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Abstract

BACKGROUND: Previous studies have demonstrated that acupuncture at the governor meridian has precise efficacy in the treatment of ischemic stroke and
can improve cerebral ischemia-reperfusion injury by attenuating pyroptosis, but the upstream regulatory mechanisms are not yet fully clarified.

OBJECTIVE: To observe the neuroprotective effect of electroacupuncture in model rats of cerebral ischemia-reperfusion injury.

METHODS: Twenty-seven Sprague—Dawley rats were randomly divided into sham surgery, model, and electroacupuncture groups, with nine rats in each group.
Modified suture method was used to establish cerebral ischemia—reperfusion model rats in the model and electroacupuncture groups. The electroacupuncture
group was subjected to electroacupuncture at “Baihui,” “Fengfu,” and “Dazhui” acupoints, 20 minutes each, once a day, for 7 consecutive days. After
treatment, neurological deficit scoring and pole test were performed to assess behavioral changes. Tri-phenyl tetrazolium chloride staining was used to assess
cerebral infarction size in rats. Hematoxylin—eosin staining was performed to observe morphological changes in cerebral cortex tissue on the infarcted side of
rats. Immunofluorescence analysis was used to determine Iba-1 and reactive oxygen species levels in cerebral cortex tissue on the infarcted side of rats, ELISA
method was used for measuring interleukin-1B, interleukin-6 and tumor necrosis factor a levels in cerebral cortex tissue on the infarcted side of rats. Real-time
fluorescence quantitative PCR and western blot were used to detect mRNA and protein expression levels of thioredoxin interaction protein, nod-like receptor
associated protein 3 (NLRP3), Caspase-1 and interleukin-1pB in cerebral cortex tissue on the infarcted side of rats respectively, and the interaction between
thioredoxin interaction protein and NLRP3 was analyzed by immunoprecipitation.

RESULTS AND CONCLUSION: (1) Compared with the sham surgery group, rats in the model group showed an increase in neurological deficit score, pole test
score, cerebral infarction volume (P < 0.05), the immunofluorescence expression of Iba-1 and reactive oxygen species (P < 0.05), the levels of interleukin-

1B, interleukin-6 and tumor necrosis factor a (P < 0.05), and the mRNA and protein expression of thioredoxin interaction protein, NLRP3, Caspase-1 and
interleukin-1p in cerebral cortex tissue (P < 0.05). Hematoxylin-eosin staining in the model group showed neuronal degeneration and necrosis, with fragmented
and dissolved nuclei and cellular vacuoles. (2) Compared with the model group, rats in the electroacupuncture group showed a reduction in neurological deficit
score, pole climbing test score, cerebral infarction volume (P < 0.05), the immunofluorescence expression of Iba-1 and reactive oxygen species (P < 0.05), the
levels of interleukin-1B, interleukin-6 and tumor necrosis factor a (P < 0.05), and the mRNA and protein expression of thioredoxin interaction protein, NLRP3,
Caspase-1 and interleukin-1f in cerebral cortex tissue (P < 0.05). Hematoxylin—eosin staining showed that the pathological damage of neurons in cerebral
cortex tissue on the infarcted side of rats in the electroacupuncture group was significantly attenuated, with significantly reduced cell necrosis and vacuolation.
(3) Immunoprecipitation assay showed an interaction between thioredoxin interaction proteins and NLRP3 in the cerebral cortical tissues on the infarcted

side of rats in the model group. To conclude, electroacupuncture has a significant therapeutic effect against cerebral ischemia-reperfusion injury, possibly by
inhibiting the reactive oxygen species/thioredoxin interaction protein/NLRP3 cell pyroptosis signaling pathway and activation of microglia to reduce the release
of inflammatory factors.

Key words: cerebral ischemia—reperfusion injury; electroacupuncture; NLRP3; reactive oxygen species; thioredoxin interaction protein; microglia
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1 #EFN53%E Materials and methods

1.1 &t BENLSIRSISELs, ZHIE BRI R T %
VAR

1.2 BfIA AMeE SRIGT 2023 4F 1-10 AE 2P EEZ K
SR RGBT 5E K

1.3 At

131 sLah 504l 27 Rk SD ORI, 8 AUk, SPF 2K,
& & 180-220 g, W HIL T KAEEMFEARKMH AR A,
YFAJES: SCXK( 3L )2020-0001. FA K BART 1 A HEAT
WERPERR SR, HHEEE oK, EFREIRE 45%-65%,
IR JE 20-25 °C, ERWIREAZ B8]0 12 h/12 h, ENIH
Mo R B E 720208 R BB 0 R T AR A
AR, fA 9 H. i T Rl 2R EA K
SAGPRZE B HME (#E5 . AHUCM-rats-2022158).

