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[ ZE] B0 28 32 (brain-derived neurotrophic factor, BDNF) %1z s#i75 & B4y 5 O WL A A i A4
SR, Foik 12 R e SD AR 48 H, BB 12 HOEFARX AL (Sham) , RIFI LR EEFL s Ax T R BUK AL LA eIk
BRI S5  BENL A R O REZE L (MIC) O + 32 B2 (MIE) O + 35 5)) + BDNF R Sk 25 S5 R ) 52 4R S LBR 26 1 i
A& B (tyrosine kinase receptor B, TrkB) BE# K252a JE I TE ST H (MIEK) , B:4H 12 Ko RIS 1 B REICRIIL O RABR A 5 TR
01 8 R A 4Rz shilll 2k VI ZRESE RA 10 B A A F IS R ITREBUR , ELISA R 1L 7 BDNF 7K, e 2 A RO LA 6 J&] Fil X
BDNF 53k F O JULIMAE %5 3, PCR 1 Western blot 43 S LC JLBDNF mRNA FZE [ 7K, Western blot K10 L Trk B 85 14 2615 &2
WML K . G55 15 Sh I #EAAE 5 Bl X BDNF mRNA (P < 0.01) FIZE [ (P < 0.01) 35, [FRHES TrkBRER L (P < 0.01), JH
K252a BT BDNF SZ K] 901  Trk B ¥ (P < 0.01) , [RIB 12 3 & 1. LN 4 AR B (P < 0.01) FLO I RERGE (P < 0.05) s KRR
1 BDNF /K- 5.0 WLIMAE % B (7.=0.501, P=0.007) .LMIE EF {H.(r=0.611, P=0.002) % I ARG, IfiL % BDNF 12 3 j5 21k g S5 ER
EARL R A (r=0.498, P=0.015) . £5i8: BDNF 7601 532 8175 A& 1 CWLIM A A BRI Hh ke # E BA VE
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Involvement of brain-derived neurotrophic factor(BDNF )in exercise-induced angiogenesis

in post-myocardial infarction rat hearts
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[Abstract] Objective: To investigate the contribution of BDNF to exercise-induced angiogenesis in post-myocardial infarction rat
hearts. Methods : Forty eight male SD rats(12 weeks old)were randomly divided into the following experimental groups :a sham infarction
(Sham) group, a sedentary MI (MIC) group, a MI + exercise (MIE) group, a MI + exercise + K252a (MIEK) group. The MI model was
established by ligation of the left anterior descending coronary artery, and exercised rats received 8 weeks of treadmill running. At the
end of the exercise protocol, BDNF mRNA and protein expression (Western blot, RT - PCR and immunostaining) were measured,
tropomyosin - related kinase B (TrkB) protein expression and phosphorylation levels were measured by Western blot, the angiogenic
response was investigated by immunostaining, and cardiac function was analyzed by echocardiography. Results: Exercise training
upregulated BDNF mRMA (P < 0.01)and protein(P < 0.01)expression, as well as phosphorylated TrkB levels (P < 0.01)in post-MI rat
hearts. Exercise training induced elevation of serum BDNF in post-MI rats, which were related to angiogenesis (r=0.501, P=0.007) and
cardiac function (r=0.611, P=0.002). The exercise-related angiogenic response (P < 0.01)and functional improvement (P < 0.05) was
attenuated by inhibition of BDNF receptor. Conclusion: Exercise convey its pro - angiogenic effects in ischemic myocardial tissue
through BDNF.
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Z Pk 0 LA BE (acute myocardial infarction,
AMD) FBLO LA IR FE B T, BEA 2T 4R AL AR
TE I, 2R A SR g R O DI REAN 4, X 2 A Y
BRI BRI . IR IS O L
A5 AR G AL e Sy el Ui BRI R R 15 i SR
A NP TP ST speaesi) -3 -Ri UL APV GTAIEA
T O I BRSBTS AR R A A R A 5 2
R LU A R AT A B SR Y A S B T
IR 5TR B = | Rl AN Y7 R ||
BARIF T AL AR S 4 B

