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Analysis of electroacupuncture pretreatment inhibiting gap junction com-
munication function of glial cells after cerebral ischemia and its mecha-
nism of action

XING Xue-liang'?,QU Yang'*> , XIN Gui-le'*,ZHOU Hai-chun'"
(1. Heilongjiang University of Chinese Medicine ;2. The Second Affiliated Hospital of Heilongjiang University of Chinese Medicine ;3. The
Fourth Affiliated Hospital of Heilongjiang University of Chinese Medicine ,Harbin 150001 , Heilongjiang , China)

[ Abstract] Objective:To investigate the effect of electroacupuncture pretreatment on the gap junction communication function of
glial cells after cerebral ischemia and analyze its mechanism of action. Methods:96 male rats were randomly divided into four groups,
namely sham surgery group ( group A) ,middle cerebral artery occlusion model (MCAO) group ( group B) ,electroacupuncture pretreat-
ment + MCAO group (group C) ,and gap junction inhibitor carbenoxolone ( CBX) + MCAO group ( group D), with 24 rats in each
group. Rats in the group A underwent various surgical procedures similar to those in the treatment group, but did not undergo MCAO
model construction, group B rats only received MCAO model construction,rats in the group C received MCAO model construction after 3
weeks of electroacupuncture treatment, group D rats were pre injected into the lateral ventricle 2 hours before surgery 10 wL CBX (5
wg/ L) ,then accepted MCAO model construction. Samples were taken at 12 h and 3 d of reperfusion, with 12 rats taken from each
group. Immunofluorescence double labeling method was used to observe the expression of Cx43 on astrocytes,and Western blot method
was used to detect the expression of gap junction communication related proteins ( Cx43,p-Cx43-S368,p-Cx43-S262,GFAP,PKC, Ne-
un,eNOS,ATIR) in glial cells of ischemic penumbra. Results:Cx43 was mainly expressed on the surface and protrusions of astrocyte
membranes. After 12 hours of reperfusion, the fluorescence intensity of Cx43 and GFAP in groups B,C,and D was higher than that in

group A (P <0.05). After 3 days of reperfusion,the fluorescence intensity of Cx43 and GFAP in groups B,C,and D was higher than
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that in group A (P <0.05) ,the fluorescence intensity of Cx43 and GFAP in group C and group D was lower than that in group B (P <
0.05). After 12 hours of reperfusion, the levels of Cx43,p-Cx43-S368, p-Cx43-S262, GFAP,PKC,and ATIR in groups B,C,and D
were higher than those in group A (P <0.05) ,while NeuN and eNOS were lower than those in group A (P <0.05). After 3 days of
reperfusion , the levels of Cx43,p-Cx43-S368, p-Cx43-S262, GFAP,PKC, and ATIR in groups B,C,and D were higher than those in
group A (P <0.05) ,while NeuN and eNOS were lower than those in group A (P <0.05). The levels of Cx43,p-Cx43-S368 ,p-Cx43-
8262 ,GFAP,PKC,and ATIR in groups C and D were lower than those in group B (P <0.05) ,while NeuN and eNOS were higher than

those in group B (P <0.05). Conclusion; Electroacupuncture pretreatment may regulate the expression of gap junction communication

related proteins in glial cells,promote neurovascular remodeling after cerebral ischemia,and exert a neuroprotective effect.

[ Key words] Electroacupuncture ; Cerebral ischemia; Neuroglial cells;Gap connection ; Cx43

Jik e LA Pl T R 0t A A G A i DA 5 B
L3 B/, i 4 2k = R 08 1 SRR 57 L R N
B B9 A 05 1 — o R AT 2 I R 4
i =2 1] 30 k2 B 32 e T 0 ) RE 0 2%, S B T R A
BB H ' B B R — iy 2 S AL
(14 20 JHL (] 328 4 254, A IE I DL T, B WL 4 X 48 £y
MRS AL S A mEAE T SR, 7 —
S FAE DL T dnd i B0 UL S 4% BRI 4T BE
RSO SR A N AN T S N AR
VA AT T A0 A s e T B R B, Ak
Wi i 10 TR M e ot B T 4 4 95 A K it
BN, v e A5 A A T DR R4 A B 5 TR
RE J2: b7 ¥ Ml e 1L P A7 2580 SR s

