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PRI IR 2 B M B 5 — =B, TR A A AT A S LB 695, 4210015 2. PO RAAAETE BE B

[(FEZE] BE Kitw4t “547 “AP” REFHEELFEZFG (CIRD) 457 XA TRAERLE ., K
iE 36 AMMSD K ALY ARF R4, BAAFed 4, H212 2, RBF RASNE 4R FERA KX
FIREAE P 5 4] & CIRI K AR, #4224 h G xr 4k RAT AT, R “B2” “A¥”7, %15 Hz,
BENImAWEL Ik, FR1K, HR20min, £5K . A Longa k7% &K ZAPZ s M 425 ; TTC
F & kMR X AR, HE & EMSMA LR S L ; ELISA A s Ak & mien% 18 (IL-18).
amiA-E6 (IL-6). amien#%18 (IL-18) K-F; if 4 F R &84k K A= Western blotting i % 3 44 & i
e oo X w20 22 Gasdermin D (GSDMD) mRNA #2 Gasdermin D & & #5 &% (GSDMD-N) &&a ki, &8 5
BFRémres, BAMKZAZ TSN T . RARRRRA T, BARIL-1B. IL-6F1L-184F
B e, KR Bk fn X 28 22 GSDMD mRNA & GSDMD-N & & & A R -F 8 238 & (P<<0.05 K P<0.01);
HE# & 4R 27, BAAXKWALAZTHT T, o2 mieiik, A%, SHMRTE, SERA
ok, WA KR ZARFS TR, WAL, AR IL-6AI1L-18 4 W 2V, GSDMD
mRNA & GSDMD-N & & & ik K-F Bk (P<0.053 P<<0.01); KR KWK RAYZTEEREANZ M0 EE
kAR E BRI TR, B w4 “BALT AFT RARE CIRIEA X R miz ek )y, &E KR
AV Z AL, AU T AR S TR I AR S B T e R B X s 48 42 4 I R TR A B 8 GSDMD A A X
[REiIR] s b BEZRG; 4 B2 AT; XERT; MRETCRSES

i ke i P 7R #5245 (cerebral ischemia reperfu- Gasdermin D (GSDMD) [ %3 (GSDMD-N) J&#®
sion injury, CIRI) S8 i 41 2Bk i — B[R] S, VAN N ST E T Sy DT Y Tt 7/ B S o |

A P AR A N, B I X B2 4 e 2 AT ABFFEME A “H & AT JO CIRIBIRR
GG 1 R B A0t — 45 I S AR B4 . CIRT AT 1 S £ JAE BV S GSDMD 4R I RIB YR, i
BT EES: “q R Sk, oERAAE A CIRLE BB i6 CIRT (I R I FH $ L B A8 . AR 4
BRI O IR R R, vk 2 S R R KL T P RS B B B B 56— R e PR R B e fe
L RS, AT REE IR S A R 1 R (41t 5 201907040135 -

FCTT % 45470 CIRT (/R 1T 0 CIRTE—A~% 24 1 % 1 HREHE

TGOS R AR, AT AT — R KT 1.1 2%

RAE I I FE R A SE T 2, 7E CIRL &4 % THIE AR SD K36 K, 3 AR, (AR
JR B A L A TR B350 ~ 450g, Wy T HE 44 T 3w Sk S A A
EEL£WE WK HRPEI 4 (81973917) s im &4 HRFl-5 4 RR], SSESIIEIPRES SCXK (i) 2019-
(202015508 ; WG48 BAGEZE 2020 4F 5 BHIF 7 0 -5 (20200474 ) 0004 FFRRUATR T (2422) C. HREL (55+
54 iBIRFE : zhoujun8005@163. cm 5) %. 12 h BEEOCRIEA L E AT T, K AH
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POoKEEE, mNMHERTE .
1.2 EZZXA5E

2, 3, S-EAL =R AME (TTC, LifFFiR
YR AR, S T8170) 5 SR AKE - 4T
(HE) a5 (At EEERFEARAFR, '
C0105S) ; GSDMD-N $iif& (4 [E Abcam A Al , it
+7ab215203) ; B-actinPifk (L5 66009-1-1g) .
i E 18 (IL-18, #HE5 D08035329) | FH 4 fifd /i
K 6(1L-6,41t 5 B23031504) . A4/ % 18 (IL-18,
fit*5- D09035330) Elisa it &, 3 [E Proteintech 24
] 5 Trizol 17 ( 35 [ Thermo 2 7] , #t 5 15596018) ;
10% KGR (BT AYRHHARAE, S
ML7018) ; DNA (b5t 5 At 22 A4 W RL B A BR 2
A, it CW0632) ; SuperECL Plus #8 #& Yol (3£
[ Advansta Ay A, #t+5 K-12045-D50) .

