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wiglE RIME TURR AXE R X K AT
(GBI B A2 M 50 B g S, LM 325027)

BE 7 RT3 4 )] 42 bFGF/Caveolin- 1/ VEGFE 3442 8t K R 4k do F 1 R Ah 22 o 5 B A4
VeI AR, A 366 D S AR A F KR A 64 B R R BE SR IR IR R IR AL, i A IRTF AR
(sham-operated, S). 2% 28 (model, M). iZ #)4£A! £ (exercise model, EM). bFGFA£A! 48 (bFGF mod-
el, bM)ZbFGFiZ 3427 28 (bFGF exercise model, bEM). X R,/5) kb4 fisi bk do B3 3145 428 (MCAO)
A BB Belayevikill 69 &bk S 4], Ik F 1 X204, % 0& K LI VEGFR-2/CD34. BrdU/
Nestin A% FA 4 28 4L, Western blot#a M Caveolin-1. VEGFA=bFGF#) & ik, A¥ZATH F 3P40 8 T,
bEMZL4Z ] HIEM. bM. M4 4 1K(P<0.05); %. 7% 45 R & =, #k ¥ B X VEGFR-2/CD34. BrdU/
Nestin AT FB M 20 i A 20 79 28 d2A4R7 d2A FB P 2m iRk A 1% (P<0.05), bEM7d2A FB P4 28 JRL 50 2R EM7d
bM7d. M7d48°A 238 Z(P<0.05); Western blotAa ) 45 R 2 7, 4k o ¥ 1 R EMZEAM2EbFGF & A 3%
%(P<0.05), £ FbEM7d4LCaveolin-1. VEGF#)Western blot &% & & b (a2 EM7d. bM7d. M7d48
B 238 5(P<0.05). %5 RAEBA, 9B MEbFGF T i fnidk do -5 X Caveolin-14=VEGF#9 & X ; 3.6 )|
% 2 bFGF/Caveolin-1/VEGF il 34T it £k fn F- 05 R AP 22 dn & P24 .
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Treadmill Exercise Promotes Nerve Vascular Regeneration in the
Ischemia Penumbra by bFGF/Caveolin-1/VEGF Pathway

Huang Tingting, Pang Qiongyi, Xiang Bingwu, Liu Meixia, Zhao Yun, Chen Xiang*
(Department of Rehabilitation, the Second Affiliated Hospital of Wenzhou Medical College, Wenzhou 325027, China)

Abstract  This article investigated the effect of bFGF/Caveolin-1/VEGF signal pathway in treadmill training
on promoting nerve vascular regeneration in the ischemia penumbra of rat brain. Rats were randomized into sham-
operated group (S), model group (M), exercise model group (EM), bFGF model group (bM), bFGF and exer-
cise model group (bEM). The protein levels of Caveolin-1, VEGF and bFGF in the ischemia penumbra of rats
after MCAO were analyzed by Western blot. The positive cells number of CD34/VEGFR-2 and BrdU/Nestin were
detected by double-staining immunofluorescence in the ischemia penumbra. The neurological behavior scores
of each model group compared to S were all significant (P<0.05); There were no white infarcts in group S,
while in other Model group there were visible different sizes of white infarcts by TTC; The number of VEGFR-2/
CD34 and BrdU/Nestin double standard positive cells reached to peak at group bEM7d (P<0.05); Group EM bFGF
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intensity value was higher than the group M (P<0.05); Caveolin-1, VEGF intensity value reached to peak at group bE-
M7d (P<0.05). Lateral ventricle injection of bFGF could raise expression of Caveolin-1 and VEGF in the ischemia

penumbra of rat brain. It is proved that the effect of treadmill exercise induced nerve vascular regeneration through

