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Research advances in traditional Chinese medicine for the prevention and
treatment of ischemic stroke by regulating B—cell lymphoma-2 family

proteins through anti—apoptotic mechanisms
Zhang Haigian', Zhou Yanyan®, Zhang Jian',Li Quan’
(1. School of Basic Medical Sciences , Heilongjiang University of Chinese Medicine ;
2. Heilongjiang Provincial Key Laboratory of Fundamental Research in Traditional Chinese Medicine Theory )

[Abstract] Ischemic stroke (IS) is a common cerebrovascular disease , and its pathogenesis is closely associated with brain cell death
due to insufficiency of cerebral blood supply. In recent years, cell apoptosis has become a research hotspot in the pathogenesis of IS.
The B—cell lymphoma-2(Bcl-2) family proteins associated with cell apoptosis are the key regulators for apoptosis and are mainly in-
volved in the intrinsic apoptotic pathway, and they regulate cell apoptosis by mediating the two pathways of mitochondrial membrane
permeability and Ca®* overload, thereby delaying the progression of IS. Starting from the anti—apoptotic mechanisms of Bel-2 family
proteins, this article summarizes the research advances in traditional Chinese medicine for the prevention and treatment of IS by regu-
lating B—cell lymphoma—2 family proteins from the aspects of the structural features of Bel-2 family proteins, their anti—apoptotic role
in IS, and traditional Chinese medicine regulation. The results show that the anti—apoptotic strategies in IS mainly focus on the regula-
tion of Bel-2 and Bax proteins, and monomers of Chinese herbs, traditional Chinese medicine extracts, and compound traditional Chi-

nese medicine prescriptions were used for treatment, which further confirms the great potential of traditional Chinese medicine in the

prevention and treatment of IS and provides a theoretical basis for
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Bl 1l % 25 7R (ischemic stroke, 1S) A2 48 PR A 436 1fi 7 ¥y
AN SZAEIRANFE 43, Bl 2 2 PRl 1 fphe 4 S B8Ry B AT ZE 1 A 1 7
PRI, PR — R B B 22 R GEAEIR , ek R AT DL B JB A TE ) 5
JRAC BN T 798 R A B 11 £ B AR A R, R 2 R B R R B
R REER R B L A Ak o R AR R E A Ok BOR R
JIUG IS BYBLAIWF I 32 B A S AN P 28 SEE | I
Jo I e DA R0 A8 B 9 T JLAS O T T 240 Y O o R — e 52
SR B YA SR s G W A e T s W 2 E S
P (LR M) FAMEE (FET- 282 Rk 42, IR MR AR &
A 11 G R 2R T AR A1 2 3% 4K (mitochondrial outer membrane
permeabilization, MOMP) , T 98 T A4H ¢ 4 F B K B 4 g -2
(B—cell lymphoma-2, Bel-2) G & 1 J2 PN 5 M 45 428 1Y) O gk
P T, A BT AR M T 2 RSETIRE . AT Bel-2
FIEE R FT LA Bel-2 Fll Bax 2 F02K (10 £, 24 Bel-2 % ik
B2 Bax kB If rT A 4 T, 2 2 WS B g e o,
DR S 42 40 i 08 T i gCRY . BT BIESE X R 24
PR Bel-2 KRR FIRYT 1S I SCHR AT 2538 , R A SO #E
THE 5 AR PG PR Bel-2 ZEG A I BIA 1S BAHSCHISY , 7. 2
T Bel-2 ZHER AR TR HN B A5 h G505
255207 PRI ANET RIBYT 1S BEHTRIE T R, LA
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N3, AL 4G BH3 SR | Bax W 5 Al Bel-2 3 58
JEEO AR JA T 9 “BH3-only” 8 [153 J JHG R FIMGLAL R
BT AR BH3 S5 R 3L [R] E 1y, DL 2R A 5
U T2 BCL-2 8 454, DA TR 50 200 ML A T 2801 Bax Al
Bak, 51 MOMP, 5 58 4+ PR 25 G P T2 1, 6 A
DR P53 R, AT R SRR TR AT AR PR T AN B
U B BUSE R A S LRI MOMP W 72, H 2 540
FEIE T . Bax 0T 5 , 4 H BH3 5 55— Bak 43 7Y
PR E A TR B FR 2R AR5 24120 Ry SRR AL, i A LRI
% e 348 o 3 37 4l 40 €2 2R C (eytochrome C, Cyt—C) Fll
24 e KA BB AR B M5 b, LA T IRy D= R
K fi# i (cysteinyl aspartate specific proteinase , Caspase)
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Caspase—=3 G , 4541 5 W T- 5% A 7 (apoptotic protel-
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S AR YA TR R R A Ca® DA ER Jn) 2R I 4H i 1Y
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3.1 Pk