BF5E 2R WT, 25 | AR I A S 5 T 4k 3y
AR AE TS 5 IR ke 1t T 52 PR, 5L 3% 99 4k B i AT
FEAE— S R BR T o B S — R T 6855 1Y e O
RSB R i LA BT 36 B 1 R BRI i DR T 4R A
PSR W TR R o A S 6 A B, H A AL B
AT S IR L 52 A A kL X B2 )2 R 3R T R
RAE N o AWFSE B TEAR DS L AT FT40 2R K BUR)
P IR R L P 22 R T 2 M 4 B 3 3 TH ) RE Y 5 )
Lo FCAE FIAIL D, LSBT 5 ki ke i 75 96 f) 7 30 A5, DA R
B S IR 5k 1L ) By 3 5 it £ 3t B S B AL

| RS

1.1 ZIwzh4

EH 96 B A M 1 K B, MK 220 ~ 250 g, 1]
F=FHhruE SPF R G0 RE N IRIE 22 ~24 C i
& 50% 4 6 R R % F — A BUE 5 3 B iR
1SR R R AT DL A e ROk, B H
12 h ARG 2 B IR, AL T L O KRB RIL P E
R K s Y e & B & it E (ZHY-L-
2022015) .
1.2 RXF 58
1.2.1  F EL & MSZ25 %t Wi s (H AR
J#) .CRYOCUT-1800 7K #: ] A #L ({8 & Pk ) . JW-
3021HR {5 3% R B0 ML (% 855 3C) JTXDRB fH i
Iz (i1 6 K 8 )  Western blots £ 1 HL UKk A¥ ( 3
/A4 ) (VE-186 % R ( L1 K g ) SDZ-II1 HL %

(TR AL ) o

1.2.2 £ FERA  AFEHK ARG (AR 4%
F Ay 73 7)) PVDF B (55 [ PG A 0 B8 4 B 27
F]) \Trizol \RTIPA 24 f# Wy K BCA ) 5 128 5% & ( 56 [
FEER A RBHE A F] )  Western blot #6557 & (58
/A S ) B Bt o 422 38 TRCBEL VA 00 90 500 CBX( U i 4
ez R AR A ED) o IHEP R P (]S
ab6721 ,Abcam ,J5[H ), WLF 1,

xRl BRE-NEASHMEREEST X

e g "5 I3

Cx43 1:1 000 abh217676 Abcam , ¥ [%
p-Cx43-S368 1:1 000 abh30559 Abcam , % [
p-Cx43-S262 1:1 000 sc-24541 Santa Cruz, 38
GFAP 1:10 000 ab7260 Abcam , &
PKC 1:5 000 abh32376 Abcam , %t [H
Neun 1:5 000 ab177487 Abcam , 9% %]
eNOS 1:1 000 ab252439 Abcam , % [
ATIR 1:5 000 ab124734 Abcam , %% [€]
B-actin 1 pg/mL abh8226 Abcam , % [
1.3 Ak

