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AMPAS-ZBR LR I 2R -2 2 R SRR 2
st 10 5 R R T AR 4 LR = 69 v
I E B AR KR Z 2K 43R ®IEK A

(1 REERKSE LI ERE 300070 KET ;2 REERIKEPFIR AR REER 300211 KETH ;
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[#E] BRI AMPA 75 & 4 52 7K W 35 -2 (AMPA-GluR2) 7F K A B 401 407 2 v 300 %) /0 5 Je o iy & 41 g
(oligodendrocyte precursor cells,OPCs) J{ T- (W 5200, 77 3% :60 H SD ¥ K B EEAL 5 0 i F R 41 (Sham 41 ,n=
15), B HE 7 41 (SC1 41 ,n=15) ,AMPA Z A H:H1 7 NBQX 4 (n=15) Al Ca>8 15t AMPA 2 45 5 71 JSTx 41
(n=15), SCI 41 NBQX 41F1 JSTx 415 Allen’s 17k # 37 K BUE RE (TO) AL, SR A BBB 1740 114l 45 41
R RE B 105 )5 32 2h T REMR 2 1 10 o HIE & (6 W0 48 A 6401 405 J5 3 B0 2 0028 . 72 21 A0 R 9 328 28 11 B S8 (Western
blot) ¥4l AMPA-GIuR2 £ 45 20 K BUE 820 21 P i R A5 B0 . S 9504512 OPCs I 1 H TUNEL 75 & I 3
TEAATRH TSN . 4558 :SCI1 4 BBB 170 BB T R A REAR (P<0.05) , B i i 5 3d NBQX £ (3.60+0.65)
0 JSTx 41 (3.80+0.76)BBB i1:43 4% SCI 41 (1.50+0.35) % (P<0.05) ,NBQX 41F1 JSTx 41z 1] & 22 5 (P>0.05) , HE
Yo (0 25 5 7R SCL AL AN A 45500 41005 BE AL U AF AE B 40, R 20 S 0 R B S Joi o 3 2 53 403 07 3
/8 NBQX 41 (1.60£0.42) 15 JSTx 41(1.50+0.35) W43 4% SCT 41(2.30+0.20) 15 (P<0.05) . AMPA-GluR2 3% 41 1k &4
HROR H RSG5 3d SCI 21 PH M 40 i % (6.150.52) 52 8 F R 41 (13.25+0.21) W 12 3 /> (P<0.05) ,NBQX 41
(2.10+0.42) Fl JSTx 4 (4.45+0.54 ) FEPE 40 it $ ke SCI 40 /0 (P<0.05) ,NBQX 20 PH M 40 il $c /b, 5 JSTx 4 &
AW FE 2 R (P<0.05) . Western blot 453 i 7R B #8455 3d SCI 20 A A~ H5 4175 2 AMPA-GIuR2 23k 7K
- 1 55 B R 20 (0.94+0.07 ) B (P<0.05) ,NBQX £H (0.37+0.07 ) & JSTx 41(0.54+0.12) %% SCI £H (0.69+0.03) %
(P<0.05), H NBQX 41 AMPA-GIuR2 ik /K FE Ak (P<0.05) . B2 e iR, HREH i 5 3d 45 A K R R4l
U AF 76 5 9 9 AR IC 1 OPCs; TUNEL A5 OPCs 8 748 202 W ,NBQX 41 (0.21+0.02) Al JSTx 41 (0.17=+
0.01)% SCI 41 (0.42+0.02) H A% (P<0.05) , H. JSTx 413 NBQX 4144k (P<0.05) . £ : K UG B0 45 &t 1)
OPCs JAT- 58 B4 b AMPA-GluR2 %3k F A X,

[S51A ) B B0 ; AMPA 214 ; 73 % B2 52 1R T 9 2, NBQX 3 JSTx 5 20 2 J6e Jot iy 4 41 Jfa 5 9 7=
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Effect of AMPA-GIuR2 on apoptosis of oligodendrocyte precursor cells in acute stage of spinal cord
injury in rats/WANG Xuehui, LI Chao, XIANG Mingyuan, et al/Chinese Journal of Spine and Spinal
Cord, 2018, 28(10): 925-932

