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Abstract: Objective To investigate the effect of Naotaifang (fiXiZ£ 77, NTF) on reducing glial scar formation after cerebral ischemia-
reperfusion injury (CIRI) through miRNA-124/signal transducer and activator of transcription 3 (STAT3) signaling pathway. Methods
Atotal of 48 SD rats were randomly divided into sham group, model group, NTF group and NTF + miRNA-124 antagonist group, with
12 rats in each group. Except for sham group, CIRI model was established by middle cerebral artery occlusion/reperfusion in each
group. NTF + miRNA-124 antagonist group was injected with miR-124-3P antagomir into the lateral ventricle 20 min before surgery.
After continuous treatment with NTF for 14 d, the neural function score was evaluated using Longa method; The learning and memory
ability of rats was detected by the water maze experiment. The anxiety degree of rats was evaluated by open field experiment. The
infarct size was detected by TTC staining. The pathological changes of brain were observed by hematoxylin-eosin (HE) staining. The
expression of glial fibrillary acidic protein (GFAP) in ischemic cerebral cortex was detected by immunofluorescence. The expression
of miRNA-124 gene in cerebral ischemic cortex was detected by qRT-PCR. Western blotting was used to detect M2 microglial cell
marker molecules [arginase-1 (Arg-1), CD206], inflammatory factors [interleukin-1f (IL-1p), IL-6, IL-4], glial scar associated proteins
[GFAP, neurocan, phosphatan], as well as p-STAT3 and STAT3 protein expressions in cerebral ischemic cortex. Results Compared
with model group, the pathological injury of brain tissue in NTF group and NTF + miRNA-124 antagonist group was reduced, and the
cerebral infarction area was decreased (P < 0.05, 0.01). The results of water maze and open field experiments showed that the cognitive
function of rats in each administration group were improved, and the anxiety after stroke was alleviated (P < 0.05, 0.01). The results
of immunofluorescence showed that the fluorescence expression of GFAP was decreased and scar thickness was decreased (P < 0.01).
The results of qRT-PCR showed that the expression of miRNA-124 gene in cerebral ischemic cortex tissues of rats in each administration
group was increased (P < 0.01). The results of Western blotting showed that the expressions of GFAP, neurocan, phosphacan, p-
STAT/STAT3, IL-1B and IL-6 protein in cerebral ischemic cortical tissue of rats in each administration group were significantly
decreased (P < 0.05, 0.01), the expressions of CD206, Arg-1 and IL-4 were significantly increased (P < 0.05, 0.01). Conclusion NTF
exhibits a neuroprotective effect on CIRI, which may be attributed to the reduction of astrocyte proliferation and glial scar formation
in CIRI rats through miRNA-124/STAT3 signaling pathway.
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] ); Nanodrop B HE 7 GOGEETH. HM325 A A
VI ML (£ E Thermo Fisher Scientific A ] );
ABI7500 SRy st E & PCR X (3E[E Applied
Biosystem A% ); TissueFAXS PLUS %44 541 4141
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XERARIE

B 20 R SR MR A K X A 2 fe B 021, N
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Table 2 Primer sequences
19::7)
B A SIS (5°-37) b;
miRNA-124 F: TAAGGCACGCGGTGAATGCC 64
R: GGCCAACCGCGAGAAGATG
U6 F: CTGCGCAAGGATGACACGCAAATT 69

R: GGCCAACCGCGAGAAGATG

2.5 =

ok

2.0

AN

1.0

2T REVESY

0.5 =

BFA B WERETT AT+

miRNA-124 1577

EHLK, #4645 PVDF B, S%Mtfa -0, 25l
AR —PT (125000, 4 CHREE LR AP
(1:10000), =i E 2h, KA ECL L2 KRG
FIERR, BRRE R, Image ] B4 H
(1% 2 1 2% K AR
2.10 FitZEHHh

KH SPSS 19.0 AFFATSG M, Hids U
X +s 3R, ZHIA EEAUEH One-Way ANOVA fi 46
F1 Tukey f%:. A Image J BfF3t4T B1& 554, H
GraphPad Prism9 41 K.
3 #R
3.1 BEXRRHWAKINEITSFIERELLR