1.3.1 KR 24 Kk MCAO A Mz (1)K

BT RTF ARG (A d) K i v 3h ik A 2 A A
(MCAO)4H (B 4) ML EFAiAL L + MCAO ZH(C &) .
BE WA AR A 1R H FIER (CBX) + MCAO 20 (D 4),
B4 24 Ho A 4R BUR#EFT MCAO £50 A4 4 3
B 2l KRN 52 MCAO f A4 5 C 41 K BT L &
1GIT 3 FJG 3% MCAO AU 2 ;D 240 K BT ARl
2 b KR A A 10 L WRBE R 5 pe/pl 1)
CBX,#32 MCAO iU fg g, (2) Hi B 7 4b B )7 % .
VEHOK BRUE 270,45 bR VR 2 mm, 3 42 L AT IR
JPAN, IE AR B2 T 45 0, b e 7E KRB 2k I, 6 BB
B A R B 4y iR B 2/15 Hz 1 mA | JI
30 min, B JEIEYY 5 d,1 k/d, (3) CBX {5 ik
W5 R SRR SRR 7 A A [ R T Sk i, 2
% T 1 $8 %) Bregma 55, {5 )5 5 Al Bregma s5 X 5%,
AR s E AL, 75 0.8 mm Z2FF1. 4 mmAb &AL,
BB ARG [ E R A, B IR, AR
BE 3.8 mm , HEEFIE A5 [l 0T UL VE SE WA, CBX
TR SIS E BB Y 15 min, AL Sk 28 18 3 S Rk



T B

FEL T O A L 0 ) i e L Ao 20 R 400 i S R T 4 30 TR S e R H A AL A 147

AT EE A o (4) MCAO K R 78 4 £ 7 325« X K
BRIEAT ARG 12 h 25 ab B, R K & S HE 4T 4 B
JR I, [ B R4 AR L (37.0 £0.5) °C 5 78 1 75 3038
E P HEAT Y T, & M 3N kL B4 B bk B SN S
Jik , ¢ 290 sh bk A 3 A s Bk A 25 4L, T BUE s bk 4y
R — /NI 1 F S Bk A A 3.0 JE R R
LR 2 (— 3k R ks B 3k ) L IR E 17 ~ 18 mm; R
FH O 2238 0 B 3, O8I I A A A B B4 M o 3 B
W17 0 o A 75 A S B ) 1 o i A st ok B i 3
B 2 LR A 19 30% LR 5 6 #1430 bk oE 47 45 3L, 9F
SEAF 120 min DUJE B e I, SR 15 8 R Je e 4k DA AR
I FAKE o

1.3.2 BM 4B F D 12 h PR3 d kT
BB, AR B 12 R R, e e B sk UM, 43 7
A M R 2 BT UK - 80 CURAEAS H o

1.3.3 S#EKAEHATENZEN KT @M L Cx43
FRER RAVKGEY) R LR KRR 4205 % 10
pm BESEY) R W T3 A b (2R H 2 R R
PE) o HCE 3 min B A FE T - 80 CyKAH fF
M SR SP kM E Y, 4T Cx43 (GFAP WAk, M
8L Cx43 78 290 B TR 40 M0 1 Y 263k B e Rk B 1Y
b, HARE RS A & Ui . kA 500 mL/L
A H B, T oeot B UEE TSI IR e A %
B RAPEXT R R LR S A R R —, =S
SEIG AR E]

1.3.4 Western blot # Il $ fn 23 8 X 4 2 Jx J& 40 Jo
hREFZBRAAXEZEGRAFN  RELF &N
P UEATHR AR EURN e B I o A AR P R O
X REA AT B IR AR AFAE - 80 CUKAl b . MAEA
FEAS th U4 B 11, 54T SDS-PAGE LB & (A1 0 55
J& R R A —BT  BUIE AT % R, DAB

FHEHE 12 h

B 4l

Je o SN, K 58 G 8 0 1 8 0y AT R OF 53 B 45
R
1.4 SHitZESH

A B R T SPSS 23. 0 48 1+ 1 F i 47 4b
B, EBORI (2 £5) ROR, 241 H BRI
R 2500, AR P L Bk T LSD-r K 3, P <
0.05 N2 S ArfE g it 2 Lo