3.1 EEAZE B R N EA R IR R AR R
A&, 76 K 2 ik BH 2E (middle cerebral artery occlusion,
MCAO) B B/ B, B8 % 3R BE i i e & e Ak i 4 1
SLCTALL %12 8 11 (il Uk B 07 S I AR AE T2 ) R ak , R
W Bax . Cyt—C FIY) %% Caspase—3 K [1AY 3%, I M Bel-2
FR 3 00 T 200 D R DT DA i A 0 G A BT B A
H BB IR B NI Ik JULIEE 3-8 38 % (phosphatidylinositol 3—
kinase , PI3K )i & , fili 25 11 1 it B(protein kinase B, PKB/Akt)
B BRI AL O , 16 AL Ak W] DSR2 AL AR YR -85 11 Bad,
T BEL 1F Bad 5 BT 1248 11 Bel—<L 5545 &, RAEGLI T4
Fle 7E IS BERIAAR A SRS 56 bt A B, BF B4 AT 5 PI3K
T G A0S BB I A S, A NS D B, A 949 T2 1Y Bax AT
Caspase—3 5 5 [ I G 58 BH PE 4 i 25, DL K #% 7 - B
(nuclear factor kappa—B, NF—kB) | it 8 3£ 5 Hl F — a (tumor
necrosis factor—alpha, TNF-o) . 4l Hﬂﬁ?-lﬁ (interleukin—
18, TL-1B) %5 48 i A1 G IR 7 3 38 /K - B 2 B A%, 1iij p—PI3K
H Bel-2 S HY R IK K HE— L Tk o PR B B 54 AT g i
ok P3 K S U 2/ NG T 200 Al 28 98 A R 08 1 R 4 e 2
PRAPE I A TE T 2LAE T Y — Tl LA 24 IV 2 17 B 7

KAL) RELLAL T R A BA BEE MR AIEER 00
FRA 2 Z A P L BEAE MCAO/R A Y s it 3 ] Janus
VT 2045 5 i 5 BB SO TR 345 Sl L TS AL STAT3
45 Bel=2 Fll Bel—xL AU T8 LI 45 6 e s HLAG S A ik
FHH] Caspase—3 \Bax ik K, F5 U408 T~ LABK iR 1S,
312 FRZE JTEZAETHE ORESR—FEAZMAEY
PRI S P 25 KR, BEMEHG PIBK/AKT/mTOR HI NF-
kB {5538 %, PI3KCH 0 T 00 3 A 2 R AL 1 1 (mam-
malian target of rapamycin complex 1, mTORC1) , A {2 6
A A AT A K IR DM PR T AR sl ik pH 2
-9 73 (middle cerebral artery occlusion/Reperfusion, MCAO/
ROBERLR Bl ey, 925 R R T 2 71 Bel-2/Bax LA, JFFAIR
Caspase-3 [R5, SRR SR I5 , AR E R, (E
HEBRE AETHSRA D MBS YIS A,
0 T S ek 4 ] 2 58 RE AR 28 T8 I T Y & A T U Bax AT
Cleaved—Caspase—3 (Caspase—3 Y] #| %1 ) /) & H £ ik, fif
MCAO/R AR Bl A R A BE A4 FRURI 240 e 8 A >, It 5 7K
B I, e o 22 T E R A2