bFGF/Caveolin-1/VEGF signaling pathway in the ischemia penumbra of rat brain.
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FEO I LB PE T, i A Th o e 28—, B A
AR FRS FET R R = KR . H I
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5 | 1 % A= 1 25-1(angiotensin-1, Ang-1). Il &
A2 R -2(Ang-2) M UL N R AE K BT T (vascular en-
dothelial growth factor, VEGF)[{JKIAM ¥, VEGF
5 2 ML A8 P R A0 M de RS S PR A 22 00 R, H
AR RPN N Aoy, 384 TR DL A
i L7 T8 328 PR AR FH, I HL e A a0k B ol 1 4 4
" K [Al -F(basic fibroblast growth factor, bFGF) i # .
bFGF & — AT 22 73 240 /N 1 H 1, e n] LA A
T ) A Ak, AR B 40 L 2 H 3B, 2
TR 5 445 i, bFGFRE B 4% 51 (] 422 {2 1 VEGF &
ik, SRR LA A B 40 B AR K DR 52 A2 (vascular
endothelial growth factor receptor 2, VEGFR2)f#) ik
KIGRVEGFIIVER o AEARSNE IR N B2 4l a I, 3z H
05 77 BH I VEGF R 3 3K, 189 Jin 5% 77 45 fUbF G Ji2
ANRE T I B, U WIbFGFl il VEGF ik 2 {ig ifi
EAKKIAE . B4k, T ILbFGF Y5 VEGFAE fif tk Il
AR 2 AL E AR . AN URE A F ISP SR IE ],
i 1w 26 S 2 2 /N 918 1 -1(Caveolin-1, Cav-
DFIA B & _Ei, Wik i & )11 2558 ) Caveolin-1
Wik, fEBEVEGFRIEIY 22, T £ e fi Gl 1M~ 15
D P AR, /N AR TR, A7 B T KB e )
ZAT IS, I F]H Caveolin- 13417 #2 Hi Caveo-
lin-1/& VEGF [ i, it $2 HibFGF/Caveolin-1/
VEGFIX 4% {5 5 il #% /& 4 ¥ ol 5 ). Campuzano
SO 5T R I, e R B Rk it A1 Iz B 253 RE
bFGF 1A, HAK B IE 20 5 g e R st {R 20 ik dit
I F8 FbFGF LI 7K~ 34 F vy, 0 55 I 25 2 0 L1
—Mizgh . B ar W, G 2R nT i bFGF/
Caveolin-1/VEGF{5 *5 1t % {i g e 1M 1% X i 28 L.
ER A gk BEPriR, A i I/ EMCAORE AL
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111 Zh4h  WEERRAEHEESD K (A 250+
20 g, 3H #1621, Hy il N EE RBF K 22 3 4 52 56 A o0
PO TR . REFE T-SPFLE =, =25 °C, /5
(AT 6 H #4512 hy, K H BHIRE &iE8). SD
K BB &R AL 5 e & T A 2 (sham-operated,
S). M4 (model, M), 1251 4 (exercise model,
EM). bFGFH%! 4] (bFGF model, bM) X bFGFiz 5l
4 2] (bFGF exercise model, bEM), L F 4. Fr, S
20185, M, bM. EM. bEM X 4} 47 d41 #1128 dZH,
A% 185,

.12 #4557 2,3,5- 50 4 = 2Rk Y A e
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HE-2- 2K HL N5 W (4" 6-diamidino-2-phenylindole, DAPI)
JtT-Sigma-Aldrich 1 [ 24 7]; /N PLVEGFHUE, /)
BPIBrdUSTIA . A PIbFGFHLIA . St 8 11 (Nestin)
ik, N SBIUE & 1 (B-tubulin) i T J% [H Abcam 23
Al; SdiCaveolin-14T4K. /N HTFIk-1(VEGFR-2)$i
R, RPICD34HTIANE T [E Santa Cruz/A )
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19000K % V) Fr WL« H AOlympus BX51 % i 5
[¥]Media CyberneticsZA ri]Image Pro Plus 6.0(IPP6.0)
WA B H R BRA WIFR-980A A 4 HL Uk
By I R AP IR AR A\ e e 2k
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1.2.1 bFGFM iz £ 24+  bFGFER [ 5 ¥ H it /N
PR R 2% 252 Brd (% 5 20130601), 1.69 mg/mL,
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150 pg/7 o 45 1R A2 2R AR /K BB 1169 pg/mL.
bM. bEMZH SD A Fil 5 Sk Il P8 v i 37 W i or
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L EVES10 pLAEFE E K. i S T S B S
KRR TR DI G, ERT sz, 543
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SH(100 mg/kg), B4 hid i1k, JE3Ik, feJa —IkR&h 2
JFi24 hAbTE K R o