WE 1R, BFERAEKBR IS IR SIIE
W, SERFARALE, HEHKRHIHHZITER
G% PERRBASI AT O AE AT AE I ) Ao ) P B
B AP L T RE RIS ARAE , A THRETE A B E T
(P<0.0D), HIEAE FHE (P<0.01); H5HAH
Eei, MiZs r ZH A 2277 -+ miRNA-124 F5HI7F4 K
A DIREVE 2 3 FRIK (P<<0.0D), FH& TR
H, BRERETE (P<0.0D.

400=
300 i AN
= 200 =

100 =

PR B R MR+

miRNA-124 $54717)

H5BPARHELE: "P<0.05 "P<0.01; SHRHALE. 4P<0.05 24P<0.01, FEF.
*P<0.05 "P<0.01vs sham group; 2P <0.05 24P <0.01 vs model group, same as below figures.

1 ZAKREENEEFESFAERELLE (X£s,n=12)

Fig. 1 Comparison of neural function scores and body weight in each group of rats (X £s,n=12)

3.2 £BKAKR Morris 7KKk FSLiG 45 R
ENMUATSEIGH, WS 2 K, BEEIZRIRE
Ly IS N S b7 SN2 UN TRSE N N T SRR
B 5 RIBIRE R IAEAT Gt 04 . anfEl 2 #0
R3PR, SHRFERAE:, BAIH K R ikikER
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R LA, BRI KR 5 BT & U TE H bR 3R
PFEI A, B RERER AR S SR E o L
FIEL (P<0.01); SRR, W74, Min
Z%77 + miRNA-124 F5H070 24K B 587 & I
EHR R IRAFEB RE 2t H AR R R EAE (& S
FEE e B (P<0.05. 0.01),
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Fig.2 Motion trajectories of rats in each group in Morris water maze experiment
#z3 FEKER Morris KX ELWLER (X£s,n=10)
Table 3 Results of Morris water maze experiment of rats in each group (X £ s, n =10)
HA WIRIG R FRCF S B SRR B RTE E A t/%  H AR R IR A R 1R 4 L /%
(EEN 11.90+4.86  6.30+1.70 45.76+10.75 474741134
R 4533+14.93” 0.40+0.51" 18.10+5.88" 15.05+6.57"
W28 7 18.791+5.86224 3.50%0.5324 46.06£10.3742 43.46£9.2844

W78 /7 + miRNA-124 #5517 28.9746.034  2.3040.48242 32.07+5.014

HEFARALE: "P<0.05 "P<0.01; SEAAME: 4P<0.05 44P<0.01, &I,
*P<0.05 *P<0.01 vs sham group; 2P <0.05 24P <0.01 vs model group, same as below tables.

3.3 REKXEYIALIGER

30.914+5.3944

124 FEPu 74 K FRE B8 i AR 2 2 FRAIR (P<<0.05.

Wi 3 5K 4 P, SERFEARAE, HRAH
KBRS XN REL, X HE NI ] o g (X
PEFE DA S I B B B b (P<<0.01); SR
HELER, MiZeJ74H MiZe 77 +miRNA-124 #540554H
KBRS X NS A X HE NI ] o g (X
PRAE DA S RGE B IR B 1 B3 R (P<<0.05. 0.01).,
34 FHEKRMLELR TTC L

WK 4 fiw, SEFPARALE, #EAHKRH
PRSI B AR, FEAETH AR B i (P<
0.01); HEAHLLEL, iZe 7740 iz 77 +miRNA-

| \
k»ﬁf;im; —
BRFA i

0.01),

3.5 HBEXRMERIME FRZALE GFAP FRiALLIE
WE 5 fis, SEFRAE, BAH K R

FEZEJE L GFAP %yt 3Rik B &M (P<0.01), %

R R, SRR, META. Widg T+

miRNA-124 HEHi4H K RINFESEE 1 GFAP %

FiLEZE FFFE(P<0.01), KUIKZET7REMH] Ast 18

A T DA B0 32 s SRR IR T ko

3.6 FBEKXRMNBRIE REEDELFIBERSLE
HE Jetasi 1 (E 6) SR, RF AL ML

“'0‘ ¥ i
/ 4
\ *_,T'-' \T ;;i k_!‘_. N : ‘ ) )
NP T -
ki 2% 75 I 7% 75 +miRNA-124 #4777