132 W5 TTC Bl (b ZoRERHECA R A
A ), IBA-1 ik (BN = E AR A IR AT, 10904-1-AP),
TETEEPUR (AL R EREA R AR, D6470), ECL K
ot ez I 1K 77 & (Vigorous, P004), X 5 £k fig Jv (47 ik,
FFO57), Protein A/G agarose beads(Pierce, 20421), TRI
Reagent(Biosharp, BS258A), K5 H 40/ 18. H 4l
M A2 6. iR IR BE B F o ELISA K 7 £ ( Bk 3R AR
¥, ER20275M. ER20298M. ER20497M), QPCR & 7 &
(Biosharp, BL705A), PVDF Ji&& (Millipore 24 &) ). Western
S 1P 4 R AR, BCA SR FIR I E A& (BB RA
Al ), BEICEAEAEE A NLRP3, A4/ % 1B Bt
& (Affinity, DF7506. DF7438. AF5103), Caspase-1 i 14&
(ZENBID, 342947), —IRTETCHEEN R A& ( 5 H R Wpet 72 E
HRAA), BFETC(TRMEIT ST ARAR ), &
JBHABRAX « FLUK 2 Gt (Bio-RAD A ] ), T IS (Bio-DL),
Real-time PCR {% ( %' [X ), #7066 2 it (IMPLEN),
UL AL (Biometra), BERRX (L PAER] ), B
¥ (Dragon), 1HIRAH ( BHEAEE ), w2 (X
FRAEIR ), W /R OB (SCILOGEX), &R ( H A
Olympus).

1.4 FEE¥FHE

1.4.1 Bl ZME00R kil £ oK B O i sk i P
VEVERG R U R 12 h KRS AREK, Bt
3% J¥ 2 EL 2B 30 mg/kg BRI FT AT R SR, AEMZIE 2, #%
BT, FEHUBIETR RN YIE,  08 A MU B K
FAM K SN BNk 55 &5 FL AU B KT O iS4
BBk o AL, JEPREANBRK, FEIUS BRI 7 XA FT
—IIEE RS T B — I, R Sk M AZ AL 50
BNk, A4 FaiE SRR DAE e 2ok, FATF A B ik 3l ik
Aokedd 2 KM Bk, Zeketd ANREE 18 mm, b —KHE
T4, L EHURBNKERSS (53 KAk E S

FERRTREME ). FERRER, ORI, 454
DI TS R ER IR K 3= (2 mu/kg) By, 2h )5
BB TA 5 mm, BYRRAN K. BRI S e
R R85 S A ) e P E R RS, TR s
M 5 AN 2k .

GRS 2 h, 2% Zea Longa VT4 bt #EAT #H &2 Th e
BB pEar P, AR AR IR R A B Th AR A, PR 1-3
SRR £ Ry, AN LS.

4RI T2 SLIE RNYIE AR A2 Y AR K B

EERAR B IERE AT D, S EA MBSk, BSEIK. BN DK

iz P 5 G LIV B IKIE Loy BB > XAk, JePASA Bk, FE3
SBIRKIE > AT — RS SR RS T8 — P00, AR AZ AL A
FUABIRK, KR TR R DA e Lk, RATFEUA BRSNS, Lkt
HERM P BN, LA dENRE 18 mm, 5 —kEFUIASL, HEH
AENRKEE (F53L Je BN IK M IS AR P R AR AP RO E RN ) o AR S8 A
ARATRRIN (8], 485 U] AN T BB ST AR R R 3R (2 m/ke) UGS,
2h B BRI 5 mm, B R RSM LA

EE R T RNRBENL R T AR, R s, R4 9
BoyiEr N BRI L A b 2H G BRI S A 0 G s P R AR R, R R
& L G IR IS AN N e

FEHERRL ERUT 2 h, 2% Zea Longa YA FRAEREITHIA THEEBEIE S O fEN
RN IERR RIS AS S R IR, 14 1-3 AR % BRI, AN SR

EERR FIHMEREIPr . TCAFS2IATA K RAT W, TTC JetaiT il

BIEAR KR SEARAN, JRACKE — f 40 Ye e 00 58 K BRUAE B0 000 i J i 2 4300 25
A, IV Y S BTN BT Iba-1 R iE M FIE, ELISA
IR IR ZEAN N R 2B A b AN 3R 1B AR 3R 6 RIRIASE
[AF a 7KF, RT-qPCR J% Western blot A&l K 5 5E M ik 5z ot 20 21
AR E A HAEE . NLRP3, Caspase-1. [14H/f1/ 25 1B ) mRNA FlIZE
FIeik, G FLUTIE 3 0 K BRATE B0 Bz 7 4 40 h it S0 2 1 LA
45 NLRP3 [f4H AR