Fii PP i 225 35 X F- (brain-derived neurotroph-
ic factor, BDNF) J& T &8 F2 I F K%, )iz 5040
T L Bh W B RN Ab JE R 2 R G, R T
oAb AETE TN SE Sl i] S8V e 4 TR I
ULAFEA , BDNF [0 L R 5 e |32 56T, BDNF
55 HAR SV R ) 2 AR IS LR 8 1 G 52 14 B
(tyrosine kinase receptor B ,TrkB) 45 A0 P ili— &
FUAES 38 R P B O A5 B4 VE T BDNF &
UM BERE A2 5 200 1l 4890 an.C ILEEBE | 5l
KIRFEREAL ORI R IR A Y A A R SRR

A 0z S BB R IMARAE 2= &K 1LY BDNF
IR T2 HE R 2 R D BE R PRI BB B2
REAT R S Lo S8 PR IR ER 11 9 BDNF ZKF
W JCSCHERHRGE o H AT C LBk I e i AR L A
Sz B AL A A L] 5 BDNF A SCRYBIFSE o
I, AR SCUEEAT 402 B0 O AR BLITILTE BDNF 7K
A Bt afnC L BDNF 8 FI AR IR B RZ IR, BA B H 512
S5 O WL A2 B O B RE RS 1 CHK , O S
12 ) RS A I A8 A O B LB AR Y, ST w20
TV BDNF VRS AE AR Y A8 bR P Al DA S iz Sl B
IR AT

1 #RITTE

1.1 ##

12 JE] % e B I 1 SD K R ([ B B Vg 5K
55 st o ey )48 H, 1R 220~250 g, TrkB #114]
I K252a(Sigma-Aldrich A ], 32 ) , 471 BDNF £
SOREPLIAR Pt Trkb £ v BEHTIAR St TrkB (phos-
pho Y515) £ 5 [ Hi AR (Abcam 23 ] , £ [H ), % i
CD34 Z vaE4i A (ABNOVA A W], £ ), B A5 47
R AR & RN B A AR LB BR A ]
DAB 835 & (AL P 2 S E W E AR AR A
Fl ), TRIzol Reagent . j¥i #5571 & . SYBR Green
Premix (TaKaRa 723 &) , H A< ) , BDNF £ I i 577 &

(R&D Systems A H], F[EH ) .
1.2 7Fi&*
1.2.1 o afe SAREER B &

KB adl, A 12 2. mRFARA
(Sham) .0 JILEE FE 26 (MIC) . .0 WILAE BE + 32 35 40
(MIE) 0> LA FE + 32 3l + TrkB FH 7 41 (MIEK) .
MIEK £ K BUIE B2 1 §F K252a, K252a % T 25%
DMSO, 4 FE 10 wg/mL, 5 7 AT HE 1 5t 2 iz 5h
JEHHSS TR, A5 H R 100 pe/kg. f)E —UGs shill
e8GR 3 h, BRI 6 R R TR A< R, TR
W3z B0 J5 O AL 2 Trk B B R 1 /K 5 8 A% K RU7E A
J&—Wiz sl 2R 58 U5 48 hitb A T4 38 bnadiing

SRR TR 36 2% < (R G L L 2241 (0.2 mI/10 )
I T SRR IR , e 37 WP SR, A7 S R 3 bk 2 R
AR G R AL ERTEE SRS IR
BE R BE R T ARE B ZEL , A4
FLIEAR K , TR 18] 5 HAd 2H DT
1.2.2 E3h7h £ %Rk

ZWRSCER L6 117 R LG W X7 A
Rzl gk, OFEFARIG 1 EFF GG E R I Zx,
YIZREHC I 10 min/d FF46 , 32 H 3G I, 255 5 Kk
F 60 min/d , IR B UNGR2E 0 Yk FE
5 m/min FFUR , B INE] 20 m/min, FRI4ERE 2
GRESH MU P N O BETFUR i s 21 25 )
RRIZRS d KRB 2 d, 211258 .
123 s

