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FiE 72 HUEE SD K EBEHLEER 10 HAERRF AR, o4 K BUR H B30 K- R g5 FLakHl 45 VCL R BURBEAL, K il
BRI IR B R RBEHL Y WA | sl TS5 ALK . Bl i gl (13.8, 27.6 g/kg) . JEZHF4L (10 mg/kg) 3@ kT
FILEFIE+AGA90 (JAK2 #IHIF]) 40 GEIKIFEIL 27. 6 g/kg+AG490 3 mg/kg) , S LH45 T AR FI 254 4 JAJ5 L
M. HE Y8 D AR H2AAR L JE FR Y AR o K 20 B RGO A RPEENE L (Western blot) i
B p-JAK2, p-STAT3, VEGF HEHFRIE; BT HBIMEENT DAL ZTTBIME ;. st AR CD34 ik
IR G X 2 IS % E (MVD) . R SHTFRA R, BAA KRS RELR (P<0.01), il
TFEWREHL (P<0.01) 5 WD XA ITTE MBS, HEPIZERL; JBI/MRBED>, R E; LRI IRIS IRk
SRR N ; W4 p-JAK2, p-STAT3, VEGF HEHFRIAFE (P<0.05); DX MVD Hm i (P<0.01),
SR LA, 38 DK 85 A4S R R B B T2 K B B R 4R A (P<0.01) , SR CF S BOE (P<0.01) ;
BOWA TR 2 BRI, FERERE,; BIMEER, ZRBD; LRRIGER, ke ETEIE
A S p-JAK2 . p-STAT3, VEGF EHKIATE (P<0.05, P<0.01); #5IX MVD $&H M (P<0.05, P<
0.01) . Ifii AG490 3% 1 38 Bk JF 75 AL 1) it A AE ] (P<0.05, P<0.01), £5i 38 Bk JF 55 U AT BE @ 1 0% JAK2/
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ABSTRACT: AIM To investigate the effect of Tongmai Kaiqiao Pills on angiogenesis and JAK2/STAT3/VEGF
signaling pathway in rats with vascular cognitive impairment ( VCI). METHODS Ten of seventy-two male SD
rats were randomly selected as sham operation group, and the remaining rats were made VCI rat model by ligation of
common carotid artery in stages. Rats after successful modeling were randomly divided into model group, low and

high dose groups of Tongmai Kaiqiao Pills (13. 8 g/kg, 27. 6 g/kg) , nimodipine group ( 10 mg/kg) and high dose
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of Tongmai Kaiqiao Pills+AG490 (JAK2 inhibitor) group (Tongmai Kaiqiao Pills 27. 6 g/kg+AG490 3 mg/kg).
The samples were taken after 4 weeks of corresponding dose of drugs. Pathological changes in hippocampus were
observed by HE staining. Nissl staining was used to observe the loss of neurons in hippocampus. Western blot was
used to detect the protein expressions of p-JAK2, p-STAT3 and VEGF in hippocampus. The ultrastructure of
neurons in hippocampus was observed by transmission electron microscope. The expression of CD34 was detected by
immunofluorescence staining and the microvessel density ( MVD ) of ischemic penumbra was calculated.
RESULTS Compared with the sham operation group, the escape latency of the model group was prolonged (P<
0.01), and the times of crossing the platform were reduced (P<0.01); neurons in hippocampus were loose in
structure and disordered in arrangement; the number of Nissl bodies decreased and the loss was serious;
mitochondrial crista dissolved and disappeared, and mitochondrial damage was aggravated; the protein expressions
of p-JAK2, p-STAT3 and VEGF in hippocampus increased ( P<0.05); the number of MVD in hippocampus
increased (P<0.01). Compared with the model group, the escape latency of rats in each dose group of Tongmai
Kaiqiao Pills and nimodipine group were shortened (P <0.01), and the times of crossing the platform were
increased (P<0.01) ; the number of hippocampal neurons increased, the morphology was normal, and the disorder
degree improved; Nissl’ s corpuscles were abundant and the loss is reduced; mitochondrial damage was reduced
and gradually returned to normal shape; the protein expressions of p-JAK2, p-STAT3 and VEGF in hippocampus
increased (P<0.05, P<0.01); the number of MVD in hippocampus increased ( P<0.05, P<0.01). AG490
reversed the high-dose effect of Tongmai Kaiqiao Pills ( P<0.05, P<0.01). CONCLUSION Tongmai Kaiqiao
Pills may promote angiogenesis, reduce neuronal damage and promote the recovery of brain function by activating
JAK2/STAT3/VEGF signaling pathway, thus playing an improving role in VCI rats.

