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Research progress on protection of baicalin on cerebral ischemia-reperfusion injury
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Abstract: Cerebral ischemia-reperfusion injury is the main pathological feature of cerebrovascular diseases. Baicalin can reduce
inflammation, alleviate oxidative stress, inhibit neural tissue cell apoptosis, alleviate ischemic brain edema, promote nerve cell
proliferation, regulate gut microbiota, enhance progesterone activity, reduce cerebral ischemia-reperfusion injury, and protect
neurological function. This article summarizes the research progress on the protection of baicalin against cerebral ischemia-reperfusion
injury, providing evidence-based support for the clinical application of baicalin.

Key words: baicalin; cerebral ischemia-reperfusion injury; inflammatory; oxidative stress; cell apoptosis; ischemic brain edema; cell

proliferation; gut microbiota; progesterone

Ji 5 AL P VR Y A5 A0 A I O A o B
FHE, 5RAERML . FALNFNL . LRIA D RERE
05 XA ERetk. MAME T, MUk EE . fiE
[ E A PR e S P SN = i )7 iy 71 REER
BTN A asE s g A RE 7. — S8R
E BT AT IR IERR R T A0 A P A
W TR PUH TN T, FHREENG
J7 AT I R AT FT R A R BT B2 S 2
RIAHESAC ST, BRAPR. JUE. PUREE.
TUMR . PUARMRE T priAesE 2 Mastt, TR T
OO IME B M TR JOE PR <5 2 AR
TR, P RE I PR IO SN, A 4R
WIS, I H AR T, SRk Pk
KR, (R BEAR 2 A 5, R R R AR
3 560 2 B P AR s L P VR AR 05, X T fE

isBEA: 2025-01-17
EEmB: AR TRAEIE (242400410217)

RYEDRYAER o ARSCRAGE T 3 2510 0] i il 0L -
P05 ORI BRI FE e, DB 25 R R B AR R
UE SR
1 PBRRRRER R
1.1 PHIE NOD #5{4Ki%ER 3 (NLPR3) KiE
INRBITEAL

NLRP3 #E/IMATE BRI BB 30 2 bk
KA (Caspase) -1, et 4/ (IL) -1B.
IL-18 FIARZR ASKIE, InEEME 44 5 A5,
Zheng ZUE ] 100, 200 mg/kg ¥ 5-HVATT HEh ik
PHZERE ST A FE R B, AT IR RS L &R G
W (AMPKD) {55 1@, FHik NLRP3 #5E/IMAR)
WA, BEECIL-1p. IL-18 HIRIE, 4/ MiktsEsE
PR, IR A 2 M B AR 2 A, YRR i s L
ER RS . BOBHEEIER 100, 200 mg/kg ¥

EEENY: HIEIE (1980—), 5, mIE, Wik, W75 m At . E-mail: zhaozhen200009@163.com
HEEEE: B B (1982—), o, BRIt BRSSO A MG L B 2 K . E-mail: zhaozhen526@126.com



+812 - FEA4BEIY 2025FE3 H

AR E bl

Drugs & Clinic Vol. 40 No.3 March 2025

A VR YT R L PR K B, T iEd H| NLRP3 %8
SEMAERITEAL, K Toll 324K (TLR) 4 FRI0E,
AR AR AT M 1) JOE S B, B AROK B B 447, 4
/NI AR AT TR R B AR A 22 TH BV 49
1.2 #i#HI#%EF-«xB (NF-kB) {55188

NF-«B {5 50 1% 2 A5 S 0E s, ml ek 1~
Z P GERE R T 1K1 23, TR 28 2 2R 1) JE J 81
Xue ZEPOMFE A 50, 100, 200 mg/kg X167 Rk
PRGN R, L] NF-«B p65 15 5@ G
b, 2 AR DR BRI VT /0 IR BEZE T A, P
PR ZIRBE, B8, IRFEERB LR, RIEM
LR EF - Xu 20O A 100 mg/kg 3 %-HA T i
R P EE KB, AT NF-«B/ 4k R 7 e A4
(CCL) 2/CCR2 HyiEtt, FEALHMAE Mz 40 f K1,
P E A IL-64 MR IRSE R -0 (TNF-a0) 1)
Tk, WEBROCRNEEZLARR . RAEA £
PV, RIEREPRIEN.
13 TESSRIBREFRNIELXIEDRE 2
(PTGS2) HIFRIX

