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[ Abstract] Objective: To investigate the effect of astragaloside IV (AST IV ) and Notoginseng total

saponins (NTS) combined with bone marrow mesenchymal stem cell (BMSC) transplantation on neural repair
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and angiogenesis in rats with cerebral ischemia. Method : The rats were randomly divided into a sham operation
group, a model group, low- and high-dose AST IV + NTS groups, a BMSC infusion group, and low- and high-
dose BMSC infusion+AST IV (10 and 20 mg-kg') + NTS group (25, 50 mg-kg'). BMSCs were isolated and
purified by whole bone marrow adherent culture. The positive expression of surface markers of BMSCs (CD29,
CD90, CD34, and CD45) was detected by flow cytometry. The focal cerebral ischemia model was established
by middle cerebral artery occlusion (MCAO). The PKH26-labeled BMSCs were injected into the tail vein of rats
in the BMSC infusion group, once a day. The rats in the combination groups received BMSC injection once a
day and intragastric administration of drugs twice a day. Other groups were administered twice a day by gavage.
The sham operation group and the model group received the same amount of normal saline. Symptoms and signs
of neurological deficits were assessed by the Longa method and the cerebral infarction rate was determined by
TTC staining. The survival and vascularization [double positive expression of PKH26/vascular endothelial
growth factor (VEGF) ] after transplantation of BMSCs were observed by the immunofluorescence method. The
protein expression of Angl and TGF-B, was measured by Western blot. Result: BMSCs were properly isolated
and cultured. The identification of surface markers CD29, CD90, CD34, and CD45 was consistent with the
characteristics of BMSCs. The neurological deficit score and cerebral infarction rate of the model group were
significantly increased (P<0.01). All drugs and cell transplantation could alleviate the above pathological
changes in varying degrees. The strongest effect was observed in high-dose BMSC infusion+AST IV+NTS group
(P<0.01) , which was superior to those in the AST IV +NTS groups or the BMSC infusion group. BMSC
injection helped cells survive in the ischemic brain tissues and promoted angiogenesis, and this effect could be
enhanced by the combination with drugs. After cerebral ischemia, the expression of Angl and TGF-B3, was
increased, and the effect in the BMSC infusion+AST IV+NTS groups was the strongest (P<0.01). Conclusion:
AST IV combined with NTS can promote the survival of transplanted BMSCs and facilitate angiogenesis after
target repair of damaged blood wvessels after cerebral ischemia. The mechanism may be related to the
improvement of the local microenvironment in the brain after cerebral ischemia and the promotion of the survival
and differentiation of transplanted stem cells.

[Keywords] astragaloside IV ; Notoginseng total saponins; bone marrow mesenchymal stem cells;

cerebral ischemia; angiogenesis
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K IE 5 SCXK (11)2019-0004, 4 37 F 1 g v £ 24 K
2B ) SR by, SR B B F AT E S SYXK ()
2019-0009. 52 50 Hif i I P PR SR 5~7 d, 1 BT AS
12 h, A HKK. AR 2 R B 25 K% sh )12
P2 By 24t i (A5 LLBH-202004290001) .

1.2z 53 AST IV (4 ¥ 98%, it &
AF9102805) ,NTS( 4 ¥ 90% , #it 5 AF20033002) Il4)
TR Rk A MR A BR S W) 5 PKH26 (3 Y 21 (8, 2¢
06 40 i bR 0 R R &L 2,3, 5- 5 40 =2 Sk Y g e
(TCC) (£ [ Sigma 23w, 41t 5 43 51 & MINI25-1KT,
T8877-10G) ; CD29-FITC ( £k {4, %% % ) , CD90-FITC,
CD34-PI( 4L {4, %¢ ) ) , CD45-PI( 3 [ Ebioscience 2%
") L4520 5 HMb1-1,HISS1,4H11,0X1) ; % $i
KA A K T8, (TGF-B,) B se BE LA, bt K
BRI A R 1 (Angl) B ST BE BT, S b K LI 45
WA K K F (VEGF ) B v B 47 & (9 [ Abcam 24
A, 35 43 o ab179695,ab183701,ab9530) ; H it
KB B-NLB) 2 11 (B-actin) B 7 BE HUAA , 112 BE R o
PEERE H (1g) G Pt (3£ [H Thermo Fisher 22 ], L5
194 20536-1-AP, SA00001-2) ; MCAO ¥ 4 (At 5t
PO BL A BRA AL b5 2634-A4)  FITC A id A9 11
P K 6 Z i ( 32 B Servicebio 2 Al , it &
GB27303).