B3 HBEKRRY HSLISEIHILE

Fig. 3 Movement trajectories of rats in each group in open field experiment

4 FEKBHIHLELER (X+s,n=6)
Table 4 Results of open field experiment of rats in each group (X s, n=6)

2059 R XN IREL R IA] (5 /% HR X AR o b/ % JHIEE)EEE /em
(EEZN 6.00+1.41 3.90+1.27 4404125 6931+1915
A 0.33+0.51" 0.34+0.23" 0.74+£027" 1 881+340*
ki Z& 7 3.33+£1.0322 3.82+ 14128 347413502 55394169124
Jii 72 77 + miRNA-12 $5 5157 2.17+0.4122 2.64+1.012 2.51+£0.632 432548514




FED 2025678 $56% B138  Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 13 . 4697 »

304

20 4 A

HEBEI A%

BFAR BR dT Wiz +
miRNA-124 F5Hi7)

BRFEA e MiZes %77 +miRNA-124 HiHi5)
4 FBHERRKER TTC REERRELEMRLLE (X£s,n=3)
Fig. 4 Comparison of TTC staining images and infarct size of rats in each group (X £s, n=3)
DAPI

GFAP Merge

BFER 2.0

B

GFAP 55 H 5 5 LA
2

i e 7
BFER R RGN+
miRNA-124 #5517

Wi 77 +
miRNA-124 1557

5 REARERM IR NEL GFAP FRiALLE (X200; X£s,n=3)

Fig.5 Comparison of GFAP expression in ischemic penumbra brain of rats in each group (x 200; X+s,n=3)

e

%277 + miRNA-124 H: 507

LT .
Yellow arrows indicate pathological changes.
BEl6 BEAANRMKRMKREEDEARERSEE HE, X200)

Fig. 6 Comparison of pathological morphology of cerebral ischemic cortex and hippocampus of rats in each group (HE, x 200)



* 4698 »

FED 2025678 $56% B138  Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 13

JoR A 5 1) S R A P (T HE B R, A AR A e L
()T TG 6 VR IR, ¥ Eh il 2 e 2 2R HE S B 5
METTMEEE, kY MES, ZOEw. 5
BFARL L, B ZH K R B 0 5z 5 X 248 e
HEL, PR, AHMOAZ IR G 4, 20 ] Bt i
B, ISR, A 2V FRIRE KRR 4H
UL, WA TCH A HES KA, LT E
RiTHE, ZEG. SRAIHEE, MR, Wik
75 +miRNA-124 F5PU71H A B B i X 57 57 41 2140
BRI A 2% ] 4 R0 2 S R A P K A B 0D
WM A M HE S B S BiE e L, & nk
VNS AR E L
3.7 BAKRRMNELME FRZELR miRNA-124 mRNA
Fik

mE s fror, SEFPARLLE:, BRI KR MK
B I AL miRNA-124 mRNA ik /K27

3

RS BEARKERME AL miRNA-124 mRNA Fiktt
B (Xts,n=3)
Table 5 Comparison of miRNA-124 mRNA expression in
cerebral tissue of ischemic cortex of rats in each group