[Abstract] Objectives: To investigate the effect of AMPA-glutamate receptor subunit—-2(AMPA-GIluR2) on the
apoptosis of oligodendrocyte precursor cells(OPCs) in the acute phase of spinal cord injury in rats. Methods:
60 female SD rats were randomly divided into sham operation group (Sham group, n=15), spinal cord injury
group(SCI group, n=15), AMPA receptor antagonist NBQX group(n=15) and Ca>* permeability AMPA receptor
antagonist JSTx group(n=15). Allen’s method was used in SCI group, NBQX group and JSTx group to estab-
lish a rat spinal cord(T9) injury model using. BBB score was used to evaluate the recovery of motor function
after spinal cord injury in rats. The pathological changes after spinal cord injury were observed by HE stain-

ing. The expression of AMPA-GIluR2 in spinal cord tissue of each group was detected by immunohistochem-
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istry and Western blot. The OPCs was labeled with immunofluorescence and its apoptosis in each group was
detected by TUNEL method. Results: The BBB score of SCI group was lower than that of Sham group (P<
0.05), the BBB scores of NBQX group(3.60+0.65) and JSTx group(3.80+0.76) were higher than that of SCI
group(1.50+0.35) on the 3rd day after spinal cord injury(P<0.05) and there was no difference between NBQX
group and JSTx group(P>0.05). The results of HE staining showed that there were spinal cord injuries in SCI
group and two antagonist groups, the ventral and ventrolateral white matter pathological damage scores of
spinal cord tissue showed that the scores of NBQX group(1.60+0.42) and JSTx group(1.50+0.35) were lower
than that of SCI group(2.30+0.20)(P<0.05). The results of AMPA—GluR2 immunohistochemistry showed that the
number of positive cells in SCI group(6.15+0.52) was significantly lower than that in Sham group(13.25+0.21)
the number of positive cells in NBQX group (2.10£0.42) and JSTx

group(4.45+0.54) was lower than that in SCI group(P<0.05) and the number of positive cells in NBQX group

3 days after spinal cord injury (P<0.05),
was the least, the number of positive cells in JSTx group was higher than that in the NBQX group (P<0.05).
Western blot results showed that the expression of AMPA-GIuR2 in SCI group and two antagonist groups was
lower than that in Sham group (0.94+0.07)
AMPA-GIuR2 in NBQX group(0.37£0.07) was lower than that in JSTx group(0.54+0.12)(P<0.05), and the ex-
pression level of AMPA-GIuR2 was the lowest in the NBQX group. Immunofluorescence showed that positive—

3 days after spinal cord injury (P<0.05), the expression level of

labeled OPCs were presented in the spinal cord of rats in each group 3 days after spinal cord injury, the
apoptosis index of OPCs in NBQX group and JSTx group was lower than that in SCI group (0.42+0.02) by
TUNEL method (P<0.05), was lower than that of NBQX
group(0.21+0.02)(P<0.05). Conclusions: The apoptosis of OPCs in the acute stage of spinal cord injury in rats

and the apoptotic index of JSTx group (0.17+0.01)

is related to the decrease of AMPA-GIuR2 expression in spinal cord.
[Key words] Spinal cord injury; AMPA receptor; Glutamate receptor subunit 2; NBQX; JSTx; Oligodendro-
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F—a (tumor necrosis factor—o, TNF-a) 55 98 P
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FHI CP-AMPAR #5417 JSTx(Joro Spider toxin,
VIR FE 2R ) W] LA S0 ) 4 4G 5 R 2F (oxygen
glucose deprivation, OGD )i/ F 1) OPCs 112 4%
i AMPA-GluR2 J2& 75 %+ SCI J& 2t OPCs #8 1=
A SR, H T JCE I A I K R SCL A 45
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1.1 BB AR

112 1ML 3% (Gibeo A H), L) ; —Pr . £ w
%9t AMPA - GluR Il & lll (Chemicon,AB1506),
2T BT A2B5 (Abcam,ab53521, 0PCs 4% 53
FRaEW); Zhi. BRI EBUN R/ 1C REY
(P A2 &M, PV-6000) , £ i /N 1gG-FITC (578
& R ¢ Ot E |, Solarbio,SF131);DAPI # 4 %}
(Sigma 2~ H), 3 [H );NBQX (Sigma,N183),JSTx
(Sigma,N193) ; It Ao 4t A 7 T4 U (TUNEL ) 1251
% (Roche 22 F], 78[5 );Nanodrop 73 )G B it
(Thermo 2~ W, 3 [# ), IE B 2¢ % B flU5E (Olympus
o] HA)  UKERY) Bl (Leica, 72 ) .
1.2 o dl S5k

