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Abstract: Ischemic stroke (IS) remains a leading cause of mortality and disability among adults worldwide,
with its core pathological mechanism rooted in ischemic-hypoxic neuronal injury triggered by cerebral blood flow
interruption. Current clinical treatments primarily rely on intravenous thrombolysis and endovascular
thrombectomy. However, these approaches are constrained by strict therapeutic time windows (typically < 4.5 h),
bleeding risks in certain patients, and limited neurorestorative effects following reperfusion. Despite active
development of neuroprotective agents and anti-inflammatory drugs in recent years, most have failed in clinical
translation due to insufficient efficacy or safety concerns, highlighting the complexity of disease mechanisms and
limitations of preclinical evaluation systems. Consequently, developing therapeutics that simultaneously address
reperfusion protection and neural repair by targeting the pathological cascade of IS has emerged as a critical
direction to overcome current therapeutic bottlenecks. This review synthesizes recent advances in domestic and
international IS drug development in recent years, focusing on model establishment, efficacy evaluation metrics,

and relevant molecular mechanisms to systematically summarize the preclinical pharmacodynamic evaluation
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framework for IS therapeutics. The findings provide valuable insights for optimizing preclinical evaluation

systems, accelerating drug development, and expanding effective clinical treatment strategies for IS.

Key words: ischemic stroke; non-clinical pharmacodynamic evaluation; animal model; drug discovery;

molecular mechanism

He M B% 25 5 (ischemic stroke, 1S) J& T i J5) 3
I8 17 A8 B i By 32 2501 4 48 D e R 2% A AIE, IR FF
SR ] 22 /0 24 h BUAT AR 48 52 AR S IE S (1) 8 R A E
fho B b L AR R B YA R (2023)) S A BRI 5T £
5, E IS K AN HCR 200~240 61/10 5N, S RIS
RACTH R . Ik, RO % 2184 ETHEH,
KAL) 1.5%~3%, Ko NBE R DB B F R
OIS KNI R B2 R RS, o0 1E T i
7 BH ZE 3 SO L3 W, 2 1T 51 i 2H 23 dk of s S
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SR IS VR T B R E bR R A i i X3 AL iR
VEVE, BINE PRIV T, 35 SRR T # kA R A I
I NIBIT, K R 25 ) R B I I s
Fitg i 5 A Il S PR . e [ A — b S
LU 2 15 T JE 305 7] (recombinant tissue plasminogen
activator, rt-PA). R EOPE 48R, K450
W52 rt-PA IS KR P N 3 GE TS, BEAER 1 hisde, &
ARG R UF TR 45 R T RE 1 BE AR 20% . SR,
FY 5% M B35 BB AE 4.5 h W2 ke, ik T R A E
HKoo RIS, VERR AN LS A N6 9T 1 H I XURS: 75 7 4
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15 PR 56 %) B A BN R B2 R, 28 4 AR R R 56 1iE
R o AR SCIE I 45 R A N A1 B AR OC SRR RGE ,
B RS0 IS ARG IR A BCE VM A & (B ),
IRANARITIS [ BEAL A, S8 R M Al IS 6155 25 W Y
YBT3, N R HT B B ) 245 ik AL Ak B s
JIIRF2ESCRE, o038 1S B H IR IRIGIT 45 )7 -
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B A, shA AR 2 B 78 1S 3 BE AR F L HI A8 24 05

16 1) e T AR BRI SR A B B ST T 4 R

ZE5, AT R M IS & BB R AT RS0 LR
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1.1 KB zhfkA =R R

K b 2l ik P41 %€ (middle cerebral artery occlusion,
MCAO) #4713 i 45 87 M sl 7k A I 7 BEL I, oo 2 A
PONZKIS (R B AR o A B B R S | MR A, 8 4E
WAR G Thrdeth, HE R AT REEMTELEY. H
A2 WAL IS BB AL 2 — . Longa 55 i B 7E
1989 £E 37 7 AR A o A5 A T B A R 290 1) 2 B
ik 1004657 11 s L 2 3505 3 ok % 39041 20 ik ok 2 ik R 2
5 Bl ik, DAEHE 28 44 HE 3 %5 BH 28 K b 3h ik . i N\ 2k
#e e, AR R ACE, BOTE — i R B S B, DA
0K G F 350 Bk 0 FE HE VR . MCAO A5 780 3 i K B
F/IN BRSSP kAT I A, DT 2 AR v AL
SIS PR,
1.1.1 KR MCAOER 3% J7 s R K B o
W K A M B TR R AR B, SRR IR 37 °C. B R R
B A BN, #5030 1E AR ) 4 25 mm, 7E A7 0 R 8 B
R B 7L SR LI B P = Ak T 8 3 2 ik % 3 43 32
A B kRIS Bk . 45 L3 A B Bk 2 SRk Bl Rk
DR R b 3l ik % #3041 3 Fik 28 5K 32, 43 B8 30 Y 30 ik 10 i
Gy LR K . ¥ AL B ik 45 4L IR BT I, $E 241 2
ik izt O v 7 B 55 30PN B Ik R L 4R, FETE oy XAk AR 4
H—HR4-0 222 . B Hik I I PRI 350 5 B Ik R 35 N 3 ik,
TEZNAN K LB — AN E . — iR 4.0~4.5 cm,
LA 0.24~0.28 mm 5 Sk A4 5 A 2 e 291 51 3 ok 4
NN SR, FLE 5 A 2228, #2530 P Bk L 3 bk
e, ZAS G JE R 24 NS BBk £ 18 mm, i3E TP 42
K sk e it . # 23 shik Ershikde. f£H
b 22 111 o L T ol o R B B N 2
FHRT IR AE 1 42% + 16% 7. SIS FE b, R W
ORI . THEN, SIEER I, B plm e . 4%
BEHEMFRYIN . KRABE, WEHAT NEEN,
DL T K i w50 ok o 75 BEL DT B 2
1.1.2 MR MCAOFRR! L1 1 2 5 K RS B
A5, REFARMEENSAG I . 75 R A48 H 2
A& BERS /NS EZAH BT, /R E—K
FE20~30 go e 28k v 4 Al 4k b B 9 f 4 Tk 0 A
i, HARZIAE0.18~0.22 mm. A4 £k 4 A3 P4 3h Tk
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Animal models

MCAO model;
photochemically induced cerebral thrombosis model;
thromboembolic model;
spontaneous stroke model

Rodent —

5 Porcine/canine/ovine model;
Large animal —

NHP model
_ Model fode
construction
el e, H)qpoxia/reoxygenelition
Cerebral organoid
Neurological o . )
: —  Garcia; bederson; zea-longa; mNSS
deficit
I —— Motor and balance __ Rotarod test; pole test; wire hanging test;
Sl CRENIE TR function grid walk test; cylinder test
Preclinical pharmacodynamic 1 Pharmacodynamic Limb use symmetry and __ Forelimb placing test; corner turn test;
evaluation system for IS evaluation exploratory behavior adhesive removal test
Cerebral infarct volume evaluation; _ TTC staining; cresyl violet staining; CT; MRI;
cerebral edema evaluation wet and dry method; freeze-drying method; Evans blue
! .. Glutamate concentration; NMDA receptor activity;
ettty AMPA receptors; calcium ion levels
Oxidati __ MDA; 8-OHdG; T-SOD;
|— Oxidative stress GPx: OXLDL
’ . M1/M2 microglial markers (CD16, Argl);
Molecular | Neuroinflammation __ o inflammatory factors (TNF-q, IL-1);
mechanism and immunity anti-inflammatory factors (IL-10)