KEY WORDS: Tongmai Kaiqgiao Pills; vascular cognitive impairment; angiogenesis; JAK2/STAT3/VEGF
signaling pathway
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THEAGFSEFSEFEMEN T 3 (signal
transducer and activator of transcription3, STAT3) f&
Sl AR A T R S Sl g, I
WA K A F (vascular endothelia growth factor,
VEGF) J& JAK2/STAT3 i&42 (9 E 2 Rk i o0 1,
HAEGEEBRAE B A h R HE A BB

KT 25 R A e A BE B B AR Il R
B, (A EAAVE DS M ARG, XAE—E

R VO KRB, SRAWFZE 8 BkOT 75 4Lt Vel
KB A o 1 L, DA O L R 7 FH 4 i ) 2%
A
1 7
1.1 S=Eshan  fERHEHEE SPF 2 SD KR 72 K,
WiE (180+20) g, W THrABLL K s EH
ABRAE [ S8 s A 77 VAT IE S SCXK (§)
2022-0006 ], Tl FEAE pE B 25 R 2 sl S B s
[ S Eh W FHVF AT IE S SYXK (#) 2021-00157,
FFEERE (20+25) C, HXFEE 50% ~60% ,
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1.3 KA BHARE- el g . BCA EHWE
JEIE IR F & . ECL Plus ARG (Jbmt& sk
TR A OBR A A, %5 G120, PC0020,
PE0010) ; SDS-PAGE B #5150 &, Je R
. CD34 Hufk (I FE IR A YR B A PR #]
%5 62043, G1036, GB15013); JAK2, p-JAK2
BTN (£ H Cell Signaling Technology NI i3
3230, 3771 ); STAT3. p-STAT3 #i & ( % [
Immunoway 2 ®, % 5 YT4443, YP0250 );
VEGFA #i{&, GAPDH #i{&, HRP —4i (i =
JEAEYHARFRAF, 175 66828-1-Ig, 10494-1-
AP, SA00001-2); JAK2 #l | %] AG490 ( 2% [H
MCE 24 /], %% HY-12000) .

1.4 ME PAIREUKERE (R E BRHE
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AU R (RYEFR A ETF R A RAR)
PBM-C AU #5434 . TPJ-A BUBE AL, PPJ-A #!
MR [ EESTE (CEMN) BEIrsmAamRAF ],
SDS-PAGE #E B HLIK R 4, B B, KZ-11-FP %Y
PR R A A (R I FE LR A R A BR
A]); Ts2R-FL BUME] & 580 W i i . Ts2 RS & AH
Z 0BT ( HA Nikon AH]) ; Infinitr F50 %I FR
X (it Tecan 23 7)) ; FUSION FX6. EDGE %4k
ERICAL RS (LE Vilber GmbH AF]) .