SPFZfd FElEME SD KRl 60 H (1 T 4L 5%
FE2EWFE ), IR E 200~250g,60 H K R BEHL 5
HRFARH (Sham 4), FREHII2H (SCI4) .
AMPA 24555 NBQX 20 & Ca’ il i 7 AMPA
ZARAEBLR JSTx 46, 54 15 K, RATZEE 12h,
H H KK . 10%7K A B (4ml/kg) B2 11 R, T
ARAAAT T 15 BAMEMRVIBR AR, ol —=H¥RH
Allen's F7 f; g1 37 K BUE B8 (T9) 1t 1 52 7Y
R 7F 2 55 1 5 B A A B 1 DL 10gx3em 19 fig 2 1
dr B8 O BV I, BEALHIVE D) bRk R K
B2 BB AR PR Bl WU JB B R AR [l 8 A b 3l WL
TR R R A B K R S B
NBQX!519/(20mg/kg) , JSTx!" (1mg/kg ) 41 173 J 57 B
28 M B T G0 8h JiE A R e F R TR E LG 2
3d. SCI A AR FARMAAR G SR AJG 8h 435l £
I M T S A AR PR K SR TE ST 3d,
1.3 #&IineEir s

N TSR G2 sh D BB IR AR, IR 5
sy LA 5 2R BUAE SCT S 1d.3d.7d
#E4T BBB i shiT 41, 4038 Bl Dy 0~21 43, Horp
0 JF B TEiz 8h, 21 R OE #2801
il 4 K BB T 58 1 3 b F A 35 30 Smin, W8 H
HEMEERIZS, ek A 55 nas
FEBUR T TR ARV bR 1 2 (U5 & [R]H h
SEIEAT, AR VRO A RO YA R R K R B
LA55r,
1.4 B REREA IO

B Y SCT R 1d.3d.7d FH 10% 7K &
G o R, DR T I R O T 28 A 0 A
EEIF K, FEITA O E, #EA LK

250ml, - i s e 5, e 4% 2 5 W EE 250ml
YRSEETE, KRR B R S HGE U T8~T10 B
HRE (2 1.2em) , LIR30 450 s 1) Sk R AN 2%
B2y 0.6cm: —BOFHERE & T 4% ZRPEH A
WA E1T HE Yo K s diih; o —Boa #ibs
AT 30% BEME buffer 4°CAR A7 14 7% ,0CT £ 1
Jei 1 R A T —80°C UK A £ F T H 8 9 ek il 7]
FEJ7 B T8~T10 B i 3 VR A7 T —80°C 7K
i T Western blot #:71 ,

1.5 HE §:

S IRAS DL 4pm LW YD A, B YD
Mg BE AN, BAHEARESY R 3 KT
HE 3L €8, WU~ WA 45 2 R BRUE B 4 200 21
2% o Tmage J BRI 0 4 10T 2 v Ak T
B, AR A R 05 R AN A 2 T
AR BE AT B2 40 0 0. 0 43 B (AR
PN AU ;1 5r, BES (ZEm X EH<10%) ;2
43, B IAG (10% 2 50% 3% 5 Wi X 38) 53 43, ™
T (Z 0 X 38>50%) . B4 HE YL 0] B 42
A AN 2E 205 3 45 15 53 01 04 Sk B R R B
KEER R BB Ar 2 ROR
1.6 FEdfbia

A5 U] R BB S &2 K 3% HL0, H
10min, &2 HU5 , 5% 112 1075 B P HE R 2 v 45
P75 Th, —$i(Z FikERPT AMPA-GluR I &I, 1:
200)4°CHK , “PLE R FFE Th, i = FL
R (diaminobenzidine , DAB) ¥ W . (0, , I KR K &
e WK B RS LB AR 4 ST R s 4l
Ak BE 40 19 40 B T R 200 o R A e e, 2 R
EAEAT S7I P O M N N = J =T L g o K
AT BH 1 4 B, 25 SR LSS B e o 25 RO
1.7 Western blot

