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nin , TNF-o..IL-6 . IL-10 25/ )24 hr i ) &

58 5 SO ML, & 2H Bax O WLEF4EAL AR \MMPY/TIMP1 HU A8 535 TH 5 , 2228 5123 5 (LVEF) . Bel-2 ,Bel-2/
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Abstract

Objective: To explore the optimum intervention intensity and effect biomarkers of physiological ischemic train-
ing(PIT) on improving cardiac structure and function in rats with heart failure.

Method: Thirty rats were randomized into sham operation(SO), heart failure(HF), physiological ischemic train-
ing for 1min(PIT-S), Smin(PIT-M) and 10min(PIT-L), with 6 rats in each group. In the SO group, according
to the heart failure model establishment, the line was threaded through the anterior descending branch of the
left coronary artery without ligation or training. Heart failure model was established in HF group. PIT group re-
ceived training on the basis of HF group, accompanied with ischemia for lmin, S5min, 10min respectively

and reperfusion for Smin each time, 5 cycles/day, 5 days/week, lasting for 8 weeks. After the training, cardi-
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ac function was detected by transthoracic echocardiography, the degree of myocardial fibrosis was detected by
Masson staining, the relative expression level of Bcl-2, Bax, MMP9, TIMP1 mRNA was detected by qRT-
PCR, and the content of NT-proBNP, Bradykinin, TNF-a, IL-6, IL-10 in serum was detected by ELISA.
Result: Compared with SO group, Bax, MMPY/TIMP1 ratio and the degree of myocardial fibrosis in other
groups were significantly increased, while the left ventricular ejection fraction(LVEF), Bcl-2, Bcl-2/Bax ratio
and TIMP1 were significantly decreased(P < 0.05). Compared with HF group, LVEF in 3 PIT groups was sig-
nificantly increased, while Bax, the degree of myocardial fibrosis, MMP9 and MMP9/TIMP1 ratio were signif-
icantly decreased(P < 0.05). The LVEF and Bcl-2/Bax ratio in PIT-M group were significantly higher while the
Bax and MMPY/TIMP1 ratio were significantly lower than those in the other two PIT groups(P < 0.05). Except
the Bradykinin in PIT-S group, the content of other biomarkers in each group was significantly higher than
those in SO group. The content of each biomarker in PIT-M group was significantly lower than that in HF
group, among which IL-6, Bradykinin, TNF-a were significantly lower than that in PIT-S group, and IL-6,
Bradykinin, TNF-a were significantly lower than that in PIT-L group(P <0.05). The serum content of the
above biomarkers were all negatively correlated with LVEF(P <0.01), and NT-proBNP was the most closely
correlated (7= - 0.936,P < 0.0001).

Conclusion: Compared with ischemia for 1min or 10min, the PIT program of 5min ischemia/5min reperfusion

has a more significant cardiac protection effect on heart failure rats, and NT-proBNP can be used as the best
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effect biomarker to reflect the protection effect.

Author's address Department of Rehabilitation Medicine, the First Affiliated Hospital of Nanjing Medical Uni-

versity, Nanjing, Jiangsu, 210029

Key word heart failure;physiological ischemic training;cardiac function;optimum training intensity; biomarker

0> F1 5538 (heart failure, HF ) U5 2t S
ESS BN SR (SR LN Rt R ] )7 S
OGO RS L O INRE S W M AL
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L0 DI RE ) o AT P08 B S AR )~ i)
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1.1 SEgeshy) o d

1 B SPF 2% f 5 # 14: Sprague-Dawley (SD) K
L 30 H AR (200+10) g, 247 e b 50 458 A A 5256 5
W ARA BR S Al B[P AT UES- : SCXK (#7)2019—
0001]. K BE TVLIE L5080 0 SPF MR5% 53
GERR SR 3d, TARERRL L H R POK, BRI 12h—
12h, 5286 7 28 MG 55 [ NTH 2\ A (1) 5256 5h %) 4
6, i i e R R AR s W18 B 2 Dy s At
(IACUC—1901019) .