OFEF ARG 1A iz 30 7 28 St LA S e s —
Wiz sl ZR5e UG 48 h, AR5 BIE 8 HR R, 5791
PE A RR IR T 304 T 28 I 7 O 30 RS IN , FH R TTAl
OINBE. BEBUSR N 12 MHz A #8 75 45k HEAT O
KNI RESHN R A , i 73 BRI 75 VevoT70
ARG HATEAR 507 o PERCE TR BRI, 7EC
LS UL/K S 326 4 T FRSRE s A 0 0 i A S0 A2
OFENZLVIDD) MR A E R (LVIDs) ., &
gt [ oA A EU(ER) e 4R R (LVES) . Jir
AR R BRISTE 3 A0 Bl R T S (R 2 AR
i N T A S R 7 0 3 PR 2 vl S AR T o
1.2.4 9% 2a4m) s IUBDNF & & & A

SR TR R 285 o I s A7 BROR B U, o A
GEFLLL LT BGH 20 26 D AR 4 4% 2 B BETE 2
ARSI E YR LB K, 2R B R )R, H
3% H,0. R IR L A AL WS M PR e 52, i
Tn—¥r 4 Cid &, PBS Wk 3 Wk, A — 3137 CIFE
60 min, PBS M7 3 ¥k, I DAB (0, A A KB
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P ek B B R BN MR R FH
PEFRIR, Yt 25 ORI i M i DAL R
JEZE A PHPE AN B o EL AT V) o Bk aE A Bl
BLIFEL 10 AP0 BT, 05 21 Ak 45 53 1 B 44F Image-
Pro plus 5.1 52 w50 H7 .

1.2.5 %9z a40keml s Bl b & 55 B

PRETFRA] 1.2.4, WA TSR, CD34 £2L 3k
ISTEIAE N R Affrh , B0, Rk ised
Y1 BEALEEEE 10 8T T HEORME N A S48, &
IRyl DS e I = g i Vi SR el
A INUAE PN Bz 4 L PR B I, 1A/ T 10 pum B
A s SR A 1 AT A R
1.2.6 Western blot #- | & AL BDNF |, TrkB % & 7K -F
% TrkB % & BB KT

SR AN 285 oA T S RO B I, T o
SEFLLR DL BUER 43 2 0 4L 21, 5 BT B8 i i 2 2R
F1, R FH BCA 1307 &0 0 5 SDS 3R TN #s I e 2 Je P
Wk, BE T, LA 99 T BDNF — 5t (R B B2y 1
200) ,4 “CiE &, TBST I BE 3 K (15 min/IK) , A
Pr (PR 3 1:800) Z IR 47 K & 60 min, TBST i
PE3 W (15 min/IR) , ECLAEI | 5 , S M B-actin,

i —WIs 3 5 R A5 R 3 h U G
OB FLL LT BG4 22 0o 1 8 FBIE B s il
PEEE M, >R BCA IR G i SDS RN IR IERG e
LUk L, B A, % 8 TrkB . Trk B (phospho Y515)—
PrORR B EE Y R 1:50) ,4 Cab B, TBST 3Pk 3 Ik
(15 min/U) , LA Bt (R B JEE 1:800) 25 Y #2 JK
5% 5 60 min, TBST i ¥ 3 YK (15 min/¥R ) , ECL A |
W5, WS N B-actin,

1.2.7 B R A ZZPCR

SR AN 285 oA T S O B I, T o
ZEFHLER LU BGH A 22 A4, TRIzol 38057 $2 B
WLZHZUE RNA , 3855 5% 5 DNA J& , LA SYBR Green
Premix /£ 47 5B 22 5 PCR (ABI 7500 %! PCR 248 ) .
18SVENEF I, 51 cDNA H A 37K, LA Sham £
J % B TR A AR AR A X mRNA 95814 . BDNF
SIMFESVUNT « forward: 5'-AACATAAGGACGCGA -
CTT-3',reverse: 5 -TGCAGTCTTTTTATCTGCCG-3',
1.2.8 2% BDNF #m]

