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Research advances in key mitochondrial injury targets and mechanisms
of traditional Chinese medicine intervention in ischemic stroke
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[ Abstract] TIschemic stroke is one of the most severe vascular diseases in the central nervous system, with its pathogenesis involving
acute cerebrovascular occlusion leading to local cerebral ischemia and hypoxia, triggering complex pathophysiological cascading
reactions. Mitochondrial dysfunction serves as the critical pathological foundation of disease progression, primarily manifesting as
significantly enhanced oxidative stress, cellular metabolic disorders, abnormal apoptotic signal activation, amplified inflammatory
cascades, and mitochondrial dynamic imbalance. The molecular mechanisms of mitochondrial injury involve multiple key signaling
pathways; mitochondrial electron transport chain dysfunction generating substantial reactive oxygen species, calcium overload disrupting

mitochondrial membrane potential, and mitochondrial dynamic imbalance leading to fragmentation-fusion disequilibrium. Studies have
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confirmed that from single herbal active ingredients to compound preparations and even acupuncture and moxibustion, traditional
Chinese medicine ( TCM ) demonstrates multidimensional and multilevel synergistic neuroprotective effects. Focusing on the
epidemiological trend of ischemic stroke with a rising incidence, this study delves into mitochondrial dysfunction, the core molecular
pathological mechanism of disease occurrence and progression. By systematically elaborating on the multi-target and multi-mechanism
intervention strategies of TCM in the neurological protection domain, this study reveals the complex molecular network of mitochondrial
damage and highlights the unique therapeutic advantages of TCM in regulating mitochondrial membrane potential, inhibiting oxidative
stress, optimizing energy metabolism, and reducing cellular apoptosis. It explores a novel molecular target system for treating ischemic
stroke, offering a new theoretical foundation for integrative medicine research.
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chondrial permeability transition pore, mPTP) F )& , #E 1M 5| K& £k
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tol 3-kinase, PI3K) /£ H {# i B ( protein kinase B, Akt) /5 A
# Z ¥ 1 ( mammalian target of rapamycin, mTOR ) {55 53
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tein 1,Drpl) IR T , B TE T 19 ROS W] 2 #F 26 b Ak 434
R Bedk, e a6 0 A8 T L 3 Fh Ak B 38 AR E
Z T ST AR F | JE T3 40 RS R H 95 200 92 10 4 — 20 A
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I FIOE PGC-1a-NRF1-TFAM 15 538 R AL iE 2k ki i A= 1 &
W NS A Rb, \Rg, Rd fEAR[FFE (1 mg kg™ & 160
wmol - L") K yFHRE (AL 2 h LA 25 14 d) F @£
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Molecular mechanisms of mitochondrial injury and targeted intervention by traditional Chinese medicine
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Table 1  Mitochondrial protective effects of typical components or single herbs of traditional Chinese medicine
T2 RSy SR 2 SR Wi RY A3 FE /4B WA SRR A
Bk g7 R 4h: 20 pmol - 171, PR Sh. HT22 40 WO AMPK E B, AR WU IAESEIRAR,  3hJisE kA,
OGD 6 h/R 12 h;{&p.20 OGD/R;# . SD K Drpl/Fisl ALK 2L, kM ZTTMH T FI s £ 4 AL
mg-kg™' ,RJF 3 d FL MCAO #38) S LC3-M/LC3- T AME S
S g 22172 & Ah: 1~ 100 pmol - 1A 4h . SH-SYSY #H P& NRF1/TFAM 8 %, B #27F ATP KF, 08 Ak niig 2k
L WiAbFE 3 h i1 OGD/R ¥ Cyth/CO1/ND2/ND5/ND6 /b ROS 4 i R A B A
ik WA
e cbee s AAl #4h:0.2~3.2 pmol - & 4h. PC-12 40 i il VDAC/ANT/CYPD 4+ #i/NmisEsERiR,  SAAnii Jd
L7, Wb 3 12 hy iy, Hy0, #0540 :SD 19 mPTP JFiL, #1 Bel-2/ BB & IIGE TEE
10~ 30 mg- kg™, A H 2 KHE MCAO #A#! Bax “F-fiif
w,154d
Pl KIN:30~ 120 mgekg™',  PKPI.SD KBUMCL  #03% Shh/Gli-1 3@ B, 2 3 Wb IS4, 0908 ity
AJF 14 d i) BDNF/SYP/PSD-95 /- 3 iy 5& & fil L AL
ik £ B
ey K 5h: 10 ~ 500 ng - HKAb. HT22 40 b9A SOD2 ik, ik ROS WA B bRk
mL™',0GD 3 h/R 24 h OGD/R MR A R, ¥ ZAMEE, BTG BICREG 5
RN R A TR TR L AR AL
sl gy AL TR 1~10 mg-kg™" %5 R Pg: SD K B LU SIRTI ik, M Bax/  WAKEIER, B HTHES#
H1w.74d MCAO/R # %! Bel-2 LLAH, B AR caspase-3/9 M S ZoniE4s, 6 A LI B,
WM, B R FRIHAH T BE eI KL
itz %77 KH.10 mg-kg ™, A H PRSD ORI WS PINKL/ Parkin i, 1 Zi/NIRHISERBL,  FIERER R
1,34 MCAO/R 7 P LC3-10 K3k, LR ik B Ik TL-6, TNF-a, fLRZHK
H I MDA 7K
siEe ALY TKP]:10~40 mg-kg ™", M. SD K B 454 IDOL, ¥ Stat3/Opal WA IREEFCMARR,  ZikiiksrEL,
FFH 1,7 d:hh.5~20 MCAO/R % W fh 5@ feikgobiikml & BCEM ATy B ARk
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A P K A 40 pmol - L7, T Ak N2a 40 HE ] Dpl AN SILRIKRS WG, RRkAH,
JEFE 4 by RPY.2~8 mge OGD/R; 4R Py: /NEL %, 38 i GSK-38 i M il /> BUHLRAI)AE mPTP i J& JF
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Py A Vs
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141100 pmol - L™, 54
AhFE 24 h
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Table 2 Multi-target intervention mechanisms of traditional Chinese medicine prescriptions and preparations