1.3 ¥ 2% Heracell B = & fb w5 J2 46 (15 H
Heraeus 23 7 ) ; SW-CJ-1FD B & T./E & (F H 90
M % 2% N @) ) ; DxP Athenatm 137 2 40 i 4% ( F i
i &AL # A £ A R /A F) ) ; CYTATIONS # Chemi-
DoC-XRS+1k % % 56 A% 43 B AL , Synergy HT &1 £
I Re i r R R G (36 B AR AR AR ) .

2 Ak

2.1 BMSCs/r B K9 S Kbrid R4 PR
B 5 s, 4R B R (150+20) g 19 SD K B E A7
BMSCs 4+ B .15 7% DL K 40 i 3% 1 4% K 4 CD29,
CD90,CD34, CD45 (1 i =X 4 ML A I . 3t =X 48 Ff X
;1 BMSCs 3 Ifif 71 J)L. CD29, CD90 FH 4 & 43 1] Ky
94.23%,94.69%; i CD34, CDA45 [k 3 ik 53 51 N
5.76%,5.31% ", AR 41 ML 75 &5 BMSCs 2 Ifi 0 Ji 4
fiE, %3¢ iy BMSCs. #53% 245 348 BMSCs i# 17 {1
St VE 9T A PKH26 #F 17 40 M Ar ic i 40 Ml [ & 41
o, BRSO 1x10°>/mL .

2.2 KEUKRHE MCAO Bl % 2 M Longa 1K
RO, AR (220+20) g 19 SD K BUH 10% 7K A &R
(300 mg-kg™) M7 J¥E E SF BRI, SUE TR B0 0, Ar B A
] £51 55 Bl ik L #5040 20 ok L 35008 B bk o 4 L A 0 R