KB B8 412U S 5 A RIPA 24 W, 75
T4 ARG, T 4°CF 12000r/min &0 15min, B
LEW ., H BCA YL & Ak, AR T
SDS-PAGE HiJk , % 2= PVDF 5, ] 5% g W3 43
% i 3 M 60min, Il — Pt (HHT AMPA-GIluR2 5
B-actin, 1:1000) ,4°CHF & i %, TBST % )5 HPR
FRIC BP0 0 (1:2500) % 5 BE F 1h, IR G55
WAL 27 &6 S PVDF B, T G:BOX
BEt . H Image J #AF5#7 AMPA-GIuR2 5 B-
actin 5 IKEEMH G HAE NS B Z 5145 B
1) 2% a7 K S FL R AF IOE F) 9 2 B 2% 5 R R (B 1Y) L
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{8, B0z B R R A i i g
1.8 i

VKRV R 852 J5 5% 10 2 17 B 1h, — 3t
(FRHT A2B5,1:1000)4CiE %, =¥ (FHi/hR
IgG-FITC,1:500) % % & 1h, i il TUNEL S i
RA W, W& Nl 37°CHFF 1h, 7% i DAPI %
W, POE R R B R, T IR B 2O BB T gt
PRI o S5 AL A2BS BHE/DAPL E S
OPCs 40 %k, # A2BS FHE/TUNEL BHME & SN
OPCs 8 T- 20 M2 %, #8 T~ 48 2 (Apoptosis index)=
OPCs JT- 40 i %/OPCs 40 %L, 15k V) B 4 4
AT B 1) e AR AL BT TR AL B E M 4 i B, &5
LB B AR EZE TR
1.9 Siit=#orr

FIT A BUE ) ves (B8 bRUE 22 ) Fom , R
22.0 hit SPSS # A4, AT ¢ K 6 K BRLPR 3y 255 Mt
(One—way ANOVA)FJ5 Tukey Ki 55, LA P<0.05
hESHEHAGITFESL,

2 FR
2.1 W B & DI REE A

fdi F BBB W40 1 SCI J5 1d.3d . 7d #FAl K
BHRER R L (£ 1), BFARHAERSE 7d
WA E W AT E Y 6E , BBB E48 K 21.00 43, SCI 4
AJE BIZIERTE 5 e A R Meiz 8, R B #E s
B RE B SCT K AR S 7d 9 BBB 3141
G, R TR F AR (P<0.05), SCI &
3d WA FEH R 41 BBB PE4r 4% SCI 40 T
Z S WH G FE L (P<0.05) , 1 NBQX 5 7
Y155 JSTx FE P74 BBB 143 2 5 48 1222 X
(P>0.05).,
22 HLURHEEE R

HE et 25 5 (1) BoR IF ARG 86K A
J 5y B, S5 A B0 IR AR TR R A 2 A
T %A B i, A0 % M 11 5 b 22 1 A HES A
J¥ 5 SCI 20 5 8 B¢ o mT UL o ot AR J5 i 26 5
i | T 4 AL A T K TR R B M 5
Fa i b b 25 0 AL W IR s NBQX H5 47057 24 5 JSTx
B0 700 2 A B A M 1 5 g A A B 7 it AR
By SCI Ak e, 2 2005 B2 30 43 11 43 B 458 SCI
IR, 2= R A G4 E L (P<0.05,% 2),
23 Edfsi R

HAEREH S e s R (B 2) 8w, )

F1 HAZWIHYWAERE SR BBB ES 4R (n=5,x+s)
Table 1 BBB scores of different time points of

experimental animals in each group

NBQXH;

W R AR g JSTxHi it
(K)  Sham scig oS 2
Time  operation SCI group antagonist JSTx antagonist
(Day) group group sroup

1 20.50+0.35  0.40+0.42 0.80+0.45 0.90+0.22

3 20.90£0.20  1.50x0.35"  3.60£0.65%  3.80+0.76*

7 21.00£0.00  6.50+0.617  8.90+0.82%  9.50+0.79%

DS FARAILE, P<0.05;25 SCI 4L #,P<0.05
Note:  (DCompared with Sham operation group, P<0.05; @
Compared with SCI group, P<0.05