2 HR

2.1 SEHAXRREEEKRAMLE Cx43 RXER

Cx43 FZLAE B Y I o 40 ff 55 3% 1 5 28 1 6 A
Fik, FEMEVE 12 h,B 40 .C 40 .D 4 Cx43 .GFAP ¢
JCHRER T A (P <0.05);B 241 .C 41 .D 44
MM, 225 RG24 L(P>0.05), f#EF
3d,B4.C4.D 4 Cx43 GFAP % Y8R & T A
ZH(P<0.05);C 2 .D #H Cx43 ,GFAP %y um & %
FBAH(P<0.05);C 45 DI, EZRTHIT#
B (P>0.05), WK1 KK 2,
2.2 BAKRERM IS X M2 R0 4% PR
BIEXEARIEER

W 12 h,B 41.C 41.D 4] Cx43, p-Cx43-
S368 . p-Cx43-S262 . GFAP ,PKC \ATIR ¥ &5 F A 4
(P<0.05),NeuN ,eNOS ¥/t T A 44 (P <0.05) ;B
4 .C 41D A ZdlE A, 225 LG22 X (P>
0.05), F#EVE3 d,B4].C41.D 4l Cx43,p-Cx43-
S368 .p-Cx43- S262 .GFAP . PKC .ATIR #J& T A 4
(P <0.05),NeuN . eNOS ¥t F A 41 (P <0.05);C
41 .D 4l Cx43 . p-Cx43-S368 . p-Cx43-5262 . GFAP
PKC ATIR ¥{EF B 41 (P <0.05) ,NeuN .eNOS
T B4(P<0.05);C 45 D4, 2R ILE
FEX(P>0.05), WK 3,

cH

THETE3 d
1 BFHEXRREFEKRMAM Cx43.GFAP RiXFR



148

39 % 2 JII L E ZF B3R ( http ://noth. cbpt. cnki. net) Vol. 39,No. 2
2024 4F 2 H JOURNAL OF NORTH SICHUAN MEDICAL COLLEGE Feb. 2024

A 9o, " m(x43 B 90 * | (x43
a0l BGFAP g0k =GFAP
70F i o

50 *#

*#

FOLHRIE (%)
FOLMIE (%)

Adl B4l ca D4l Al B4 c4l D 4
2 BERREWBFREM Cx43 GFAP R E
A BiE 12 hiB. AR 3 d. *P<0.05,5 A L #P0.05, 5 B 4k

Cx43| - - . o
p-Cxd3-5363 == S - o
p-Cx43-S262 w o D

GFAP | - e

PKC| e S0 &

NeuN -iﬁ

NOS [ ———

ATIR| - - -

GAPDH | -

T 0
; A4l B4l Cc4l D4l A4 B4 c4 D4
?\EXX%%Q&%

o *
I 1.0F
0.8 1 *

GFAP A% % ik

A4l B4l C4 D4 A4l B4l Cc4l D4l Al B# Cc#H D4

Adl B#H C4H D4 Al B#H C4 D4 A4l B4l Cc4l D4

A

Cx43 | == - - -
p-Cx43-S368 | = N . -

p-Cx43-5262 |t M - 12r
GFAP| == M 4% == = 10| i .
PRC I 05| roo
NeuN |l e 5 o Zosl
eNOS [ ] @ 04l
ATIR] | 3 0ol
GAPDH | -
0
§%$%Ql&’\)% A4 B4 c4 D4 A4 B4 Cc4 D4
g -
%12 - 12 i
® 10 * 2 10F | v
=08 e Rosf { i
Q06 ! Z 06
ol =
@ 0.4 =] 04
K9 -
E 0.2 502
L 0
A4l B4l C4 D4 A4 B 4l CH D4 A#d  BHA CH D2
12 12 12
2 1.0 =0r B 1.0 *
_}é * # * X gt o
Tos o - Rosf o o 808
Z06 =06 i ] Z 06 .
- 1 5= = 4:%
704 I L0041 I =04 I
~z z =
i S02f X
0
A#l B#H C#H D#H A4l B4 Ccd DX A4l B4 Ccd D4

