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Different exogenous interventions in angiogenesis to repair neurological deficits in

cerebral ischemia rats
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[ Abstract ] Objective To explore the relationship between angiogenesis and ischemic neurological
deficit repair through exogenous interventions, and investigate optimal intervention routes for angiogenesis in
cerebral ischemia rats. Methods Totally 240 SD rats were randomly divided into sham operation group, ische-
mic control group, ischemia and vascular endothelial growth factor ( VEGF) group [ 1 653.3 ng/(g - d),
i.p., for 10 d], ischemia and endothelial progenitor cell transplantation (EPCs) group (2 x10'°/L, 10 ul) ,
ischemia and anti-VEGF monoclonal antibody group [3 mg/(kg + d), i.p., for 10 d]. Cerebral microvessel
density, somatosensory evoked potentials ( SEP) and motor evoked potentials ( MEP) and behavior were
observed in 1, 3, 7, 14, 30 and 60 d after injury. Results New blood vessel density of ischemia and VEGF
group, ischemia and EPCs group were significantly higher than ischemic control group in all time points besides
1 d after injury (P <0.05). On the contrary, ischemia and anti-VEGF group was lower than ischemic control
group in posterior 5 time points (P <0.05). SEP and MEP of ischemic control group and ischemia and VEGF
group, ischemia and EPCs group, ischemic and anti-VEGF group had statistically significant differences from
ischemic control group after 7 d (P <0.05). Behavior was significantly different among all groups after 3 d
(P <0.05). Conclusion Exogenous intervention in cerebral ischemia rats with ischemic angiogenesis can
affect repair of neurological deficits. And VEGF therapy through multiple injections and a single transplanted
endothelial progenitor cells can receive similar results.
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I AR S S A 2 DR B S L fE A 2800
0 R 10 A A 2 DA DG, A AR 98 I A 2 —,
R I DXBT A 1A TR R P 2R T 1 P AR RME A2 Y o
il BFFERIAN ) R I A I ot 02 K o 4
B AEBG I, ok S8 i i il 4 AT RER A TR LA N B2 4
J 3G BRI BT AR B AR . H ATINEESE S iRy TR
A& F AR 9T BAL T 3h S8 i K7 o A X A
A KR T (vascular endothelial growth factor, VEGF) 3
I P9 2 AH 20 it ( endothelial progenitor cells, EPCs)
T i g KA 0 T X I A B SR AR, (B AR I
A g 0 DX AT A X i 2wk 2 D Rk O B S R
AHCHIFFEIR D WARGE o A S 5038 b AN [R] AR i A T
A i P 3l ik BH 2E ( middle cerebral artery occlusion,
MCAO ) A FRiisfe i DX 1l 85587 A=, S Z AN ] s i) i R B
T oM K r AR BRARA | Dk B A A Nk 28 T E AR
SR 22 DL RS 1 S0 A R0, it o P i g T i
A i it AL 4 R 7 FH H AL AR DG UE i

1 #REFE

1.1 X7 5 A#

L1 syl pUFMErE SD RER 240 H(HERERIK
LI O REE, AR E RS AR AR 250 ~ 350 ¢,
TEAESE A FEHLIFE I, 53 R TR 41 ( sham-operated 2 ) | ff It %
MEZH (MCAO £) kil fin VEGF JIE Ji 13 4 41 ( MCAO + VEGF
2H) (Rl il A P R AH 20 i A2 AT 2 ( MCAO + EPCs 41) |k Jfil
it B P9 Rz R F B T R P AL (MCAO + anti-VEGF 41) , 4540
MR 1.3.7.14 30,60 d 6 A-HF[E] &, AR A] 6L 8 H

1.1.2 FZGLH 54 CD31,CD34 By R4 fA (Sigma,
FH) , HEA VEGFL65 |14 N BZ M F 2 5w BB & (anti-VEGF )
(PeproTech, FH) , ~ &M% 3546 (SANYO, A 7<), SXP-1C
FARBAEE (L ESFIR AR FRA R, 1) , RM6240C £
A M5 TR R G AALER T, AR o