B A K B ksl s s ik i g e A, 5 &
TRE R AN (15 mg/mL) BHRRIR A R0 (1000 ¢,
4 °C, 15 min) , UM 20 F5F6 B, 42 f a0 G iR vt
I 72 BDNF 7K, B3 Y it 2 YR IO, B
pg/mLEEIR

1.3 “%itFF &

K HH SPSS13.0 Bk i A5 e it22 53 A o DL 46
IR FHEIBATIE S (3 + s) Fon , 4 18] FLA R FH 2
R R 7 2508, 4 9 R LR SNK R 56, P <
0.05 hZERA G E XL,

2 # R

2.1 EEHERESAR KRS EE, TrkB #7467 LB iZ
G gra

W 145 R . 5 Sham 4 L #2, MIC  MIE |
MIEK £1 LVEF \LVFS {3 N (P < 0.01) ,LVID-d
LVID-s {5 ¥ 45 4 & (P < 0.01) ; 5 MIC 41 Hb %%,
LVEF .LVFS{H7E MIE 20 (P < 0.01 .P < 0.01) \MIEK
2 (P=0.03 ., P=0.006) 13 & , LVID-s {H 7¢ MIE 41
(P <0.01) MIEK 41 (P < 0.01) i & [ A% ; MIE 41
LVID-d {E % MIC 21 FEAK (P < 0.01) ,{H MIEK 41 LV-
ID-d 5 MIC £ JC . 3 2% 5 (P=0.548) . FIMIE 4 [t
#, MIEK 21 LVEF ., LVFS ¥ F F& (P < 0.01.P <
0.05), 1 LVID-d .LVID-s %J34 5 (P=0.05) .,
22 EFHIE KRS AR E B XS ULBDNF & & & ik

W BRI LU 7] W BDNF
#3555 Sham 4 H# , MIC 4 BDNF 75 [ 26 1k 7K °F
B 5 B4R (P < 0.001) ; BDNF 75 11335 /K F-7F MIE
ZH AN MIEK 4H 3% 5 T MIC 2 (P < 0.001) ; MIE 41 FI
MIEK 4 [8] BDNF % [ 3 157K °F 6 i 2% 22 5 (P=
0.053),
23 EH3H KA SRR E XS JLBDNF K-F

& 2A Western blot 23871 & 7= : 55 Sham #H kb
¢, MIC 2 BDNF £ [ 7K °F- . 2 P (P < 0.001) 5
MIE 2H 1 MIEK 2 BDNF %5 [ 7K V- i 3 & T MIC 41
(P < 0.01) ; MIE £ #1 MIEK 2H BDNF %5 [ %34 7K -
TohE 257 (P=0.118),

WP 2B 920 76 6 58 B PCR 20 S 7R < 5 Sham
2H L # , MIC 2H BDNF mRNA 7K AR (P < 0.01) ,
MIE 2 BDNF mRNA 7K V-5 MIC 41 i 3 14 5 (P <
0.01) ; MIE 41 # MIEK 24 BDNF mRNA 7K V-7t i 3
25(P=0.752)
24 EFHIFH KA EE XS ILTkB & & & ik
B AEBRA KT