B
B3 BHEHARRMDFEXHERFAMEREZBIAXEAREEFR
A B 12 hiB. FHEE 3 d, *P<0.05,5 A L E#P0.05, 5 B gL,



T R, A R B A B AT ) I R I A 2 5 200 Y S I 3 3 TR g B AR I PIL A 149

3 g

RAEBFFEAESE ™1 o B T 2 RO IR ik 1t e
ZIouHA R E R, B AR HL S w R o8 4 B i
SLIY RS 5 40 My B ) BB A S R AR & T AR TR HE Ry
TR 2 R g RaZs Y L RIAR B TR 40 M 2 ] R AR
DR =2 1) A 0 A B 3 0 o %8 37 30 T2 5 400 Y )
HERTE R, RS A AL TR <
1.5KDa {43 F i i, B 3 A 5 40 M 1) i {5 B &S
Wil Cx43 R R R AN M bR R LB 4 B %
B, R 28U W) BE 35 5
THT % ¥ O AR T . 7 A ol O T AR R, Cxd3 Y
Y K HE 5% AT SR A7 A6 4 o

AR ST Cx43 B MR R,
AT SC 4 Ll 24 RUBEYE SD R BN SEI X 42, &
PR oL PR T 4R BRAR B TR 41 Cx43 KT
AL AN Cx43 A 1E ARSI T
VERD, 248 6 4 45 1, MCAO A5 750 2 J B ft i
KA 2 Cx43 Fih KV B & TR F R4
Zhang 2503 3 kg g/ BB 480/ 5 SR MR AR % B
B S/ 2B T BN B R AN B TS fE 3G 0, Cx43 UK
S B S B, T PN A B A T R A T IR R 5 A A
Cx43 7K1 Al MCAO K BURE B 44 B 5 40 i o4 7
FRpE, ABEsE, FHEVE 12 h,B 41.C 4.D 4
Cx43 .GFAP %¢ Y65 i K Cx43 \p-Cx43-S368 ,p-Cx43-
S262 .GFAP PKC ATIR E I FE XK EWE T A 4
(P <0.05),NeuN .eNOS TR HFE LK FHILT A 4H
(P <0.05) 47~ MCAO £ RUAL £ 15, 1) )5, 4 Bl i 422
T TR B S 3 B, 5 R R R K TR 4N i P Cx43 3
WM FEEVE 3 d i Bk S R N X AT g2
T bt A B 1) 9 HEAS R BRI kb S B W K, % B
323 K A5 BE 0y DX BE T 45 5 38 W 1 366 28 A 4T )]
HIIX, i — 25 b R 4% B 1 00 TR 56 2 1 ok
K, H—F LA, F#EE 3 d,C4.D 4
Cx43 .GFAP 5 )il J&# K Cx43 . p-Cx43-S368 . p-Cx43-
S262 .GFAP . PKC  ATIR % A £ XK ST B 4
(P <0.05),NeuN .eNOS FEiLKFEHEF BAH(P<
0.05) , #8755 Hi g 79 &b B8 7T A 3E 4 90 B R E
IR, RAE T AR AR R 300 H AR I HL S AT RE
P BT T 2 T A 3 e 47 200 i ) 4% i i R 2
BE, SR Cx43 S5 2% B % 16 TR AH 6 & A 4> Tl
DT e 5 i e i/ 3 R R 5 T R S b D A
AN B 5 DX BRAB A5 , 46 /0N o A A8 AR B 4100 i 5t . [X
S 80 T e i ke ot/ PR S U ) R R R, R
AR E . BLE S L MCAO K Rk 52 56 Xf
S PR N E S A AT ek R 28 T BB B UIE
R, EA W O 4P VR R, I 4 D0 AR I HL R o] 58 5 08
Cx43 [FRIBM K, 5AR ST R G5 AH 0 .

Z< F B 41k - http : //www. nsme. edu. cn

{E&E 5 & % : http: //noth. chpt. cnki. net

25 b, BT FTAL BERT B G o 9 Y R o 4 i
B3 el TRAH O 2R 1 A 3R 0K, 02 2 Ml ke af ) Aok
I E AL, A R 31

&% ik

[1] Kapanova G, Tashenova G, Akhenbekova A, et al. Cerebral ische-
mia reperfusion injury:from public health perspectives to mecha-
nisms[ J]. Folia Neuropathol ,2022,60 (4 ) :384 —389.