EEEEN BRSNS, xR LR U T RUEHIR YT, 19K /d, 20 min/ IX,
B ELE T d. R TRES ARG HAT R AT IR, ATl e AU R
P J AR BT, SR R RO B2 5 X 35, BEATAH SR A I

RIBRR LI H R OB 28 2 b PR 25 KA E 2 A b (dik5: AHUCM-
24 rats-2022158)

142 TR ARFARY. BAH K EEIE 3 HE
2, & PRI, B2, T+ Hisit.
BEHE: SRS 2 h RGIAT I DI REsk PP 7. €

Fracit, A6 58 s B ZI T 4h ri AR YT . S (5K

BNV LR G EAL B 2 r: KED) P, B “H
v WURFS ORAHE” 3 9%, AP 3R 03 AR B A AR M A K
R PR DU PR 2 171 28 [l 5 A ] 5 5 by g K SR B [ 2 T
KRB ER (F5), KRB 0.25 mmx25 mm £-74t,

BfE: “H7 PR, U AR 450 BRI, CORHME”
FLR, 3R 3 mmo & ORMETERR R T E T (B D),
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BB R 2 Hz/5 Hz, L9 1.0-2.0 mA, LUK
WU MBS N H . 1k /d, 20min/ Ik, #E:7d.

143 KEMEIhRESBITD GRS 2 h KA T-Higs
A, BAFIE K AL TEN R Zea Longa P bkt
X R SRBEAT R D BESR I PE 73 o I WGB3, 12 0 73
ARETE AR AT ETN, 12 148 PR, 12 2 5
U], 12 3 70y ANBE B RATE, BIRACE R BB,

104 7o VP23 8 i B 0 SR I - VA 5% £ K SR e 22 D
™ =

1.4.4 JEFFsEe SELGZ AN SRR 3d, &R
3, HRRARMREE, AT, &G 2h &LH
BrFmas WG, HATIRH S5, PP R BRAT N .
H—HEHE 1em, 5 100 cm FAFROGIEHEE R TF
FLIRI S, R JEC 0 18] 2 [, MR i3 S JH SR R4, By
1B R BRAETCAT ik R 4T 0 A8 KRR 8A T B AR T v AF
AR, MEHAT AIES ™ . KRB, —
DGR MAE ETETR, 92 0 435 W8HE ) NI4T 3 f5 B AT,
12 0.5 7 X EIR MER R &R, id 1
TIREEHERAGER, id 1.5 4 MEEBHARIHT, H
Henivg, 1d2 50 LR, DB, AReiESIESET,
2.5 980 SRR 3 %, BCFME.

145 B RIRNCH L5451 5, BRI S AR SE A KR
B4fin, Hob 3 R T4 TTC Jeth, 3 W T FEAE M fisi
F AR TOIR BT A WEE (— 860 F Tz ot g, )
— o T AR - gt ), R 3 R T EEZEMI K
J%Jii ELISA, RT-gqPCR 5 Western Blot #&:ill]

1.4.6 KEMWEZEARE 2 thill e HUH AR 20 min (1K
SR, VIR 5 A 2 mm JREREESERY) F, BT 2%TTC
G PG H 30 min, H] 40 g/L Z R HEERE 24 h J5
R AT H] Image ) JAFTHERESLARRA . I BESEAR AR (%)=( V)
JFrEEAETHIAR x JEFE )/( U1 BEARTHIAR * JEJE )x100%.

1.4.7 K RAEFCMN R 2 omE LA EE K K R
HENAET 40 g/L Z R PRI P E E 24 h, LK,
B3R5 ) L DR, BEAT OR KK - AL g th, B
FE B K, ZHZRGEW, WREE, BT R TN
It

1.4.8 HIL o eRbRGeth SR A ROt Gt UL 5K R
FEAN AN B2 421 Iba-1. JE A R IE . K K BRI 2 SUbR A
BT 40g/L ZEPREEMTIEE 24 h, BiK. 635G
LR R s TN L 3 LT B PR E 30 min, H
PBS M¥st, I ba-1. V&R —PU (MBELL 1 0 200) §F
BHIiER, RHH PBS ik, NS O bt (MR EL
1 : 400) OG5 E 30 min, phyfe. B [E 5 E TR ORI
Bi NS . (] Image J A AT E 5 Iba-1, JEME
P ROGIREE .