2 Fik

2.1 FHHEERFE KB 1 FEN RS,
KPR EFLBUD Bk (MR 2-VO %) #H val
KRR AR R AT 2SR EEK 12 h,
TS 2% G 2 AT RS, BURIE R TR IX
B, THEIEDUH—DNWTUIE, 7502w
FURBIIK, kg, R R e 3 3 kO
BELRAEHL, ARJE R I K K& R 2 mL F &g
JadER ., BAIET, BMREETIHREG L, R
AT TR 36.5~37.5 °C . 1 J&G HIRIRER) 5 e 50t
HE RSk a4, IFARAYITF R R, B
TR FUN SISk, AT I B K 45
o WG HEITKRE SR, DMBTFE AR K Bk ikt
RIS B bRl TSR g R
KRR I P 5 S B hrifE 2 22 iR R
RRETR AR T A UM, A7 HEME > 20% , TR S o
JiR2

2.2 @t ds 72 HORRPHEALER 10 HAE
BT AR, HAKBRLE “2.1” T Fikid
B, ERERGE R AT 8 K, SIBREARM 2 H,
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RN 52 H o K B i R R A BE LA T
FILSP RRIRLZE 10 2 K IF £ LR 4 10
HmPkIF s AL AR 10 2 38 BT 25t
HHAG490 4 11 2| Jesaif4i 11 H, HridET
T 1838 FkOT 25 AL R AAET 1 ], e A
451 H, BkFsLE, A RAESS T
27.6., 13.8 g/kg il KT 25 A2 ; & 5 7 2H 9
B4 T 10 mg/kg JE SEHISE SR (INaliK3R5 %
T4 CORFIRFREA ) GHRER) 5 @ hkIF 55
ALEFIE +AG490 HIEE 45T 27.6 o/kg HKIT 55
U2 [RIB HE Be 3 meg/kg AG490; fRTF-ARA
FIERIZAVE B 25 TR FRR K . 1B 56 2 JA T
Weh2h, MR VIR, F5se4 A,

2.3 Morris K E8 K Morris /K3 = L5
PPAG R B2y 2T e et i O I DX 3 dal 434
ANGRR, AT EREEK TS 2 em &b, KiR4E
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P&, WPEHS 2 FHIREN 10 s, BLAT kb
RENIE R 90 s, #LLUNLR S5 d, 755 6 K, BT
7, BRECELEE G e BRI, 185 f
SIHTIHAE 90 s WIAT BB, LA R 28R F- 65 7
HEZBRIUEL

2.4 FAMFLUFEiRIKEE ERBUKEE
SCEG SRR R U2, BT 22 5 P I v v
E24 h, WK, AR AE AR (5
pm) , %M LR ARG (HE) Bame K
(Nissl) Jefo s BEGEAT NS . oK, deta, B,
HPE R BB R, RN BRGSO U AR TR AR
Mg, RERBIF AT,

2.5 HEFEXFEKRM CD34 KX S HMA
LAY R, S EOK, PURBEE, ARRHNESR
IR, TN 3% BSA A 30 min, %A1 CD34 —¥i
(1:500) 4 CHFE LR, MMAXTRAZ=HL (1 :
300) ZFEIEMOCMEE 50 min, % DAPT YLk % I
BEEHFE 10 min, JHINZEEE KA S min, FK B
Uk 10 min, FEBET S INPTHOE K B R B R,
THOCRME T WEIFREEER , H Image J FAF
AT N, WA 3 HRR, &R KR kY
F, 1 400 {4 W fes N REALEEE 3 S ILEF iE1 7
T, R AR R 3 S LET A CD34 BH % 41 e
B, HAPEHERIARUMS % (microvessel densit,
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MVD) fH (4~/HP),

2.6 EHEENMKELMALBBEN 1 nmx
1 mmx1 mm B 5 2 ZUREAR S5 57 BIZ A L 5%
EWL, FATREE 4 h, RIFUEATIOK . W, HiI1E
WY R, BERRASE s AR E R s, T
BT S AUBE T SR R G A M R A