3.1.3  WEZE TEAHE N (Triptonide, TP) J& —F A B 20 B
IR A B4R 5 R AL 4, AR EE MCAO/R B RS/ FOR
AU Bl 11 PP 7 #5453 (cerebral ischemia/reperfusion injury,
CIRI) , &5 2R b 7R TP 8 /053 5 17 AR AN U8 T 48 R 9 250, 3
TR 21 e R 2 2R P S Rk /D BUME TR 22 o
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(hippocampal tumor—22 cell line, HT-22) 4fi }fi /1 Bax/Bcl-2 [
R T a5 /N BRI I 40 S L ) HT-22 41 i Y 0
T, TG CIRIPY, e Ah , INAE G A6 77 R4 o A0 785 rh B
A RO 5375 8 2% L BE T SRR Ik MCA O B! H Bax/Bel-2 L
2, [l IR Ak 20 L A1 5 1 VA 1/2 (phosphorylated extra-
cellular signal-regulated kinase 1 and 2, P-ERK1/2) Fl @21k
PR %% R oG 1 45 4 8 1 (phosphorylated cyclic amp-
responsive element—binding protein, P-CREB) 1 35 i 7K °F- ]
B TF MRS /N BRTR 71 2 2h DI , R I ATE ZE AR B i 7R
KA,

3.1.4  HAZE  BRUA BRSNS HABZE AR 5
kb, FIaNE T ARNBRISH SRR , J& 4 mAe b — R 4L
ALY, BEA S5 A ot 493 i 2 21 R Bel -2 il Bel—xL B{IE
ik, Bax fll Bad [ 81315 , BH 11 Caspase—3 Fll Caspase—9 % 13
IRBEIN X MCAO #5145 B P T b 2 AP R IR, e oht
MR At ] s MCAO R R AT ZE i 7K fie i 2 406 7K °F-
3 33 $0 ] Caspase—3 AL 194 15 PKA/CREB/c—Fos {5 538
B (PR PLI T A 55 5% ) , LIEBTLIET- 8 H Bel-2 A9
KRR PURT AR WOt s S G I g B R R
05 Z — 1 25 BEREBE, AT 1 MCAO/R A5 A U 41
S ) R T 1 1 B2 R W 52 4 B (tyrosine kinase receptor
B, TrkB) .p-PI3K . p-Akt 55 2 11 335 , 00 PI3K Gl B% , ¢ &
Bel-2/Bax 7K V-, 35 40 40 g 08 T2 B9 S5CRPT, KRARZR 264k
BV AR M B 5 25 FRTE M, 7E MCAO/R K
BRUASEARY T A R I SR 91 T A DGR 1 Bax/Bel-2 I HL T
R AT 3k S Ak U4 405 B 22 JC R R IAR Caspase—3 17K P, A 200
il CIRTJS B 28R BB, 1 46 OGD/R AR T (1 CIRT &

HMA L T, 2150 K AT AR IE L IS X Caspase—3 (1 24/, T
Bax/Bel-2 FL 3 Ul 20 P 1 BT B, 5 S0 SR AT AT 56, A0
AAUR I F AR, B A M T R R rh 2
IRTER P ADSEBG AR, 3 ] o 2 Rl 48 A FE DT AN AR 1A
HLIBBIPIR IS IR (K 2)
32 PHRERY

£ MCAO/R KRB B NIELL 4257 dJa KIN, RIRL
it 42 L) B 4] Cyt C (9 R, I £ B Bax B AR . Bel-2 1
ATP /K- BT, f gt al I, KR & BESE U X MCAO/R 5
IR T RERE i HA G R T, LR 7T R 5 4R Hr 4ok
PRI RETE 2SR PN R 40 IR T G . T AR L AE % v
PRI — b R R B S 1 98 28 falukE DG R 11 PSD-95 I SYN
SRR ERIE A2 IR BE  $E T Bel-2 K- T IR
Bax Fll Caspase—3 15 , A 80 35 A< v J5 DA R e A A 25 B
M Redh 55
33 wHAESF
330 IR AMPHIE T B 45 A i ARG 2% 2 D)
B JRIRYT IS M2 LTy 24510, g W] 0 445 /3 i 20 21 Bel-2/Bax
A, DL IRl R T AN T 1R 45 S R L (cAMP-
responsive element—binding protein 1, Creb1) [ 3% ik 7K SE-PY,
B ARIRAEHEAT T I RIS, & AN PH IR A RS B SR
FEIE 22 P it A A 2 e £ M R T RR SRR IR, [ e
BEUEMEARSY , B2 IR YT S RCR  Bel -2 ACFBURYT T T i o
TR RS 25 A B e A5 AL B i =0 af A i
BT, AT AR R U AR FE R BRI b 2 40 B 3 B B 0
{RJAT-7E 11 Bax Hl Caspase-3, A B2 THRERG™. VA
7 IS B FL R T =R, LAZS ) 08 #EAT MRS VR T