K BB LR 2214 30 2 SD K DR
F A4 (sham-operated, SO) 41 ; @ H.46 .0> 5 4 (HF
ZH) K PIT#H . Hrp PIT 44 BE A [l Bl 1L IH 23
3 Imin 45 B (8] 20 (PIT-S 2 ) ; @ 5min o & i) 1] 26
(PIT-M41) . & 10min K i} A1 (PIT-L 41) , 541 6
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R RIS TE 5 10% 7K 45 S HE 1 (0.3m1/100g)
FRBER UG I 2 TR S B ATREmE IS
F/ NSl Py v W R Bl 3 <, PP AT 23 80 YK /min, ]
AUHE 0.7—0.8ml GGE A BT R 835 ) , I L 1: 1.5, 7E
Ze e 3—A4 IR E) I Je ik, 2 =ik o s U2 4
FC I FE 53 2 5 U I, 2000 B 5 i 2 ok [53] 4 [7)
29 1mm &b, H 6—0 22 2 45 $L 5 AR 3l ok Zc i % =2
(left anterior descending coronary artery,LAD), i
SO LRI, PLOH E S S-T BB B4R, I IR UL
HEFE TR O AR 2R L1 s K [, 25 BE 12 2 IH S e 55 R
ZEFLR ARG . RS 28R G M RE R KB A
FOFR S R EE T AR R TR AT -
NG TPURGIEYT 3ds SO HRMTF AL I,
HAEAARI B NP ANEEFL. RS 24h s K ESE
T2 K 28%. ANJFLHIESR 4 R 51 T4 M BE L 0
S EIREI, DL A 2= 53 1 73 %% (left ventricular ejec-
tion fraction, LVEF )<50%# A& V.00 77 by A FUpR
R £ e,
1.3 AEFESRIm I R

A PR Sl it Y1 25 R B JG B ZLE AR it s (9 AR
1.8mm, #M% 4.2mm) FRHL R BB A3 i , BEL BT I
it 2R s i B R SR AT WL, e sh ki ahii 2 . %Ry
ZELABRM 1min (PIT-S 4H) | Smin(PIT-M 2H ) £ 10min
(PIT-LZH ) , FHHETE Smin 2y 1 MEER, 5K 5 MGFE,
BRI S K, R 8 il SO 41k HF 41K B4 1]
PRI TSR 8 JA , A2 PIT,
1.4 LYyRERzi

AJ5 4 J8 (DNZRAT) SN 25 8 Ji Jm R FH 28 i B i
.03l (VisualSonics Vevo3100) A6 K B0 I RE
FHICHE R . 28 2% 5 FUE IR, R B AI MO [ 7 5
HEREHE A, 7E MBIECT AMX 2508 583k TR A
R ERERAT OO ELEAE o DAL S LKAk i e it 40 ] o
e H A2 = APk R AN 42 (left ventricular internal di-

ameter end diastole, LVIDd) . /7 %5 Y& 4 7K 1 N 42
(left ventricular internal diameter end systole,
LVIDs) , FE18 A2 2 8 1505 . IR 4 VevoLab
BAT53 BT, 25D (B 3 A 220 sl A IR P 254
1.5 D ALEFZE R R

K Masson = (850 2 O WLEF 4EACFREE o 45
W8 AN G AT O LA LR, B0 & i Rk A2
AE 25 3mm 2 E T 4% 2 B P RBEER T, &5
A3 Y (Bum) s e 6, b i i 6 4 5 R
o, OIS R0, RH] Aperio Image Scope [£]
1% % 4 B 4 (Leica Biosystems Imaging, Inc.,
USA) , TR U IR ZH 2 5 U1 R 2l 4L TRIFR N B 43
AR AT YEAb FE RS
1.6 Bcl-2.Bax .MMP9 J& TIMP1 k7K P46

K 5228 % € 42 PCR (QRT-PCR) #6:1ll Bel-2
Bax . J& Jii 4> J& £ [ i (matrix metalloproteinases,
MMP9) Kz HAi] 55 (tissue inhibitors of metallopro-
teinases, TIMP1) ) mRNA A %} & ik /K¢ . fifi
Trizol ¥ M\ K S FEIASE AE X0 AL (R ke i, X 385 3—
4mm) ZH 2L PRI RNA , SEA Tk B2 5 4l B, 28
Wik 554 Al cDNA, % SYBR Green(TaKaRa, Ku-
satsu, Japan) 3f Hi Steponeplus qRT-PCR 1% #% (ABI,
USA) #E 47 K 9l . DA GAPDH (glyceraldehyde- 3-
phosphate dehydrogenase) NS, K 244" L4 14A
25 mRNA P AEXS FRIKIKF o LI 1T 3 AT
2o 5IWIFIME R IR 1,
1.7 AEYEEbR &) S R

