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Mechanism of Chinese Medicine Saponins in Treatment of Cerebral Ischemia-reperfusion

Based on Literature Analysis

LI Zidong, FANG Xiaoyan’, MIAO Mingsan’
(Henan University of Chinese Medicine, Zhengzhou 450046, China)

[Abstract] Cerebral ischemia-reperfusion is a serious cerebrovascular disease with high morbidity and
mortality. In recent years, reperfusion therapy based on thrombolysis and thrombectomy has been the main
treatment method for patients with ischemic stroke. Numerous studies have shown that Chinese medicine
saponins can effectively interfere with cerebral ischemia-reperfusion in a multi-target and multi-way manner,
which have great potential on the treatment and prevention of cerebral ischemia-reperfusion. Taking China
National Knowledge Infrastructure (CNKI) literature database and Wanfang literature database as the analysis
sources, this paper used SPSS statistics to summarize the number of papers on the treatment of cerebral ischemia-
reperfusion with Chinese medicine saponins and CiteSpace to conduct cluster analysis on the high-frequency
keywords of the research, thereby expounding the research hotspots and research status of Chinese medicine
saponins in the treatment of cerebral ischemia-reperfusion. Based on literature analysis and summary of animal
experiments on the treatment of cerebral ischemia-reperfusion with Chinese medicine saponins in the past two
decades, Chinese medicine saponins exerted effects by anti-inflammation, inhibition of oxidative stress,

immune regulation, protection of nerve cells, inhibition of thrombosis, promotion of thrombolysis, protection
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of mitochondria, blood-brain barrier repairing, and other ways. The specific mechanism, therapeutic effect, and
signaling pathway of each Chinese medicine saponin have been summarized in this study, which provide a
theoretical basis for the in-depth research, new drug development, and clinical application of Chinese medicine
saponins for the treatment of cerebral ischemia- reperfusion.

[Keywords] cerebral ischemia-reperfusion injury; Chinese medicine saponins; mechanism; signaling

pathway
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Fig. 1 Mechanism of action of traditional Chinese medicine saponins on cerebral ischemia-reperfusion
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Table 1 Use of saponins in treatment of cerebral ischemia reperfusion
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Table 1 Mechanisms, main indicators and signaling pathways of saponins from traditional Chinese medicine on cerebral ischemia-
reperfusion
2 A FE L FELE R AH A 5 38 s S oy T
=kt ] AR S g RE S R HE LAY R R i 41 ' MDA Rl Fe’*  NLRP3/IL-18 i 1 . cGAS/STING/NF- B i
Wil R A A QIR A B AN EE A i, B A I H K (GSH) %P7 Toll ¥ 37 & 4 (TLR4)/NF-«B™*  Notch i
WL JH AT s PR A AR R iR GPX4 K #1301 PI3K/AKtE g+
R 754 DR 2 20 L % v 4
211 378 4L 17
WA B AT P& HUA AR A Il A 5 IL-18.IL-6 \TNF-a \MDA
NO & i BIRAR, — L A &
fif (NOS) i 1 % 0 #1 , SOD
GRERTE ST
A BT 7 i AR A R A AN B AR AL MW EMRMEESD Wnt3a/DvI3, BB BRI H OO K GO
(GFAP) Fil 4% B ¥ #% & A (AMPK)/SIRT! i 4"
(Cx43) 35 B FH L, Wnt3
a/DvI3 F ik
A 000 S L S N AT {2 BDNE AR BRANMEIE Wnt/8 -catenin il f5?) | Nrf2/HO-1 i 147 |
PR R e A R R AN B T A MR 2 R N T (GDNF) #  Noteh il 1" Akt/mTOR i i+
LR G R B AR T B 2Rk
VIR HE V3 50368 o 2 28 O AL
NI 24 B P47 22 40 F RSNl DS
1(Mull) (R4 8l T3 A1 R
1 1(Drpl) T} Mfn2' 4!
Sef BT A N =R AR QP Ak L2 1 |94 SIRT1 /K - [ R (AR v v S sl A VA W G S e o B
(p-CREB)/BDNF ifil # [ 47]
NS A T A B RE RN AR A IR S B R C Nrf2/ARE i #%**) | HIF-1a/VEGF i #%'%) |
FL B A A R R AN AR S T 2(Nrf2) AUk M RE I 40 JAK2/STAT3 i >
L VR G R AR IR R 2 A -1 (HO-1) 19 5 R ik
VORI AR DR A 26 200 L 5 v 4
21l 7t 44t 17
TAHE MBI R I A B p-STATS/STATS ., X 3%k % STATS @'
[1 P3(FoxP3) &K ik i & LT+
£ T A T 0 i) S AR L R A S A B R Perl | Clock A
Bmall mRNA FI7E (13235
A AT P S S R RE R MK LD LA (H9c2)  Caspase-3 il B PISK/Akt.e NOS/NO i ' *"
A B A AN S TR KL R TR
JRTF 4 AT 0341 9 i S % it NKCC1 mRNA fy %
ﬁ[{
(URFE =55 0 APl B L S R RPN 2 WIS AMPK R SIRTI, &
41 i GFAP .GAP-43%2)
ZEIl e S AT M e AR B AR R PRI EEEL . Th i b SOD T 1 B
54 1 5 5 & MDA Fr 1'%
2 AT P AN LRk 3 T Akt FI PI3K () 76 ik PI3K/Akt i i
EHLA T ] AR I L RRE I ORI AR TLR4 L £% 4> fk [ 7 88 TLR4-MyD88/TRIF i f#% PI3K/Akt>* i ft
4 it (MyD88) Iz B T4t # TIR 4%
4 355 A8 4 26 11 (TRIF) B AR
TS A T AL R R R s b VR IR 4 2L P p-PI3K. PI3K/Aktil g7
4 p-Akt.Bel-2 4 [1F B FIF
Bcl-2/Bax
PNEECE NSRSk E =R A - (A A i R b A% T SR X T -« B I NF-«B il 5