Bl WK O i S5 AR Bl Kk K BT o B k. AE A
A Bl ik o SR s — B0 11 1 A5 0 5P Bl kO 1 A
AR HEDE 17~20 mm @ BH 45 1k, [ a2 i 4k,
BE A R R I B 58 B — 00 0K i v 2l ok BHL %€ . R T
AR R BRAL 43 85 il 48, N HE A7 0 4 A5 4L e ke 7
Ao T 5E NS T 2h W15 BE , FH Longa ¥ % i 5% 3]
Yy HEAT P2 D) RE BB IT 3, 2~3 43 Sl i A T
23 U KA RIERTHMR G R ASTV
NTS FE {1 # J 09 (20+50) mg - kg™ iF 11 Fil fe 4L, i ik
FAST IV 5 NTS # & J(20+50)mg-kg™, [A] B} % 57
250 A 5 AR R B P2 R TR Al
AL ZH , AST IV +NTS ik %) 2 41 (10+25) mg- kg™,
AST IV+NTS & 7] & 2H (20+50) mg- kg, BMSCs %ii
H4l , BMSCs fi i B A AST IV +NTS IR & 41 (10+
25)mg-kg', BMSCs fii 7EBK &5 AST IV+NTS & 57 &
ZH (20+50)mg-kg'c 25 FH I DL 0.5% & W 5L £F 4
A BC A N T R IR B . KR AT 1 d
TEGWE S (ig) 45 25 Fn 2 # Tk 5 2 B AR K - R TR
2 RS R 2] ig 55 i 0.5% JR 3k £F 4 2% 490 2 i ok
TE S A B R K 5 AST IVANTS K 35 71 2 41 ig 265 9 )f:
JFE 5 Fik VE B A PR UK BMISCs fiy 1 4 R i bk 1 5 A
FRER K I ig 85 5 4R T SL AT 2 30 B H 4 R bk 1
SRR KT ig 2% . 4 25)5 24 hiT MCAO, K5
25 25 BMSCs i v 20 & BMSCs i 11 5 25 W ¢ 44
A1 AT 45 25, BMSCs i {3 41 2 # Ik # /i BMSCs Jf:
ig SR T 4T 4k KA, BMSCs i 1 15 25 W 16 4
ig MR F Ik A BMSCs, RGIELG 22 d,ighH
K2, B 1 mL, BRI B 12 h, 8 bk i 4 4 K
1R, EK I mL, Baf 7 d s Ab 38K B, BURE 43 #r o
2.4 KIS bR
2.4.1 Longa kil KR L e SD KK
T AR R 5 DL KR 5 B R AT 1T 4, A Longa #iff 42
Dy REVE o0 15 % K REAT 4y o w4340 5k 0, 1,2,
3,441, 0~4 53 00 FR AR R G 3 0 43, TC W Wb b 25
T RE Bl SR AR 5 143, 55 8 Jmy kA Bl 22 T B8 B A (1
A 58 4 (0 R 22 D0 T IR ) 5 2 40, o B8 Jm e 47 ot 2 T i
W ik (A7 78 I 1) 2 M ) 5 3 43, o B2 ol 22 ) o e 1%
(A 7 BsF oy 2 000 {64210 ) 5 4 53 - A 32 PR 8 ) i B At
(NBEA RATESEIRTER) " B 7 RH
Vo as AT W .
2.4.2 TTC YL ol E g B sE AR B iEBI%E 7 K, K
PSR BR, 0BT Sk RO 5 B T 4 °C W R £ 2% v (PBS)
RS 2 -20 °C UK AR ¥ 7R 30 min, HUH /5 B 25 /0
g ML BR K i T 2H 2L, U0 B AR A e R, R R R
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2mm, $MK A E T 2%TTC I W 1 37 °C LK
30 min, % 5 min 5 R 20, 15 min 5 & #  fF
Y {5 5N FE 4 o 30 min Ji BCH I A PBS T UE 3
W, AR R 3 mine FeJn F 4% 2 B EEE 2 6 hE A
HE A5 B0 G 41 2411 RS SR T Image Pro Plus %114 43
v i A B T AR A E R = 5 H A BB X R T AR A
BT X 100% .
2.4.3  5¢EMUbRTE I E BMSCs M1 VEGF % ik [H]
T IBCAR 477 00 G 20 20, T JS E AT U0 R Ab B L A
VI i s, SR S5 4 412000 | & T B 1 EDTA $it &
B MBS & TROE Y N TR B E LT
Jn3%BSA W E 30 min #F 47 10035 B AT, 5 0GBt K
fL VEGF B i [ —H1 (1:400) , B A N 4 °CFH
A, FITC brid it E BT 52 6 —Hi(1:500) ,
A B KZDEEVERKF] S5 min, WK WPE 10 min, 2R )5 T
Jin DAPI Y3 , £ F . T Tissue FAXS Viewer £ F 411
BB R, Kt BMSCs b F &K BY 4L 5556, VEGF
g, Bk A I3 AN A E E B A Image J
PG 53 AT B A 9% 5 > %2 £ 43 BT 75 4 il BMSCs il
VEGF #t: &35 X W 52 65 2, LSOt om B Ron i M
15 BOF A HEAT 5347 o
2.4.4 %P 7 (Western blot) ;] Angl,
TGF-B, & [ Rk BRI & 00 28 s 3~
4 mm [l 4121 40 mg, £ HOE R H , BCA LI B &
WL WA AR A, B B30 nge LUK
90 min, $£ 5% 2 h, 5% B Ag 2R W B AT 1~2 h, S 4t gcm
ATt KB B-actin B 5d FEHTMA(1:8 000) , fe i K
TGF-B, L5t EHLAR (1:1 000) , Fe bt K Bl Angl 550
BEPiiR(1:177),4 °Cat % , TBST 3 ¥ 3 K, & K
10 min, FR43 3 NI =40 (1:1 7)), 37 °CHE
H 1 h, TBSTUEME G, W5 . Image Lab B {5 7 #7 4X
PRI E B 08 E R K B, LA TGF-B,, Angl SEH 5
B-actin (1 K FEAA HEABAE Ry B Y 2R 119 A X 26 35 1t
2.5 SiiteEAydr R I SPSS 25.0 Bk 4E HEAT 43
ALl x + s Foom AT IES My 25K %,
TG 2 I 2 M Ny 25 55 MR SR 2 22 40 M, 4L TR
Pl 35 B /s i 38 M 22 5 5 (LSD) L 5 25 8 5 i) 45 4
PEAT X R, DL P<0.05 22 R B A Fiit 2 X
3 £R
3.1 AST IVHNTS B4 BMSCs % Kk BUAl 2 ) fE PF
YRR ST AR A, R A B R
g Fefis , v 2 D Re 7 43 W 3 1 55 (P<0.01) 5 5 458 7
ZH b3, AST IV+ANTS AR | 7 42 41 & BMSCs fiij i3+
29I e R o A A 2 T RV A i 2 B AR (P<0.01)
. 76 .