1.2 MCAO LA & 4] &

K ERURR IR BRUA M ERM7 , DA ZE A0 &0 B 22 A1 itk 34 2k il 1/3
ARV Y 82 R, LT D) 0 5, 5% 2% 72 0 K A o 3 k5
FH 100 S8R5 L KR B bk o 4B A BTN k. I TFAMAL
SRR sk, AT 454,

1.3 4Tk

MCAO + VEGF £0F1 MCAO + anti-VEGF 20143 51| 1 45 15 485 Al
i R i 9T 8 4 VEGF165 3.3 ng/ (g + d) Fl anti-VEGF
3 mg/ (kg + d) B 3.7 d AFER AN, A H RS ELSEAEST 10 d
1.4 EPCs 694k9r 5 8 3F 5ol R ASH

ZREE A 7 A SD KRBk 10 ~ 15 ml, 1%
7% EPCs 10 d, B 2 2 3K, BFIK 20 min, 4 103 TAE WS AE
e HEBTR 30 min, 43 H1INA B K Bl CD31,CD34 (1:50) ,
37 °C W¥E 2 h, 0 =40 ,37 CHER 20 min, JHHAR T E AL
FEEATC A 2E B0 19 2 TAEW, DAB W65, 75 niridke , I AKS & e
JERBREBIK, R, LB E PR =R, b

10 d {4 EPCs {4053 25 1 i T Wi I kb 2% g o, A i vl 3 9 4%
292 x 10"/ Lo SR E GRS A BRI 54 X (FTIK S 0.5 mm,
FMRAEAR 5T 3.5 mm) ) FEAEE 0.5 pl/min, AR 10 pl,
1.5 Jadkd X i 58 5 (MVD) #em)

R BB I B e I 151X R M1 T AR 2L AR ) X35, I
ALY PRI B, CD34 — 41,37 CIFE A5
IAEFEARIE ) ZPURBOR i A AL AR 2 AR BN R T
VEWE ; DAB Yefty, J5 A &2 YL A% , 25 A LA PBS A0 B — iR
PEXFHR 45 S 1 . 1) il BPIAS-1000 % {0955 BE € 3C /3 #r 3 45
AT EMG AL PR o R4 %8 0 e SR FH e 1T 1 2% %2« BV PH 1
FRIBY Giit 37 BB, i 122 , RSN A BERLIE 5 4
P 0 A A 2, B4
1.6 X REZEFHHE A AL (MEP) fofk B iF X &1

(SEP) #:m] 52

UM LA : 10% 7K & U8 (400 mg/kg) IR, 501K TE Hh 4]
1 AR AL (RS 1 mm, 25 FF 3 mm) | 22 iU e AR , B
B, 43k B . MEP BURHCE : LR -5 00 2 2 (A-1 . L-3),
057 F X L, 2 2% LB - 400, SRR 10 V5 SEP
RS« 0 PR 0 1 e 2R TP R 2 30 S e -1
Rz 22 (A-1 L-3) , 2% s M- 0, 03R4 0.8 mA,2 Hz, 5
42200 IR o WREEFE R 3 SR AR HE R A FIUAF X 0
1.7 KRAT A F40
171 ESeifite s v 11301 mm® Y 8 [ 4R
A8 g RSN fish 5 TR0 , VIR S W/, 30 7% 5 Y DI i 2 4
FIBCHI RIS TE], 10 s P9 2K BRI AR A A MCAO & bR i,
TEYERG 1,37 14 d 128 d H0 S (R A B 2 340K5 05 9 64
i
1.7.2  RiEpsyLs shohfem " B K BURCE TR i
PO b S i 4 o/ min ZZ184RTFZE 40 o/min, id 3%k
SRR ST BB (], 45 T 0 sl i e 72 25 2 P e e
R ALY, YNGR AR S W/ o 3 BT L At 1, Y A
JE AR IE S 5 K
1.7.3  mNSS 2k P22 Ihfigitsr A Chen 2551 gl j1 o
G I BTSSR DT 4% A ] 5 3 K R M 22 T R Rl s R 0, 0
RIEH 18 43 N I RE RS
1.8 %it® o