PTGS2 J& T 5 3 W, 1 &k if 7 8 v vT i 3t
PTGS2 ik, (RAE/ M A Mg t, (et fed: P
FRIAI T FIRR 2 Ex (PGE2) RIE, NMNEANE M JIE R
M, EERKOR N ] 5.2 mg/mL # 5H AT Nk
PSR, TS PTGS2 3Rk, B3
WA SOE RN, B PRI S 4 CA68. IL-
1B+ IL-6. TNF-o FEPEIRIEE RIS, 4 ks
RIA, T GRE. SRR B
ZLBUEH 50 mg/kg ¥ A IRYIT PGE, TR iRk ifi.
FREEIA /N, TR DAL TL-18.
IL-6. TNF-o. PGE, /K, FEAGiHE 4 245 M2 il
R 4R PhE AR IR BEA T, $E
o B TG P RN 4 kR R, R A
PERE VL o
1.4 #HEIRALRTREEE-2 (COX-2) HIFRIE

v gt I T A2 3t 0N B SR A Y AL, f2 3 COX-2 K
o, TR I A I N, R R 55 A
28 HT ARG 3 B AN S A0 4, ZERSEISUE T 50, 100
mg/kg BRI AU S BT) fik e A1 42 7 P 4 i ke 1f
PR, nrisd fH e COX-2 Rk, B3E
IR AN EE ST SN, AR 3 o 2H 2 i 28 R 200 P 1
W, WEMAEThRE. ERFEIMER 100 mg/kg ¥
AR VRTINS KR, @] COX-2
R FRIE IR M SORE R A7, B ME

TYM /NS, P2 T X S-SR R s e A% 4%
PRGN, 40 =R AP AR IR, SaEIA
HIIRE .
1.5 LISt A 24 2 (TREM2) HIFRIA

TREM2 /&G Bk (B KR s I s2 4, 1
FT X A R G S SO R G B 1 A A
FHEE AR P, S5 S5 P 1) 28 1 4 e B ) 7
A, ARHEGEMIAEIEIT), Wang S80S FH 55 HAYT
F S I P /N B, ATl i TREM-2 [F3RIA
EH RGN AL, BRI B, 46N
FEACARRR, FRARM AT RER G .
2 BRSWNERR

AT E2 SR 2 (Nrf2) 2 3 IR T
SEAL I S RS T, 24 Nrf2 Baim i, 26 N4
%, HE5PEMRNICH (ARE) 454 80E ML
FhPUALEE, WERAEEEE (NQO-D ML
AlE-1 (HO-D. BEMNEAE (SOD). dHE A
Al (CAD . B IS EA B (GSH-Px) %548
KEERRIE, X bR 5 H B RN, Li 2520
18 F 9 mg/mL 3% % L AR S 1R 9 KRG 7 i
M, AEE E0E Nrf2/HO-1 {5 Sl B B A —
i (MDA). JEMESE (ROS) MI/KF, #% SOD.
GSH /K, Wl DA af qe 50l o0, %2
G KPS ERIRAG , 4i /)N RE ST R AR R4 £ A
T2 . Huang SERPMETH 1 mg/mL 38 &1 1 E R4
FRLAT A A I A T P 20y ik P 5 3 7 P i k1 K R
AR PR S A R M, B EE Nrf2/HO-1
G5, EiR SOD g, K ROS HIKF,
T 2 DR A 2 2 e 6 MR P A AR TR
3 HPHIRZ LR LR mBEA T
3.1 FHEmEE