4 1 a(p-1kBa) 3 35 B i
FEAR , NF-B A% 5% o i 5

- 199 -



529 B 5 W HESZEFFFHRE Vol. 29, No. 5
202343 H Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2023
ZR1
LSRG FE B S AR AR 53 8% K 53 F

TG 0 G

0380 A S I A0 i o AR T 0 ik 41 21 P TNF-a.
IL-18. 4f i 18] 2 Bt 5 F -1
(ICAM-1) Fl IfiL 4 41 B 2 B

53 F-1(VCAM-1) [ % ik /K

T i AQP-4 1 IL-6.

IL-18.TNF-a*"!

qzts(w
HEEEAT B N =R ANA S/ 3 i RIA
WS B =R A AT O3 AN - Ak
20 I 00 ) a0 TS BRI S A A
B IEAT El KR AT O S T AN TS 1A

2R R a7 e

PPAR #7152 FF
21l 3 L

[% % NF- kB, TNF-a Fil
IL-18 %3k
B\ B 1 il o g 119 S N o= 81 N L1 1 ]
oM/ AR A R B AR I B

i) Nos3 M Nos2
mRNA #35

1ot S AL ) B 1A B9 5 ) 0% A (PPAR )y \NF-«B
i g

Wi ARG it 3R 286 52 a3 4T 4
S IR7 3 SN RV NI RAN

BB R A D g

T i Y
SOD .GSH-Px i J7 4,

MDA Az il i 2 Lo

0035 ik 20 2R A R G P 2

A BRAE 24 B g 2 A

rg[eo]
LU e <R EE =R A AT L AN &3 i
2113t b 1
LIPS A0 A T SR R VA R St A A /s Al 2R A M O il A
21 3t 1
FREBIA BUA AL AR 22 20
A=A A LRAp i 22 240
LT REH T 9 AE S5 L

R A% TNF-o IL-18%

T 4 BT & B0, 7E R 25 B IR YT CIRT 55 H M40 6l
AR R V) AR B % . CIRLE M )5 45 77 A K
AU R T 00 00 B R G RE R SR Y LI A
A RE B A ZE AL A . RRSR I R E RN 1T B
T B0 A T A AR T, v Mk AT ) T A I
BN AR R O B & T Re ek . Bl
& B R e 2 0 SR, N AN B 24 A ok b
B, 2 HA i PR, A )R D HL B BT AR SR 1
A, R B 2RV R 25 A HAN T TS P R R
YRR ER