R FH I B0 728 W 7 CELIS A ARG N s iy Ak 74
Z (NT-proBNP) . i 84 3K FE A F o (tumor necrosis
factor-a, TNF-a) . [ % 6 (interleukin-6,1L-6) . [
4% 10(interleukin-10,1L-10) } 2 i ik (bradykinin,
BK) S AE Wb i v 7 . RERUIE 30 Ik
Ifi. , # & 2h 5 3000r/min &5 .0 15min, B EIMTE -
4 18 ELISA 57 £ (SenBeilia Biotechnology Co.,
Ltd., Nanjing, Jiangsu, China ) 156 B 25 55 , I & X 7 35

1 WHREEPCRI|MFTIE

mRNA eIk 2l INGEIE 2]
Bel-2 GGGGATGACTTCTCTCGTCG TGACATCTCCCTGTTGACGC
Bax ACGTCTGCGGGGAGTC TGCTCGATCCTGGATGAAACC
MMP9 GCCGGGAACGTATCTGGAAA GTTGTGGAAACTCACACGCC
TIMP1 GCCTCTGGCATCCTCTTGTT AGCGTCGAATCCTTTGAGCA
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L e Y AR 2 AU ES D12 i = = AT /) e g8
1.8 SEil2&4ir

K H SPSS 23.0 MRGE T2 B A b AT K dla AL B
T AT B 05 25 R T P B v 22 30, A 0008 Lt
K FH LR K 7 22 43 HF (one-way  analysis of vari-
ance, ANOVA) , 22 1 AL FH d5c /)y I 25 22 S 1
Dunnett T3 4555, AHICHE 74k ] Pearson AH2C (A
KRB rFom) , 1 438 R H 2 w1 (PesE &
BUARFIR) . P<0.05F7R 255+ HA B35

2 HFER
21 DIREHE

8 J& PIT T 1y, 8 75 0 sl K i 7« 5 SO 414
L, 4540 % K BULVEF & % F% 4K (P < 0.0001) , H:
AR 2 22 5 (P> 0.05) ; PIT T- )5 , PIT-M
2H K FLLVEF 2 3 % T-HF 41 (P < 0.01) . PIT-S £H il
PIT-L4H(P<0.05). WK1,

E1 EHAKXRPITFREIEAES M54 (LVEF) b3

PIT-M PIT-L

B 100- ,
]

804 :

= 60+ ;
= .
40 a !

2 ;
20 i

1

|

1 I
O & <2 N v 0 & &L D
TAIEE T E

PIT T TiHy PIT TWiJ5

7 A8 JA PIT 3 505 25 4R U O sl [R5 . B.PIT 35T A 3 A
JE 45 2K U LVEFR(%). 5 SO 4L, a.P < 0.0001; 5 PIT-M 414
H,b.P<0.01,c.P<0.05, n=6.

22 D NUAHIEIE TR A

S B 2% P AR 5% 2L A B FL A TR O] TR
L WLGRT-PCR A5 R : 55 SOAAR LY, % 0 3K
b Bax IR /K- 34 10 351 5, Bel-2 3Rk KK Je Bel-
2/Bax HL(E ) i F#AIR (P < 0.0001) ; 5 HE 44 L, 3
ZH PIT F 1 190> 5 K Bl Bax 26 ik 7K - 1 B 5 BRI
PIT-M 4 Bel-2 Fi57KF- J Bel-2/Bax LB 31 5
(P <0.05) ;341 PIT KFLH, PIT-M 4 Bax # ik /K-
B E KT 5 AN 4, 1 Bel-2/Bax Ho {2 25 & T 59 4h
W2 (P <0.001). VLE2,
2.3 O UL A ML B T SRR A