AR TR RN BT S A BRA F], 7Y
5 SDZ-V); 0.35 mmx25 mm I BE R 4 & 4 (b
TR BT g PR 53 A\l 45 HY210203) 5
HRBEE LM Crh E W MM AF, B
H1650R); Y2z s (H A AR Bk 24t
45 BA210T) 5 Y1 R AL (FE[E Leica A W), A5
YD-315); #tE R A MEE W (PCR) X (A
5 MB-530) . # G PCR #le (H5 PW-812), [
Thermo 23 H] ;3 EASAHML (fEREA W], #45 5000D) ;
HUKAL (dbmx — YR EARAR, S5
DYY-6C).
1.3 AR

K BEHLEC T 2 20k 36 LK RBENL 2 A BT
AR, BRI | A, 12 K, BRI AR
PR RS BSCER (5] et ok B R il vh 3 ik
A7 CIRT K RRUBE AL . I s v 5 10 % K & S
(300 mg/kg) RIS, AMEM [ F A H G F ARG
o WUESIESCR R EE, ST, BT R
W, SEa SRSk, SiNshik. Sisbshik, %
TN SR OB BTAS V™ U, 5 5 e A fa 2k
S B kA A BTN B IK 2 1. 8~2.2 em, SRS ¥
A Bk —REEFL . 2 hFk gk, 4%
G R BFARATF AR ARIBAIA, BT
e EA sk . A Sk . BNk, Ao
JE, RIEBZ%ES .
1.4 F#FE

AR SRS 24 h R B e KR, 2
MR RF) ', BE BRSO i
FIEE B, AT JRRERT 1 mm EH At

“EST DEIESS K AES” AT XA
B, FH0.35 mmx25 mm B A4 it — Y ME G T 4T
REFFIA, “AL” METEDE 2 mm, “AH” &
AT mme HEEF IS, B AR AR A R AT AL,
W RSk, WA 15 Hz, 585 LURFR LN 4215
Wi M (1 mA), BRI, FIK20 min, 3L+
5K,