— Apoptosis

Figure 1

L Platelet aggregation —

Annexin V/PI staining; caspase-3 activity; bcl-2/bax ratio;
mitochondrial membrane potential and TUNEL staining

Platelet aggregation; D-dimer;
fibrinogen; PT; APTT

Preclinical pharmacodynamic evaluation system for ischemic stroke (IS). MCAO: Middle cerebral artery occlusion; NHP: Non-

human primate; mNSS: Modified neurological severity score; TTC: 2,3,5-Triphenyltetrazolium chloride; CT: Computed tomography; MRI:

Magnetic resonance imaging; NMDA: N-Methyl-D-aspartic acid; AMPA: a-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; MDA:

Malondialdehyde; 8-OHdG: 8-Hydroxy-2'-deoxyguanosine; T-SOD: Total superoxide dismutase; GPx: Glutathione peroxidase; OxLDL:

Oxidized low-density lipoprotein; CD16: Cluster of differentiation 16; Argl: Arginase 1; TNF-a: Tumor necrosis factor-a; IL-14: Interleukin-
1p; 1IL-10: Interleukin-10; Bel-2: B-cell lymphoma 2; Bax: Bcl-2-associated X protein; PT: Prothrombin time; APTT: Activated partial

thromboplastin time

29°99~10 mm. AR A A) 22 S 850K, ARl #E 43
B JE DR /N BRI, 0 R 2 R R DC TR (7] it 2R /0 B DA 92
BEE R E.

MCAO #5735 1ML A /i NS5 300 o ke i 5 ¢, W]
R A P T R O 5 R AR, 3 PR AR A G
PE, A0 75 5 858 28 1) i D 26 0k 88%~100%"'. MCAO
AR5 5 (148 T3 BBl ELF58 SOIR A4 RN 78 25 78 3 B i AT
P B R  J5T e 8 43 R I B BT, RS RE BT AL R 2R R I
i AR B A™ . MCAO A5 24 A] 43 A 7k A 1 K ki v 3 fik
] 2E (permanent MCAO, pMCAO). % 7 14 K i v 3 fik
[] %€ (transient MCAO, tMCAO) F13zt it A fixi HH 3 ik 4]
JE (distal MCAO, dAMCAO). pMCAO F5 3 of #5 45: i
AL AN T 35 1 i A B, T A IR AZ Lo R AR X, 3 T

T3 RE B R vl G A MR AR AR, A R0 L E
70111 2 7/ S S R o) o Q= T W
tMCAO 5 B e 3 42 T 14 B 1) B 4% ok e A% S TP 9E
SOk AT 708 PRI 1~2 h, WK BAAT N AR AL
14 BEL W BRF 1) T R 44 S B 17 YO0 1 % 4 3045 min By
1 h, ARG FEEE . tMCAO #5578 A] 5 41 4 b 2 %,
1% 0o A B X R R 36 P = I 7, ol & T AL AR YA
I I [ T 4 22 R 4P 00 A0 R T B A BLAR 55 . IMCAO
2R 30 5 g A5 1 BEL O O G 3 ik iz v 43 32, 5 2 Rk
PR B JZ BT, A5 40 90 R AL/, B0 T A B AIC T3 v
MCAO Fi 8 . dMCAO 5 2 1 5 B8 X 38 )= B T K2 2,
B B RT, EEEH T R EDhRe EBRE TNy
T2 ik R KA AT N AL . = H TR X
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ol R KA B AR 1, R A 2,3,5- = R B AL
74 m (2,3, 5-triphenyltetrazolium chloride, TTC) 4% €4 ff)
K] WL 2

pPMCAO
TTC staining of mouse pMCAO, tMCAO and
dMCAO. pMCAO (permanent occlusion): a large-scale white

tMCAO  dMCAO

Figure 2

infarct area is observed in the cerebral hemisphere, involving the
striatum, frontoparietal cortex, and part of the thalamus. tMCAO
(reperfusion after 2 h occlusion): the white infarct area includes a
core infarct region (striatum) and a surrounding lightly stained
ischemic penumbra (cortical region). dMCAO (distal branch
occlusion): the white infarct area is limited to the cortical region

supplied by the distal MCA and does not involve the basal ganglia

MCAO R v, SUIRMR B T 808 ik (2R 3 k)
R = 0 S A BT 1S i, 7 a5 b Rz DX ) R
oG S S AR A, BB BB ARG 4EIR « FEVEYE S5 120 min
P, 3 S5 i L 97t & (cerebral blood flow, CBF) A 1k & &
FLLL, T SUR Pk CBF 1 RF SR #EE . 72/ R, A 3T
W T R 2 BR R K8 43 (K38 43 B2 IR UK AR P i
A E T X)), 5K R#EIT MCAO J& A FE A AL .

JIN BRKF T B o BH 28 5 S 1] 3R R UK, A SRR
TEFR, 15 8130 min MCAO 2 [A] 1) 22 57 5 B0 B0 AR F 3
N5 6% (9 £2 mm’ vs 56 £ 6 mm®). MCAO LAY {1 34
TE T o FERAU N 28 A i PRARFAE, B SR i B 1) % 3 )
A, & T2 80P . SR, R BRI IRA 2 20,
FARME BE v, U H 2 /N BB A B A o A 993 £ 5 S50 0k
JIRT Ji A AL W A 2R Bl P 5 N SR ) S A R AR AE 22
N K0 5 20 ikl gy A R — AR B k. T U 2
B N B K AT AL MU SOE B, B H ) S OE R
BE S R Y o R A, A b AR A 7
1.2 RUFEFSMMSER

T A 2 F 75 T AR A B — )z N T
ZR B ) S e P B R T Y 3 I S ORI T 1 1 A
PR 453497 S RS HE L AR 15 5

T, Ko i R R S RS iR A . SR
S, A3 FH AR U K TR O R B K, 6 BB B0 Gk, R
FAR A SERER S AL ), K e 1 ph 2 2 440 1A N R 40
Jf, S BUM/ANMRIE A IR AR, B ATE UL . AR IR T
FS AT SR S DX I (O R K ) R I L 2, AT
5] e P GE B AR T, B TR L RE FE . B s B
ATAE A 6~8 h (IR HEK). SLE#Ed v, — R
PR B EE 24 (50~60 mg-kg™) [ i v 5 B 5 8 b W
N FRER BN, WOk T A 72 o 2 4 J6 o 8 % 2B 3 4 b
Fasg o JeBGRE S B 4, Hk w K Su N
530~560 nm. K G 7 4% 40 Fho R & R RUHE
1% 20~40 mg-kg" (¥ il T A B EK, IR E 1%~2%),
NN 15~20 mg-kg!, BI& R ke 2. i meE oT
T 5 7 KM P Bk, R YAG 0% (355 nm %K) 58
AT (540 nm P K) BT, B EARZ 2 mm, FF42 10~