E 3 Western blot 7347 .7 : 5 Sham 4H H 55,
MIC 20 TrkB 2 A 7K P REAIR (P < 0.05) R LK
SEIRFEAR (P < 0.05) s MIE £H TrkB 75 1 26154 MIC 41
BEH (P <0.05), BERR AT IRS 5 (P < 0.05) ;
MIEK 41 TrkB £ [ 3% 35 5 MIE 4R (P < 0.05) ,
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Table 1 Echocardiographic data for the Sham-operated and MI rats after 8 weeks of enrolment in the sedentary or exercise

protocols
O E R S AR Sham 2/ MIC 41 MIE 41 MIEK 41
LVEF(%) 71.45 + 4.63 32.96 + 6.05° 51.89 +8.21° 414 +554™
LVID(mm)
FF kI (LVID-d) 7.08 £0.19 11.16 £ 0.53° 8.99 +0.28" 11.02£0.51*
W53 (LVID-s ) 377 £0.23 9.65 + 0.56" 6.14 £ 0.37" 8.18 +0.33™
LVFS(%) 41.25 +4.06 14.08 +2.17 27.11 £2.52" 19.23 +1.93™

5 Sham 41 FLA%,"P < 0.01; 5 MIC AL L3, P < 0.01 ;5 MIE 41 R, P < 0.05(n=6) .
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Figure 1 Effects of exercise on BDNF protein expression

in the peri-infarct areas

TrkB 25 R AL /K48 MIE 21 .35 F R4 (P < 0.05) 5
MIE 1AL SRR AL Trk B 25 11 HO(E 2 3% s T
4540 (P < 0.05) , MIEK 2H #2155 A B R 1k TrkB
A A A 41 B 5 R ( < 0.05),
2.5 TrkB FELUT 7] 474 15 3 i & 698 FL 4 24 A%,

K1 4A RO g 44k CD34 Yt b i
R R, YA BN M . W& 4B Fi7R , MIC

A
BDNF _

1.5 -
B #
% 1.2 #
e
0.9 1 *
il
e 0.6
Z 031
Z 0.
m
Sham4l MIC4] MIE4] MIEK4]
B
1.5 - 4 #
Z %X 00X
E < 0.9 *
= & 061
a =
B EZ 03
O T T T T T T T 1

Sham# MICZ] MIEZ] MIEK4]

A: Western blot #:#H %€ & FEl X BDNF ZE [ /K - ; B : PCR A6 A%
BEJEF X BDNF mRNA K-, 5 Sham 41HH I, P < 0.01; 5 MIC 4144
HL,*P < 0.01(n=6),

2 IEEhF KRG AAESE ) E X BDNF & B & mRNA 7k
EEA
Figure 2 Effects of exercise on BDNF protein and mRNA

levels in the peri-infarct areas

200 JULE 248 0l 7% B d 2K T Sham 2H (P < 0.01)
MIE ZH.0 LB 41 1487 %% B b 35 5 T MIC il MIEK 41
(P<0.01),F1Sham 21 JC i #2253 (P> 0.05).
2.6 EFHIRZH MK R fEBDNFAFE, B5 S AL
ROy NS/ B Vs o P

WE SA Fios O A5 1.3 d L7 BDNF /K P45
O T ARRTO0 AR E (P <0.05), 25 5.7 KIAEE
FARHET0 d 7K, Sham 41K R 45 B] 8] 25 1M 3 BDNF
KT E 25 K SB IR, DREARIG 7 d.i83)
J7 28 SC i HiT , Sham . MIC . MIE 2H K B&UIfi 7% BDNF 7K
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5 %hdméﬂw I, P <0.05; 5 MICAHAH L, P < 0.05; 5 MIEZHAH L, *P < 0.05(n=6) .

IEE R K252a Xt A BUOAAESE E B X TrkB & A R & KB K EHI 220

Figure 3 Effects of exercise on TrkB protein expression and phosphorylation levels in the peri—infarct areas
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Figure 4 Angiogenic responses to exercise and inhibiting

effects of k252a in the peri—infarct areas

T 25 25 5, 8 Al is B R A RS MIC 41K B
1. 7% BDNF 7K %% Sham 41 [& 1K (P < 0.05) , 1 MIE
ZH BDNF 7K~ MIC 41 i 4 =5 (P < 0.05) o Sham
MIC FI MIE 25 K B 7 BDNF 7KF5 .0 LB 48 1l 2
B (r=0.501,P=0.007, & 5C) Lo EF {E (r=0.611,
P=0.002, [ 5D) & 1EAH ¢ ; Sham . MIC F1 MIE £H K i,
1l BDNF i J& 22 A B 5 0 EF {8 A28 fh i B 52 1
A (r=0.498,, P=0.015, [ 5E ) .