IR TR Fi 5y WA FE BB BTSSR E S Il PRI 3
ABIMFGE S 2.0~8.0 mg- AW KR % SIRTL/PGC-1 MUEMAIIRETE I AIREE (200 B . A SR
#WEHS kg4 MCAO/R BHY Sl Ml AL Rk 40, M Bl 45T 92% vs 77% ,NIHSS P74 it 2B
FARE R (4 INF- T2, 38 % 7 ¥ i (24.75—17.33) , RAE K FKF
a IL-6) s TFHE(H P<0.05) 1)
SBIBSIE  #MHIEA R 7.3 ~28.3 g+ RN KR IS PKCe/NRF2/  Hi/NEGAESE T Meta 53087 (856 fl) . B A RUR
17 %! kg™ HVETESS 2 h MCAO B HO-1:@M, Wizt BT 2ot B8 (OR=4.68) , M & 3 fE
FFiG 4 H 4425 N K g BT A A TR MEE(OR=3.17) , % 4R
(L ROS/MDA, 150D/ UF- (R BT 4. 8% o5 5.9%)
GSH-PX)
SBMFSIE  Bkerdy S E W E MRS PC12 O BIE PINK1/Parkin - WBREMIRIZEN Meta 2MH7(1 274 Bi)) (B AVE IR
s 1104] 5%~15%,0GD & #iffi OGD/R  A-piZhifk Ak, 0 (EFdifsfes  BAZCE R R & (RR=1.21),
JbPR 24 h W NLRP3 4 4 NIHSS PEAREAR(MD=~3.37) , &
B FEAEBR T FE (3 P<0. 01) 1%
WIRAZRIE /N2 fir 60 g-kg™', B R KR MRk A %N EREZET  IRRDEIE (88 fil) B GIRYT &
%o M3 dZEARGEH MCAOBIE  JFE#IG (LC3B/Bec- M, M2 I0E A%R 93.18% , NIHSS W4 & 3%
b=l linl/Lampl | ), %3 (k61 P& (14. 325, 57) , R 4E A ALY
Be AL (ATP T, BRI (2 P<0. 05) 1]
MDA | )
P IMFIE  FEMSRS 11,7 mg- kg™, AW KR I3 SIRTL #1 BGERIZIIRESR  IRIRBFZE (110 #i) . S R
Jy L8] TERIHT 36 h & MCAO/R Bi#) PGC-la I mRNA K HUT 4N, WE R 96. 0% vs 82. 4% , M E HiA: 4615
WEVESG 24 h ® R Gk, E T E, T ATP BT (3 P<0.05) , ik L5 8
SIRTI KM 1Y = 2Bk i M3t (ACA/MCA/PCA 1) 117
TEAE 3 58 PGC-1a
TP, A2 i 2 R A AR
YI& AN ATP 2 1%
Jik 2 BHLUE KZEIL  25~100 mg- KA HT22  #3E PI3K/Akt il H/ANIEESE T WRRBESY (112 B) . A AR
7! kg, B MAT 7 d ATHE OGD/R; M IR LRAIATIAE, AR ZIIAE 94, 64% vs 83.93% , M L T IHE 1E K
igh B, e M A N ROW ROS AR W #H(rCBF T \MTT | ), Il ¥% S AE 7
2 h BRZAZY MCAO/R 27 i i AR (3 P<0. 05) L1
- FHUESH  1-~2mL-kg'', RN RAE TR RIEWSRBE,  RPIFE (120 6)  BA R
oo LT d M A K B (Ml/Dpl), K & HEEiE3DfE 98.33% us 86.67%, 4 & I T
MCAO /Y WP T 1, 40 ikl £k (VEGF 1) K A AL 845 7 ( SOD
KL I8 7238 H (Bax/ T MDA | ) I 2l
Bel-2)
- HEE 12.5~50 mL - RN KRB 08 AKUNRF2 38 SCEMAIIRESE Meta SMHT(1 511 0) B AR
WO B kg Bl 5 M g MCAO/R L B M NLRP3 &dk #UTY, WA M4 BERE(RR=1.11) , W4
W TSt 14 d R A AR RS TCT: BRI A8 (MD=-4. 16) 110
MIZIT OGD/R
- fLup+= 90 ~ 360 mg -  fR4b.PCI2 W0 MAPK i HGHEWLIIREE IGKRAFST (80 Bi) . A AR
pRALI ke ESET AL A TR T, R 4, IRMIEEEE 97, 50% us 77. 50% , I I A 244
bt A AL T i M (SoD/ FREk3E (3 P<0.05) , & 5E K Tk
CAT T ,MDA | ) FREAR (#5 P<0.05) 112
.-k,