BMSCs 41143 B 2 F# 4% (P<0.05) ; AST IV+NTS K |
15 7% i 41 +BMSCs 41 4301l 5 AST IV +ANTS K | = 7
WAL LG A, M2 TR T 4 B BE AR (P<0.01); 5
BMSCs 4 [t 4 ,BMSCs+AST IV+NTS ik . & 7 & 21
A REVE S 3 PR (P<0.01). WL 1.

F1 AST IV+NTS Bt & BMSCs ¥ ok 5 # 22 I B8 1% 5 B B2 M (x+s,
n=5)
Table 1  Effect of AST [V +NTS combined with BMSCs on

neurological function score in rats (x+s,n=5)

5 ot
a1 Aitmgkg! Qf;;f B
A 0
LAY 2.90+0.20%
AST IV+NTS 10+25 2.00+0.32Y
20+50 1.90+0.20"
BMSCs 1x10° 2.10£0.20
BMSCs+AST IV+NTS 1x10°+10+25 1.30+0.24%%
1x10°+20+50 1.20+0.24*¢1

58T AR 4L AV P<0.05, VP<0.01; 5 45 B 4 H gV P<
0.05,9P<0.01; 5 BMSCs #H %t ¥ P<0.05,% P<0.01; 5 AST IV+NTS
1% 7 4 41 L B P<0.05, ¥P<0.01; 5 AST IV +NTS &5 7 & 41 It

#7P<0.05,'"P<0.01(F 2~4 i),

3.2 AST IV+NTS B4 BMSCs X Ak il i A5 7E {4 F
RS2 SR TR L L g, 1557 4 i A AT A FR I 2
B %2 (P<0.01) ; SR L%, AST IVANTS K .
F 4 24, BMSCs 41 , BMSCs+AST IV+NTS 1§ . 5 7
20 il AR BT R B 3 U D (P<0.01) 5 5 AST IV +
NTS & F &4 8 ,BMSCs+AST IVANTS /& 7 5 41
i 5 BE 44 B 2 8 /0 (P<0.01) ; 5 BMSCs 41 F 4%,
BMSCs+AST IV+NTS 75 71 &t 21 fii 1 5L {4 £ i 3 ik
/b (P<0.01) ; 5 BMSCs+AST IV+NTS &5 7 4
4 ,BMSCs+AST IV-+NTS {5 551 8 28 fii 45 3E {1 g 3%
T (P<0.01), WL 1,562,