Table 1 Differences among pMCAO, tMCAO and dMCAO. MCA: Middle cerebral artery; pMCAO: Permanent MCAO; tMCAO:
Transient MCAO; dMCAO: Distal MCAO

Index pMCAO tMCAO dMCAO
Blood flow No reperfusion (permanent occlusion) With reperfusion (filament removal or Usually no reperfusion (partial models allow
recovery ligation release after occlusion) reperfusion)

Infarct range  Largest (involves ischemic core and

surrounding areas) (Figure 2 left)

Surgical Electrocoagulation or ligation of

method proximal MCA, filament method

Pathological ~ Persistent ischemia leading to energy Ischemia-reperfusion injury (free radical
mechanism failure and cell necrosis

Research focus Irreversible injury mechanism, long-
term neural repair

Mortality rate  High (massive infarction prone to
cerebral edema) reperfusion)

Advantages & Advantages: simulates patients not

disadvantages receiving reperfusion therapy;

Large (core infarct region, ischemic
penumbra) (Figure 2 middle)
Filament method: insert filament to the

Reperfusion injury, efficacy of
neuroprotective agents
Moderate (risk of cerebral edema after

after thrombolysis; disadvantages: precise

Small (confined to the perfusion area of distal
MCA branches, e.g., cortex) (Figure 2 right)
Transcranial electrocoagulation or filament

origin of MCA, withdraw after a certain time occlusion of distal MCA branches

Focal ischemia causing selective neuronal

burst, inflammatory response) injury

Cortical function recovery, small molecule
drug screening
Low (small infarct range, high survival rate)

Advantages: simulates pathological process Advantages: localized injury, suitable for

long-term behavioral evaluation;

disadvantages: severe surgical trauma, control of reperfusion time window required disadvantages: high surgical technique

high mortality

requirements, large infarct heterogeneity
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20 min, 7 515 7 B E AR EE, B 0k AR SE X G EET . A
B b T R, 7 A BRI LA A R A A 4 e, 40
F A 6 I 5 A AR IR A . AR ZERREE (K
ANBRAL ) B TR AR A | R R R S ]
C57BL/6 /I B YAk 22 B 4 i 52 PR =1, T SD oK Bl A%
BRI 2T IA 90% . 1B B AT 4% 14 58, 1T 3@ i ok R
SE 1) R DX 3 AT HECSR, T A i 4% o) R 26 A 1 o B
FR /N, S 17 5, R AR I K /N R B B A v o]
SEPE . A b LA R RS R (PR R IR, (H
FLAE FR B ARRAE AN SO AL 1K 3 A 5 N i AR A7 AR 22
S AR AR T AR T BRSO X, R DX 3k =
AR 2 A 25 ) e I DXt T i 5 e A A Sk P e i
N, 5 S50 M B K B RN I YR K R L R R
Az FEAEAL R BR T B2 2, T N H AT A6 28 2 K
Hh 20 Jik gt I X
1.3 Mzt ERE

I AR A A TR R i P ) 3 AR v —, ol AR
U0 PR A A Rl e 2 3ok A, 5 T R0 3 g 2L 47 R i 453
5 38 3 10 i B ik (I8 28 20PN 3 ik B i R 3l k)
VE ST MR TR T I, S IR T B, AT S R T
M FHZE . S T7 8 e R B R B BN Ik, &5 4L 1 o,
AT S A N5 2 3 B ke AL, TR S AR T B
I g, W R i 4 SBURL (L A2 50~200 pm). B 2
IR B B AR e . K B R A B R S L O, BT
TAMBAKETERA BB RENG=
1x10° Fikir). B ik 250 80 ok v 5 ¢ i B (100 U-kg™)
G SRR R TR bR, WO U ek I i AR T BT A
VRS 7 V0 B S B o IRE S, BRI S A R 12
HEVE O T B (KR 0.2~0.3 mL), 8 %l b S 2oke
TR B ISR 7 UGS E T 2k P 2,
[ B 10~15 min 7} YX3E N, SEHF I CBF 2246, ik
b, & ] B A R, B A K I N e A 1) [ B
BeE, B MBI Y) A, B e (17.5 rrmin’) 42 3E
I/ NBR SR B RN 4T 4 8 Y R, AR BRR AR LA . 28 30 41
B KA K A Y NN B K, e 24 B 2 K i v B0 ik
T2 R A ZE A Y . b RS R A B B T b B UL N S AR
HU o i 2E AR R B 3 R Ik 16~20 JE
W 13.0~3.7 kg BB VG 2% A e, ARRT 2 R ECE 2 ik
I, 5 %k M B RE A EN T E 4 mm x 1.4 mm H &
M o A SE AR ER BRI, Wa A= B 240, T A 0 3 ik
DI04 585 28 29009 B Jhkoize vy, 0 N I A4 BH 28 K 1+ 3
Jik, i S AN P ZE o 48 hiE i 5 3L 3R 1% (magnetic
resonance imaging, MRI) 5% il 1 4€ 5 Ifil fixi b7 [ 1 O,
7R TTC et B AL FE, 1245 R (R p AN 7 B s
it A, TR A, AT — ORI . A% O 3

ETHIFHMIE BAmETEEN, BT R EH
BEAIRH,
1.4 BRMZEHIER

B R MR AR AR S WA TC AN BT T (T
AREZYITET) BITEOLT, BRI A% s R A8 1 BUIR S
B R 3 E AR R AR I L SR IR R . X A A
FERLIN N SR | SR B R AT it A% 5 vk S g
P IR AL 7 T A R 3 . e L e NS
AR B AT TR PR 3R, R P e A s s A Y T
Jee A R 8 T B A A UL N A LA B R, 1 SR
FOAR M PR AL B B P D et L s s P A 7R 5
Sy A B R M I K B (spontaneous hypertensive
rat-stroke prone strain, SHR-SP), 7E 6 J& K I M2 £ 55 21
TR B DL T w23 K e R I Hs , - 7E 12 8 I i s %
A BCENE =L (> 240 mmHg), £ Fifl i 1L 4 B2 2h g
BEAG 0L BE S JE R 2T YR AR IR IE, e 24 S BUE RN
o I BN R BE . B K2 20 JA I, 7E B P A - T
R e X 5l R A= B JoR AR R R R HA T R A
LB DX i B BRMUBEZE K s 4, 5N S IR
P30 2 B B B v AR AT . 2R H T A
A8 1 vy AL 50 0 LI /B8 FRD 5 Wi L 0 5 B A IR AL ) A e
e ML 25 0 7 OV Al . e A, GE A oA B R AR AR
B, a1V 8 R 25 [ al 8 (collagen type IV alpha 1
chain, Coldal) HE K AL /N RALAL . Coldal B HRAZ
T 3 A I R SRR A5 R R, 1 R .
O T AR, €A /1N BR AR I ML BE AR 8 L Rl s ik Jed T
Ji R R i S I, G A R R (e ML) B 5 K
Ao 1% R DR N BRI T AT 5 8 A M I L A
/AN LA 9 A 5 8 26 e L
1.5 Higs