50 WHZRHFENGBERN EAERN LR
A THERA WG, 2 21 28 43 %0 il il 45
JEPARIT R A BRI LR PR O R R
ST PRAE B9 R B 24 R IS A AN AU o i
I 45 28 9595 B A R T AR, OF BT AP g R
7R R VR YT IR B A R T B B T
FEIREE 42 25 4 B VAT MG I B R A

5.2 TS 2 A 2B ARIRYT CIRL CIRI
A 9 R B FL s R A BRALR S 22 M h A B AT £
AR LB N R T R R A O IR T CIRTA £
FEREEMMEM . BRIGYT CIRLAY b 25 241 Fh
B2 (HIHAF T HLE WA RS £ it X T

- 200 -

167 CIRT Fp 28 5245 SCHREi it 48 11 B P Ah e =
LREF ASBH BEPT ZLXBHMIRER
HEWY, HIGYF CIRIZ 5 AL H] i i Bk . =k
1 2 5 8 4% NLRP3/IL-18 i# #% . cGAS/STING/
NF-«B il # . TLR4/NF-«B Notch i % . PI3K/Akt ifi
B 45 I 2 5 4 Y Wnt/B-catenin il #% | Nrf2/
HO-1 j#fi % . Notch i % . Akt/mTOR i §§ 25 ; N & i
1 2 5 8 45 Nrf2/ARE il #% . HIF-1a/VEGF i % |
JAK2/STAT3 if )% 5 ; 2 & 2 1 = 58 17 Caspase-3
i PI3K/Akt.eNOS/NO il %%

53 HARAIRITCIRIEE 2R ME LN
G3FHLEN & 2%, F At v 2 547 % CIRLAG A FH AL 5
RO, AN S R A B R .
AN [m] 50 5 BC AR s BT — E 1 B [EAE R B ST A%
Je v 2 IR YT CIRL Y 5 A 590 o 5 e A Y2 4 1 i
PR LU, 456 I fb 2 B 38 88 A3 4 B 2 2
W T o ELLA sh i 25 B SC 56 0 58 vh 45 2 i &2
I R 2, BRI IR 36 97 s 3 22 90 1) 245
Wy 32 AR T AR A R PN T G, X s g5 2 AN
AR Y XU w3, i LG £ 3 1 ™ EE A A . ik S
S ERLT ol B 5 B 0 A AR T AT 2 Al ol A 5 B
AR W36 T A TIRYT CIRLE R E N



529 B 5 W HEXBAFZRS Vol. 29, No. 5
202343 H Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2023

T 2 M A R P A R (8 T Tk 2 A A
i 8 1) 265 245 B4 28 1A R A — 86 24 ) 2 aod i R 5 e
e H AT ik #1150 BE T 09 40 KR 1 B 2 M oA
ERARIRMIIEZ — IRRREHAYEHE T
R oy 2 B B B R R AR
2 BARTE IR T CIRI A FL 1] 25 253097 J5 T Al A 1%
Jo IRBARMMESARE , BA R 22k, 2%
BT, 7 25 9 3800 5 0 i o (A 22 5 28 1 e 2
B AT LR R 2 W i B 1 4R e AR M . A
(BA) IR 5 1A 45 24 i n] A7 208 I8 T Eh A, b3 it 22 2
AE B, 9 /D B SR B A7 ALk 3% CIRT, ff 1 BA IR
FUR 2 B R 25 o R A s 2 R E R
AR CIRTAYAE T, AN U BUAR B 2 1 7F 52 A
R TR R BT R R b S R 3 A 3 U R R A
W&o MR 7R 2 kR 2 LIRS 50K
TR DU R 25 B O 4R 5, 0l 0 o 2R R OR K g AL
SR Z M o Dk — 29 Kl A D T B8 5 S i
[FEEHR] AXREEALTH G R

(&% k]

[ 1] Eobksk, B ae, X SCmy, 55 . =& B i il gser
T 48 A SN i, A DR R ke o PO e 4R 45 L7 ). v A
PE R ,2022,38(3) :296-300.