AR GBI B 7 FH A [ 5 TC
ok, #EHHRAHUEATFIL, TS5 K.
1.5 MEIRIFE T ik

25 4R B e BB ML AR 7 R e B 6 Ltk AT 4 ik
TTCYef, MR AEAR R, Folar 6 HOR BREAT I
LB A il
1.5.1 stk T H5E N, Wk BUm,
i 28 2T AR B ER K v JS L 8 L B i A -20°C
UKAE 15 min. fRURIG, FHYD R AL el 1 2 2210 1%
5HIEZ)2 mm IGZHE, 2 8T WA 9 B
H, 37 CIEHEMFE 30 min, EEAIBE 15 min BRRHE S
WA, [HHS Y, R ah R, R
gifn, FEAEIXCN . FHECRS AR MLTE [RIAE G A1
T AT EG A, H Image J 1. 8. 0 544334 A AE
EBUFHAT ST # 50T .
1.5.2 Attty THREWE, 3%
Longa ik " Xf R ERIEATIFSy, PForJrik: o4
BigEdR . 0435 ARETEMEXTMETIN: 155 M
PN R . 2 43t xR . 34y BIGER,
AR RATE: 440, srEBGE, UL FE R B
Ja
1.5.3 A mEmER-TFayoutdl MELUhEH
GitE o se s . R0 10% K & 81 (3 ml/kg) I8
JE TS HEAT R BRI, R KR, LE0 5 B ik
B35 . FERLE BT 4290, 5 em (19 LA (8] B ik
e, BT M SRR SREAT, A TR
i, 1 E . A H KB A 0. 08 ~ 0. 1 ml,
Jit A =80 CYKAR IR A o S0E I+ 46 I >R H Elisa
B, TS R UL SR, D AT IL-18
IL-6 FITL-18 & &
1.5.4 WAZRBELE BEBRELNE, K
BT Sk BB, BCaR it DX R i B2 SR 4 2T, F-196 C
WA TR . RAHE e, B HANY A,
BRI, MR IRARS . BHerabfs e, i
et R, A SR I DX R R 2 S B A
1.5.5 X Fi#kfn R fx4E 20 GSDMD mRNA k& %
JHRT-PCRYE, EPE & HMALIbRA, % Trizol
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RIS FEA Y L RNA J5 42 DN A A i 5 & 56 B
BHME, Ll B-actin NS . TG RE B PCR U
AN, S50 2“8 GSDMD [ HH X} 3
kg, 1YW BEA TA G, GSDMD: It
TTAGTCTGCTTGCCGTACTCC, F i GTCCTGTAA
AATCCTCCCGATG, 7K & 197 bp; B-actin: I
if ACATCCGTAAAGACCTCTATGCC, T il TACTC
CTGCTTGCTGATCCAC, F=¥K . 223 bp.
1.5.6  J& Jf 4 f X i 28 2% GSDMD-N & & & &
K H Western blotting 7, 55 B iz it ke 1. X i 2H 22
0.025 g, JHVKT¥ PBSYEZHZ, BRI, I8
(12% W SDS-PAGE) . HLUKJG, VIME, HEASEN.,
5% M RE WK 2 B 60 min, 4 Cidk, K H R
JiE 30 min, HIA—PL(B-actin 1 : 5000, GSDMD-N
1:1000), MA—HiHBEWR, 4 CHEF 90 min, MM
AT CEPUMNRIG 125000, FPifleG 1 : 6000)
J5i 37 CHFF 90 min, i F ECL & i 7] &k 46 1 2
Fio f# M Image J 1. 8. O 8{F M 45 I K FE(HL
1.6 “%it¥r&

K SPSS 26. 0 8 Geit sL s B, AT
SRR R B AR K B 2255, bR
2 (x+s) R, KM ZER ILBRHRRZE %
M, FERA LSD AT b4 . LA P<<0.05 K
ERAGIHEE L,

2 H#R
2.1 A1 K RAYZ )R8 A5 7 4 B AR B Ak AR
203

Fn, SERFRALE, FHAAKRMEY)
BETT o> B & b Fb W AR SE R BB W i (P<
0.01); SBIAIZ AL, WAEFA R R L YIREIT 5
TR K i SE AN (P<<0.05).

R AAKREIZIEBOIT . WATIEABILE (es)

415 R Maoiseiras AR mm’
T ARH 6 0. 000. 00 0. 00=0. 00
AL 6 1. 000. 63 0.330. 11"
AR 6 0.33+0. 52" 0.12+0.09"

H: a) SIRTARA A, P<0.01;b) SHRIZH L#, P<0. 05,
2.2 BMKAWHRIL-1B. IL-6421L-18 43 b4k

2w, HSERFARANE, BRI K FME R
IL-18 . IL-6 F11L-18 & & B W3 (P <<0.05 1%
P<<0.01); FLEFZH K BN HE I IL-6 T IL-18 % i 3
RFRAIL] (P<0.053% P<0.01), IL-18 & &2
SIgHEE L (P>0.05),

R2 SUARBUREWRRAE A TKF LA (ng/ml, w2s)

2651 AL IL-1B8 1L-6 IL-18
BPERHA 6 171.60+39.15  6.14+2.06  0.930.22
FEAIZH 6 268.14+88.08" 11.45+3.55" 2.45+0.49"
R 6  188.65+60.85  7.76+2.357 1.40+0. 36"

e IL-1B, M4 Z1B; 1L-6, 41 %-6; 1L-18, [
MM 2R-18,

a) HEFARAILE, P<0.05; b) SBRFARAILE, P<
0.01; ¢) SHAIHILE, P<0.05; d) SHEAHILE, P<0.01,
2.3 BUMKXAMMLHE £ ELER

HE 46 (x100) 25 7R, (B P A 2K U 2
g onHESE ST, MUK ER, WRYE, Bk
JE, BT BRI K BRI 2 e 28 ocHE 3R
AL, PRI, MR AR, SRR ERE
SR I 4 N N I T oy N L 2 ) IR Y 6
TR PE AR A Prmis, B g o] DA
R L PR S AR BRI B oA 22 ebi 4
2.4 BAK KRS X 4 20 GSDMD mRNA &
GSDMD-N & & % ik b4z