B I 3R 5L 2 A, R o A AR o Bl ) R R A L 4
O MR- R, A B3R -1 2 — A B A 98 AL
AR M W A P B IR SE M 0T o 38 3o ST A4 5E 32 17 5y
W E AR X Gl A N B R -1, 1R L A, 5 3
SR RN i (TS B 0 N1 RO oS A [ R G S B S
@ TR, & 28 M8 I NI 1R 42 B T30 AE Kk
Hh 20 Jik B L, 3 RS 3 i A BH 2 () A I ik I AR Y
P8 K B4 G LA I PR B B, 4 I A A 2 /I
RN DY I A ZE AR, D I /B A ZE AR R [ I B 2
DR BRER) PP 25158 3 Pk R A 0 ik, O i 5 ) /A1 s A 2

i 1o 45 S S5 B K, R AT 25 80 fik s 22 50

mmHg. 2R 32 EER] T BIF 54 I ok 1L P 5 B4
Bl B3R 1S Zh i i 22 SR Wi 1A SR s a4, PR 3
E G I A AR S L 8 BB e N7 e A £ I A B T BEATL
#0715 N KA AL ZAL, R SRR, % T #%
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PEV, UkAb, 2 FhAEmG 14 S8 3 m] Tk vk 4 2
YOI 2P o R R R G L 3 g 351 45 4 5 N AL, AT
HEAT G LA 36 5 | AR DD BR ORS8RI 78 o (B R AR Y I
BT, BN T T AR FE RN I AR R o A ) K i
B NIARL, R Re) R Bl 2R o R 6 I A
FRZE M N RE P IESS . (HREAAAE AR G514, PR
TIE N FEAERR A 2 1O I 25 ) a5
A HEAT & Fh 2 e R (4 A, LA AR AR 2E L LA N 3
B HFESE . AR AR XN, BR 1T 3 LA 5T 1
M. 94BN R £ (non-human primates, NHPs) @14
e EL TR A FR) o LA AR RN D e 5 N S v BEARARA, A2 AT
FUE AR M2 L Y BR AR B AT AR R — M E
A AR AR AR I8 A M K HH I E R A I
HH I, P ARLAEL N 222 A AR T B Bl n] i R R B
LA P A NI BE BT K i A 30 ikt SR N B AR I A
BCREER (B2 300~500 wm) PARH ZE K i o 3 ik, 2 o7
RO B AR AR Y, NHP Y B 7 M 24 Th RE K Y
PEAS A B AT AR, 8 vy B R AR L P IR B 7R
A I A B B E A AR, BRI TR R R
16 R 1A Z P A A A 7R LR 2 IR AT 5T B
FR) S B8 43 R g B AR 5 AR B0 RN B R R AT 1 S A
FO it 7 I A T8 B R T R BONHP A Y 5 5
B L 2 ) R AR B L ) T A B AR Y, A
JZ TH] LA P A N RT3 R BONHP (I 3 il P A B A,
TF P A T 3k 8 o (PR R RE AT ) AR
2 ISHIZRPEIREY

R AR/ E 4 (hypoxia/reoxygenation, H/R) 15 7Y
ST AR AL A4 4 23 2% B 5 I i 26 A 1) 28 il S Y
F2 AL FE P B R AR B A AR, W B R R R
FH R A2 S8 W SR <5, o0 10 85 15 77 ik B 46 AW/ e B 77
AN B SAEE RS CORG G ARNE
P 25 B ] i — AN P R R S PR 5, AR A ok I I
PR G0 I P 7 1 ) BRAROPA 85, B R SR ISR AS .
1k 2E B A T F &AL, Co™ 13E N 40 i 5 B 18 1k B
Y Fe? 3 B 2R 2, A 40 3 PR 4 (reactive oxygen
species, ROS) 34 £ (& 75 F K 1 - 1o U A% 3% s A
T RAE 5\ AR, 5 B4 R A R gE B e T
AT O A 42 B ) FAL AN AT F AL, H A R
C S T X H, 1A% 36 S 1 4 R, BEL BT R A I i 3 35
ZRAR ROS 77 A2 R i 55 PR 15 I, 55 2% 51k 40 i 2y e
Bl o Wb Ab, A8 A I AR A SR A G R o T AR AL R I S
SOEGEVIEZS T WSV R =7 RS U i I SR I |
f 7= A2 5 %2 ROS. ROS 7 4H fi P A7 5% i okt 51 A2 20
JfL P P o i A, T B IR E PRI N | 2 B D e R LR
BHT . MMM R BRI FE I 5 2 3 B0 40 40 i 47 488
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IR 2 o 40 PR 55 22 P A B 2R Y, R ST T e M 8 I 4,
XA 2 = 24 445 14 e B L S M AL R I R 4R 2% A T 48
J B0 AH ELAE P A B84k KR BN 22 R T 4R B
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Table 2 Behavioral evaluation and specific detection indicators of IS animal models

REAVHIN AR (R 2) S E I (K 3), IXLESR IR 2544

Evaluation index

Experiment
name

Specific detection indicator

Training L
K Evaluation time
required

Neurological
deficit

Motor
coordination &
balance

Bederson score

Longa score

mNSS

Garcia
neurobehavioral
scale

Rotarod test

Wire hanging
test

Pole test

Grid walk test

The Bederson score assesses neurological dysfunction, with higher
scores indicating more severe impairment

0: When suspended by the tail, the animal extends both forelimbs
naturally, with no flexion or movement asymmetry

1: The forelimb contralateral to the injury shows flexion (e.g., wrist
or elbow bending), without additional abnormalities such as circling
or reduced resistance to lateral push

2: In addition to forelimb flexion, the animal exhibits significantly
reduced resistance to lateral push toward the impaired side

3: The animal displays spontaneous circling behavior toward the
injured side, in addition to the above signs

4: The animal shows longitudinal rotation or is unable to move
independently

This scale evaluates motor behavior and neurological deficits,
ranging from 0 (no deficit) to 4 (severe deficit or death). It includes
assessments of somatosensory function, placement response, grip
strength, reflexes, balance, and coordination

1. Suspended tail test: elevate the tail above the ground and observe
any deviation or flexion of the head and limbs

2. Normal gait, inability to walk in a straight line, circling towards
the affected side, and leaning towards the affected side are scored
0-3 points respectively

3. Sensory testing: visual testing; tactile testing; proprioceptive testing

4. Balance beam test

5. Reflex testing: auricular reflex; corneal reflex; startle reflex;
epileptic seizures, muscle spasms, abnormal muscle tone

mNSS ranges from 0 to 18 points, with higher scores indicating more
severe neurological impairment

1. General activity in the test cage

2. Symmetry of forelimb movement

3. Ability to extend forepaws

4. Climbing ability on a wire

5. Tactile response to body stimulation (cotton swab)

6. Response to vibrissae touch

Each test is scored from 0 to 3, with a maximum total of 18 points.
Higher scores indicate milder neurological injury

A rotating cylinder (diameter: 3.0-3.2 cm) with multiple
compartments allows simultaneous testing of several mice. The
latency to fall from the rod is recorded as a measure of motor
coordination and balance