(Xts,n=3)

s SEMAE, WERTH. MET+
miRNA-124 5 $1 77 25 K B i ke ofi j Joit 26 21
miRNA-124 mRNA ik /K-35 2.2 F 5 (P<0.01).
3.8 HBBARMELMEFRELE M2 B MG 1F7ES
F Argl. CD206 KK AEEF IL-1B IL-6. IL-4 &
HERIE

e 7 B, SEFAREAE, HAH KRN
R ML R T2 M2 BUARE 3 F Argl. CD206 LA R fie
REF IL-1p. 1IL-6 FEHERIKKFEEZETEH (P<
0.05. 0.01); SHIRIA LA, M. Wi+
miRNA-124 F55077ZH K BUI Gk i fZ iR H 21 Argl
CD206 HHARIEKFEESF (P<0.05. 0.01),
PR J AT IL-1B+ IL-6 85 RIAKFRERIL (P<
0.05. 0.01), HIRHT IL-4 FEAEXLKFEET &
(P<<0.01).
3.9 FEXRMNERMEFRALRRBREXLER
Tk

WK 8 fivr, SEFRAE, BIRH KRN
St L. 12 J5 25 2R v Jie J5 i SR AH S 2R ) phosphacan s
neurocan. GFAP & H & 1A /KF &3 F 5 (P<0.01),
p-STAT3/STAT3 {H R #ETHE (P<0.01); SHEAAH
Eei, Wiz 4l MiZe )7 +miRNA-124 FEHUFIZK

gkl miRNA-124 mRNA %I RIL & .
[EEN 0712025 S R I 57 J57 2 2R phosphacan. neurocan. GFAP
s 1.0540.07 HARLKFEERFK (P<0.01), p-STAT3/STAT3
i 2 5 51400842 {BLR ZF FRAIR (P<<0.01), FRUINGZT7 B W 101 i B
i %% 77 +miRNA-124 53717 3.2740.0642 JRAHREARIE.
1.0 an 1.0 AN
CD206| - —--‘1.66X105 aa
Z 08 Z 08 N
2 Z
Arge1 [ s - 350X 10 S 06 . 00
= 04 S 04 *
E‘D [\
PR B BT i+ P 0 ) b
. o BFAR B WiZTr Mg+ A BRI i+
miRNA-124 FE58) miRNA-124 F47] miRNA-124 #5i7
IL—4|-—- —-—‘1.4><]04 1.57 1.57 1.07 »
jan} . as) T ” as) 0.8
IL-6|" —— — ‘243><104 £ 1.0 2 1.0 2 |
< AL - < < 0.6 -
@) & an <
IL-lBl-*-‘&lX]O“ =054 3 054 J 04+
= = = ol
GAPDH -..43‘7“04 0 A 0 o
BFAR B Wiy g+ RFA B WAy g+ A B gy Iidedi+ BFA B Mgy i+
MiRNA-124 H5i71] miRNA-124 477 miRNA-124 5777 miRNA-124 5477

&7

BLA KR IRERILE FRZA4R Argl. CD206+ IL-1p. IL-6. IL-4 EAFEE (X+s,n=3)

Fig. 7 Argl, CD206, IL-1p, IL-6 and IL-4 protein expressions in cerebral ischemic cortex of rats in each group (X +£s,n=3)



FED 2025678 $56% B138  Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 13

0.8

jan}
o 0.6

~

<
S 04

phosphacan |_-' — _‘Z‘SOX 10° &
é 0.2 5

neurocan | S — —‘ 1.43X10° 0
GFAP |'————|5.0>< 10*

p-STAT3 |— -_— —-|8‘5><104 2.0

STAT3 |- JRp— |8‘5><104

GAPDH |,._,__.-._,‘3.7><1o4

phosphacan/GAPDH
5
]

R B W W+
miRNA-124 $5i51

BFA B W o+

* 4699 »
1.5
3k g
= k3k
$ 1.07 an
g AN
S 0.5
=
g
A R R i+ R B BT Mg+
miRNA-124 1557 miRNA-124 F557)
35
s
@
9 i
s
5]
a

BFER BE Wi i+
miRNA-124 $55i]

miRNA-124 F5 77

8 BAXRKEMKFALRFEBREXERRIE (X£s5,n=3)

Fig. 8 Glial scarring related protein expressions in cerebral ischemic cortex of rats in each group (X +s,n=3)