BHRLL ¥ =5 3R, K A SPSS 10. 0 G844k 38, 20 6] Lt
BATRHER T 25T,

2 HR

2.1 EPCs&ALHHHMER

AT SR EPCs 2 HRTE, W BE A K & FEHES, 10 d B
CD31 1 CD34 Gue 20 AL BRI A 35 90% LA -, 6 A Sl > i
M EPCs 3 d BEIGFE AT R AR 7 d AT WL 2R HES A 4s ik
HEZ 14 d B BEAE T RE (R L) 6
2.2 B B X 5 AR

MCAO 2 1 d B} MVD 4% ,3 d BHFFGaH 5, 14 d sA 504,
30 d B4 T F . MCAO + VEGF 41 f1 MCAO + EPCs 41445 1
Ko, Foth £ i ] 5 34 8 T MCAO 44 (P <0.05,P <0.01),
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MVD 2563 MCAO + VEGF £H I BI7E 14 d,MCAO + EPCs #H !}
AT d, S RESE R 30 d,60 d B IS % A IR
ARLHFI MCAO 41 (P <0.05) , MCAO + anti-VEGF ZH &% 1 X
A, FoAth A B ] 5 3 i BT MCAO 4H(P <0.01), 321 &2,

(A) B)
A3 10 d A AR (48 £ 248AL) 5B 335 10 d CD34 fatk i
Je.(SABC)

BEll EPCsEFHERELER (x200)

2.3 RABFHHF L BALAR RS K BALE N E

F A MEP 32 2 54 9 15 AR I 20 8, &5 1 4~ I B30k
PR D e 55 2 ANk U I H Il 1, SERER 1 ik 9 AR A
IRAEfk. MCAO 2B ] & MEP B REA R F AR AL, P/
FHFARL(P <0.01) , MCAO + VEGF 411 MCAO + EPCs 41
F) MEP A3 505 R 76 1 d A1 3 d BF 5 MCAO G122

F(P>0.05) , 76 LUS £ ] S R R F MCAO 4, iR /N
MACO 41 (P <0.05,P <0.01) ;i MCAO + anti-VEGF #17£ 7 d
J& MEP &k B KT MCAO 4, i i /N F MCAO 41 (P <0.05,
P<0.01), W#E2,

KE SEP phy — & 1E AH A7 AR 1A%, 40 P1 N1 P2 N2,
ARSEYIRER 2 P1 AR I A PL ~ N1 A . MCAO 20 4%
] 45.(60 d P HEBRAN) SEP ¥ RIAR TRFARLA, P md/ N TR T
R (P <0.01) ; MCAO + VEGF 41 Fl MCAO + EPCs 41 () SEP
PEIRTE 7 .14 d F1 30 d BT MCAO 41, &4k 11 /NF MACO 41
(P<0.05,P<0.01) ;fif MCAO + anti-VEGF 41 7/£ 7 d J5 SEP &%
RIAFRTF MCAO 2H (P <0.05,P <0.01), JZ0E/NTF MCAO 2H
(P<0.01), W3,

2.4 RRAT A AR

MCAO ZH 7745 5F [ 857 J8% 5 453 475 B 52 52 56 b ] B 88 < F 1R
FARL, 1 B B ) 0 R R 41, mNSS $F R FRFAR
41(P <0.05,P <0.01); MCAO + VEGF £ il MCAO + EPCs 41
3TATHFARMAE 3 d J5 4B s 5 MCAO A Fiit xR
(P<0.05,P <0.01) ;MCAO + anti-VEGF £17¢ 14 d J5 B340
R 282 H i} A T MCAO 41 (P <0.05) ,3 d A5 2 i (7]
F MCAO 20 (P <0.05) , mNSS 343 K T MCAO 4H (P <0.05,
P<0.01), L34 ~6,

®1 AEMEASEXRROMRNEADXNEZE (%, +s5,n=8)