TR 2 BH A 240 0 2 300y o 2 g S 4 L B % L O
PURE B IR Y, A A BE M 0 A 9 A B
5 ;SCI J& 3d SCI 41 1 o zs e Ak Wl &, BRI E 48 i
BB T A 2H B 2 9820 (P<0.05) , 158 A AIL A 1 458
i J5 B 84141 GluR2 F ik /D, Ca> N i 1 £ 5
FROA B 11 5 A A A 2 e Ak s NBQX 41 BH M 240 i
BT JSTx 20 BH V40 M £ 34 ¢ SCT 47> (P<0.05,
7% 2), H NBQX 2 FHVE40 e b /b, JSTx 4 FHPE
MAECE NBQX A2, ZRHRIT¥EX (P<
0.05).
2.4 Western blot 45 %

Western blot 455 (& 3) .7~ ,SCI J& 3d SCI
ZH A4 BE 4 41 AMPA-GluR2 2 ik 7K - #5 F A
HFFEAE (P<0.05) ;NBQX 4 il JSTx 41 # AMPA-
GluR2 ik 7K -4 SCI 2H B 4% (P<0.05) ; i T
AMPAR # ¥t 7] NBQX 5 & & MR 38 4+ 1E 45 &
AMPA-GluR1-R4, 1t NBQX 41 AMPA-GluR2
RBAFHAL(FE 2), H JSTx 41 AMPA-GluR2 %
KK F NBQX 41, 2R A G #E L (P<
0.05).
2.5 RIEVOLER

PP FOCE R (K 4) IR, & A #EH 2
Y oul LR S ME BTIR A2BS ARiE B OPCs, 454
TUNEL % 7R, TR OPCs W T-#8 Hdw >,
SCI 20 OPCs 4 T 48 B R T AR 4 7t 5 (P<0.05) ,
NBQX £H F1 JSTx 21 OPCs ¥ T35 %3448 SCI 2H ik
b ERA G E L (P<0.05), H JSTx 41 OPCs
JA T BUIR T NBQX 40 (P<0.05, % 2) , 45 54 R
2 AMPAR #5407 NBQX #il CP~AMPAR #4707
JSTx T 1R LA AT 80k 2> SCI J5 4 B 20 21 OPCs
T,
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1 SCIJG 3d %% 20 K B # 20 U 2= A8 1k (HE %100, 47 R :50um)  a BT AR 4L, H 8 K 3509 40 S 28 di i B 4
IEH b SCIZH 5 B WK B AT ULt a0 % i A 11 5 45 A4 i A Ak B 25 iAKW I ¢ .d NBQX 4 (¢) # JSTx 28 (d) , IE il
R G AN 15T 25 R A Ak R s AR SCT Al B 2 SCI G 3d 45 41 & 41 21 AMPA-GIuR2 1 %32 41 1k 25 21 (%200,
BRI 20m)  a BT ARLH A IO R I P S0 11 Jo i 2 G T 200 e MBS T 200 5 At LA G IR B b SCILZH 45 11 5 &5 i
W, FRPESN M RO BT AR AL D ¢ NBQX 41 FHPEA0 Mg 8 24> d JSTx 41 FH PR 40 g £ NBOQX 45 570 7 4138 2 3
Western blot %1l SCI & 3d 45 41 & #4121 H AMPA-GluR2 19 2235 K . {8 F R 41 (Sham 41 ) B HEL4 21 AMPA-GIluR2 %
KK IEE  SCLA BB T AR 438K, NBQX 2 F1 JSTx 4148 SCI 43 F& A%, A NBQX 4 #w I