2.7 Western blot 4] i & 2B 2% p-JAK2, JAK2,
p-STAT3, STAT3., VEGFA & @& &ik FREUS 4
AL, AT RS RIPA 2L . A5 1 B ) 7
FIBE IR W 4 ) R, BREE ST, VK B 4% 30 min,
4 °C . 12000 r/min Z5.0> 10 min, $REURE AR,
BCA H AW B 2 J5, 100 °C 4 )@ I I #4 A8 Pk
10 min, HIVKIFEEAE, B 2 PVDF & |, ik
BT WA RSB = E A 2 b, S5 A—$t
p-JAK2, JAK2, GADPH. p-STAT3, STAT3,
VEGFA, 4 CWEIK, WG MAZIE RS
1h, VERESTE N ECL MR M, Wi, B,
5 R Image J BT 4500 IKEAE,

2.8 %t F 44 il SPSS 25.0 Fl GraphPad

Prism 9. 0 B AT AL FR, T EERILL (xxs)
N, AR E RS Hor 257, A4 i
FRZE Ty 2208, dE—25 W EL R I LSD ik
FEE AR RSO Z A5, WEBIES R,
P<0.05 HESAZITFEX,

3 G#HR

3.1 G@BRIFE AT VO K R 5 T L IC Ry %
)  SEFARA R, BAILL K R P A 2
AL, HEEEERRIIET IR (P<0.01), ZEHCEHIR
o (P<0.01), FRUIERBLE AR I 5 1A
HITHREME ; SR FbAr, @ BKOF 55 LA
FUE B2 K BRIF VK Pl ZERLARR B ol s, bk
PRI T4 (P<0.01), ZFeF- 5 UK T
(P<0.01), FH@E KI5 IR ML VCT K EIA
HIRE KA ; 5B MOT 85 ALm R S dl g, kT
75 JU 1 )+ AG490 21 K Rk Jhk Tk AR 09 s ] ZE K
(P<0.01), ZECEA B (P<0.01), Wk
1, El1,

F1 BEXREEFRAMFEFEERHILE (x5)

Tab.1 Comparison of escape latency and crossing platform times of rats in each group (x=s)

Bl ST N
2ﬂ5§l 7 K /El — — — _ _ 25 157 A?/»" /\(/,
I S - PRI PP R FET FPEn TR 5 WL/ R
BFRH 10 50.38+3.33  39.63£3.82  26.46+2.29  24.63x0.66  17.91+3.43 8.30+0.95
[ RIEE | 10 84.28+3.06™ 73.25+1.83* 53.65£3.47" 44.58+5.63™ 34.18+2.39™  2.50x0.85"*
T8 KT 75 LA Al 10 74.21£1. 10" 64.23£4.77"  45.68+1.71" 37.13x2. 13" 29.38+2.97"  4.70+1.34™
T kI 25 AL 9 59.45+2. 13"  49.37+1.81* 38.15+1. 16" 31.21x3.64" 21.25+2.38%  7.78x1.39*
T [k I £5 AL 5 77+ AG490 41 11 70.17+2. 2822 62.37+4.55%2 50.82+2.47%% 43.10+2.89%% 35.28+2.672%  2.64x1. 1224
Je B 4H 11 58.55+11.56™ 48.04+10.24™ 36.71+2.20™ 29.14x3.25" 20.94+2.49%  7.82+1.66"

T SETRALE, ™ P<0.01; SHEIALE ™ P<0.01; ST iLEFlRa e, 22 P<0.01,

B 1 Morris 7Kk S L6 K FRIZ Zh#L T B

Fig.1 Movement trajectory of rats in the Morris water maze experiment
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3.2 @IRFFE I VO K ZAZ AN S0 a B
FARAMATCHMIL AL ERE, HPIE%, 4
2 IR S IRDE A LA 2 7 40 A% 7 46 4 i
WA, TG A TR, HEY o
B, TEARAHI, i 20 B S %) 200 A 25 A RN At 2
HIRBE s 3 KT 55 A5 75 ot 2 A JE B b T 21K BRUpf