123 R 41E& R R BelayeviZifilfE
KEMCAORE AL . UK BRUFR B 5 I 10 2 10%7K
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RS, FH S BBl 4 2 R R IR RTL A, SR A
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By, FIE M, N0 B HUEBIIK(CCA) S0P 3l ik
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rotid artery, ECA)%%, A H /N33 B IECCAT K &
phee, wERB . 454 AMICCA T . ECAL i, H
I & JEAEICA, fEECALT s FE 2k, H I BYfEECA
o 25 LAR AT BY — /N 1, R Zeddi A G 45 $LECAIR
iR 2R, FATFICAALZh K I, ke it AKX BT B Ik,
BRI R H B K (MCA), ik 2, BRI 5
{51k, Mgk N E R L2418 mm, [ e 4 A R 2R,
AV, B2 hfFik gk, 45 FLECAIT b i,
I T e L PR o AR TR AT TR A — 3L
BN A ) 3 30 3 ik s S B 4% 4560 H . bM. bEM4L
FHE J5 3 B 00 i 533 S bFGF, 58 ¥ I TN ¥ 1)
BB N, IEH TR

124 &3 %  EM4]. bEMZSD K fl A i T,
HEATARIG M 5 Il #5(5~8 m/min, 30 min/d). MCAO
AR 524 h, 12 3 4ISDK R T LA 5 I ZR(0°8
20 m/min ) JiE A% B A ) 23l I R 287 dAN28 d(d
8 ZRNZES d, 30 min/d). 7 dFI128 dJiE K IAH Y 52

K f8br. SAL. ML AbMAL [ FEIREL, 1E AR 4T #
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7 dF128 dEATAT A 25 VE A FIPFHRA R P4 . (1) SR
Zea Longa®5:5 0 HIVE A bnitE . 043 TEAN B ATREIR
(A ), et w195 AN BEDJE 8 (4 ) Aip
JHz, BRI SBER; 240 AT R R A A%
Bel; 343 AT LW AT MR 455 BRI, ANREAT
A 59y FET . EEVE S N 1~34) SDK AN L5,
M FE—#RSDK AN E S i . ()% 4K 3yt
AT FATIR K. HIE30 ecmx1.3 emf 25 AR 4%, # K
BT AN 60 s, W 1~74r. WbadE: 140 K
BRUPUJII BT RS R M, BEORFET4T; 245 KRAEAR
o B3R SEEUE INF4R T4 RSN 343 KA 188
2N AR NS 40 KIRA3ANBAARN FARS; S
oy KRR A ARG iR HHEAT R Y% 64
KBRS b, Bk 790 KA, T
YR P rIRe .

1.2.6 MWZELIATTC F & WE T HE P [a],
10% 7K A5 SUBE BRIV i 71 M, TR E R4 °CAE#EER K
(150 mL), WP Bl A 1, PRadis s, N i R
R YD R (B2 mm b)), JLH6 ) B G AR I,
NILEC I TTCZEAT IR (2%), SR s ol 414, &
F-37 °CIA /KB 46 9130 min, W Z2TTCEE i, 151
4% 22 5 RIS [ v 3 3 AR L 5%