The animal grasps a horizontal wire with its forepaws and hangs until
fatigue. The latency to fall is recorded to assess motor function and
neuromuscular strength

Motor recovery is evaluated by observing the animal's coordination,
speed, and success in climbing down a pole. The time taken to
descend from top to bottom serves as an indicator of motor speed and
control

An elevated metal grid (41 cm x 41 cm, grid size: 3.5 cm® x 3.5 cm’,
height: 41 cm) is placed in a dim, soundproof room. After each trial,
the grid is cleaned with 70% ethanol. A camera records the
movement of mouse, and data analysis includes total forepaw steps
and average step distance

No Acute phase (0-72 h)

No Acute phase (0-72 h)

No Acute phase (0-72 h),
subacute phase (3-14 d),

recovery phase (> 14 d)

No Acute phase (0-72 h),

subacute phase (3—-14 d)

Yes (2-3 d, Acute phase (0-72 h),
2-3 rounds) subacute phase (3—14 d)

Yes (2-3 Acute phase (0-72 h),
times) subacute phase (3-14 d)
Yes (2-3 Subacute phase (3—14 d)
times)

No Subacute phase (3-14 d),

recovery phase (> 14 d)
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Continued

L. Experiment
Evaluation index
name

Specific detection indicator

Training . .
. Evaluation time
required

Limb use Cylinder test
symmetry &

exploratory

behavior are visible during scoring
Forelimb

placing test specific tasks:

A glass cylinder (diameter: 9-10 cm, height: 15 cm) is used to assess No

This test evaluates motor function and recovery through seven No

Recovery phase (>14 d)

vertical exploration. The number of forelimb contacts with the
cylinder wall is recorded. A mirror or camera ensures both forelimbs

Acute phase (0-72 h),
subacute phase (3-14 d)

. Forelimb extension when the mouse is held above a table

. Retrieval and placement of forelimbs after gentle pulling
. Same as task 2, but with the head elevated at 45°

. Lateral placement of hindlimbs along the table edge

. Hindlimb grip strength when pulled from the edge

1
2
3
4. Lateral placement of forelimbs along the table edge
5
6
7

. Grip ability when gently pushed from behind toward the table edge

Each item is scored 0-2, with a total maximum of 14 points. Lower

scores indicate more severe dysfunction

Corner turn test Two cardboard walls form a 30° angle with a small opening at the No
corner to attract the animal. The animal is placed facing the corner,

Subacute phase (3-14 d),
recovery phase (> 14 d)

and vibrissae stimulation prompts a turning response. The direction

of the turn is recorded to assess sensory and motor asymmetry

Adhesive
removal test

Small adhesive patches (rectangular: 0.3 cm x 0.4 cm; or circular: No
diameter 0.3 cm) are placed on each forepaw. The mouse is placed in

Subacute phase (3—14 d),
recovery phase (> 14 d)

a transparent box and allowed to acclimate. The time to contact and

remove each patch is recorded, reflecting sensorimotor integration

and limb functionality

Rotarod test

Pole test

T

b
17171

Grid walk test

‘Wire hanging test

e [ (1]

Corner turn test Cylinder test

The adhesive removal test

— 4l ()

<)

Figure 3 Schematic diagram of behavioral evaluation for IS animal models. The behavioral evaluation methods in the schematic diagram

are rotarod test, wire hanging test, pole test, cylinder test, grid walk test, corner turn test and adhesive removal test, respectively
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BB, W T oAl K B S R B ML 1 12 B D RE R RS

mNSS s — P EE A R 1 #02 DY REVEAS 752, Tz
P TR BRI A AR A . 6538 B/ /S S T i DY
KA 11 TR, A0 AR A 8 i S S N IR 77 &
S T AR AE 7. mNSS IS N0~ 18 73, 70 %
i, RONMA TR E . LR A D) REVE 7
RG2S SRR VEAN A% o, T8 I R R 242 1) R R AR
(1 5 A, S 250 I AR I PR 24 2805 VP 1 32 Ak 4 b 4
TERIVE 7y R G E0A FLRR 2 1 S A R0 . 3% 5t
W AE S B T 1 28 P8 S (1 B A 5 SR AN H A

Garcia #1847 Ny 2 B R A2 — P dE AL A MG U5 253
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VI DhRE AL TR, JUHOE T/ RIS B iy Sk
HAH 2 Th RE 1473 I PEA » Garcia PE /0 & 6 TAT A 2
WX, H T2 &0 018 30 8Os f s 5 SR i, &R I0EF 2
JEF 0~3 7 3/ RANINREIEH), B/ 5 18 73 R AE
A TIREE R . VR4 S A T Re AR FE 2 2 35 fUAH
K, VP4 8 Ul B A 22 DR B 1Bk A%, VEAHVEAN 18 br L
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30 min PRSI R RARAE S o IR 2N RLE R
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35 cm), A P S5 I IR AN A — $R A 5 2 37 LFEBR T4
3.2 EEimAS FETENIER

3201 FEEMRK K (rotarod test) & —FH H
T VP AG WA U5 S B Mz Bl D e A SR R T IR O vk,
T8 3o N B B A e B AT b ) AR S TR (AT B
%) KV HIZ R 1. XN, R B — A
BN 3.0~3.2 om i i [ A A — AN A 2 AN Bg (7]
(%) B A 2EL R, B8 A) 22 8] B e B R o, Al ] it 22 I/
o FERFAT IR XY, 756N BREAT I, DA H &
Ve 5 BAT o I ZRIE 7R 2~3 R E], B R AT
2~3 5K, VIR H W72 ik /N B 22 2 R e i (A AR
FEPA, FED TR . N BRI B AE e e A I,
FCFHERE R BRI IR, S/ R iz
BIDIRERNILTE R RFE R R T . FEp A A 7E T4 1E
PR UEACRE BE iy, B TSt W B MR, 45 R 5 X
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()25 21 e S e s m A g5 R, TRk X 7 AN R R A
i1 S BURIZ ) D e P hG, FLG 5 4l g ot i B AN B0k
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IS J& Fz i B BE R A S A E LN Th e 5% - %7708
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9k e BRI E i 10 3R S 4L T HT R AR, VAL
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i 25 e N BRSE RS R R ph 22 R AP PE

323 AR TEFIHK (pole test) A& —Ff i H 1
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(R AR 0, SR PEAN IS 5 25 81 — e i — 5 2 B A F 1
A . T RE R E AR 13 em. = E

50~100 cm AT 2 <5 J& AT, 383 L 5 8 ) 72 TEAT 1t
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. fESCER, 8 0 H S A8 8 77 TR M % (41 em x
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F, ASEALL I AR il L 98 A 5 K oG v B ik ) ik R, A AR AL B
ABEALEE 2 I 2 KRS, 50 0RMER RIS 1
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FRALI S oy i R 36 i AR 25 PR . A, A
FRA AT IR B RO, A4 T 2 TR R K P
BT AR AU B [ U 5 T T 15%~20%, HX
TBIT IR BAFTEVE R Z 57 (2o MEX rt-PA WA 1) H L6 44
R ). Fk, shseie st %456 % 8,
R A e U ) Bh 4, W e M S B R T B
(IR 52 i o B ) 6 o 20 ) IR 3% T g
o ORI A0 Ak I 22, 3% [ ] ST T AR A AR
H 2016 4F i 22 5K B B I 11 PR BT B 98 75 49 N e A 799
Sy (BRAEAE WA 3 B AR B — ), DAEE G 5l
LI E I AE R . Sz IS B L A e BT T
L5 N i i ifi 12 25w R AR AL A B, X TT RE 4 5 T
SEAG g R TSR AT EAE . R, TEIERE IS S
LAY I} 75 A X e 3L (] ] R
4.2  FRBIEHIINNHEBR AR