4 Wig

CIRI 24 FIfRIAYT IS 1Y) FHZEB  HA5 AR
ff PR, T 295 1S B BRI, KR
RIS CIRIL 31k 2% 73 AR ATl ek 52 ) 3 2
U1, DRI, S0 TR R RR R gk HG P g ) D7 v
TAFEWE . AN, CIRLE T2 hiuis,
CIRI FIR AL K AT BE, PR ALOCHE SR LA,
09T Aas U AL o 2425, H T e,
P 24 ] LIS I A Ast 38525 L 93/ /B B A AL
I /D JRE AN TR 7 2 R A0 )l PR B 3R B SR B
(chondroitin sulfate proteoglycans, CSPGs) 5}
ST T B FRIR IR, #ETI ks CIRI Jm 4
2R . ARBALRTE N8R IZ T B, X CIRI
HFH 2 R AN LT IR AT FE, A 2 0%
MBI, W, )15 U267 2 1S 1
KERZOZY), ¥ I STAT3 . BERRMENLEE-3-F2 5
(hosphatidylinositol-3-hydroxykinase, PI3K) /2K ¥
1 B (protein kinase B, Akt). fJRFIASER ¥ (tumor
necrosis factor, TNF) &8 £ %5 58k F7i6 CIRIZO,
W28 77 P e AR 1E 4 R 2R 4
150 1.5 0 1 BCbdm, seoNE, EEA%. 1%
&, TS, KANEEZABNEHA, AN
A7, AT NSRS, A RS NP IE
TR, N2y, HIETERr AN S BRI
Mol B E B ESNEL . ISR,
PRI e, WAL, B M, 4
AT 2 285 o AR R A A 7 S0P 308 3o 8 v 8 VA (1 - DY
WA TE] € AT 53 (UPLC-Q-TOF/MS) Xif it 22 7

KiEAT BT, KIMHFESHEREFE A )
B, BEREN. B REIEAET. RES
MR BTERER . FE )15 R I 715 R Hy 540
T VNS NG AL BEARNER. BCYENEE AL
HERE RSP, AR, mKH
A, FEREGIR. PraIER, fed
SN A/ B AR M1 2 ) M2 TR AL,
il E J RR7-29 iy B 7 2R 2R RE S 2 MG 7]
M2 BIRRAL, el SRS, ] Ast BGAR gD
e FORIR T K, 35 035 CIRI 5 K R TEE, 78
SHE I R &M A DiRe R4 E R, Wl e i H
B )IE G BUERER AT BE 2 I 28 7 PUIR B IR 1) 3=
BLZRAIT, AR B AR LS A 02,

F J5R P T P e 20 12 S5 400 i 5 0 i A i ) 3
FZ5 T, Ast 2TRHERGEHHERZ .
AR R — MR T4 A . [Rltk, RA 2R
B FURIR I B 2L 5y, 252 CIRD JE & D Redk
SROCEBY, 7E CIRI H )5 BB, IRPURIR =8
WARS N, BRI T RA &3 BEROR
&) A 22 ) P R F W CSPGs . neurocan Al
phosphocan 55, L LERFURIR B, A4 e FHAG wih
2 5 I F A AN B A A 2 eI RS 1 B R, B AT
B, JAK-STAT3 BB {E/ T FE AN 5 Ast 1)
WA B A RO B2, STAT3 B H R
W5 IR 1T GFAP JAZh FIG R, & XA KRGt
PJa Ast 3442 R FURHR I B S8 9 81, 40
il Ast [ STAT3 {55 EEKREMZ> RA 394, Hk
STAT3 4 2 #% CIRI J& Ast H94= A1 GS J i f 8



4700 » PED 2025478 B56% B 138  Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 13