Figure 1 Pathological changes of spinal cord tissue of rats in each group 3 days after SCI(HE x100, bar: 50pm) a
Sham operation group, the gray matter and white matter of the spinal cord was clear defined, and the cell morphology
was normal b SCI group, hemorrhagic foci were found in the gray matter of the spinal cord, and the ventral and
ventrolateralwhite matter structure was loose and vacuolated ¢, d NBQX group (¢) and JSTx group (d), ventral and
ventrolateralwhite matter structure loosening and vacuolization were less than SCI group Figure 2 Immunohistochemical
results of AMPA-GIuR2 in spinal cord tissue of each group 3 days after SCI (x200, bar: 20wm) a Sham operation
group, the glial cell membrane and cytoplasm of the ventral and ventrolateral white matter of the spinal cord showed
brownish—yellow staining b SCI group, the white matter vacuolization was obvious, and the number of positive cells was
lower than that in Sham operation group ¢ NBQX group, the number of positive cells was the least d JSTx group, the
number of positive cells increased compared with NBQX group Figure 3 Western blot analysis of AMPA -GluR2
expression in spinal cord tissue of each group 3 days after SCI: Sham operation group, the expression level of AMPA-
GluR2 in spinal cord tissue was normal; SCI group, the expression level of AMPA-GIuR2 was lower than that in Sham
operation group; NBQX group and JSTx group, the expression level of AMPA-GIluR2 was lower than that in SCI group,
and the expression level of AMPA-GIuR2 was the lowest in NBQX group
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Bl 4 SCIJ5 3d & HEBEHLE T OPCs JH T 1Y S 98 45 R (S (5 : A2BS PR S HEFR I 1Y OPCs; 4L (3 %¢ % . TUNEL
AT TGN B85 U98O DAPIL Ik s R, x100, AR R .50um) Sham 4 ,0PCs # 12570 ;SCI 41 ,0PCs 8 T-%%
Sham 2H W % 3% 22 ; NBQX 21 A1 JSTx 2 OPCs #8123 SCI 037> , 3 H JSTx 41 OPCs 8 1% NBQX 2H i />

Figure 4 Immunofluorescence results of OPCs apoptosis in spinal cord tissue of each group 3 days after SCl(green flu-

orescence: OPCs—specific labeled antibody A2BS5; red fluorescence: apoptotic cells detected by TUNEL method; blue flu-
orescence: DAPI method showed nucleus, X100, bar: 50pm) Sham group, the apoptosis of OPCs was less; SCI group,
the apoptosis of OPCs was significantly higher than that in Sham group; The apoptosis of OPCs in NBQX group and
JSTx group was lower than that in SCI group. The apoptosis of OPCs in JSTx group was lower than that in NBQX

group
2 SCIG3dEHAREWALALWER (ws)
Table 2 Experimental results of spinal cord tissue of rats in each group 3 days after SCI
i T AR SCIZH NBQXZH JSTx4H
Sham operation group SCI group NBQX group JSTx group
e L s T . N
patal LRI 0.20£0.27 230020 1.60£0.422 1.5020.352
athological damage score
R 0.9420.07 0.69+0.03" 0.370.07 0.54+0.122
estern blot
ey 2 Ak D ) 2
immunohistochemical 13.25+0.21 6.15+0.527 2.10+0.42< 4.45+0.54°8
OPCSTA T35 0.13£0.01 0.42£0.02" 0.21£0.02% 0.1740.012

Apoptosis index of OPCs

E D5 F A4 A P<0.05;2)5 SCI 4 H# P<0.05;@)5 NBQX 4 He#: P<0.05
Note: (D(mmpared with Sham operation group, P<0.05; @g)(mmpamd with SCI group, P<0.05; @)Compare(] with NBQX group, P<0.05
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3 it

Bl 22l T H 2 W, Sk A s AR R
AR A At 25 10 B3R SCI I IR & 9 2R % 4F- T
0o SCI & RAE G SN FN 45l 20 21 P9 F %o e
TN AT Ak R R T, T E S R H AR
G MIs SN UIRe , 45 B H K E Mok s i R DU E 1y 1
1, PR 2 R G RIS OPCs 29 & vh A
280 M BN 5%~8%", HAE IE # AR BLIRAS T AE
S 1A HE I Ak R BB OLs, [l 1 25 Ha ik oo A 8
BRAL A5 LIURHEAT ; (H7E SCI 2bE 30 | 1 4 5
1) OPCs Jf A 58 4 401k BUEE S OLs, FLKE & M
55 2 R 1 28 e > K| T 2, H AT, SCI A
OPCs WA T- ML IR e v 2, HEZ X} OPCs
T T, TREGZ T SCLIRYT Y ik
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