1.2.7 AFALE  (DBGERIYER X 4 2 R Ash-
wall'%5) 55 H Bl 2 1 X AL 21, 7E FE AU AT 554 mm
9 mmAbAT bR ), B [ i A 2R B (5 2 ROk 4
£21.5~2 mm U fixi 412R), 7E10 558007 1 R D) i 21 21
Q)WbHI bR A HIAE: M 23 P R R TTC, PRk
WS IO I, K N g B H I 2 B DX RO
TCTE 2B IRARE, T RO R 5 % 4% 31-80 °Cik
&M GHERM., RKEE., wikdih. &
PRIV A bR AR I 4 ZRRE T 20 BRI A
TTCHIME, R 2 AR B EL KB 2 I R )G, S
NVA% % B W | 8 40 R Ashwal 23 5 HE e i 2 155 (X
IR, BN A%Z SR FRE ] e, REWH VR B2 Il 7K
RYUR, IMAOCTHLM, 209 ZH % J5 B T80 °CL#
VLR EEBNB A, B -4 233881, B %
1620 °CHEFL VKRV AL L, FF IR A80% 82 76 R UK R
YIR, KR8 ume T3 423 RERR4TKE 13K F 7, FEH
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105K, Horp, & X 35K fftVEGFR-2/CD34. BrdU/Nes-
tin s PR, 25K 73 IMHE L (1. NissIH A
128 HE# &AeNisslg & fZMULH] 05, %
F D) A E0.01 mol/Li IR £ 2% vl i (phosphate buffer
solution, PBS) 1 4 £S5 minx37%, A 78 K 44T
(HE)zk # Nissl 2 (4, FFPBSIHYES minx37K, M
B WORG IBK, — H2RIE B, ek ps st e, T
S TXTC I ZiE)
1.2.9 VEGFR-2/CD34% 25 Ak E (D)=HE FX
TY1 A5 2 7K5~10 min; (2)V) & $°0.01 mol/L PBS
o FEIR REESES minx39%; (3)U)F B NN il 4 1L,
1 N0.01 mol/LFT A5 2 #h 28 1 i A% 0y Pt Js 5 SV,
TN i A4, 65 S min)5 & T %R, ¥ &S PBSH
VES minx3iK; (4)0.2%38 £ 85~ Fk 2K B ik (Triton)
b BR10 min; (5)[R]2; (6)¥ I 1E 5 1 = 137 & P
(PBSHiRE) = 20 min, JE AR, Jo75 FRUE; (7)i0
P EE I APBSHi B 5 [ VEGFR-2/CD34(3) 4
1:100) P F—HUiR G R, 4 °Cit i, 2 J5 137 °C
S2I30 min; (8)[F2; (9)HE & TN i FUIR 7% 2=
(fluorescein isothiocyanate, FITC)45 £ b5 1c A1 Y F &
i R # P (tetramethyl rhodamin isothiocyanate,
TRITC)45 & brid IR —HiiR &), EWMFF1 h;
(10)[AI2(3 ¥6:); (11)DAPIZA%10 min; (12)[F12(6);
(132G KR a2, S EDE T s T sE.
1.2.10 BrdU/Nestin %, & S A7 4 &, (=& T X
T A, 2 K5~10 min; (2)V) & $0.01 mol/L PBS
R IR B RS minx<3 U )Y A E T50% %
+ HIE 2>k 15 TR Al 2% Y (sodium citrate solu-
tion, SSO)L: 1¥ 1, TN65 °CK 42 h; (4)[F]
2; (5)2mol/L HCVE 55 V) Jv, B 137 °C/KHHf1 h; (6)
pHS. AR +h 2% il - A ER 220 min; (7)[R]2; (8)10%
L 2 35 =PI by (9) 7 25 103, N 7 BT K R
BrdU$14(1:50), 4 °Cid#; (10)[712; (1) th=EH0/ B
IgG:TRITC(1:200)(it# Dt ¥ 58); (12)[F2(3E J'); (13)
[FI8(HEYE); (14) 44T K B Nestint 74(1:250) (i )
(15)[FI2(EE); (16) 01l 2EHT41gG:FITC(1:200); (17)
[F]2(KE ), (18) 5 MV KIS b, WAlss FALER.
WA TS, T AR E T PO
U UL 5% Mg 5k 1L F= 19 X BR AR U) e, T 40x 1065 27
i T Bl B U = s X SANE S S A, R
Image-Pro Plus 6.0RR 4% {1 BE 4T 15 Ab 21, 11 H A
PRI o BH P 41 M 2, RSP

1.2.11 Western blotha] 45 Western blotf il 4
IR, el e _LAERE S, £, SDS-PAGEHLIK .
WML B P, PRI ZHE, e AO6 R
5o
1.3 FItEDR

KHISPSS 21.04¢ vt # A 247 70 Mo Eds LAYy
b HE 25 (k)R 7, A IR) LU i 36, 22 4 (A EL
¢ FHl J7 % (analysis of variance, ANOVA) 3 #1. J7 %
F58 W PR LG HILSDE 56, 5 22 AN 552 P M LE s
Dunnett’ T3f 4. P<0.05 0 Z 5 A G125 L.

2 H#R
2.1 KEMCAOWEELHI{E

HEHSDA R IL193 1, A EF R4118 H 4
AT, MCAOME R 15 F Ll 47176 28 0 e W5 1)
() R 144 5, R0 INF ) SRR Fl D 26K 82.3%, AET
G AR 24 hfG & M4 AT A A (Zea Longa 573 i 17
S FRE)BIBR L3 1. JLratT 23, 2R AR
RUHIAE 524 hiN, ZERY 0 5 2 Sy ik 0 JI5E S Js 1 of
(SAH). i ZK P AAE ZEAL b R (FE 42 B 138 A il afn
5); I8 L A BEALH4E24 hf5Zea Long ¥ 4345 73 40
R4Sy, AN S NIERRUE, T LAGIRR .
22 WMZITAHFTES
22.1 Zea Longa% 54 %344 E  MCAOR:M
HIEJE2 WK RO B, T IS BT & Th RE R iR I,
2T HE A [ P e %o 00 Al R, G AN R 56 4
TR B AR AT AR R RS e AN R AT
AR AR VR I B 0 1~35 K RNAL, T
B PR REVE S 7, 28 %5 T TR IRV A, FLrhS41s 40
a1, B FARABSH YA Gl 2% = X (P<0.05); bEM
21 %% R WHEM. bMAIMAL #2847 S 24 VF 0 A1 PR AIG
(P<0.05); EM. bM#[AIIMA] LAt 4e4T A 2 V1)
A FEAK(P<0.05); 21 A28 d4157 d4L AP 4T 24 VF
I3 BEAR(P<0.05); L4 %5 A1AH NI ] s LA G (2
EPEZEREN.
222 FHERERSARRE SN R T P
R, SAHIESr K1.166 720.514 5, A5 -4 B e b
i3, (HSHLE & F AR % 7394 5 L (P<0.05). FA
YL FRRETE SR 7, 28 45 T VR4, RILHIAS R FE B
(1) ~F- i 5 13, bBEMALE [F) HEM. bDM. MLV 53
FFAK(P<0.05); EM. bM [l HIMAL LA P03 A1 FRAIG
(P<0.05); 4128 d7 AP BEK(P<0.05). g
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S M7d M28d bM7d bM28d E7d EM28d bEM7d bEM28d