3.3 AST IV+NTS B4 BMSCs % K fl VEGF &
FIiKM MW 5 BMSCs 4 L4, BMSCs+AST IV +
NTS i . =5 74 41 PKH26/VEGF X PH 1 72 35 i 25 4
Jn(P<0.01) , 5 BMSCs+AST IV +NTS 1 7] 40 [t
4 ,BMSCs+AST IV+NTS & 5 # 41 BMSCs/NSE
FHAE 238 & 1S i (P<0.01) . WEI 2,33,

34 AST IV +NTS Bt {h B¢ /4 BMSCs X Angl,
TGF-B, A LKL E W ST ARH LK, BEAH
Angl, TGF-B, % 1 3% ik B i ¥4 £ (P<0.05) ; 5 Bl
b #, AST IVANTS 5] & 44 S BMSCs+AST IV +
NTS fik . &5 7 & %1 Angl & H % ik & BMSCs+
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A BFARY;B. A ;C. AST IVANTS K41 ;D. AST IV+NTS 5 7 i 41 ; E. BMSCs 41 ; F. BMSCs+AST IV+NTS i 7| i 41 ; G. BMSCs+

AST IV+NTS &5 7 w41 (&l 2 [])
1 AST IV+NTS Bt & BMSCs 3t ok FR i 48 3E 4 72 19 2 1

Fig.1 Effect of AST [V+NTS combined with BMSCs on cerebral infarction volume in rats

%2 AST V+NTSEEA BMSCs X kK R INAE AR B M0 (35,
n=5)
Table 2 Effect of AST IV +NTS combined with BMSCs on

cerebral infarction volume in rats (x+s,n=5)

25 #H#/mg- kg ki 45 3E 2R /%

BFAR 0

LY 34.50+0.80%

AST IV+NTS 10+25 21.70+0.37%
20+50 20.95+0.49"

BMSCs 1x10° 21.65+£0.41Y

BMSCs+AST IV+NTS 1x10°+10+25 22.12+1.619

1%x10°+20+50 16.30+0.62% %1

AST IV+NTS I . & 7 i 41 TGF-B, 8 1 ik b & 1
% (P<0.01) ; 5 AST IV +NTS % 7 & 21 It & ,
BMSCs+AST IV +NTS fi /| & 20 Angl, TGF-B, & 1
Fik W] B TF 5 (P<0.05,P<0.01) ;5 AST IV+NTS &
FIHE4H %, BMSCs+AST IV+NTS & 7 4 4 Angl,
TGF-B, # H £ i5 W] 8 7 & (P<0.05, P<0.01) ; 5
BMSCs+AST IV+NTS & 7 & 41 L4, AST IV +NTS
B 7 2 Angl B 1% ik B (P<0.01) 3 5
BMSCs 4 %8, BMSCs+AST IV+NTS ik . i 71 & 21
Angl, TGF-B, # 1 R ik o # ¥ £ (P<0.01) ; 5
BMSCs+AST IV+NTS & 7| i 41 b % , BMSCs+AST
IV +NTS 1K 5 & 41 GDNF & 1 % ik & 3 ik /> (P<
0.01). WK 3,%4,
4 iTig