3814 | PEHERTIEHAR | 5529% | 5£188 | 2025F68

1.4.9  ELISA ZEAar il oK BsUASE A0 oG Kz J57 2H Z0RH 5% 7% 1tk R 7
JKF UK BRAFAEN oG B2 5 22X 100 mg, T 80 CUk#f
TRAF, IR ELISA 207 & 1 BH 5 br ik AR I 52 & 2H K BURE
BN i B2 57 20 2 rp 98 1 TR T KT TS 1 PBS e K
BB i 17 SR ZEL 2, N B )R B A7), K2
5 PBS#Z 1 mg @ 10 uL In A\ sid ZH 248 S X (60 Hz, 180s)
R EE 7R 4 s 4 5) K5 000 r/min 5.0 5-10 min, H E
T, FEERRCT 450 nm AR B IR EE . MR AR
BB FR B i R B e il b A 2R, v SRR BRUAE 6 i
FRAL AN E 1B AN FR 6. FURIRIEHE T a
K-

1.4.10 RT-qPCR Al K H] RT-qPCR Aol K S ASE AL AN i
AR AL E H HAEE . Caspase-1. HAMI %
1B+ NLRP3 f#) mRNA ik, FrHL 30-90 mg & FEAM K ivi iz
FHZ, WFEE SN 3 mL TRI Reagent 7, 12 000 r/min
B0 10 min JEHREUE RNA, SN cDNA, #7988
& PCR [, 1. 95 °C 3min; 95°C 155, 60 ‘C 30s,
40 NMEM . SR 27 P H AR RIA E. 51
FPHI N 1.

# 1 | RT-qPCR #5495
Table 1 | Primer sequences detected using RT-qPCR

E37| 51 ¥1F %1 (5'>3") P (bp)

B-actin F: CTT CCT GGG TAT GGA ATC CT 81
R: TCT TTA CGG ATG TCA ACG TC

WA EA EEEA F: CAG CAT GGC TAG CCG GAC AA 134
R: TAG CAA GGT GGA GCT TCT GGG

Caspase-1 F: AGA AAC GCC ATG GCT GAC AA 202
R: ACA TGA TCG CAC AGG TCT CGT

H4ifEN % 18 F: AGC AGC TTT CGA CAG TGA GGA 134
R: TGG ACA GCC CAA GTC AAG GG

NLRP3 F: CTG GTG GAG CTG GAC CTC AG 141
R: ACA GCA GCT GAC CAA CCA GA

1.4.11 Western blot #; ll % F Western blot & il X
B B8 M fii 2 Joit 4 234 458 R 1 BLAE B2 . NLRP3,
Caspase-1. HANMI/NZK 1B K HE A KL, BRI 100 mg £
HEAM % Je T L2 REAS, M@, AFEEJS 12 000 r/min &0
10 min, HURJEWRNE R EWEE, Bk, ®iE. BHiE)E,
TN —Piii AR & H HAE& A NLRP3, Caspase-1. [4f
M A2 1B, B-actin( M BELL ¥y N 1 0 1000), H TBST i
Be 3 3 A ZHUBERE AR L SE PR 186 LT ER
IgG( MiFEEL¥ 2 1 0 5000) ¥ F 2 h, F TBST 50k 3 ik
ECL &t l0t. M H] Image J B AF 70 #r H A5 2 F AR RIE
IR JEAH -

1.4.12 SR ILPTiE s i K F f 2 3 It e A i A A 20
KBRS AT 96 Bz J57 2H 23 v i 40048 B 1 B £ 1 5 NLRP3
fAH ELAE . FREX 100 mg R BURE ZE 00 1o Bz 53 223, hn
NHL R ARG E T IR L8 2) 30 ming 4 CHAT
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12 000 r/min .0 20 min, UKL BiEW, HX 20 L biE W
YENFAMEXT R ZH ., FE%F 500 pL R T AL 3, 4 54y
RN 2 ug B S04 & A BAE 8 B Bk A 1gG fiddk, 4 C
FAF NI E LR, A E SR AN B R R ZH A
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Figure 1 | Electroacupuncture
intervention on the cerebral
ischemia-reperfusion rat model
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Figure 2 | Comparison of neurological deficits scores among different
groups of rats
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Figure 3 | Comparison of cerebral infarct volume among different groups
of rats
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Figure 4 | Comparison of pole test scores among different groups of rats
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Figure 5 | Changes in the pathological morphology of cortical neurons in
the infarcted area of rats in each group (hematoxylin—eosin staining)
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Figure 6 | Comparison of Iba-1 and reactive oxygen species protein
expression in the infarcted cortical tissue of rats among groups
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Figure 8 | Comparison of the mRNA expression of thioredoxin interaction
protein, NLRP3, Caspase-1 and interleukin-18 in the cerebral cortex on the
infarcted side of rats among groups
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Figure 10 | Interaction between thioredoxin interaction protein and
NLRP3 protein in the cerebral cortex on the infarcted side of rats
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