TEHE SO0, BT oK, 1L-1B Li; JAK2- STAT3 {E
PRI A RGBT GS TR AW T Ls
Ny SR LA, 2 54 Hui%?iJrrmRNA 124
FEPUFZH K B v ek 1 J 5 2H 2R+ GFAP. neurocan.
phosphacan £ &1k /K-F-[#(K, p-STAT3/STAT3 {H
NFE, R AMAR g ) STAT3 8 R Ak 3D Ji
TR LR, B T)Re
MG i Ast Z [EIFIAHEAEH 9 CIRT J& R 5 i
IR R HE T R4, MG fERIRIE & R 1%
HENEHBY, MG 2P iRHPa RS0 32 25 T
YHH, BROCMERIGE, MG BOBEE, WK
MG by M1 B (R RFETD) F1 M2 B (3R
B, B 28 R B 28 R, 2 5 ik 980 e B
MRERE. M1 T MG FRiE M1 FHERRE (TNF-
o~ iNOS. CD86. IL-6 %5), FERUE 78 K Ffil i H- 4
FF Ast BGOSR GE, 75 SRR L 5. AR,
M2 # MG ik M2 FEFEH (Arg-1. CD206. TGF-
B+ IL-10 55D, @ik B R AFmR /R B 2 K+ &
Efa%%?%.? o3 K5 2 /F AR, MicroRNA
—KNEMEAESIY RNA, THE S 5REEELIH
h, Hr miRNA-124 & — e K Rz 2078 i v
AR R S miRNA, e K RIE B FEE M
miRNA, miRNA-124 8 i 5 #0148 80 AR B

P EELE 1S HRFERERB/EMRT, TR,
miRNA-124 [FREGET MG M2 M1 B%%
BORPLR M2 B, AR SRR R,
RAFPLI AP AR E FIPS91, miRNA-124 BRTE
Ast 3Rk, STAT3 %58 N miRNA-124 (1) B #E
K, M2 2 MG SRR MRS miRNA-124 15
STAT3, /b Ast 3458 K& GS JEISl, BLAME 5T
iR, miRNA-124 mlIEE Y STAT3 >Ki#75 CIRI
ISP IS NIEST miRNA-124 $sh5) a] B 2
MEANZThAE, T miRNA-124 FEPUHINEEE ik
YEFHUOL, AT TR I, A2 75 4 K B A st I e o 2
41 miRNA-124 N FRiE 5 2E T+, Argl. CD206 &
HRIETHE, (EREF IL-1B. IL-6 Rik N, Hik
Bl IL-4 FRixTtaE, IRBEIRMCEE GFAP.
neurocan. phosphacan 1A~ [#%, p-STAT3/STAT3 1H.
T F%; I miRNA-124 antagomir J&, miRNA-124
FIEA B, ek T AR5 e 22 miRNA-124 1)
Fik, @ RAEDT CIRL PER . ST 0, HEMN 2=
J7 HUR BURIR AL o] B d it 75 5 MG ) M2 %Y
WAk, 2t miRNA-124 [9583%, #0H] STAT3 & H
IBEERAL, b RA I R AR, BRI I
DR RRIRIE K, 3% T CIRIL R HLBE, (Lt
AR E (9.

a7

FiEE

i ot . P9

miRNA-124

IL-1p. IL-6 J
@ ® s 1
B
e o

p-STAT3/STAT3

9 W7 VR B IR A (R R AL

Fig. 9 Mechanism of Naotaifang on regulating glial scar formation



PED 2025478 B56% B 138  Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 13 = 4701«

BT LA R 4 SR O FEG, PR TR SE

By, WEFRoR, WiZeJ7 BABEE CIRL KR BIEH,

Aefeidt MG [ M2 BERRAL, EiH miRNA-124 ()%

i, ] Ast $G2E, JRAME R BT AR, bR

SR R B A IRME A, BETT R R BURIR T A

RIEHEE CIRL K BRI se i i ER], AL

7] At miRNA-124/STAT3 {5 5B EEA . AHFIT

NG PRHES R FH 2277 V677 1S BLE PR HEA .
FlBAR ALY EAREEF B+ R

'

[1] Collaborators G2N. Global, regional, and national burden
of neurological disorders, 1990 —2016: A systematic
analysis for the Global Burden of Disease Study 2016 [J].
Lancet Neurol, 2019, 18(5): 459-480.

[2] ShenY, Chao B H, Cao L, et al. Stroke center care and
outcome: Results from the CSPPC stroke program [J].
Transl Stroke Res, 2020, 11(3): 377-386.