g i A G A5 5 R S Al D DR M S i R

JOF i A, 5 KA 4 2 ot i SR MR IR AR T B R
25 T R BB Y — PR UL o R BRI S R A Y 4
Tl P AR £k 34 25 5 | e 1fi i i B B 855 A Ak s i i
i J3% B 0 I, LA 84 A 22 A0 B K, A R RE
NE 7 A R A DR 0 R A, B X
i 58 000 S 0 5 A A0 A8 Ak, BB i DR AP I A X
b figi I Y R A B X ek S T s BA R
BMSCs J& —F Z 88 1 41 i, FLH A 1) #2840 Jfd | il
AL RE J1, AR IR YT B4 FR G0 Y AR Fif
5 AR LA AR S A 206 Bl W AR Y A R AR
DA N IKER R 7o 17 o7 8 Y [ B RN P 1
W3 AL AT IS 0 A7 15 45 08 AR 2 5 ) i 487 R0 ph 28 0T
B 58 17 43 A RE 0 B R A 0y BE ST Bt . B A =
ERIBIT LM M EEAR R, R
LR I, P B AR AT A5 NS A DAk, TR A
1% B 1R =B G AL L () 43 e R B i ot P G
PO VE AT T R G050, K BLAST IV LR
NTS AJ 9 45 10 2 20 4% i B 1wy B8 v i e I J #f 28 4
JLA7 35 % AR HE R 22 T RE I8 L T Ak g i
JE A . EOHT I SY & B, AST IV B AH NTS 78 14 4
AT i E BMSCs [i] #1 28 0 Fl R i I 440 i 43 k- <

A AJF 5% 0 FH BMSCs £ # Fll AST IV +NTS Bt {h
G ¥ o7 e O P A A 43, 80 AST IV ANTS A [q] 5]
et L 38 A R Y e o A B B It £ A B P Y Ang
I TGF-B, i 2 A2 1 BMSCs # 41 J& B4 7£ 1% 1 i) IfiL
Bor e RIE A . 455 BoR, JCig ik BMSCs BB A#
i J& AST IV +NTS AN [A] 1) 2t B A1 36 77 A Bk if 14 Fil

. 77 .
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DAPI VEGF

BMSCs Merge Merge

A. BMSCs 2 ; B. BMSCs+AST IV +NTS ik 7 &t 4 ; C. BMSCs+AST IV +NTS & | it 41 ; 28 1 > Merge. PKH26+VEGF; % 2 4~ Merge. DAPI+

PKH26+VEGF

2 AST V+NTSE{REEA BMSCs ¥ kX iR PKH26/VEGF E B R i%

) % 0

Fig. 2 Effect of AST IV + NTS combined with BMSCs on PKH26/VEGF protein expression in rats

#3 AST V+NTSE Bt & BMSCs X AR VEGF EARIEHI &
M (x+s,n=5)
Table 3 Effect of AST IV + NTS combined with BMSCs on VEGF

protein expression in rats (x+s,n=5)

#4 AST V+NTS B A Bk & BMSCs 3t Angl, TGF-8, E AKX
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and TGF-B, protein expression

0, Y REAE — 5 B b s/ il A AT AR AR e BE R
R 22 D REMK A, HLP & BC B A B A o

BMSCs & fifi 2 H AN [R] B9 36 T 7 B BE , #% 48 40 )it &
A AT, e 00, 0] B8 5 40 B 55 o0 W o 22 3
Fr A7 5 5 e 300N 3= 0 4 5 1) o AR AR, BT
e DAy 1 22 A0 R I A PN B A L DAARE R 2R 0 Y
&S RIS A AP 2 T RE . Angl 2 — b
HA i ) fie 20 04 A 1 T A 40 i TR 1, RE 6% 410
] L AE PAY S A L S 0 T LA P R AR IR Y O 2R
I AE I o AR E M H AV A R A B R — @R
T TGF-B,J& — Rl #2 H 7 , H 2 518 A

. 78 .