[2]  Xu S,Lu J, Shao A, et al. Glial Cells: Role of the Immune Re-
sponse in Ischemic Stroke[ J]. Front Immunol ,2020,11 :294.

(3] XUTLZR, L ST, . 4% B 5% e 26 10 98 59 ML ) i) B 5 ok e
[J]. 3R E R ,2021,52(4) ;275 - 279.

[4] 2006, 32 %, 3 Q5. JETAERE S E N-43 HENEZ )
A 30 BRI o, P D 5 1 5 2 M 9 B
JE[T). o B B A 2023 ,38.(3) 299 - 304,

[5] Dong R,Han Y,Jiang L,et al. Connexin 43 gap junction-mediated astro-
cytic network reconstruction attenuates isoflurane-induced cognitive dys-
function in mice[ J]. Journal of Neuroinflammation,2022,19(1) :64.

[6] Zhao Y, Yang H,Shan W, et al. Moderate ethanol-preconditioning
offers ischemic tolerance against focal cerebral ischemic/reperfu-
sion ;role of large conductance calcium-activated potassium channel
[J]. Neurochemical Research,2022,47(12) ;3647 —3658.

[7] Yang H,Qi C,Su F,et al. Cerebral ischemia/reperfusion injury
and pharmacologic preconditioning as a means to teduce stroke-in-
duced inflammation and damage [ J]. Neurochemical Research,
2022,47(12) :3598 -3614.

[8] XUFHUE, PG, JAAL LS , 55, i B oK T L 2 7O f e i 5 9
TER 05 K BRI e Bl 22 e i T i ma [T ] o [ 20 20T R A
7%,2022,26(35) :5620 - 5625.

(97 frelwde, Emm o5 B0 A 23 7R T ik B a7 3 3 353 03 19 1 AL
WP e T]. B2 541 ,2022,29(7) : 198 - 202.

[10] SREZH UL, B 00, 5. o &1 T 27 Pl % il ke ol 75 8
TEA [a] i [ K BRAAE R 3 s el [T ] B e I IR 2% 35, 2023,
39(7):79 - 84.

[11] Gao W,Ning Y,Peng Y,et al. LncRNA NKILA relieves astrocyte
inflammation and neuronal oxidative stress after cerebral ischemia/
reperfusion by inhibiting the NF-kB pathway[ J]. Molecular Immu-
nology,2021,139:32 —41.

[12] Totland MZ,Rasmussen NL,Knudsen LM, et al. Regulation of gap
junction intercellular communication by connexin ubiquitination;
physiological and pathophysiological implications[ J]. Cellular and
Molecular Life Scinces,2020,77(4) ;573 -591.

[13]) {E3CdE, B2, w55 d B e b 30 K B it o, 788 00 &8
WUHE A% SR SE B B 1 43 RIS [T ] BRI IR 283,
2023,39(2) :81 -85.

[14] 240, 5 £, 36 %, 48 JE T 4% 04 4 8 143 IR 45 1942 3)
T Ak # AR E R B 5t I PR S R 6 1 4 P O T A A BIL T B
FELI]. hE e BE 4 44 75,2023 ,38(3) :299 - 304.

[15] Zhang T,Wang Y,Xia Q,et al. Propofol Mediated Protection of the
Brain From Ischemia/Reperfusion Injury Through the Regulation of
Microglial Connexin 43 [ J]. Frortiers in Cell and Developmeital,

2021,9:637233.

(16 Zf . LBl X i e ol /-7 1 O B/ M1 2 1 -1 4% B 0 42 2R
Fi 43 FZakpsgm [ D], M AL ,2016.

(W #5 B #9:2023 - 10 - 09 f&E B #§:2023 - 11 - 10)

fB 48 : xuebaochy@ 126. com