[2] WR4E, BABERe, AW, 4. 25T STATS {5 5 il i M 5
Treg 5t 4 DI RE (19 T 4 75 4 52 T B0 M B 100 28 R 483 473 119
Gy FHLEIBESE LT]. A i R 2 A Ak, 2021, 36(9) -
5477-5481.

[3] FEUR.EF,mEMW, S g lile i X IE#E
PI3K/AKt {5 5 38 f XoF I e 1L - 78 3 A2 78 O Bl A O 4
fERLT]. vt = 25 % 1), 2021, 39(3) : 233-236,
276-278.

(4] M B, SR, 5% KT 4 2 F 2 X Ik B il
FEHE AR5 K BUNKCC 1 M R AE 1 F ki [ 7],
£ 3% 2 B 2412, 2021,37(4) : 59-63.

[5] wHEH BmME, ML® % AS21H Re Fill
NOX2-NLRP 1 i, % PC 12 411 Jig Bl % 1 5 4458 105 19 1
FALT]. P 25 B2 am 47 ,2021,37(8) : 1068-1075.

[ 6] Thokas FELUF, o0 DT, 25 S R A W I Bk i
PR 0 K RV S5 b 2 o4t 005 L0 ). vl I R A 331 2%
#,2021,39(5):569-574.

[7] BT, M&EF EREL,S%. kT3 0H 8385
PI3K/Akt 3 HXT /) B I e 1 78 3 453 405 0% P 4 4
WFFE 7). o G R 24 21 4% 53R 97 2%, 2019, 24(7) -
750-758.

(8] Tk —=A,&BIA, S A5 & Wl 12 7o o0k v sl i
T A 05 /08 SIS 35 R A R A T L)L v [ 2 2

[9]

[10]

[11]

[12]

[13]

[14]

[19]

[20]

5 AR, 2021,35(7) :502-506.
ORI, BRbe 22 REBEAT , 45 . R T e/ s A3 BT
K A S T 2 23 %ok DR B M Gl 1 7 98 T 45 £ 04 5 )
[T].  E BRAR R 2524 ,2022,39(2) : 141-146.

AR W, SRR AT A L X M e 1/
TE AR O B4 B 1A W fg s e (D], e s B 0 g
£,2018,34(11):2037-2042.

LRI NI ¥ e Y S iR G RN
T B DX P W 9B I O (0] PRy,
2020,42(7):1721-1726.

LUO T, LIU G, MA H, et al. Inhibition of autophagy
via activation of PI3K/Akt pathway contributes to the
protection of ginsenoside Rb, against neuronal death
caused by ischemic insults[J]. Int J Mol Sci, 2014, 15
(9):15426-15442.

FU X,LIU Y,ZHANG H, et al. Pseudoginsenoside F,,
ameliorates the dysfunction of the autophagy-
lysosomal pathway by activating calcineurin-mediated
TFEB nuclear translocation in neuron during
permanent cerebral ischemia [J]. Exp Neurol, 2021,
338:113598.

XU H T, NING N C, XIANG L. Ginsenoside Rg,
improves ischemic brain injury by balancing
mitochondrial biogenesis and mitophagy[J]. Tropical J
Pharmaceut Res,2017,16(10) :2469-2475.

TE AR, N A R R 0 R B R A 1 A
I/ AR AR A PR I LT b B AR T 22,
2018,35(12):1821-1825.

ZHANG X, LIU X, HU G, et al. Ginsenoside Rd
attenuates blood-brain barrier damage by suppressing
proteasome-mediated signaling after transient forebrain
ischemial J]. Neuroreport,2020,31(6) :466-472.

TR =L s IR RS P S B A
B X At /P O i 5 A S [T ).
Hh e 2 H A5 41, 2019,35(11) 1 1516-1523.

LIANG C,NI G X, SHI X L, et al. Astragaloside IV
regulates the HIF/VEGF/Notch signaling pathway
through miRNA-210 to promote angiogenesis after
ischemic stroke[J]. Restor Neurol Neurosci, 2020, 38
(3):271-282.

LIU X, ZHANG M, LIU H, et al. Bone marrow
mesenchymal stem cell-derived exosomes attenuate
cerebral

ischemia-reperfusion injury-induced

neuroinflammation and pyroptosis by modulating

microglia M1/M2 phenotypes [J]. Exp Neurol, 2021,

341:113700.