ZIOLEREOL . AL SHRSG O L S R G B )
B A AR R, HmR s d X e Zoohy
I DL TR A 4L aE Bk T B AL v R A +
AG490 ZH K B e B 22 S0 AR o A MO SR AL W) i, ol
ZOUECE D, AR, HESIRA O,
HAZMRE R, WA 2,

T 20k TR R A0 M A A8 TR G
2 BERBMETHES (HEFE, x400)
Fig.2 Morphology of rat neurons in each group ( HE staining, x400)

3.3 GERRIFE A VCI K RAY 2 TR K AR
o BFARAR DL ITIERIE S, 41T
% HEREE, B, R OMARE R B
RV P 2T HEP KL, RANA—, #ATIHK,
IR SEIN G A b, Je /MR R R ™, SRR

OB, JE KT 55 A5 0] i 2H e 52 P20 e T/ VA
WG, A ITHEF R RS K OT 55
HLi R +AGA90 L H 28 TU A ML R/ N — | S5 5
W e R/IMABR I, R ITI 5 DOR B AT A B
I, WK 3,

TE: LUk TR R IR/IMA,
B3 RAXRBRMETREK/NMES (EREER, x400)
Fig.3 Morphology of Nissl bodies in neurons of rats in each group ( Nissl staining, x400)

3.4 A@ERIFE AT VO K R F D48 JAK2/
STAT3/VEGF 12 5@ % & & &k 0% 0 HEFEAR
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e, 38 K £ ALAS 79 o 2 0 2 5 b P-4 A U S 4
21 p-JAK2 . p-STAT3. VEGF &R BT E (P<
0.05, P<0.01); SiEMKIFes Ium Al gl i, @
Jik I 25 AL 77+ AG490 2H K U Th 241 20 p-JAK2 |

p-STAT3, VEGF & H&ILFEL (P<0.01), £
388 UK 25 AL A AR R A T B T S 3 O A
AR KA, LI 4,

. HERFARALLE, * P<0.05; HSHAAHE,*P<0.05,%P<0.01; il kIFe L mlma g, 24 P<0. 01,
B4 HAKXKREDALA p-JAK2, p-STAT3, VEGF EAFRIELLE (x5, n=3)
Fig. 4 Comparison of p-JAK2, p-STAT3 and VEGF protein expressions in hippocampus of rats in each group (xxs, n=3)

3.5 @BRFFEHA VO KR iDL 2 LB HREMN
¥ BT RAMZE I e RRAIEASIE
B, GERIEMT, IEHESVEESY, Qe A, MY
N A AR A A TE T, P R R DK i, AR
PRZETT ] DA [ BE (0 7K i, A Ak e 0y 284 % 77
&, BN, AME AL, SEORIA R,
i K 75 AU B AR SUS S5 AT i, o2k
RN TER AT ol iy i I NN i) Rl IR
AR ;3 KT 25 AL 75 4 R S P-4 R R &
JUIEBMKE W, S50, A0 HLHES BRI |
B, BN, KM, C8iEERR
A, H#EOTE LA R e, JESEHT RS
P22 TOA TE A S B GRS DL TG I 1 25 55l ik

FFE5 IR+ AG490 41K R A2 T K ik, 2% BT
24, BATRTEWE, AT WA R R A AR T, (HR
PiFR AR TR ZE KR, 255 LT 5,
3.6 @ERIFEHA VO XK AHED MVD 9 %a 5
TR g, BRI KRS CAL X MVD {ETFF
B (P<0.01); SR MRS, 8 bkt s AL e
LN JE 55 1 - 41K BRI T CAT X MVD B T+
(P<0.05, P<0.01); 5k JF 75 AL & 7 = 4 L
B, T8 BKOT £ ALE R +AG490 ZH K B D CAT IX
MVD &K (P<0.01), WK 6,
4 tig