K3, HERTFARANE, BRI K R Pk
I X i 20 2 GSDMD mRNA & GSDMD-N 5 4 #2535 ]
BIE (P<0.01); SHEARIA LA, Wit d
GSDMD mRNA K GSDMD-N % [ #3580 B FEME (P<
0.05) . 4% 2H K KUK 20 28 GSDMD-N 5 4 3% 35 Hi ik
L 1.

R3 KRB TS IX L GSDMD mRNA

J% GSDMD-N 5 1335 i (7+s)
) GSDMD mRNA/ GSDMD-N & [/
ZH 5 AL e
2744¢ YRR
FARA 6 1.42+0. 43 21.61+7.12
R 6 5.93+1. 99" 52.37+5. 55"
FLE AL 6 2.3+0. 49" 29.55+4. 77"

H: GSDMD, Gasdermin D # 4 ; GSDMD-N, Gasdermin D £
P11 &

a) HBFAR4ILE, P<0.01; b) SHELIILE, P<0.05;
o) GBI, P<0.01,

BFERA B4 A

GSDMD-N — —_— — 25kDa

actin-1 = - &  40kDa

7F: GSDMD-N, Gasdermin D% B9 & ¥ o
B AR B sk X R ZH 4L GSDMD-N
AR IRHIKIE
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3 Tt

HEE AR, CIRI 2 F 5t R B0 s il
FRAENG K B ORY, BRENK, JRYT S DUEHE.
WL G IMGESE S E . A BB, o
FREH, Wi LA, & TFiEmBoaasr .
OMJET - BB st ) id g ik T 55
PPERJEEE ., JF TR, BahA
Wkz<s, AW E, RilmRR T Xz —, B
W, A, BEREIAYY CIRIAEE A Ik RBF
¢ IESE, HLATRBMCGE B IR TRE, 2L
HHEATERRS, AR, BRI &N X
JAUSE , - DI R N FH A B J 7 S R A REA ) 2 B b
B CIRL, AL ER, BORZ K B R i 3
KETFESE L, IR B iz sh DR, KR
Jiki 25 240 25 20 B 45 4 B AR . TR A ST
CANHT U, KRR ST Re S AR A, kA
FEARBE/N

CIRI ML P B 55 PR B 7 . i I 3 £ AL 7
W AR QN =R URTIR N N S S
SCESAEY P WoR,  HUER TR AL P R AR K
T EEEEECN . A% T «B &5 A
EEAMRE, (SR E LM S HAeE, BERNK
Jib, B S R, AT REE A R R ARE A DGR AR
PRI I P VR S AR 2R 20, AT AR A TP i
ZYIRe . AR Y R, ARETITRESS
CIRLiE A2 o 20 M AR T2 02 — 0B A B 9 0E 20 i 7%
AT X, TR R MAN SR A
PR Y R 44 B R B UK 1 (Caspase-1) TENIIZ
P Caspase %) ¥4 1% "', 6 1L B9 Caspase-1 Y] Hl
GSDMD, JE i, GSDMD-N Fl Gasdermin D £ [ ) fif
it (GSDMD-C), GSDMD-N FI#Is & H4s4, &
AL ZEAL, SRS DRAIMEIET, JERREE R
PAE T 0B, IL-1B 7] 5| 2 2 21 Y 48 e L
N IMEY SRR AN B ANE , TEE P S
R —EER " 1L-6 25 GuRs I R
fiE, FEM R AAE R R PR AR Y, IL-18
ELA $8 58 Jey B 4 RE SN OVE . BiFaE Y R B,
WEMAERGEEWNEESRE, WCIRL, BI/R
TMFERIG . W4 ARLEAAE FLZE 45 ) R A AL 0 45
PIPERE G S R N A AR T & A, TR TL-18
IL-6 FITL-18 & &340