Y E R P, T CATERRIRRG A R
E T RO B, AR I sk R S T S B A e 1)
FEFFAEAOT:, S 5508 P O 7 VA R i sl L P 1)
ARG, Li E2UEH 100 mg/kg 5 HIE
I E T TR S I PR KRR, PR A & Th RE B
PR FIRRBESE AR, PR LR R A R B T 1
(DRP1) MBI, PHIEZRRIAZEAR, pissshifh
VIREFI AL, i Caspase-3 fIZLA#E, it
LRI E N, SRR
3.2 BUERAEEAALES 3-#E8 (PI3K) /ZEBHEE B
(Akt) E5@E

PI3K/Akt {55 @ B TG4k, I8 B R AL B 1)



FA0HBEIH 202543 H RS Y3

Drugs & Clinic Vol. 40 No.3 March 2025 *+ 813 -

SRR, WibE R A -3 (GSK-3B).
Bcl-2 #9% X & (Bax). Caspase 25, SRAEHE4N
705, FEIEI 4R TR, A BERMEH 100 mg/kg
TEESHFVR YT I B PR KR, B S Akt (55
g CLBOE AW IETE, IEEMEMCED 1 B3
(LC3) /I, Beclinl [HJ7K-F-HI[#{X Caspase-3 HH ]
Fik, B 5 B AR AR 4 DD e A0 ™ S B AN 4
SV R A5, 4/ INEERRL
33 HIFIE/SSIAERKBMEELNE IO
(CaMKII) BYREER 1L

CaMKII Rl BB R, F
AN SN, G AE RN, BN S
— 3 G B 0 A T (1 2B A A R R 5 SRR F 26,
Wang S5 R7M 28 5067 i i f PR v B, 3@
RN CaMKIT IR 1L,  BERAGAH 240 B P 145 25
FIRFE, $H] Bax. Caspase-3 VGG, LML
FUIE T, BB CEV RS A R
4 R ER BRI R K B
4.1 HNHIANEL FKIBIEER (AQP) 4 EHFKIA

B TE R 53 41 MO W% B 52 AR AL A R AR 4
(TRPVA) 7E i i LB 80 , (340 25713 N4 i
N, SEGEEETE, JdERKSET AQP4 HEA
YHMIN, AQP-4 & — PR H 3= 2 YR PE R 5 K
MG, HRHTRFEUKERE, 3k i
KI8T, FRIBE G- EE UG 10, 20 mg/kg B5HIRIT
PP 70 ik P 5 S S 4D A BRI PR Y KRR, R
RIEI T 4IM TRPVA [FRIE, DARRM g,
2 PR BRI B /K B, AR ZH 2 Glu 7K
S, (R R A 4ERR IR 1 (GFAP) [IRIE. Lee
SEBOUFE ] 104 304 100 mg/kg 2 VA 7 ik Gk I 7
FEENR, RIS T AQP-4 TR KL, BEMR
I/ R BEZEARFR A K I £, #0 TL-1B. TNF-o
MERIE, PRAPEIRESEIT 7
4.2 {RIPMANERERE

AL i S5 e 5o 428 1) 0 LA 24 5 A # 2 R Gt 2
[P s 2 G HE, &R EAN (MMP) -9
SRR BE Y claudin-5 &5IEHER A 6,
MMP-9 Z 34 488 iy vi] S S ot i 2 o i A L e
T2 (1GR3 R L YR M A 7K
Jif31, Chen &2 FH 3 25 16T H Bl ik 1 ZE £ 7
(R I o 25 R B, I H0 ] MMP-9 [R5 4L,
T T a2 I g B PR 452497, BRI B R BB T 2R A
IKBREAR, IR B . K52 R B3 A

100 mg/kg BT VR YT H 30 ik BH & £ 7 1°) i sife i
VKR, nE_F R i A claudin-5 & A, £
7100 B B 1 e v, IR K
5 R HELpiEE