S, TR AR5 B R = LR Ry

X R B 1l K B BMSCs B LIS LA 7 A= i s [ ).
- 201 -



529 B 5 W HEXBAFZRS Vol. 29, No. 5
202343 H Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2023

[21]

[23]

[25]

[26]

[27]

[29]

[30]

] 92 5 ) 2 4k, 2021,27(21) : 73-79.
CHEN J, ZHANG X, LIU X, et al. Ginsenoside Rg,
promotes cerebral angiogenesis via the PI3K/Akt/
mTOR signaling pathway in ischemic mice[J]. Eur J
Pharmacol,2019,856:172418.

RAL BEPEB AR L R R Bt PR 3 R
R 28 i A T iy s [J]. B 250k, 2019, 28
(13):10-14.

R AR, DT, E AR A DR i e i
T A5 1 O BRIl 015 TR 7 Lo G 5T 455 R 2 1
KRR L], rp AR S A0 I I A A ik, 2016, 18
(8):859-862.

LI L,GAN H,JIN H, et al. Astragaloside IV promotes
microglia/macrophages M2 polarization and enhances
neurogenesis and angiogenesis through PPARy
pathway after cerebral ischemia/reperfusion injury in
rats[J]. Int Immunopharmacol,2021,92:107335.
BN, E A BRKE L 45 s T NS AT R,
Rb, Il = 52 1 R H70 /0 Bl e 0L 45 9 3 4R A 7 38 4
13 AN E RE Sk AR A AR S (0], W R b R 2 R 2
2F410,2014,34(7):5-11.

HUANG Q, SU H, QI B, et al. A SIRT1 Activator,
ginsenoside Rc, promotes energy metabolism in
cardiomyocytes and Neurons [J]. ] Am Chem Soc,
2021,143(3):1416-1427.

HUANG X P, TAN H,CHEN B Y, et al. Combination
of total Astragalus extract and total Panax notoginseng
saponins strengthened the protective effects on brain
damage through improving energy metabolism and
inhibiting apoptosis after cerebral ischemia-reperfusion
in mice[ J]. Chin J Integr Med,2017,23(6) :445-452.
ZHU T, XIE W J, WANG L, et al. Notoginsenoside R,
activates the NAMPT-NAD'’-SIRT1 cascade to
promote postischemic angiogenesis by modulating
Notch signaling[J]. Biomed Pharmacother, 2021, 140:
111693.

HAN J Y, LI Q, MA Z Z, et al. Effects and
mechanisms of compound Chinese medicine and major
ingredients on microcirculatory dysfunction and organ
injury induced by ischemia/reperfusion[J]. Pharmacol
Ther,2017,177:146-173.

XURE R TT 2 B W A T = -b T B L 47 a0
B AR BB sE (0], B2 27 5 B, 2020, 18
(10):1-4,22.

22, B, IEL, A A n] ) S e st A
WralI]. & m R, 2005,26(8):392-394.

XIAO B,CHAIY,LV S, et al. Endothelial cell-derived
exosomes SH-SY5Y nerve cells

protect against

+ 202 -

[35]

[36]

[37]

[38]

[43]

ischemia/reperfusion injury[J]. Int J Mol Med, 2017,
40(4):1201-1209.

R R R BROK A L TR R A R I BRI R i
T3 I X5 R 2 T K 7 AN M T g [T Wi
PP BE 45 A 2 75,2009, 19(7) :403-405.

B A B FE R X DRl i R A R R
A 2 i M JH o i s (0], B AL R B R R
2= ,2015(3) :194-196.

FL R MER B, TR, S i om i X S g
i ke i SR B AL VA O A A K af N AR T R sE e [T,
MK F R B2, 2004,30(3) : 384-386.

PP TR NN AR S NG = =R R EEE L R DO N !
S M G it B R AP AR T L] AR A R AR
2006,26(9) :1242-1244.

WL R, BB % SRR cGAS/
STING/NF-«B i [ i 21 o 4 5 K B 4 0 & L ) 5%
W [J]. db st BE25,2021,40(10):1061-1065.