20 5] 1d 3d 7d 14 d 30 d 60 d
BFARA 0.64 +0.11 0.63 +0.09 0.65 0. 14 0.63 +0.08 0.64 +0.09 0.62 +0.04
MCAO 41 0.28 +0.08P 0.62 +0.21 0.77 +0.15° 0.85+0.14" 0.67 +0.06 0.6420.11
MCAO + VEGF 4 0.27 £0.04"> 0.70 0. 15 0.83 £0.22"b 0.94 £0.17" 0.90 0. 16" 0.75 +0. 122¢
MCAO + EPCs 20 0.28 +0.09" 0.79 £0.09" 0.95 +0. 16" 0.94 £0. 15" 0.93 0. 13" 0.78 +0.082¢
MCAO + anti-VEGF 41 0.28 +0.05" 0.30 +0.01" 0.53 +0.012 0.42 £0.08" 0.31 +0.08" 0.27 +0.05"

a;:P<0.05, b:P<0.01, 5 F R4 ;c: P <0.05,d:P <0.01,55 MCAO 4t

T.rakmpEL AT K4;B.MCAO 42;C. MCAO + VEGF #1;D:MCAO + EPCs #1;E:MCAO + anti-VEGF 41

B2 14dEAXREERNEBRX CD34 HjRiE

(S-P x200)

x2 BHZRMELKER MEP FERP(ms) SFEE(uV) (v+s5,n=8)

205 1d 3d 7d 14 d 30 d 60 d
FALL VIR 1.70 +0.03 1.72 +0.04 1.68 +0.01 1.74 +0.08 1.77 £0.05 1.72 20.06
Wi 60.54 £2.15 61.08 £0.79 59.24 £1.98 60.87 £2.48 58.97 £0.% 60.55 +1.38
MCAO 2H TERIG 15.04 0. 840 13.54 +0.68" 10.32 £0.92P 8.34 +0.64" 5.89+0.91P 4.32 +£0.35"
R 9.86 +0.62" 13.54 +1.64" 15.51 £3.39P 19.71 +2.83b 27.14 +4.47° 42.36 +8.21°
MCAO + VEGF 4 TERIT 15.28 £0.81P 12.63 £0.77° 6.24 £0. 68> 5.48 +0. 62" 4.12 +0.59 2.60 0. 18
i 10.28 1.51P 14.14 +1.13P 26.35 +7.71M 30.55 +6.27" 45.16 £6.57> 52.54 +6.68%
MCAO +EPCs 41 TERIT 14.75 £0.43P 12.68 +0.95" 6.32 £0.57> 5.07 +0. 63" 3.68 +0.38M 2.04 +0. 17
R 11.24 £0.95" 14.88 +1.72" 28.54 +2,85M 33.42 +3.910 43,88 +7.29bd 52.61 +4.46%
MCAO +anti-VEGF 41 V&R 15.06 £0.95P 13.57 £0.99P 13.24 £0.59b¢ 12.76 064 9.41 +0.52M 7.64 +0.87™
I 9.64 +1.13P 13.06 +0.97" 15.21 £2.13b¢ 17.31 +2.65" 20.14 +1. 66 33.34 +4. 46"

a:P<0.05, b:P<0.01, 548 F R4Lbiz;c. P <0.05,d:P <0.01,5 MCAO a1k
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#3 RAERBESRXR SEP K Pl iIEEKHA(ms) 5 P1 ~N1LEE(nV) (x+s, n=8)
205 1d 3d 7d 14 d 30 d 60 d

BFAYL IR 15.54 +0.88 15.82 +0.59 14.97 +0.99 16.01 +0.54 15.40 +0. 62 15.71 +0.87

Pl 53.27 +1.14 54.33 +£0.71 52.63 +0.58 54.47 +0.51 53.34+0.95 52.39 +0.77
MCAO 4] RN 31.24 £2.57" 27.30 +4.44b 25.13 +1.77° 21.32 +4.17" 20.34 £2.55b 18.34+2.10

b7 5.61 £0.84P 5.81 +0.64" 11.55 +1.38" 20.06 +3.82P 42.56 +3.39"c 53.34 +5.57
MCAO + VEGF 4H R 30.57 +5.40" 26.41 £3.14" 22.21 +3.31b¢ 18.54 +2.35% 17.18 £1.28M 16.49 2. 122