ABFFEGERIRW, FERG B0 PR AR T,
Jiki A W RAE BT TL-18 . 1L-6 FIL-18 3 i i 3% I

Tt Bz sk XK 41 40 H GSDMD mRNA K
GSDMD-N 2 & ik K F LiE, 4278 CIRTHLHI# K&
RAER I, TIHES GSDMD A S 42 T4 X,
HAT I “Ha” A Ja, KRERGE R
Kl 1L-6 FITIL-18 7 B i TR, BEBH s EHIR YT ]
AR RAE 4 W K I X 4 2
GSDMD mRNA & GSDMD-N % [ 22 ik 7K & T # BY
B, FHEE “EE” AR XS E R T
B VS S X A0 M AE TR 8 11 GSDMD 9 R . {H
P BT R 5 30 o O 9 0 R A T B ML % i CIRT, DU
FAEREAT TG s, A 45 G AR DG g
Hl R s sh ), mRE R TR R AR — ST
S 3k
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Effect of Electroacupuncture at “Baihui” (DU20) and “Renzhong” (DU 26) on Inflammatory Factors
in Cerebrospinal Fluid and Gasdermin D Expression in Cerebral Tissue in Cortex Ischemia Area in Cerebral
Ischemia Reperfusion Injury Model Rats

LUO Fu', FENG Weibin', LIU Danni', SUN Guanghua', ZHOU Guijuan', TAN Jinqu', HUANG Xiarong',
YIN Linwei', LIU Hongya', ZHOU Jun'?

1. The First Affiliated Hospital of Hengyang Medical College, University of South China, Hengyang, 421001; 2. West China
Hospital, Sichuan University

ABSTRACT Objective To explore the effect of electroacupuncture (EA) at Baihui (DU 20) and Renzhong (DU
26) on cerebral ischemia reperfusion injury (CIRI) and the possible mechanism. Methods A total of 36 male SD
rats were randomized into sham-operation group (n=12), model group (n=12) and EA group (n=12). Suture middle
cerebral artery occlusion was used to develop the CIRI model in all groups but the sham-operation group. Twenty-four
hours after modeling, the rats in the EA group were performed for EA at Renzhong and Baihui, acupoints with a con-
tinuous wave with intensity of 1 mA and frequency of 15 Hz, once daily, 20 min each time, for 5 days. The Longa
method was used to evaluate the degree of neurological function injury in the rats; TTC staining was used to measure
the cerebral infarct volume of rats; HE staining was used to observe the pathological and morphological changes in
brain tissue; ELISA method was used to detect the levels of interleukin 18 (IL-1B), interleukin 6 (IL-6) and inter-
leukin 18 (IL-18) in cerebrospinal fluid; reverse transcription polymerase chain reaction and Western blotting were
performed to determine the expressions of Gasdermin D (GSDMD) mRNA and the N-terminal fragment of GSDMD
(GSDMD-N) protein in brain tissue. Results Compared to the sham-operation group, the model group had higher
neurological function score and cerebral infarct volume, increased levels of 11.-1B, 1L.-6 and 11.-18 in the cerebrospi-
nal fluid, as well as increased expressions of GSDMD mRNA and GSDMD-N protein (P<<0.05 or P<<0.01). HE
staining showed that the neuron arrangement in the brain tissue of the model group was disordered ; some of the nerve
cells disappeared; and the nucleus was constricted with incomplete structure. Compared to the model group, the EA
group had significantly decreased neurological function score, cerebral infarct volume, levels of IL-6 and IL-18 in the
cerebrospinal fluid, and expression levels of GSDMD mRNA and GSDMD-N protein (P<<0. 05 or P<<0.01) ; and the
neurons degeneration in the cerebral cortex and the loss of the number of nerve cells were reduced. Conclusion EA
at Baihui and Renzhong can reduce the cerebral infarct volume and improve the neurological function in CIRI model
rats, which is likely related to the down-regulation of cerebrospinal fluid inflammatory factors and expression of
GSDMD in cortical ischemic brain tissue.

Keywords cerebral ischemia reperfusion injury; electroacupuncture; Baihui (DU 20) ; Renzhong (DU 26) ; in-

flammatory factors; Gasdermin D
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