F2 HHRKEEBcl-2KREBRMAMATHARIS

Bl TR Fe ) ik BLil 72%%
Sk
RS WA pigs 100 mg/kg Bax | .Cyt=C | .Caspase-3 } .Bcl-2't [16]
iy es WA 100 mg/kg p-NF-kB | .TNF-a | .IL-1B | .Bax | .Caspase-3 | . [17]
p-PI3K 1 p-AKT t .p-GSK3p t
FRILLTAE Fawia 12 mg/kg .25 pmol/L Bel-2 1 . Cleaved—Caspase-3 | \Bax | [18]
HEFEA
[l FIEERMER P 4.8.12 mg/kg Bel-2/Bax t \PI3K 1 AKT t .mTOR t .TNF-a | MDA | | [19]
K LDH | .Caspase 3 {
P 1A P& 25.50,100 mg/(kg-d) Bax | ,Cleaved—Caspase-3 | \Bcl-2 t [20]
[ N THE A R GV 3 Bax | Bel-21 [21]
HER HALTES 2.6.18 mg/kg Bax | .Bel-2'1 [22]
Ffth 2 SRR SRR 100.150.200,250 mmol/l. ~ Bel-2 1 \Bel-xL T ,Bax { .Bad | .Caspase-3 | .Caspase-9 |  [23]
FHERER A P& 2.4 .8 mg/kg Bel-2 1 \Caspase 3 | [24]
25 B U s 25.50,100 mg/kg TrkB 1 .p-PI3K 1 .p-Aktt .Bel-2 1 ,Bax | [25]
A busi) 25.50,100 mg/kg Bax/Bel-2 | , Caspase3 | [26]
KA 5 50,100 mg/kg Bax/Bel-2 | Caspase-3 | [27]
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H,0,7 519 PC12 2 KR, BEAT 4% _E 34 Bel-2/Bax LA, 4l
il Caspase—3 , Caspase—9 FI# Caspase—3 ¥J Hl 1Y T AR 1+ 1%
TR 88 A 1 (Poly ADP-ribose polymerase , PARP) i 32 ik 7K
S, DA bt i o A4 R FL A7 A 25 A Ak T DR 4 240 L G 2 0
=5, ARG AN, B BRI, I I 24 22 A0 2T
KA, e W 5 % A A SN P 25 T 20 1 R, A el
ZUIREVEST BN Bel-2 K3k B B & g PRI,
332 AhgiZE  PUE iR, K HUS HEE MCAO R
KR, 2 B BRI BRI, Bz B ZH 2R N p-Bad (B B2 fk Bad , Joi%k
HEAAE N R IEAZ I TAERD) \Bel=2 Occludin (K5 2 11, 4k
F5 40 2 18] 57 5 2 HE ) B Claudin—5 (595 2 35 46 H -5, 445100
Jii o R 1 58 B ) S5 B 1 B9 2R IB N, 1T Caspase—3 85 11
FERG AR AN B R A B AN £ D02 D03 Bl
s JC A , 6 2P i e 1t 450 15 45 A e, B IR il M Rz X
Bel-2 11 M mRNA 3%, T 14 Bax £ 1 5 mRNA & ik, 7754
SRR 28T T, X e L 45 05 B R VR HTRY, B iR A2 T
VA IRYTT MCAO BRI B, Bl 22 D BE S4BT 23 24 B
BEAR L Ml 2H 20 b Bel-2 35 11 3RIA 1S 22, Bax & 1 R K1,
X RIS 017 ] R A 0 Ao 2 0 O A i O A ke
ILFRE AR O K A 2 D BB I (3R 3)