3 i

BDNF &M 4B F AT RIGHEZE R Z

— B RGN —FhE B PER T, TrkB S H
SR A RS e 2R . 24 Tek B # BDNF 38035 J5 ]

oA P P A R A R AR R A B Bh R AL, IT TS
TUHE S, R A T EYEH . BDNF/TrkB i
BRI 2R R AR CAF BT IZ A
AT, (HIX —38 e O IS R G & & P IRRE A
TR, BDNF 3 R AT S5 25004 B 41 i o
TN M1 % o 0 R N 7 K= 3 TN B 1
G T B gt |00 2 AR O BRI AR 1 I, LA R/ INER,
FEIERIARET  ARSMRIA A S A AL T S R
IRNTERCIRZAS T, BDNF AT 3805 — 2R 31 A= 1745 5
B, AR I A K P (VEGEF) ™ V2R 4 B
(Akt)" [ TRPC3/6 3B FIyG AL F ML A 45, AT
RAEXE L LA

E A K 58 IE 52, iz g o] 42 7 KRR &
BDNF K3k , $2 =l T RE A B 15 458, H
JEA iz Fxh O L 28 48 BDNF 23552 0 A 38 i
ANZ U, Prigent-Tessier 55" & Bz 3 Il 2R GBS M
TEH A & i R R A etk B kL R
Bk Y BDNF K-, 53z 8l X0 LA A8 I 0 L4 21
H BDNF (/5200 1 AN . ASBIF & AR BE.C UL
Pl 1M D0 UL AR A 5 1 57 BDNF k34 1 35
K, % 8 524 A S E0O LK Bl i, B4,
SRS PR R G . 1 SR Ak ik s Bl AT A
2% XM A Bz 0 ILZH 21 BDNF 2K [ 26 35 , Western
blot‘@ﬁ—ifﬁlfggl:ﬁJF O LZH 4 BDNF 25 1 7K F

B TR R SR 32 K Tek B O -

ﬁTﬁ#i}Eﬂ%@% BDNF J& 5 7£ 12 81175 & 10 WL
I8 A B b AR AR 8 K252a BH T BDNF
Z AR Trk B, WS XTI 20 J O WL I A4 3% B A0 D) g
Y52 . TrkB J& BDNF 85 [ /Y /55 28 O RE S 1 52
1, B T B R BRI 2 AR Trk Z 0 , O A R 58
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Figure 5 Effects of exercise on serum BDNF levels and the association with myocardium angiogenesis and LV function

2R IA 1 BDNF 324K, BDNF 5 TrkB 455 J5 )5
AE WG LT WS 5 B, R A YIE MR
K252a SR AERG ARt A B R R R 5 v 2 ) —
WERAL I A W0, 2 — e S 0 174 s 2 PR
3], 3t 5 ATP 354+ Trk B i A IX 1% 220178 I T 235 1)
Y 25 A 3 5 TSR] TekB & A . K252a BHL
BDNF 755 (1) Trk B #5 W2 £k , 77 411 il BDNF 76 K L0
M RGN EYER . BEAE R Z 55T 4R 2 R H
K252a #E47 10 5 VRS ARSI ES HOG HH ik pp 22 R 58
B , B FARSME R+ 1. A BT IESE
i Js 3 B TR R T R A5 A 2800 o Bawis 45 il
K252a 47 s i S R 3 oo 2L SR i ol ik A &
SR Dy RE BIAE T 5 53— I0URFFE Al FH AR AT K RS
B K252a 3647 18 Fis 1 S84 80 L X JRUPE 1T 25 4%
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