i 5.24 +0.93P 12.15 1. 16" 22.87 +5.71h 42.37 £5.210 53.37 +4.664 54.16 +3.83
MCAO +EPCs 41 TR 29.37 +3.95b 27.33 +1.96" 21.08 +4. 16" 19.23 +3.35b¢ 18.21 +1.92b¢ 17.23 +1.25%

i1 5.71 £0.31" 6.42 +0.82hd 23.19 +1.89M 38.51 +4.26M 52.94 +6.18¢ 55.00 £3.71
MCAO +anti-VEGF 20 V&R3H1 32.51 +5.93b 29.23 +5.58P 27.54 +2.71b¢ 26.53 £5.41" 22.76 +3.47" 22.01 +1.53hd

i) 5.21 +0.64P 5.24 +1.15" 6.34 +0.33"4 15.32 +1.4204 27.16 +2.06 31.07 +3.18"

a:P<0.05, b:P<0.01, 5B F Kb ;. P <0.05,d:P <0.01,5 MCAO a1t
F4 BAEESHESXRERRGBLLR (s, x+s,n=8)

415 1d 3d 7d 14 d 30 d 60 d
TR 4.31 £0.04 5.06 £0.03 4.19 £0.01 5.11 £0.03 4.99 £0.02 4.76 £0.02
MCAO 4 181.09 +7.310 163.57 +7.96" 158.26 +10. 15" 105.34 +4. 39> 63.77 +1.21° 13.30 +2. 66"
MCAO + VEGF 41 179.65 +9.97" 159.35 +10.36" 110.61 +11. 15 58.67 +3. 520 15.58 +1.20bd 6.87 +0.39%
MCAO +EPCs 41 178.35 +12.18" 138.21 +9.31b¢ 97.24 +6.95" 60.12 +5.91% 18.89 +3. 37" 8.35 +0.75M
MCAO + anti-VEGF 2 176.95 +13.38" 168.29 +9.76" 168.38 +8. 84" 140.72 +7.90" 95.84 +13.71hd 43.16 +1.93>

a;P<0.05, b:P<0.01, 58 F Kb ;e P<0.05,d:P<0.01,5 MCAO a1tk
R5 BEARMRBEAXRBELSNERRE (s, x£5,n=8)

24 5 1d 3d 7d 14 d 30 d 60 d
BFAA 298.19 +11.26 244.38 £8.57 267.08 = 10. 82 285.34 £2.99 288.67 =8.81 300. 14 +11.60
MCAO + 41 30.55 £2.21> 95.57 £6.54* 137.35 +11.33P 155.21 9. 940 199.24 +22.04> 222.24 +18.51°
MCAO + VEGF 41 28.56 +2.14" 91.22 £5.12b 161.28 +12.565 204. 17 +10. 5424 250.19 +9. 96 289.26 +9.96¢
MCAO +EPCs 20 31.05 £5.31" 121.55 £7.39% 188.29 +20. 94 230.61 =11. 8424 243.69 +15. 820 263.31 £12.15%
MCAO + anti-VEGF4] 29.66 +2.07" 50.11 +6.83" 103.38 +5.57b 140.77 +7. 88" 155.24 +9. 76" 177.26 +5.24bd

a:P<0.05, b:P<0.01,5/8F RAE;c.P<0.05,d:P<0.01,5 MCAO a1t 4k
*6 HBAKAMELAKR mNSS XREMAZINEETES (¥ +s5,n=8)

205 1d 3d 7d 14 d 30 d 60 d
BFAA 0.01 +0.00 0.05 +0.01 0.02 +0.00 0.04 +0.01 0.00 +0.00 0.02 £0.01
MCAO 41 12.33 £0. 64" 9.63 +0.02" 7.71 £0.93> 5.31 £0.49" 3.64 +£0.04" 1.24 £0.01"
MCAO + VEGF 2 11.37 +0.92P 8.22 +0.11be 5.24 +0. 06" 2.31 +0.35M 1.54 +0.02hd 0.62 +0.01"¢
MCAO +EPCs 21 12.94 +0.71" 8.06 £0. 19" 4.82 0. 15" 2.11 £0. 42Md 1.81 £0. 05" 0.82 +0.01"
MCAO + anti-VEGF 4 11.44 +0.07" 10.35 0. 85" 9.67 +0.38" 8.21 +0. 484 8.17 +0. 09> 3.01 +0. 05"