0 Y5 P e 22275 9% [R] 7 (BDNF) A 28 e i ke I i
L DR = B I X AP T A 2R, ek
STYIMIAE, RS H LR R, R
SEBSUFEH 200 mg/kg B E IR IT UM B0 ik I
FEE TP A P R I PR KRR, AT Rt X v T 2
21 BDNF & [ 1304, (2 ik ifg Do 248 T4l f s 5
BEARG R B2 (B 2 2102 RE Jy A« 2R 4R oM
100 200 mg/kg ¥ IE YT UM ZILE B bk e P & 4
SERA RO B, AT B S (ERKD 1/2-
cAMP W Z uft45 48 (CREB) -BDNF {551l
iSO 1 1 i e 2o R A i N BB = s o R O 2 (12
O CAl XA, g KRtz oke.
6 BATAERMEEE

i 38 T A D AE A G RELBRRAR W Dy — W i
v, MBI ERS N, A2 EIR . DIREiER:
G By 22 0 AT R AE G, 7 G e 1t P A e 3
= WA TS, GRS R ER R,
Liu ZB8{§ ] 50. 100 mg/kg 85 H VG TT = W f%-N-
AR ST P B PR /N B, T E s R R
T2 PR B AR = R SE K, S 28 0 AT 48
P, AR R PR, A RS TIRERIILIR R
For U /N BRI Th RE IA S 5, B v o T AR BN
WEVKIT ], s ki i R, s A k2 se
7 SR PEEE M

ZAf @ Z R 2 R e R R I E R ER, ]
WD REAEARRR . SMAIAR R TR T AR I A 57
B A ThRERER D, Li Z5M0EH 15 mg/kg
FS RTINS R, AT I8 (i a3 e B iy A 2
(PRI, $m iS22 E . 2 IR R R KR,
FEARMN A D REERARAZ S, (22 ool B W I 4
Jfl GFAP. NeuN iAo X183 AR F 8 5 IR )7
P Bl Bk FE ST R i I R R, R R
ZAR 7K S48 /N B SEAR RRURN SGEA 22 ThRE, R A% AN
TRIEH
8 4B

I 2 R A RN B 3 KW LB,
e T EIRAM E RN, FEREA 5B i R 1
FRREED 0 259 0] o8 BB 3 TG v] R AE AR A
o BE R AR AR R N, el A SR



<814 - FABEIH 2025F3 A AR & 5l &

Drugs & Clinic Vol. 40 No.3 March 2025

N, PR SRR T, Yk I i K P
(RPN E, VA RE R YR, G 5R 2 R
WM, BRG0P R P,
MEIhRER IR ER . B AT S Tl i 7
VEE T 2 )8 TR U B, A AR F AL
AR AR ST . AL TR i — AL,
TR ARG PRI SRR T S M 2 AR 1R A
WE TR R/ BTN, READFER
RRHfE « TS FEAPLEN LRIV £ 0 F R AR AR i £
fifp LR i) R
RMBRR HHEENEAREEAZPE

SE R

[1] Ryu W S, Hong K S, Jeong S W, et al. Association of
ischemic stroke onset time with presenting severity, acute
progression, and long-term outcome: A cohort study [J].
PloS Med, 2022, 19(2): ¢1003910.

[2] Stanzione R, Cotugno M, Bianchi F, et al. Pathogenesis of
ischemic stroke: role of epigenetic mechanisms [J]. Genes,
2020, 11(1): 89.

[3] LilJ, Zhao T, Qiao H, et al. Research progress of natural
products for the treatment of ischemic stroke [J]. J Integr
Neurosci, 2022, 21(1): 14.

[4 k=, 1\, EEE, & mESHAEEH KRR
WACEEE [J]. FEZG, 2019, 50(24): 6142-6148.

[5] Wang L, Ren W, Wu Q, et al. NLRP3 inflammasome
activation: A therapeutic target for cerebral ischemia-
reperfusion injury [J]. Front Mol Neurosci, 2022, 15: 847440.

[6] Zheng W X, He W Q, Zhang Q R, et al. Baicalin inhibits
NLRP3 inflammasome activity via the AMPK signaling
pathway to alleviate cerebral ischemia-reperfusion injury
[1]. Inflammation, 2021, 44(5): 2091-2105

(71 Fte, REMEI, TKEH, 553051 R ROE R T 2
I 5k L P VKRR JZ AR R A M L WAL (0] &
LA 5 TRIEE 2, 2022, 33(6): 28-32.