BTG E A MNP E LR
CBBT O CORIET CRIRT SRR, HUR AL
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B5 REAXRRBIMETEMEN (EHEE, x20000)

Fig. 5 Ultrastructure of hippocampal neurons in each group of rats ( transmission electron microscope, %20 000)

T SFPARALE, ™ P<0.01; SR HLE,*P<0.05,

#P<0.01; 538 BOT 8 AUs Rl 4L He gk, 22 P<0. 01,

B6 HHAARED MVD LLE (RER K, x400,
n=3)

Fig. 6 Comparison of MVD in hippocampus of rats in

each group (immunofluorescence, x400, n=3)

TECTENR , PR TS S XS A LA o BE AR
RBARHE . T E R AL S T BRI i
IR A R, “HBKOTE AL b2, 18
WAL ARATL MR b AR T LA,
TIHRUSTES | fERETENRZ, RERPARE, JTE
MR, AT, =-E3OEZy, BTG ML, B
ks AR, mAS, RAN . WUy, AR T
O, BME A, EAE MRS | Rl
ik, RRAEE Z ),

VCT 2 — 2 o i i A5 P B G I PR 2R 5 kS
IWHINRE T RS AE, RMmHLHIE 2
A AR ISR 2R LA I 2% (R SRR BR 1Y, IR 47
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S 1M VR AL R A 2k 5 25 A Ry R e R T
i I AR I 25 BRI E AN L, B TTIE
WINRE. R, 8 AR i 8 K OT 55 LR YT VCl
() — AT AL, BT I A A kAT e e i DX i
T, AZBME AR E IR SR, R 2T
ARSI DAL

PI3K/Akt/mTOR {5 7 i fi% 75 fi& 72F 40 /it J& 309 |
Hega A A bR AT, oS o ] E A
VEGF F1 Jisi U5 4 #f 28 8 5% I+ ( brain-derived
neurotrophic factor, BDNF) ik, B SRl PEA<
S A A B AR i 453 495t T LA S 1 A P Y
Wt {5530 B, (20 il 5 Py R g AT i AR
% 5 I F-1a (hypoxia inducible factor-lae, HIF-
lo) JEBEAE BASEPF T WS, Wid BIE VEGF
TR FAE S M A A AR X e AR A
S E ML, JAK2/STAT3 {5538 % 16 i 46 13 )i
AR I8 A AN 2218 S i R P R HE O A

JAK2/STAT3 i % 2 5 4 g A= 1 AR, 70
b AR RIS A RSS2 A R T SRkt
JAK2 S22 V2 43 A7 T 40 B P 19 Al 28 SCARL i 2 2
P, AR 2K JAK2 5, BRIk STAT3
F, BERIL)G I STAT3 & & MR AL, T
TR B AN, (RS A
PR T R M A 005 AR ) e R DG B T i s ] 3R
K VEGF J&— ey AR 5 00 1 45 P9 B 40 i A
22533805, REVE SR A IR I, DT 4R T Il 48 38 12
Y BRI, BRI A A A BT
ZUIREMOIRE , X —d B T2 VEGF kK
TR R

AR S 55 3 3k XA 25 B Jok 43 Yk 46 FL A S K B
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VCI B 58 BT 25 AU VCT B+ F4E B
X} JAK2/STAT3/VEGF {5530 B 02, 4558 R
KI5 ALRE BLTE X5 5 %, R TF p-JAK2, p-
STAT3 . VEGF #H ik, i VCI J5 0y i 4
W, FEEERTE DR 2 r R, AL, %2
WREAR R VCT KRR 26 REVER AR 301, 386 i 2 B &
TR, WK RIS CAL K H i, ARk
A PEN AR AT K RO T BE , X — R P48
IR TR PKIF 55 ALIAYT VCL 4 FHLH, AR
BEZRYT VCI S AE TR # a5, o )5 22 09 i R A
FERZG YT R BEE T LA,
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