5 LR P ETREN T Bl 2 RIER AP T R
Biiie 1S AR T, I LAAR £ S AN i S Is8ch .
34 A&

EAFTE R MR, B RWAERA IS IR T —ERIFE .
LA MCAO ALK Ry SEg X 4, W BT B AT il 2o £ Ak, 42
Tt Bel-2 FE H Fx AT I Caspase—3 By S N TR I
03 v R 2 R AR T T RLE 2 XURE L HME i

1T VEFAT R A U 7 B IR BT B RN
TEORS i BH A, RS TR D RE L DA T e A S i = AU
A3, FET WAL 24 72 h 5, AR 5T X 40 Mg 12
Wi R R, A B TA) A Bel -2 2 (1 3R A B i T7H 5 , Bax . Caspase—
9, Caspase—3 £ [1#i5 YJ B W R AR, X R BH fL 6 ol AL S
e —ERBE BT Bel-2 50 R HEFIA IS MBUR .

4 INEFRZ

AR IS A NBEIY R R S R, R HAL
il A2 2 L G R % JEAR A ik ARAS SCHe 78 1Y) Bel-2 1
PR T 48 R SR T AL T8 0]
12 3G 33 X 3T 5 A SR AH JCRIF T 8 HE AT BN IE A &
B, S 12 R P 25T Ay, 2 R b 25 AR B LA K 7 Fhrh gl
57, LT R AEBRE NS i R Bel-2 50 AR IEDTIE T
P FAE 22 1S 15 B AR , JLAE AL 32 202 A S Lo 1A g
A Ca? B R P F R R IR A T, KA E B
RIS EA ZHE 2RI S BAAERIBEN SR A
B, YR AR S T B A AR — e r) . DA AL HIBF
SEEZ TR B, Rl A AR B — | E LA T Bel-2  Bax Fll
Caspase—3 3 M & H , X+ Ca® B AT A0 I T~ 1% S50 5
B @R BE 2 PR IS PAHSCIF S B 2 T R "R 25 U8
o7 B, LA ERZS BRSSO 3, B O i 5 B AR
BT R
(Rt 6 Fh 25845 Bel =2 G806 8 BT T B T6 1S A F
RIETTRABG , T AE R Bel-2 KRB B IRADE
Ca™ BB IR AR ML, 98 T 2 A h 25 5

It
2
N

#3 HHEHFAEBcl2KKEARATERIS

4 il fiills s MLl EE DN

WBHE T AR CYHE R 20 g/kg AN I Bel-2 1 \Bax | .Crebl 1 [30-32]
Sy AV ESIAW N L Bk

TRATE AL IS A B R JES . 13.75.27.5.55.0 g/(kg-d) TR I Bel-2 1 \Bax | .Caspase-3 | [33]

=¥ IR HEE ARG IR RS i fi 2

fLop=md W ow gk A B ORE B 90.180.360 mg/(kg-d) BT L Bel-2/Bax 1 ,Caspase=3 | . [34]
HF M RNEE T H ULE TE R - Caspase—9 | \PARP |
fUHE

FhFmsy B HE S MRT TS YA 2.8.1.4.0.7 g/100 g *h 2 T Bel-2 1 [35-36]
F& RAT (A B AR TR LR

1% ML 4%

UEF7 M WE g K% AR E  14.76.7.38.3.69 ¢/(kg-d) 2K Bel-21 .p-Bad t .Claudin-51 .,  [37]
B R Rz H Occludin 1 ,Caspase-3 |

Wit KB R IR AR R S 1.4 mL/100 g VIR Bel-2 X mRNA 1| [38]
b RO R T [i] oH skl Bax % mRNA |
B kg 28 SE K

BiEocn AN YR IR ARAT 1.3mL-100 g'-d! N A Bel-2 1 \Bax { [39]
PRz EE LIER W 2 Bt
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