21 51 Fik/mg-kg' Angl/B-actin TGF-B,/B-actin
BFA 0.23+0.03 0.08+0.01
LY 0.25+0.01"  0.10+0.02"
AST IV+NTS 10+25  0.34£0.02%  0.11%0.02
20450  0.21+0.04 0.110.01
BMSCs 1x10°  0.19+0.01 0.12+0.02

BMSCs+AST IVANTS 1x10°+10+25 0.36+0.04*°7 0.24+0.03*¢%

1x10°+20+50 0.62+0.05* %" 0.23+0.03*¢'

R A A ORI Rz R Rk . HA OF
FE R I, IR I 2 ) TGF-B, 35 ik £ 1 5, 1X A Al
U0 A I A I 5 A9 DA TR R T AR VR L AR a4 A
A, VEGF J& —F BB 5 41 i2F 1M1 45 PN B2 200 Jif o S
SR, H S N A b SZ RS S e g A Y Il
B A MR A R, B s B R E
FH 938 3 2 5 4 28 00 1 I 3T G el ot A 6 45 1
it 25 T A E A A1 2010 BT P A s R R 2
BIREIVE Y AW FT 45 I 52, BMSCs B AH Al
AST IV+NTS A [7] 1] 2t P {1 AT 5 A0 Hil A A 44 FH ke 2
S Il PR R B P2 T RE L 4 & Angl Fl TGF-B, 1Y %
ik 7K SF-, 3 58 BMSCs [n] Ifil 5 19 & 17 4 1k, & W
BMSCs # 4 F1 AST IV+NTS A [\ 7 4 it {1 2 fig 1
i fi SR L 457 17 A K PR P g 2 3K L {H BMISCs B il Bk
4 AST IV+NTS A [a] 51 it B A 936 97 VR AL T 5 2k
BMSCs B4 AST IV+NTS A [A] 71 & Bt ffi .



27 B 214
20214 11 A

[ 5238 75

Chinese Journal of Experimental Traditional Medical Formulae

"
FAE

Vol. 27,No. 21
Nov. ,2021

25 Ffrik ,BMSCs B BE 5 AST IVANTS A [H]

A BRI B — 0 U [RLAE T R AT R Sk
AST IV+NTS [ {38 o o 38 Sl il f 38 35, 9515 Angl
1 TGF-B, i % 35 , it #F BMSCs #% Hi 78 52 5 K FUIA
DAL P A7 I 100 A A A AR e o AR oY A R
UEB] AST IV FINTS B A — 7 T A s 54 fiki s 1l 5 7
ki 2 21451 43, 412 #F BMSCs A7 , 55 — J7 1 vl 3 o
o0 M R I J 1 e A BE AR 1E BMISCs T I 8 1) 434K
RAFAZAE R E . R 25 A0 1M b 2545 4l 4y
XA BMSCs B A8 15 7 Bl i 4 i 53 477 12 43 52 56 40 9 -

[1]

[2]

[3]

[4]

[7]

[10]

[FIFEMR] ALFAEAEMHEF R,
(5% 30k ]
IRVINE H J, OSTWALDT A C,BEVERS M B, et al.

Reperfusion after ischemic stroke is associated with
reduced brain edema [J]. Cereb Blood Flow Metab,
2018,38(10):1807-1817.

CHUNG J W, CHANG W H, BANG O Y, et al.
Efficacy and safety of intravenous mesenchymal stem
cells for ischemic stroke[J]. Neurology, 2021,96(7) :
e1012-¢1023.

BHATIA V, GUPTA V, KHURANA D, et al
Randomized assessment of the safety and efficacy of
intra-arterial infusion of autologous stem cells in
subacute ischemic stroke[ J]. AJNR Am J Neuroradiol,
2018,39(5):899-904.

DENG L, PENG Q, WANG H, et al. Intrathecal
injection  of  allogenic  bone  marrow-derived
mesenchymal stromal cells in treatment of patients
with severe ischemic stroke: study protocol for a
randomized controlled observer-blinded trial [J].
Transl Stroke Res,2019,10(2):170-177.

LA, £t R R4 SRR BRI 1 B H]
FE 5T T 40 06 I I ke o, PR R A R LT ).
5 Bl R — b B2 25 B4R, 2019, 21 (4) -
573-579.