FAE 5, ok Aol TR, 4 = R X Mk e 1P
T K B TLR4/NF-«B {5 5 18 B S 5 1 40 i B 19 5%
W[ T]. H R SR, 2021,30(8) 1 1340-1344.

W PR, X BeFE B 0648 L 55 . UK R e A0 g6 P fn =
L SR 3 2T Noteh {5 538 6 K BRI 5t im 7 9 e
05 85 80 Y dh & R AR T [T]. v B2, 2020, 51
(23):5990-5997.

FOMOIE, KL R4, 45 B 2l =L i
38 2o T PI3K/A K 538 %6 I BRUG dtaf/P 0 e
P03l g TT PR T s (0], v 25 FE AR SR 4, 2020,
36(9):1214-1220.

20 BRBH A48 4 SR L AF . JE R S A 1 0] i it
1ML R B R TP I J 40 il GFAP . Cx43 & Wnt3a/DvI3 {5
E s [T]L o E o BE 2 fE B 48 AR, 2022, 29
(5):75-80.

PIEG, T, m e W], A5 . P A 0l g ke M e i
J 3 B W nt/B-catenin {5 53 [ 56 5 R T 0k 19
W [J]. SN BB K254, 2022,47(2) : 171-178.

BE g R AR, AP35, 4F . JE T Nrf2/HO-1 3 % 1Y
P T 2% 4 S 43 TC AT N Bt 48 ol PC 12 48 if 48 Ak
05 BF g€ [0]. w25 25 31 5 IR R, 2022, 38 (2) -
159-164.

W PR, X B PE B 0845 L 45 . VKR e AT 8 6 WP f =
L SR 3 2T Noteh {5 538 B Ok K BRI i if P 3 e
05 B8 A ph & D AR T LD]. P R EG 2020, 51
(23):5990-5997.

Sh TR, AR 0, 4F L B Wl i AKT-mTOR
7545 3 0 20 I 1 L (1% 1 IV A O R L - 94 1 A 4
(1. m i R A 2B ,2017,25(6) : 601-612.
LU 32 50, B 75 4, 45 . ISR W7 2 41 B 1 i 2 ks
PR E, 2 % B 1805 B i i RO BRI 15 L]



5529 B4 5 W) FEXEAFFERE Vol. 29,No. 5
20234FE3 Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2023
o [E 25 e G A 2, 2021,35(10) : 795. [60]  Z=sbath, Fpor g, Boar B, 45 . A A2 % i 50 1fi

[47] WANG A R,MI L F,ZHANG Z L, et al. Saikosaponin PRIVERLT]. v [ 25 3 223 42,2001, 17(1) : 92-94.
A improved depression-like behavior and inhibited [61] sk, ZEM il i, 45 . 5558k 2% a4 S 2 BILYE 1
hippocampal neuronal apoptosis after cerebral FE[J]. PR 2A4,2014,29(9):1332-1334.
ischemia through p-CREB/BDNF pathway [J]. Behav [62] R4k, B7IT, s IE R, 55 . JC AR 12 1 X kg ke . 145
Brain Res,2021,403:113138. THE R 040 A5 R R BRSO R s e [ ] v B 2 I IR

[48] EAF &A% . A2 EH R, i ZRd,2011,23(7):635-637.

Nrf2/ARE {5 538 8% Bt 00 3 <5 /2 205 7 28 4i i 48 [63] ERHR, TRA, ok B, 5 AT 3% A bk i 2 Bt 12 M i okt .
ToR BRG], v B 2 3 25 4, 2021,37(10) - 1383- B 4 F VB AL 23 L], v B 5286 O R 2% 2 A
1390. 2022,28(7):49-56.

[49] AEZ. A5, BicHh,%. NS i1y HIF- [64] Z=4 BRI, 45 . S B T S0 WRIR 9T O il 1 47 953
la-VEGF 3 [ X 7 U e it P30 v 6 493 10 O 4 4 ARG 0T S bty KA R AL AR SR SR [T ). rh 225 5
(1. P9I EE ,2019,37(6) : 43-46. I PRZ5 31 ,2019,30(4) :499-503.