TE 1S BN RURE 50 b, W6 U5 2R BP0 b &R L+
SD K i« C57BL/6 /N B 5%, 75 WA 2400 i 5 K U S st
B8 5. SR EIG R E RS4RI, ke, AR
SR ERIE B A G MR . TS5 sh W7 78
5 A 2 S, RIS SR P A v AL R AR 7 2, AT
ANRTE AR JG AT AT 58 28 A i she ofi, A B A BEAAR AR B T
RETR 0 1 I 22 57 o 1K T RE 3 B0 I 40 N A B HE
B OK, 3T R M G A0 S P 2 RO B HE R . DRI,
TE AR T ) 2% 56 B SR 56 2 LA, 75 2 Wt o sk AT
PR R I, B DR AN N A R0 BRARRAE 5 SR8 H AR =
VCRC, T Ee Tt 7 5 e St . o 2, i@ ok ik
BE A9 B AR B 2 8 A, B SR 3 K B
ok A ot DX P i I 9 S, S R I R R R PR R R
IR — B MH I, T8N 50%~70%, B AR B A AR 4
LAY A R HK, FER 5 24~48 h, 1@ 1T TTC %+
4 80 MRI T2 AU RAG v 588 SE AR FR, 152 e 14 R I 4B
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(T4 14 28 B W) 8 BE AR FA TG o (R0 o BR AR AR R 20% ~
50%), AT G ERAARIE /N (< 10%) BIFEAS . FE AR 210 I
TRIIE I Sh WA R o 29 30% AN 2 s e 1 R BE AN 7F
GO AR AE TR o AR, AR AL T % A BE R /D S50 B
TEVWEE, K SIS FE A “3R R I (A AR A
BAR).
43 BENLKREE

TE 1S S AR B v Bl AL 4K S T8 498 Bl AL 5 U] 43 40
W ANNE RS RZE . UL ER BT NN
(Zea-Longa VT 73 % ¥ I 30) 5 4 00 2 2 =8 W0 44 1B
B VR T G VT Al 2 o LS BB E R, BR g
N DAY 53 20, B3R 22 R (B IERAIREE
YRR ), 1T NV & A FEh Y & 49, B
IEXT YT ZNWIVE o BB BEAA B A o Gt N AR
GG R, BRI S AR . B R b
FE P A1 BH P DRI, 4 s 008 w7 45 B Bk Ab, 7 i 2
FHI R FI AP 7 1 I R B 1 B Sl 2 o, A 0 R I i TR
WREZYHE 2R REER, FEQREL T
BRI A RIS W FEAR W, AR AR IR
WIS 1 Ge v K@ ST AR I PRBIE 70 S ey i S i 2
B WL R 22 A0 1 BE HLGT R SR I AR 58 55 7 T
A 22 XSG = R B R R I S
4.4 R5IERIFEET

TE 1S (19975 BRATL IR 50 b, B if = G 7 VB A% 0 A
SEG T TN . B 2 RS A 6 N 4 2 I AU
BT B 4 e AR A 1 DX ek, L AR 40 B R kAR
AN AR A, 3K P A T O EE X 5 RO SR X 2 1]
M B AP Ay, HAFAE BT 18] 5 A I R T T gt 1 oG B
BT A, Astrup ZEME T CBF 1RSI 22 58 X
TR o AR RIS A E T S DG
A8 G 1 b PR B4 A& 20 mL-100 g -min™', I 4 g
IR R, (H e AU SR R A, 41 M /BT IR B T
A% M PR BB 6 mL-100 g min’, £ i A1 B Tk
5 T, (R S IR e v e R . X AN A
2 V) PR DX S e R A 2 Wi e 7, ik 52 L 9T 281 1 R 1R A A
AT ThRE B RS I AN 2338 BRR A MEBR

TEFT & 25 AR W R 24 R VR AR B, 45 24 S5 % sk i
FE WG IR 7 45 A R 2 TR R R T g
VAR S 2 4k B2 Fa b, DL sl W 265 9 F06S 21 B s 1
PRy B E BB E R . 1 PWIFI DWI S H
P SAG 2R o PWI ] o 0 20 23 () E VAR 2, T
DWT JUAS I 7K 43 7 76 20 43 b 14 A BA 32 B, AT R 31 H
FEFEX 3K 3T DWI (R A% L) 5 PWI (R
FEVE X ) FIARILES X, 40 B PWI AT DWI, Al R 5 H
DWI L% W EFE(E 5, (H PWIE R EE A E 1 X

Ik, TR B A AR B e g A X IR, Ak, AP
BN PO R I 1 2 1 B T B, X AR bR
VAT e e i 2H 230 40 R R BE RS S0 ), AEE R E A
R AL A0 T AR DS B .

DAL I, S I 2 B T 1R A IR T IS IRIR 97 S B
BB . BRI RIS A 0RO S 1S YR 9T FR L
TR AR SO X — MR R R HES) T IR T 5 )
() K e - d I I P B P IR (AR YR T FTE I 4
M ORI E R 22 T AT (R AR AP, ZERERB
FiAR (DWI-PWIASULEL) 5, A5 I PR 2= AR RS #E 1R
AT RC 2 23, AR TT e SR SR 2 AR A
TZERS B AT 2 HRVR YT I 1) B R SR IR R A AR R
5 ISHHX T FHLEI RN TR
51 XEHSMH

Mo MERE I R R BN AR (BER)
SR, ERi kT, a2, 33
A SRR TG B [RIUAg, 3k T ek B s A R 2 A, 9l
BB RE AN, BN SRR, AT R4 Tt
FETZPH Doy 1 2 PR A% o WL 2 5% ik [R] B 2 20 1R o
FEREIN, SR & oot BEXN Ay o I8 S0E B BOR B
BRI A 2 TR K P Rl VAl B AR . N-FHEE-D-
KA (N-methyl-D-aspartic acid, NMDA) 32 1A &%
SR I 32 A P A p, FL I 1) 3R A 1 U B IR A R
AT S sz A B S o Ak, a-E HE-3- 5 k-5
FH -4 S S0 A TR TR 52 A A 3 R R Ml A 328, HG IV R )
RIS G PR OC . b AT I TG IRET A
FHEE T0 A B 17K T, 5 6 22 R 48 TG TR T ) O ik
R E . 8 U R OB O ) T 5 T S B 4
o E B IR S O, 5 R T B A O . et
B 1 R RS I 75 R F 22 2R 58 SCIRRIE 7 S - (2 BL il o
FUZ T, P38 I OO it 5 43 A 2 ik JR) PR A 2
PRI FEZh A48, 455 PR E (Fluo-4) S 1 I 40
JiL A5 B - K ; FE R A R 5 2 T, W) g AR
ToOUE RN A A 2 R &, ok B U R A
H S EPE L ER i . XM 2 2 ke A4 & i
SEREAR 7N 2 A VR R U R Y
52 SRR