ST 2% p ARSI 25 2 K B O UL L A3 5T (ex-
tracellular matrix, ECM) B 325 5 .0 LG B 27 01
F R 5 SO YA L, B A R ILEF AL FE Y
HBEWE (P<0.01); 5 HE 44 A0 e, 3 40 PIT T (1)
O KR UL 2R 4 b 8 B 38 8 25 B AR (P<
0.0001), >l qRT-PCR 45 /R - 5 SO A, Bx
PIT-M ZH A& 2H K B MMP9 263k /K F- 5 354 w5 (P <
0.01), #4521 K Fl TIMP1 23k 7K - 24 B 35 B AR (P <
0.001) , %% 2H K B MMPY/TIMP1 [ {8 ¥4 B 53 4% =
(P<0.05); 5 HF 21 AH Lt , 3 4 PIT 1 il K B A
MMP9 £ ik 7K *F- 5 MMP9/TIMP1 F 8 34 B 5 B A%
(P<0.05); lb4h, PIT-M 2H K il TIMP1 ik /K ~F- B
& F HF 41 F1 PIT-S 4 (P<0.05) , H: MMPY/
TIMP1 Fb {8 & & ik F PIT-S 41 F1 PIT-L 41 (P <
0.001). UK 3.
24 EYEEAR RS A

SIS 2 R ARG I 2% 2H KR BRI A b i
i, ELISA 255 75 B PIT-S 40 K il BK &4k, 4%
R BT £5 R ) % B S T SO 41 (P<
0.05) . (DNT-proBNP % : { PIT-M 41 H}] A F HF
4 (P<0.01), HAth T Hizl 5 HF 41 JC B 8 22 57 (P >
0.05) ; @BK & & : PI-M 4 i Z % T HAb 4 (P<
0.01) ;@ TNF-o 54t : PIT-M 41 A% T HF 20 b oAt
T (P <0.01) ; @DIL-6 7% & : PIT-M 5 PIT-L 41 &
FART HF 41 F1 PIT-S 41 (P < 0.0001) , {HiZH /8] JC A
BZER(P>0.05);GIL-10 % & PIT-S 5 PIT-M 411§
B AT HF 41(P < 0.05) , {Hi% 4 0] JoHH . 22 5% (P >
0.05) ,PIT-MZ{H] AL FPIT-L41(P<0.05) ., WK 4,
2.5 FHCHES T Bl 5 Hr
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B X ab abd
P _@ 1.5 abc B
1.0+ 'H% < 1.0
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5 0.5 E % 0.5 a a abd
g £ 0.5 23]
[N}
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m
0.0 T T 0.0 T T 0.0 T T
O & &5 N O & &5 N O & & N v
S & &K SR > & s ¥ &S
Q> Q\& ¥ N Qé Qé N Q\& >

a5 SOZHAHE b, 5 HEZHAH I, c. 5 PIT-S4AH I, d. 5 PIT-MZ{AH ., P < 0.05, n=6,

3 ZAKXRONFENERE.OALEL T MMPY, TIMP1 833 % %7k F B MMPY/TIMP1 bE %

40 8 ose B 151 o
a il a ij

s 30 15 2.0 —
\:\;( ﬁ ab b ab g 1.0 abc %
% 20 '% ey = a 3 - E
Hé ab ab < <Zt 2
343.% ab é 1.04 ~ 0.5 2
5 10 E E s
% éx 0.5 E

0= S 0.0 = 0.0~ L @ «g‘ 5

O & & O & & L S LI L F LT

AL ALK B UL Masson e (8 B R A5 B8 R AT , 1530 WLAS F S 40 60, B R M S i €, U R < 25 ; B 45 41K RO LA 4R AL AR BE (%) 5
C—E. &4 K RO JLMMP9 . TIMP1 mRNA X255 7K F B MMPY/TIMP1 M, a. 5 SOZHAHI ,b. 5 HF 41A4H L, c. 5 PIT-SZHAH ., d. 5 PIT-
MZHHI I, P <0.05, n=6,
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4 &HEKXRIMEHNT-proBNP.BK, TNF-a . IL-6.IL-10 & B L1
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0- 0=
O & &5 Ny
T VIS FT K
& Q{\ $

a

O & 5 D
%Q‘QQQQ@

800~
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=200
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I d
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a5 SOHAHEL . b. 5 HE ZHAH I, c. 5 PIT-SAHAH L, d. 5 PIT-M ZHAH L, P < 0.05. n=6.