T A R R TS b R R e AP e A

R R REAZ 1 v LR AR IR e P AN BE AT, R i
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WS A7 R 5, 18 5 M 4A0 AL W) 7 K 8 ( superoxide dismutase,
SOD) it , BEAR AL L > o b, Ha il At 0% BCL2 AH
HAEHE M 3 # (BCL2 interacting protein 3 like, BNIP3L) I
FEAR 1 ( sequestosome 1,SQSTM1) 257 (AR [ WiAH K 1,
0 F AR B GO 8 KT B S0 B 32 LR AA | 22 il ShL
PRI B A5, 184 5 4o 28 290 B X f5le o, 5 O 05 A0 AR B
1Y gE R AT i R | 2 R R HLA 4
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REETWRAR Y 1LY AL BT KA IR RS T
FAEWEANRAL T TR W, ek rh Py R 25 S AT =k, 5 B
RAYFARLG RGBS BIE , Sy e i P A 2 o (8 35 4R LT
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ABIFSE, B 2545 BT il 22 47 450 K 45 5 Sl SCBRE R /E
SR PR R A v SR SR T e A TR A R IR YT R SR
4 g

SR PE RN A e ™ A N R 1 22 R G , H
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B Re QI A0 BRI TR AR BN A5 T8 B Ak A FRLED
s 2t 228 e 2 LY T IR M, R I R Y
TRAPE 1, B ARL 2GS (AN R PR RATAE R ) B P B2
25050 CANTE ISR 24 Ty FHAE ) , PR A A A2 T
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