[8] Liu J, Chen Q, Jian Z, et al. Daphnetin protects against
cerebral ischemia/reperfusion injury in mice via inhibition
of TLR4/NF-«B signaling pathway [J]. Biomed Res Int,
2016, 2016(1): 2816056.

[9] Xue X, Qu X J, Yang Y, et al. Baicalin attenuates focal
cerebral ischemic reperfusion injury through inhibition of
nuclear factor kB p65 activation [J]. Biochem Biophys Res
Commun, 2010, 403(3-4): 398-404.

[10] Xu T, Wang X Q, Ma CYY, et al. Identification of potential
regulating effect of baicalin on NF-kB/CCL2/CCR2
signaling pathway in rats with cerebral ischemia by

antibody-based array and bioinformatics analysis [J]. J

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Ethnopharmacol, 2022, 284: 114773.

Wu Y H, Sun J, Huang J H, ef al. Bioinformatics
Identification of angiogenesis-related biomarkers and
therapeutic targets in cerebral ischemia-reperfusion [J]. Sci
Rep-Uk, 2024, 14(1): 32096.

RKIR, BT, R— N, 5. 18D PTGS2 /£ 851
/I U M e L R VA 450 J A RN D B B A
[7]. FRAERREE AL &, 2024, 44(11): 1339-1344.

XA, BIER, e, 5 mAEl PGE2 fEK
A PR SR N BOA R T RE P ORI BE AL (0], 5K
FEZARE, 2023, 39(15): 1881-1887.

XuY, Liu Y, Li K, et al. COX-2/PGE2 pathway inhibits
the ferroptosis induced by cerebral ischemia reperfusion
[J]. Mol Neurobiol, 2022, 59(3): 1619-1631.

O, IR, MR, S TN A N i L/ 7
VR BRI 0T RE S Bz Fe ML B 5T (7). b 25 3
38, 2015, 31(6): 801-805.

EHFAE. ARSI E KRS COX-2 Rk
2o o K A A P R L AT REALA] (D], o o B R
R4 8, 2015, 21(6): 660-664.

Wu R, Li X, Xu P, et al. TREM2 protects against cerebral
ischemia/reperfusion injury [J]. Mol Brain, 2017, 10: 1-13.
Wang H X, MaJ L, Li X L, ef al. FDA compound library
screening Baicalin upregulates TREM2 for the treatment
of cerebral ischemia-reperfusion injury [J]. Exp Physiol,
2024, 969: 176427.

Fan J, Lv H, Li J, et al. Roles of Nrf2/HO-1 and HIF-1o/
VEGEF in lung tissue injury and repair following cerebral
ischemia/reperfusion injury [J]. J Cell Physiol, 2019,
234(6): 7695-7707.

Li X X, Li S L, Ma C, et al. Preparation of baicalin-loaded
ligand-modified nanoparticles for nose-to-brain delivery
for neuroprotection in cerebral ischemia [J]. Drug Deliv,
2022,29(1): 1282-1298.

Huang Z X, Guo L, Huang L J, et al. Baicalin-loaded
macrophage-derived exosomes ameliorate ischemic brain
injury via the antioxidative pathway [J]. Mat Sci Eng C-
Mater, 2021, 126: 112123.

Wang X, Yu J, Sun Y, et al. Baicalin protects LPS-induced
blood-brain barrier damage and activates Nrf2-mediated
antioxidant stress pathway [J]. Int Immunopharmacol,
2021, 96: 107725.

LiS S, Sun X X, Xu L X, et al. Baicalin attenuates in vivo
and in vitro hyperglycemia-exacerbated ischemia/reperfusion
injury by regulating mitochondrial function in a manner
dependent on AMPK [J]. Eur J Pharmacol, 2017, 815:
118-126.