AL SO B I P A R B L 2 — . AR
i I P VRE VT S, 2R AR L A G BE AR K, AR R E
ROS, 51 & g B it 41k . DNA #5745 1 85 = 5 i
X AR N R PR RS U8 s 75 R 5 A A4 M B R
th RG B A2 L. 7§ - (malondialdehyde, MDA)
K1 8- 5 HI 71| It & F2a (8-isoprostaglandin F2a, 8-iso-
PGF2a) 1 4 I J5t ik S840 I RF 7 1t b &4, £E 1S &
F MK R E I, IS A D RE B R R 2 IEAH
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KB, 8- 2 B i A B 1 BR (8-hydroxy-2'-deoxy-
guanosine, 8-OHAG) f& DNA &L 15115 (1) br &4, 7 AE
9 SE AL L™ R RE IR R R AR, G HLAE R M R
FEEE R, HOKPE 2R g & B H ik
H ALY (glutathione peroxidase, GPx) & i B i 4L
AN, FORPELE A b R b 2 PRI, 5 AR
WREEE R OC . B FL R, B 2 A B 5 1 GPx
K T H PR AR AT RE e BRAS [R5 S AL R T
HAkre hZ 7 . ALY Bk (superoxide
dismutase, SOD) 2 i F #4532 22 28, A
J WG ZH 2R SOD W 14 B AR o 5 22, TS S0 A R 30 1) A
4k & 8 ok 1k  DNA #3245 L %5010 B vs 1 45
FRFRES
53 WMEREMRE

FHER 98 J& HHOAX A 22 28 0 0] 0 4 B s 1) 4 9% I
N, FEALEIPE B 2 Fh A Mo SR AR o 742 /NIRRT 48
Jf 2 R A 22 2R 0 v 3 G i A B, AE #4980
ECCHR A o 28 280 () AH AR U 48 B 75 T8R 5 2% JiE 4
JRLE 4K AR A /T 98 PR T R A B T A S 5 1 R L
HEZAEM. MR IRFER F a (tumor necrosis factor
a, TNF-a) A& AR #1282 G0 AR 98 I B 19 8% O A2 4 1A
T, SRS /0N 5 4 AR R A s o N R s, R 33 ot
i 5% B A SR R 2 JC R T2 2 R 1S R 1L TNF-a
KV T, IS A T REE BV IEAR DG . 4
ffl /2% 18 (interleukin-18, IL-1p) & i 0% #% B T «B
(nuclear factor kappa-B, NF-xB) 18 & i1 il 48 4iE [ B, 11
14 L /v 2% 6 (interleukin-6, IL-6) 2 5 2 1 28 JiF K
5. WELEIS B s M E R B E 7w, HE
T BE A AR AH OGBS S R 4 B 1) {2 4% SR Y
(M1) Bift % £ (M2) tlefl, M1 BLFR B A M2 B bR
BV LR T R B 9 E IR AR o P 4 i e it
T TBCHF PR 240 i PR A/ 155 4 DX A o LA TR BN 2 E B
1, H DNA ZKF-7E IS 5838 41 i if b -1, 5 BB AR
FFET- M. A5 T 4080 (regulatory T cells,
Tregs) 183 7 W 1 40 i A 25 10 (interleukin-10, 1L-10)
it 20, (R 2B R . Treg 40 MU £ 2 k> 5 1S i
Ja A RAH K,
54 HRAT

S R E TR RR R AR AR T, RAMMAEREF S
FFENTRAEN—MAEFRT LR, SHEFHRARS
FERZ MW EIRE T, AN T 0 EALH S
BRI IR AL AN PN 0T N RO AT o Zeobi A i 1% A SR 4
JESFLAT R Ok 2 S B L L 3R C I RE T, At 3K C
B WOE NI D SRR I R A 2R B K AR I

3 (cysteinyl aspartate specific proteinase 3, Caspase-3),

SlRYIBET: . Caspase K IF e AT T KBS, H
o Caspase-3 IS T T d A2 H s P IR . XT-4i
JRLYE T FROAH SRARFR A I, 1 SE R R bR, PEd by
ST G R GRS AR E N SN ES G X f AN R
(P TRURCIR 73 i) SR T /IMATE B (R0 4 22360,
DA St — 3D (R LR SR B b A 2 WA SR P A A 2
ffi F Annexin-V 45 & 8 g B 22 2 B2 W 9% 6 4K &
(Annexin-V-FITC) Rl 5417 T4, [ R A A R
¢ NG RHBLAL R WE [X 43 16 R T2 R ZE 40 i . L IRGE
SRR D REAHSCTR bR, P IE 2 CPR SR A I, I
I F AL 8 T B AT B Bk AR AR Dy e A% . B I Western
blot BY, b P2 %< Al i ot 48 i £ 3 C oK, 4R
TR 2R AR IR 3 1 AR . Itk Ak, Caspase-3/7 1 14 A5
(FROGIRIIE) 2P T AT Be i S feAn . TUNEL
et ] DUpRic DNA Wi 221 3'-OH oK Uiy, 45 57 P 1R 31
T40f . E RS TR DNA F BULFEFE .
5.5 M/MRERE

7 IS ML B 70 A PP A A /s B SR R ML 75 45 & 5k
Uidest ol RS- S oo n  TIB ;i DU ok o e vb: ¥ A
UL E ML 75 3 77) (1628 DUAR R « ADP FJ J5)
) L, PPA il /N AR SR B e 77 o s R N g I g 8 I
B) B¢ RHRME S5, Z8-4 VPAh I /N R Th B8 S 41 4 B 1 E Ak
A AR M NRCE R EY) . PR
T e S BRI /N AR AR, I /N BRORE B 1 i/ R R
R e 2B B, I AE N AR VAL FE AR . g bE
FIE B ELISA VAR D- — R AR, & A& 47 48 2R (1 PR R
FE, oK T s iR s I T O R R . AR 4
A EKE > 3.5 g L 5 ik T8 R R 39 0 AR %, 2
VE Al R IR A ) B B AR AR o A I R I A R )
(prothrombin-time, PT) 5 3 4k 73 &k 1M 35 & 1 (7]
(activated partial thromboplastin time, APTT), PT 4L K
PR AP VE B L& 15 7, APTT ZE K487 N I3 4 4k
MR 58, BA 70 i il s S P ia 7 .
6 FKEISHYMARIK

VT Aok, TR E P /IMRIEIT VAR 23 i
PR )G B v B 24 B Ak 5 0 I A S 3 R, T
T B ER AR AR PTR R R

Har, EE X 2SO L E E00iEie s
DA T 5 % 25 5 (tenecteplase, TNK), 1X & — Fil
Job 2 PR TR R M R i 2N 2 2R 4 3 g ) B 7
ORI o AR FATL ) 2 38 e 0 2V il i A o 4
Wiy, VAR o AH EUAL el B3 i, H o R e KT 2
20 min, W FES [R]85 AT & 25 24 h, il RS K. JR
WG R B AR, AR R B A . Ak
A I B, 2R — ISR, 1 2025 4 E PR A
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TR BRI RIR Meta 70 #7 o, 32 7% HonS 5% [ [ 57 T2 AR AT
Fo b 26 th B R AT 7 < 15 73 8 W7 RO T oA i e
e PP R L I I 4 Y R A
FIRAEARKIE B2 A IR (SEAbW), TE R B B2, Ml 7
Jitd S A R 22 JRE, DR 97 M B . T ORBK (LA

%), B EY

) ( %3 [60-64]) .

