 mmol/L .,
CaCl, 0.5 mmol/L, MgCl, 2 mmol/L, Z g 2
fik — % U £ 2 5 mmol/L. 4- 2 £ KL R B 2, filf fiR
5mmol/L. —ZMBERE 5 mmol/L ., ATP-Mg 5 mmol/L.
i 1 MultiClamp 700B jit K #% Fl pClamp 10.4 %X
P R AR AT O mV HLE T, DAHS B ARE =X SR
H P A PR 5 il )5 HL UL ( spontaneous inhibitory
postsynaptic current, sIPSC) . B 4% ic 5% AM1241
THUHT G #Y sIPSC 224k, SRIGERIBEAR R FFL b 21
ZMFTIC T AMI241 HEV R B9 sIPSC 284k |
1.10  %its4b3@ [ H SPSS 21.0 B #k A7 5831
20T, ORI X5 TR, Z4HIA] HLRCR B
K ZE 24501, 35 W ELECK H Bonfferoni ¢ £
B, AN[RVZE S ] 5 B A LR 2 R R
550, HAEFSSRH pClamp 10.4 B A432E47 4>
Mr, SIPSC SR AR I8 £ AM 1241 T iR e ik
FHECXT ek 5. K e /KifE (o) 4 0.05, Bonfferoni
(R B A OE K 5 UK fE (o) DR 0.012 5, 0.016 7
5% 0.008 3.,

2 & B

2.1 SNL /R A#A2% % CBR k2 %4 SNLH
NEREBEHLS CB,R R IRTFBRTFARL (1=
6.733, P<<0.0125) ; ¥HNTEHHHEATHE T CB,R 1)
siRNA 189 82 2 & )5, B TR +siRNA 41/ )
FHEH L rh CB,R RIAE T T AR (1=6.317,
P<0.0125) , SNL+siRNA 4 CB,R % ik % T
SNL# (r=3.017, P<<0.0125) , 4&7~#4 N 7ES
#57 H 0] siRNA 1895 2 2 G R FEAR T 5 fiZ] 21
CB,R ik, #Ua THEH & CB,R FRik /)N AR AL
SERT . WA 1,

22 BB RIRERBKE SNLARJE 1., 7.
14 d, SNL ZH/]N U9 B A TR AR A (1=6.254
7.854. 7.294, P})<<0.016 7) , iIF B ¥ 255 BH 1
P 109 B8 o SR Y g ST R T N VR B CB,R
PR M B ) AMI241 5 1. 7. 14d, SNL+

AMI1241 20/ LAY IR 5 SNL 4h AR He 3 T (1=
6.574. 7.025. 6.842, P¥J<<0.008 3) , HIEARJG
5957 RATAS A i A, PR IS 22 52 56 34 R FH SNL
ARG 7d/NRIFITZ59 T Fl, 5 SNL M H,
SNL+AMI1241, SNL+ K I#ER 220 /N U B9 24 T
& (r=7.081. 7.324, P¥]<<0.008 3) , Ifii SNL+
siRNA ZH /)N LAY %5 SNIL ZHF#AI (1=8.984, P<
0.008 3) , fH¥H N I K18 3 = Wi % 1 SNL+
siRNA ZH/]NERUAY I BRI (£=3.208, P<<0.008 3) .
FE7RFFHE CB,R 114 38 7K - 52 0 4 2805 B /N
SRR Bk BB, T /D S5 4 B BB e L i
HoER . UL 2.

R M
,\/5\?‘ )(5\“
WY W \V \¥
ol e oN o M(X10)
CBR— 0 — 45

GAPDH | s Sms ssmssmms smmm— — 37

CB,R/GAPDH
*

%‘0‘5& Xé&éh gﬁ\’ Xé&éb
%‘@& r_ﬁ\’

E 1 ZFABREEZERNNREEARF CBR RiZEH
Fig1 Expression of CB,R protein in mouse spinal cord
tissues detected by Western blotting
CB,R: Cannabinoid type 2 receptor; siRNA: Small interfering
RNA; SNL: Spinal nerve ligation; GAPDH: Glyceraldehyde-
3-phosphate dehydrogenase. 'P<<0.012 5 vs sham group; cp<

0.012 5 vs SNL group. n=10,x*s

23 BB FAME A DR mEEL S5
FARAAMLL, SNL 4/NFEHETT f412% IBA-1 %
JERE MR R A3 5 (1=15.000, 7.760, P <
0.008 3) ; SNL+AMI241, SNL+ K i# 3 & 40/
A BETY M 2021 IBA-1 DO ERME LS
SNL ZHAH L 4% £=10.230.11.520.4.910., 5.280,
P#J<0.008 3) , i H 7F SNL+siRNA 41 ¥4 3% =