a:P<0.05, b:P<0.01, 548 F K4 rbii;c.P <0.05,d: P <0.01,%5 MCAO Atk

3 e

FE B EE H, B if 2H 2L Al A 4 T B A
I A B R, R R I T i IR T D A a1 ki
7. CA SEIRE S AN S i 25w i 2 BR A
L6572 B 5 ek ke P S8 3 22 | L~ 5 DXl A
A ORI A A7 I [R) T BE A TE IR A G (R H
FIIAVE A B2 0E 35 ¢ W OB 48 A= i e T 41 845
Pyt ARSI A R R BRLS A B IRG B I  1X
73 d Bt B A A 8, LB T 9 A i 4 B A
HAMBA R, 14 d BFA 2R, FIH VEGFE Fil EPCs il
F4) A B T R PR A R A A Il A A T MCAO 41, H.
AR R0 el A Bt B 7R G i 28 1) BB Bk B 4T
MCAO 41, 1fif MCAO + anti-VEGF 20k /b i e 1fi >f 1% X
A BT A A T RE BB R A B 25 o 3K $1 7 16 i ik
I 2 A S A e iy DX i A6 0 A, AT AN S i e 1t S5
LY REEBR IR

VEGF J2 IfiL 85 87 A 2 A v S SR A 5, 1o A% 5 &

A )5 L VEGE B B8 '™ i ik i [X. VEGF &
HZ R 5 048 T4 B 40 3 B 1 ol — 3
HIIE 20 K 4L VEGF165 13 81 5] K BUR A s
SEREAITh 48 h AT LA i DX I 4 A B ke it i
ARSI 2 SRR AR, T LI A5 A i R A R e 3 d
Ja ,7E 14 d R g 3 150 W A I oL T A 1 T
SRR S, 1997 4F Asahara 25 5 YGIE B 2
AMRBIEERZIE ML A AE RE A3 AE M ILAE P B 40 B ) i
TREAME . BRAEDFSEIER, IG5 v EPCs 15 J=) 30 it 1L )
FIWCR mJRiER , 25 /il i s &4 . AR LRF
K2 J5 19 EPCs 71 A 2] MCAO 7Y FR A Sl i 2 5 X
J5 R RIS AR B L FLAE 7 Bk 30 1045 A e e
L3 60 d, X 7T LI — WM EPCs 5 ] F4 AR
B DL 3k 2 38 hn 48 a2 gk i X I 45 B B Bt
VEGF165 J&—Fh £ VEGE $i 51), nf DL 1 $
itill VEGF YEF, M/ L8 Bz . AR SCEs o nl LI 3]
BT VEGF165 15 i ke 1 5l 1f >J= 5 DX 1255 395 A 080/

A7 Ry n] LR B KBRS bE Fliz sh D RE IR 2
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2 LAY mNSS R P AT DL AT T R R AT o AR
ko R ARV BT IZ s D) RE A R R A
I BT R TR RS FEAR SR
sl & 2, AR A8 A R A i T LR sk
LAY K BRUA T A 2 R B, A B TR s A &2, 3 ] LA
o, P e s e e % ) 0 X %) i A 3 A A R T b 5 T
REAPR AT o 3 1T RE A I 45 0 A= 14, 236 1 32 b1 b
ZITHY/ NS HE ST A R A s o A A
TR EAD R TS TiET &
AT TR T R 2R D RE B R

TEMGTS , VEGE 1A k2 J8 ] il 457 5 1 i 7K Jik 1)
FEAFE L LRGBS R A 9 B4
GRS , 4k &K i, VEGE 335 vy i H B 7 it
I 1L A VA A K b 5 T A ), B0 VEGE @ 3Rk 5
I 5 B R A K BT A LB R . A A,
FE R RESE 5 ) 25 T NRAYE VEGE 235 |/ 1 ik Bt b
FA)3E 25 PR A, 38 TR 4L 2K Bk 8 0 R AR T S ) H
F WA R VECF MRS R S5 HBA
WY FR I HRH v B VEGE A BB 5 148 1
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