AP<0.05, SHLANT d41LEE; *P<0.05, 5SULLLEL *P<0.05, 1AM
41LLE; ®P<0.05, 5 [AIIbMALLL AL, ®P<0.05, 5 I WIEMAL LL4L .
4P<0.05 vs the 7 d in each group; *P<0.05 vs S group; *P<0.05 vs the
same time point of M group; ®P<0.05 vs the same time point of bM
group; ®P<0.05 vs the same time point of EM group.
Bl Bailg. MEEESbFGFX XEMCAOF
HZIT A EIES W E D RLs, n=18)
Fig.1 The effect of treadmill and bFGF on the changes of

neurological behavior scores in rats after MCAO (x+s, n=18)

T LHAF B I ) 55 LEARTIG S 35 22 5 (112) o
2.3 BALRYIRTTCR &

BT AR 2R G R 4Lt AR WL 1 BB AE
S, & FARA L 0T WK NAE W B AL, o
bEM4] 5 [AHIM. EM. bM#4] EL B REZE 4E AT AS [ B
FEWRD, E0%; EM. bMZH 5 [FIMZ P 4
N, HLN28 AT dAIAEZEAL AT 9N (K3) o
24 KRALFRIEALFEMERLE R
241 HEF &R SZLAK W B 200 P27 5

.

S M7d M28d bM7d bM28d EM7d EM28d bEM7d bEM28d

AP<0.05, 5HLAT d41LEE; *P<0.05, 5SULLLEL *P<0.05, 1AM
41LLE; ®P<0.05, 5 [FIHIbMALLL 4L, ®P<0.05, 5 A WIEMAL HL4L .
4P<0.05 vs the 7 d in each group; *P<0.05 vs S group; *P<0.05 vs the
same time point of M group; ®P<0.05 vs the same time point of bM
group; ®P<0.05 vs the same time point of EM group.

E2 Mailg. MEEIHbFGFX XRMCAOR

FEAR T 5 B R A (e, n=18)
Fig.2 The effect of treadmill and bFGF on the changes of
balance test scores in rats after MCAO (x+s, n=18)
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Fig.3 TTC staining of brain slices in each group
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Fig.4 HE staining of ischemic penumbra of rat brain tissue in each group
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Fig.5 Nissl staining of ischemic penumbra of rat brain tissue in each group
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S MId M28d bM7d bM28d EM7d EM28d bEMTd bEM2SA
AP<0.05, HUL T dALLLEK; *P<0.05, 15 S41LLEE; *P<0.05, 5 [RIHIM
Y1LEH; ®P<0.05, 15 AIIbMALLL 4L ®P<0.05, 5 A WIEMAL AL .
4P<0.05 vs the 7 d in each group; *P<0.05 vs S group; *P<0.05 vs the
same time point of M group; ®P<0.05 vs the same time point of bM
group; ®P<0.05 vs the same time point of EM group.
Elo maillgk. MAXNE TS bFGFA X R ER M K X
VEGFR-2/CD34 31X B2 M0 (s, n=7)
Fig.6 The effect of treadmill and bFGF on the changes of
VEGFR-2/CD34 expression in rats after MCAO (x+s, n=7)
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Arrows showed postive cells of immunofluorescence staining.
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Fig.7 Immunofluorescence staining of VEGFR-2/CD34 of ischemic penumbra of rat brain tissue in each group (400%)
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Fig.12 The effect of treadmill and bFGF on the changes of
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