[81 Epefl  (CPERBADPaRE 2021) #E (1], SE
i L9978 4 &, 2023, 20(11): 783-793.

[4] 77, WEM, BEERTF, S 2 SRR i sk i A
oROR S B 1 29 B T AL B ST EE R (0], 25 VR4
WEJT, 2024, 47(6): 1413-1420.

[5] Lim S, Kim T J, Kim Y J, et al. Senolytic therapy for
cerebral ischemia-reperfusion injury [J]. Int J Mol Sci,
2021, 22(21): 11967.

[6] WangL, Zhang X, Xiong X, et al. Nrf2 regulates oxidative
stress and its role in cerebral ischemic stroke [J].
Antioxidants: Basel, 2022, 11(12): 2377.

[7] Adams K L, Gallo V. The diversity and disparity of the
glial scar [J]. Nat Neurosci, 2018, 21(1): 9-15.

[8] #iiain], MBEIC, BEC. Mids/TI8YT SR ML kA
FENGIRAFF AT [J]. HF E H BEEUE, 2001, 10(6): 319-320.

[91 & &, KRB, BREE, 5. 0277 s ko A4 Gy
FALRL R IRAT AL [J]. IR B 2R AR 24, 2015,
35(10): 22-26.

[10] fmemid, MEENI, B4, % MR R Rg%kEE
1) BR B T R 4 f 28 o R I LA O AL B AT (0] B
74, 2021, 52(21): 6552-6560.

[11] BRek, AR, BUE, &5 JxZe )7 o o i i i R
HIF-1o/VEGF MJHFEM [J]. REFRELSEGRE,
2014, 34(10): 1225-1230.

[12] k&, Bhmese, EHL, 55 ETHIPEEN QSAR V%
TRV I 22 77 h o A GBS PR RN R (0], ThEEZY,
2023, 54(3): 877-885.

[13] Sofroniew M V. Molecular dissection of reactive
astrogliosis and glial scar formation [J]. Trends Neurosci,
2009, 32(12): 638-647.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Zucha D, Abaffy P, Kirdajova D, et al. Spatiotemporal
transcriptomic map of glial cell response in a mouse model
of acute brain ischemia [J]. Proc Natl Acad Sci USA, 2024,
121(46): €2404203121.

Renault-Mihara F, Mukaino M, Shinozaki M, et al.
Regulation of RhoA by STAT3 coordinates glial scar
formation [J]. J Cell Biol, 2017, 216(8): 2533-2550.
Herrmann J E, Imura T, Song B B, ef al. STAT3 is a critical
regulator of astrogliosis and scar formation after spinal
cord injury [J]. J Neurosci, 2008, 28(28): 7231-7243.
YuAY, Zhang T X, Duan H Z, et al. miR-124 contributes to
M2 polarization of microglia and confers brain
inflammatory protection via the C/EBP-a pathway in
intracerebral hemorrhage [J]. Immunol Lett,2017,182: 1-11.
LiZ W, Song YY, He T T, et al. M2 microglial small
extracellular vesicles reduce glial scar formation via the
miR-124/STAT3 pathway after ischemic stroke in mice [J].
Theranostics, 2021, 11(3): 1232-1248.

BE, Wit Fokig, 5. 285005 L 2 2 75 0k i sk
M5 CA2 XERES IH iz 8 A RIS KR TER (1],
AR EEZY, 2016, 11(4): 592-596.

She R N, Tian H'Y, Sun F Y, ef al. Naotaifang Formula
regulates Drpl-induced remodeling of mitochondrial
dynamics following cerebral ischemia-reperfusion injury
[J]. Free Radic Biol Med, 2025, 229: 139-153.

Longa E Z, Weinstein P R, Carlson S, et al. Reversible
middle cerebral artery occlusion without craniectomy in
rats [J]. Stroke, 1989, 20(1): 84-91.

Morris R. Developments of a water-maze procedure for
studying spatial learning in the rat [J]. J Neurosci Meth,
1984, 11(1): 47-60.