[50] s, wWoka, BRE B, %5 . A S B Rb XA BRI i [65] TV, skaRZE, 34, % . FMMIGITIE = L sr
IfL P 7 JAK2/STAT3 {5 5 5 Tl Bk iy g [, & JE 2B S e i P T A v 2 AR BB E NTHSS 3 43 K Il i
PREE2£,2013,42(17):1932-1934. CGRP . IGF-1 K V(g 5z mg [J]. v [H & 4 % ik,

[51]  w&ede, Vi, ddh ML, 5 24 SHA ROl il 2021,41(19):4178-4181.

I I 65 95 975 1) 24 BT 5 0 e [T ). v v s 2 AR [66] IR, B2 X, % . T P A 3 ) Ak e o 354 4%
B HE,2021,19(13):182-185. B9 25 B S AR [T ). v B DK 245 #4245, 2020, 36

[52]  E8 SRR ARGHE 55 . P10 2 A 08 1 018 i fk (16):2521-2524.
1K B 5 GFAP . GAP-43 ik 1952 [J]. it [67] ALJEMr, 2500, 28, 5% . R B M= LR e
B<245,2013,8(2):183-185. AT % 2K BRUJR) ek e i e o 1 5 o L0 ] v [ 552 56 5 ) 2

[53]  BBEF 00 J5 ok, AL, &5 28 1 e i R 0 i e 1 46 Z:7,2006,12(12):56-58
5 KRR PR3 R T [T]. 28 10 2 2 B % 4R L 2020, 41 [68] J7 R, xR, K, % . W KH I EZLBEMT
(11):817-821. R BRI I 5T 200 R R G L A P 2 00 R X e XU

[54] TEHME, MM, KIRAE  38-XUK 17 1 52 951 e 1 o0 % ki 2 T 200 M 1 5E R o Ak g 2 e [T, vh R BRI A
B I/ 45 KRR B R BE AR AR K PIBK/AKt 45 3 2015(14):174.

B2 (1], 25 2 4, 2013,29(12) 1 1672- [69] FAF, HEER,BER,F. EHBEJHREGEEYE
1675. Xof R R A5 0L /P 5455 T Th1/Th2 7 it s ma [T ].

[55] X222l W B, E S0Pk . K H AR B2 X/ B i fk [ AR AR, 2016,36(16) :3918-3920.

L/ P VEE A i O b VR R AL L)L b R 25 2% Ak [70] g et BRVE . vh 24 58 1 28 oy e kg 1 1 FE AL
2019,28(11):1360-1365. [J]. A= iy fk=4,2020,40(8) : 1375-1381.

[56] LZfe, Euimm, X dcH, 55 . VIS At B i xR [71]  VEDBL, SRR . rh 25 B AT 20 & PR o7 Bl R B s i
BB ok M 5k i 483 5 B HE 4 oRE S B ) S e [T ). R e gEbE[T]. WRMEGE 2 ,2018,14(5): 114-117.
2424,2019,17(4) :522-526. [72] I, 28R4 LG, 55 RS RIELE R X S AU il R

[57]  SRAE, ZBREWE B E D7, 55 . 0B R X I UG ke it B A BB AE R RUM 40 1 4 B Ll s L],
FFRRE S ng R E D). R 2525 24 75, 2006, PR BE 22 2 75 ,2022,32(5) : 52-57.
41(9):668-671. (73] FHMrer,skil sk, 4 . B R a5 1 8 WA T

[58] ZBHMg WP, 259E, 45 . 48 2 i B 1 KRR Ak YERIWFoE R [T]. k2l ,2021,43(7):1834-1839.
i it it P 452 43 A R AP R R LD ). v I T 2 5 I K 2% [74] LIX,LIS,MA C,et al. Preparation of baicalin-loaded
#,2011,30(5):339-342. ligand-modified  nanoparticles  for  nose-to-brain

[59] FERE,Z=JE &, RN, 4 5 38 A % ey kb PR v ke delivery for neuroprotection in cerebral ischemia[J].

1L K BRI 4 41 PPARYy Il NF-xkB RIE 5 5 iR e ik 1Y
S [T]. BERLEIR 2015,21(24) :4539-4540,4546.

Drug Deliv,2022,29(1):1282-1298.
[EERE WMEM]

+ 203 -