Zhou J, Du T, Li B, et al. Crosstalk between MAPK/ERK



FA0HBEIH 202543 H RS Y3

Drugs & Clinic

Vol. 40 No.3 March 2025 * 815 -

[25]

[26]

[27]

(28]

[29]

(30]

[31]

(32]

and PI3K/AKT signal pathways during brain ischemia/
reperfusion [J]. ASN Neuro, 2015, 7(5): 1759091415602463.
ARE. BEIF AR AKT- H BOR ORGP N Gk i/
AP I SE ST AL [D]. HER: EREFRKZE,
2015.

Yao Y, Li F, Zhang M, et al. Targeting CaMKII-59
ameliorates cardiac ischemia/reperfusion injury by inhibiting
myocardial inflammation [J]. Circ Res, 2022, 130(6): 887-
903.

Wang P, Cao Y G, Yu J, et al. Baicalin alleviates ischemia-
induced memory impairment by inhibiting the phosphorylation
of CaMKII in hippocampus [J]. Brain Res, 2016, 1642: 95-
103.

Xu S, Kang C, Chen M, et al. Dynamic expression of
AQP4 in early stageof ischemia/reperfusion rats and cerebral
edema [J]. Chin Pharmacoll Bull,2016: 1433-1441.

RE T, RICEE, KSR, 55l M 2RI
JR4HAE TRPVA F1 AQP4 A7 i f I PR 51 &2 ik
BURGZA [J]. o 2R, 2022, 47(4): 1031-1038.
Lee B G, Lin CY, Lin S X, et al. Baicalin administered
orally after ischemia/reperfusion alleviated brain injury in
mice by inhibiting inflammation and edema [J]. Nat Prod
Commun, 2019, 14(5): 1934578X19843032.

Meng F, Liu R, Gao M, et al. Pinocembrin attenuates
blood-brain barrier injury induced by global cerebral
ischemia-reperfusion in rats [J]. Brain Res, 2011, 1391:
93-101.

Chen H S, Guan B H, Chen X, et al. Baicalin attenuates
blood-brain barrier disruption and hemorrhagic transformation
and improves neurological outcome in ischemic stroke rats
with delayed t-PA treatment: Involvement of ONOO-

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

MMP-9 pathway [J]. Transl Stroke Res, 2018, 9: 515-529.
XFEFR, FaE, TRMS, 5. BEES R AL 0
SRR M E TR AR (], P E S IRR,
2020, 20(12): 1946-1947.

Taliyan R, Ramagiri S. Delayed neuroprotection against
cerebral ischemia reperfusion injury: putative role of
BDNF and GSK-3f [J]. Recept Sig Transd, 2016, 36(4):
402-410.

AR, AEiRAe, HLUUDL, SR TN A i i/
VA K Bl G o 2 0 B RO N D e AR RE D (D).
i EZEARE, 2015, 35(9): 2322-2324.

R AR A R I K R Ao 8 R FRD S e I
7t [D]. EJK: HIREFRIK, 2015.

Wang H, Ren S, Lv H, et al. Gut microbiota from mice
with cerebral ischemia-reperfusion injury affects the brain
in healthy mice [J]. Aging (Albany NY), 2021, 13(7):
10058.

LiuJ F, Zhang T H, Wang Y Y, et al. Baicalin ameliorates
neuropathology in repeated cerebral ischemia-reperfusion
injury model mice by remodeling the gut microbiota [J].
Aging (Albany NY), 2020, 12(4): 3791.

Zhu X, Fréchou M, Schumacher M, et al. Cerebroprotection
by progesterone following ischemic stroke: Multiple
effects and role of the neural progesterone receptors [J]. J
Steroid Biochem, 2019, 185: 90-102.

LiHY, Wu L L, Wang D H, et al. A protective effect of
baicalin on cerebral ischemic rats is related to the
improvement of serum progesterone level in serum [J].
Neuroreport, 2019, 30(16): 1121-1128.

SRR, B 5 A 4 AR R AR R I R L R
PEFIRIALEIBTFE [D]. dbat: dEstPBEZi R, 2016.

[Fiemss MFE]