Yang T, Liu X L, Zhou Y, et al. Sanpian decoction
ameliorates cerebral ischemia-reperfusion injury by
regulating SIRT1/ERK/HIF-1a pathway through in silico
analysis and  experimental validation [J]. J
Ethnopharmacol, 2024, 318(Pt A): 116898.

RATE, SRS, v O B R ML R He R A A
iR 1] REAIRRARE, 2013, 25(5): 463-465.
Zhang H, Jin B, You X, et al. Pharmacodynamic
advantages and characteristics of traditional Chinese
medicine in prevention and treatment of ischemic stroke
[J]. Chin Herb Med, 2023, 15(4): 496-508.

WRFES?, SKemIR, Biase, & 2= THERIZI M 0%
1L ST 17 ¥ i e I, 7 VR 453 0 FH 24 A B LA R L
BT [J]. &4, 2023, 54(10): 3221-3236.

AL, T, R, SE. SRR e st MR
20 B/ A e M2 TR AR A 1 DA B R L I 8 S
[7]. WHI 22540 BE2ERR, 2020, 49(6): 679-686.



« 4702 « PED 2025478 B56% B 138  Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 13
[28] WRZLBH, BOHOH, B4, &% 28 UE A0 R A after spinal cord injury [J]. Neural Regen Res, 2023, 18(6):

[29]

(30]

[31]

(32]

[33]

(34]

L1250 i e L. P55 VR 463 £ K Bl o 428 ML B T ) £
PER 7). hEZAEAE, 2022, 42(21): 5312-5318.
KR, TR, BOCL, & RN M2 B E R4
MR BT R ML ST (7], #0255, 2024, 36(10):
10-14.

Sofroniew M V. Molecular dissection of reactive
astrogliosis and glial scar formation [J]. Trends Neurosci,
2009, 32(12): 638-647.

Sami A, Selzer M E, Li S X. Advances in the signaling
pathways downstream of glial-scar axon growth inhibitors
[J]. Front Cell Neurosci, 2020, 14: 174.

Yu Y, Shen T J, Zhong X L, et al. NEKG6 is an injury-
responsive kinase cooperating with STAT3 in regulation of
reactive astrogliosis [J]. Glia, 2022, 70(2): 273-286.
XA, Bk, TE U, %% IL-1p 81T JAK2-STAT3
e R A BB 1005 )5 B BRI B B [J]. R AR S
IR, 2017, 37(5): 668-675.

Zhou Z L, Xie H, Tian X B, et al. Microglial depletion
impairs glial scar formation and aggravates inflammation

partly by inhibiting STAT3 phosphorylation in astrocytes

[35]

[36]

[37]

[38]

[39]

[40]

1325-1331.

Liddelow S A, Guttenplan K A, Clarke L E, et al.

Neurotoxic reactive astrocytes are induced by activated

microglia [J]. Nature, 2017, 541(7638): 481-487.

Hu X M, Leak R K, Shi Y J, et al. Microglial and

macrophage polarization: New prospects for brain repair

[J]. Nat Rev Neurol, 2015, 11(1): 56-64.

Liu X L, Feng Z T, Du L P, et al. The potential role of

microRNA-124 in cerebral ischemia injury [J]. Int J Mol

Sci, 2019, 21(1): 120.

Periyasamy P, Liao K, Kook Y H, et al. Cocaine-mediated

downregulation of miR-124 activates microglia by

targeting KLF4 and TLR4 signaling [J]. Mol Neurobiol,

2018, 55(4): 3196-3210.

Zhao JH, He Z W, Wang J L. microRNA-124: A key player

in microglia-mediated

diseases [J]. Front Cell Neurosci, 2021, 15: 771898.

Sun H, Li J J, Feng Z R, et al. microRNA-124 regulates

cell pyroptosis during cerebral ischemia-reperfusion injury

by regulating STAT3 [J]. Exp Ther Med, 2020, 20(6): 227.
[FTiE%iE  F 4]

inflammation in neurological