XU FE, B/ R L 5 ok 0 i R =L
S AL AT 80 73 M 55 i /P R 3 A AR Al ik 4
LU ARSI [T]. B2 ,2019,50(7) : 1649-1656.
WM AR B R LS WA =B R R
H T i e 1 P 3§ MIMIP-9 il TIMP-1 26 3K B9 5% i
[J]. PR H 2524 ,2010,35(16):2187-2191.

TR LHNE LA KRR R S =k
SR O I A0 /P R I I S OB M 1Y 52
[J]. s E 25322 4R ,2019,35(11) :1516-1523.
LONGA E Z, WEINSTEIN P R, CARLSON S, et al.
Reversible middle cerebral artery occlusion without
craniectomy in rats[ J]. Stroke, 1989,20(1):84-91.

W BH i, B /NP XB 3 L AL oK TC T A =
G 1 E 1 Noteh £5 5 18 6 R B ot iy 4598 U

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

05 85 R Bl R A T LT]. b B2, 2020, 51
(23):5990-5997.

BRICK R M, SUN A X, TUAN R S. Neurotrophically
induced mesenchymal progenitor cells derived from
induced pluripotent stem cells enhance neuritogenesis
via neurotrophin and cytokine production [J]. Stem
Cells Transl Med,2018,7(1):45-58.

DELCROIX G J, GARBAYO E, SINDJI L, et al. The
therapeutic human

potential  of multipotent

mesenchymal  stromal  cells combined  with
pharmacologically active microcarriers transplanted in
hemi-parkinsonian rats[ J]. Biomaterials,2011,32(6) :
1560-1573.

LA KRB, A P NS 2 6 i e i 7 e
03 1 R4 AL IE 5T BOIR [I]. P E 25 55,2019, 30
(17):2445-2448.

FEAECNE S SRR, A = AR IR A 18] 78 B T 41 i
BRAK 4 A= 9 2 ek S T By F e ik Jre [0 ], b A2 440 it
5T M 47 ,2020,10(5):314-318.

ROMPOLAS P, MESA K R, GRECO V. Spatial
organization within a niche as a determinant of stem-
cell fate[ J]. Nature,2013,502(7472):513-518.
HUANG X P, DING H, DENG C Q, et al. Effects of
the combination of the main active components of
astragalus and panax notoginseng on inflammation and
apoptosis of nerve cell after cerebral ischemia-
reperfusion[J]. Am J Chin Med,2015,43(7):1419.
H/NE L XS  RR S L B =L A U
i £ % S AR A58 003 B S0 PC 12 40 i T B L EE PR 4R
LR AN AL A (1], Y BE 4 A %), 2012, 10
(10):1127-1134.

HUANG X P,DING H, YANG X Q, et al. Synergism
and mechanism of astragaloside IV combined with
ginsenoside Rg, against autophagic injury of PC12 cells
induced by oxygen glucose deprivation/reoxygenation
[J]. Biomed Pharmacother,2017,89:124-134.

DAVIS S, ALDRICH T H,JONES P F, et al. Isolation
of angiopoietin-1, a lligand for the TIE2 receptor, by
secretion-trap expression cloning [J]. Cell, 1996, 87
(7):1161-1169.

YU Y,LIJ,ZHOU H, et al. Functional importance of
the TGF- B,/Smad3 signaling pathway in oxygen-
glucose-deprived (OGD) microglia and rats with
cerebral ischemia[J]. Int J Biol Macromol, 2018, 116:
537-544.

LEEY C,KAO S T,CHENG C Y. Acorus tatarinowii
schott extract reduces cerebral edema caused by
ischemia-reperfusion injury in rats: involvement in
regulation of astrocytic NKCC1/AQP4 and JNK/iNOS-
mediated signaling[J]. BMC Complement Med Ther,
2020,20(1):374.

[=EHE FNAM]

.79.