(t=11.110. 5.230, P}#1<<0.008 3) , #4NHESEK
TR Z Wi T SNL+siRNA 41 IBA-1 266 & & Al
EEFIAAEAN(=14.730,7.950, P1]<<0.008 3 ).
PEIR /NS 5T 240 L5 Ak 2 5 SNL 9 o 2o Bl 7 A=,
1 CB,R & BEII /M B A G 1k . LIAT 3
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B2 FENRAR IR
Fig2 Mechanical pain thresholds of mice in each group
A: Changes of mechanical pain thresholds at different time points; B: Mechanical pain thresholds 7 d after SNL in six groups.
AM1241 is a selective CB,R agonist. Minocycline is a microglia inhibitor. CB,R: Cannabinoid type 2 receptor; siRNA: Small
interfering RNA; SNL: Spinal nerve ligation. "P<<0.016 7 (A), "P<<0.008 3 (B) vs sham group; “P<<0.016 7 (A), “P<<0.008 3 (B) vs
SNL group; *P<<0.008 3 (B) vs SNL+siRNA group. n=10, x*s
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Fig3 Changes of microglia activation in spinal dorsal horn of mice in each group

A: Immunofluorescent staining of IBA-1 in spinal dorsal horn; B: Quantitative analysis of positive cells of IBA-1 in spinal dorsal
horn; C: Representative images of IBA-1 protein expression in spinal dorsal horn by Western blotting; D: Quantitative analysis of
IBA-1 protein expression in spinal dorsal horn by Western blotting. AM1241 is a selective CB,R agonist. Minocycline is a microglia
inhibitor. SNL: Spinal nerve ligation; siRNA: Small interfering RNA; CB,R: Cannabinoid type 2 receptor; IBA-1: Ionized calcium-
binding adapter molecule 1; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase. "P<<0.008 3 vs sham group; “P<0.008 3 vs SNL
group; * P<<0.008 3 vs SNL+siRNA group. n=10, ¥+
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24 B RAAEMENETEARERTFARTE S5
F AR AL, SNL 4 /) U 6 375 7 W b 28 v A
F TNF-a, IL-1B. IL-6 mRNA 3 ik ¥ #5 Jin (t=

12.220. 12.490. 9.880, P #J<<0.008 3) ; SNL+
AM1241, SNL+ K i#i 38 R 41 TNF-a, IL-1B. IL-6

mRNA 3 1Ak % SNL 4H F& 1% (1=9.690. 6.640.

{H SNL-+siRNA 4 TNF-a. IL-18. IL-6 mRNA
IR SNL 403841 (1=7.170., 5970, 6.360, PIJ<
0.008 3), TSGR T SNL+siRNA
ZH TNF-a., IL-15, IL-6 mRNA FEKHIHE N (1=6.850
6.730. 10.100, P¥#J<<0.008 3) . $ZHEBENJIE
J 255 SNL i i S iy ik g, CB,R G B/ NIZ
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Fig4 Inflammatory factors in dialysate of mouse spinal cord in each group detected by qRT-PCR

AM1241 is a selective CB,R agonist. Minocycline is a microglia inhibitor. qRT-PCR: Quantitative real-time polymerase chain reaction;

SNL: Spinal nerve ligation; siRNA: Small interfering RNA; CB,R: Cannabinoid type 2 receptor; TNF-o: Tumor necrosis factor a;

IL-1B: Interleukin 1pB; IL-6: Interleukin 6; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase. P<<0.008 3 vs sham group; cp<
10, x+ts

0.008 3 vs SNL group; *P<<0.008 3 vs SNL+siRNA group. n=

2.5 CB,R %3 Al AM1241 R ShF Tt R A8 5

# sIPSC 89 % #f  CB,R I 8l 7] AM1241 {&4hFTH
RERS ISR /N UG BETY A sIPSC MUMCR ARG, 5T

THTAH 22 R A SRR L (1=7.396, 2.741,

P=0.0007. 0.040 8, &l 5A ) ; T7E/INGE 2
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Fig5 Effects of CB,R agonist AM1241 on sIPSC in spinal dorsal horn of mice in vitro

A: sIPSC changes before and after intervention of AM1241; B: sIPSC changes before and after intervention of AM1241 under

continuous treatment of minocyline. AM1241 is a selective CB,R agonist. Minocycline is a microglia inhibitor. CB,R: Cannabinoid

type 2 receptor; sIPSC: Spontaneous inhibitory postsynaptic current. ‘P<<0.05 vs before intervention of AM1241. n=10, x+s
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