I

W) RE I I e T T P O ok A
sRAEHT. BeAh, BH AT

KA IECE A
i AR 56 ) B0 IS F 24

IS AE A4 3R = RAU T R e Sk v e i, Hovd

Table 3 New drugs for ischemic stroke currently under clinical trials in China. PSD95: Postsynaptic density-95; nNOS: Neuronal nitric

oxide synthase; GABA,: y -Aminobutyric acid sub-type A; AMPK: Adenosine monophosphate-activated protein kinase; PGC-la:

Peroxisome proliferator-activated receptor gamma coactivator 1- a; Nrf2: Nuclear factor erythroid 2-related factor 2; HO-1: Heme

oxygenase-1; mTOR: Mechanistic target of rapamycin; GLUT-1: Glucose transporter 1; HMGB1: High-mobility group box 1 protein;

SURI1: Sulfonylurea receptor 1; TRPM4: Transient receptor potential melastatin-4; a2AP: a2-Antiplasmin; KLK-1: Kallikrein-1; AMPA:

o-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid

Preclinical animal

Drug name Target/mechanism Development experimental
phase
model
Y-3 for injection ~ Targets PSD95-nNOS coupling—a key pathological mechanism in stroke and mood Completed  MCAOQ™™
disorders—and modulates GABA,, receptors, enabling synergistic treatment of ischemic phase 11T
stroke and prevention of post-stroke depression clinical trial
Nitronezine (TBN) Crosses the blood-brain barrier efficiently, inhibits calcium overload, scavenges free Phase 11T MCAOQ""
for injection radicals, and suppresses neuroinflammation. Enhances mitochondrial function and boosts clinical trial
ATP production via activation of the AMPK/PGC-1a/Nrf2/HO-1 signaling axis; promotes
autophagic clearance of toxic proteins through mTOR pathway inhibition
GD-11 for injection GLUT-1 Phase 11T Not disclosed

JX10 for injection

Recombinant
staphylokinase
(r-Sak) for
injection

LT3001 for
injection

ZHB206 injection

HRS8179
BAY 3018250

Y-6 sublingual
tablets

AD108 injection

NR-20201
injection

Xing lou cheng qi
granules
PMS-001 for
injection

ZHB103 injection

Asarone emulsion
injection

Anti-inflammatory thrombolytic agent

Forms a complex with plasminogen to activate the fibrinolytic system, promoting the
conversion of plasminogen to plasmin, selectively degrading fibrin, and dissolving thrombi

Synthetic polypeptide, promoting vascular recanalization and mitigating reperfusion injury

Reduces HMGB 1-mediated apoptosis and inflammation after ischemic stroke, enhancing
cell survival and glial migration, thereby attenuating ischemic brain damage

Inhibits the SUR1/TRPM4 ion channel to reduce sodium influx, alleviating cytotoxic edema
and lowering mortality

Anti a2 AP protein therapy. Significantly reduces microvascular thrombosis, ischemic injury,
brain swelling, hemorrhagic transformation, and mortality following thromboembolic stroke
Novel sublingual compound tablet. Combines two marketed drugs targeting cerebral
vasculature and neural tissue, respectively. Inhibits vascular smooth muscle proliferation,
protects endothelial integrity, reduces bleeding risk, preserves blood-brain barrier function,
suppresses inflammatory cytokine release, and mitigates glutamate excitotoxicity. Improves
neurological outcomes and cerebral metabolism, enhances cognitive function in
cerebrovascular disease, and reduces white matter hyperintensity volume. The components
exhibit synergistic efficacy with a clear dose-response relationship. Suitable for acute and
recovery phases of stroke, as well as long-term management of cerebral small vessel disease
Exogenous KLK-1 supplementation improves neurological deficits, reduces disability, and
enhances daily functioning in acute ischemic stroke. AD108 injection enables sustained
release via subcutaneous administration, maintaining stable plasma levels and therapeutic
effect while avoiding hypotension risks associated with intravenous delivery

Promote vascular regeneration and functional repair of ischemic brain tissue via homing
mechanisms and synergistic interaction with endothelial cells

Clears heat from the fu-organs, activates blood circulation, and removes meridian obstruction

AMPA receptor modulator (ionotropic glutamate receptor AMPA modulator)
Mechanism not disclosed

Elevates cortical electrical stimulation threshold, inhibits synaptic transmission of
epileptiform activity, and prevents seizure propagation

clinical trial
Phase II/111
clinical trial
Phase 11
clinical trial

Phase 11
clinical trial
Phase 11
clinical trial
Phase 11
clinical trial
Phase 11
clinical trial
Phase 11
clinical trial

Phase I
clinical trial

Phase |
clinical trial
Phase [
clinical trial
Phase I
clinical trial
Phase I
clinical trial
Phase [
clinical trial

Not disclosed

Thromboembolic
model !

MCAO"

Not disclosed

Not disclosed

Not disclosed

MCAOQ'™

Not disclosed

Not disclosed

Not disclosed

Not disclosed

Not disclosed

Not disclosed
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I 25400 R A T Wi = i PR 245 20 2 DA 4 R 1 ) PR AV
SR B NS B A BT A1) £ 22 S-S S0 2 i PR T
AT R A R I o 22 DR 97 511 11 22 48 s P RO L 1)
AR SEEMENT A& LD REVE Ui 1 B X6 K 3 2 e 1 21 15
YEAE P BRI TR 45 & 70 7 2 B AR HE 3R T
] e DA T S8 A8 5 T A AN AL 55, ]I o 5 ) S i i
ST RS HE RV IR IR 25 AR iR R . AL R GG E
T IS R PR 25 20 PP R R A 5 ik, B 52
SPGB PN R AR 2 T WL K 3R R 25 i
BURIETF 70 b RRFE LA M Bty B,
DO 5 126 b . (UL AT B AL S BESEAR AR IR 1L ), 4% 18 2%
gt hr el 2 4R BRI, FRIR R R 7 T
B FT, LLERTT IS V697 23 IR W A 2005 5 i PR e Ak

& BUBk: W+ AR B 7 BT AR DG SCR 11 Wi B 3 AF
Pl e 38 M R 5 5 S A 2 L0 508 F0 ) SRR HH S DO AT
A& ORI 75 32 JE R E POFI R SR IR HE SR (0 4 3 I 5 BTN,
B REIR TR SRR AT I A 2 . SR IE 3 #  15%
I A RSO

FIEE L P (& AR 2 R
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