Pearson A 5 43 B 45 A {8 7« KB A NT-
proBNP 7 it 5 LVEF £ i 3 A ¢, = - 0.936,P <
0.0001; BK 7 5 LVEF & i 2 A5 = - 0.5424,
P=0.002; TNF-« 1% &t 5 LVEF & & 2 i 6 ¢, =

- 0.8213,P<0.0001;1L-6 & 5 LVEF &£ 2 % 7 A
X, = - 0.8863,P <0.0001;1L-10 7 & 5 LVEF £ i
FANAE = - 0.8485,P < 0.0001, W5,

VEFE DL AR DGR B i B VIR R b i P NT-
proBNP, DL H 1ML 75 H & & (ng/L) M R AE B () , KB
B (min) 28 B 285 Go) 27 RZR [T 500 AR
Pt R HCIDLAS B e ey P 2B AR - = |l A 4%
LA 7 #2 K 2 y=39.42 4 0.7x- 0.6x* + 0.05x°, R>=
0.9261,P <0.0001, LK 6,

3 itig
OREEERL I Em R AR ENEZENER 4
58 EH O JULEB A B0 JULRE 1 7 38 fim 5 B2 A 0o R/ S
TEAR NI RE ) — R AN HEA TP AR , 95 B LA e
ECM ZH B 28 A6, A R R T 02 64 70 LAt A

RPN 3 S IS B SN B~ 0 S Vsl NGB LV e
FEAEH . Bel-2/Bax J& FHE I8 T I SMNEIER R A 3
. Bel-2 8 FAZK G, Bel-2 il 4 7, Bax fig itk
JHTI0E , Bel-2/Bax Fb{B DI IR 45 2 b7 (A ] 123 % 11
Jash™, ECM Ao 20 BB A1k S 28, DT ARk
A5 R SE A PRI RE , O WLEE A T N 5 5 i
ECM S 34T - A0 ML e 04 1z el AR e JE T 43
5 M1 (matrix metalloproteinases , MMPs) } HA i
7| (tissue inhibitors of metalloproteinases, TIMPs)
5 ECM 21 44k, &7 5K D) B R g 2% DI AH ¢ . Horp
MMP9 AT [ fif Kk 57 e 5t , 175 & B ot 2F 4E Ak 59
TIMP1 NI BEHD ] MMP9 (175 14 , MMP9 5 TIMP1 )
A EAE AP AR B g 2R R7 AF T4
R 5 LA 3 K UM E , = ZHAS [R5 B2 PIT T
TR0 3 R BRO ILZE 2L P 9 TIMP 1 33k £ AH X 3
. MMP9 2 i5 7 2 MMPY/TIMP1 FAi5 B i B ;
O WUEFGEALFLE 1 8 25 FEAIC ; Bax ik i 1 5 FEAIT,
Bel-2 ik & J¢ Bel-2/Bax HAE A = s LVEF 3.2
FH ATt Horh PIT-M ZH (9 A X 14 65 5 06 0 R (i
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5 DERRMEFEPEREYESESELVEFNHEXES T
A = 0.9360 B = - 0.5424
509 P<0.0001 600~ £=0.002
— — L]
2404 e 2 . 'O\o
£ 2550
& 301 =]
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20- 2
g .. 5 500
£ 104 &
0 T T T T 1 450 T T T T 1
0 20 40 60 80 10 0 20 40 60 80 100
LVEF(%) LVEF(%)
C D E 7= - 0.8485
=-0.8213 = - 0.8863
s - - P<0.0001
3307 p<0.0001 1609 pog.0001 807 %,
s [ ]
= 300- —~ 601 =
= ) —~
% * 2 1404 = Se o
< 250 2 £ 10 ®
z 3 3
= 120 4
= 2007 : = 50 =
150 T T T T 1 100 T T T 1 0 T T T T 1
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
LVEF (%) LVEF (%) LVEF (%)

T 2O K BUALYS B NT-proBNP .BK \ TNF-0 . IL-6 . IL-10 7 5 H LVEF #4 5  Z 5 AH 5%, P < 0.05,

El6 NT-proBNPMiE&E5KREMAKA

HEEAEDER g
42 1 1=39.42+0.7x-0.6x+0.05x°
%) 104 R=0.9261
=] 3
1% 3.
palkly
Z
m 36
]
s
= -
£ 34
32 +rr-r—r-1T-r-rr-rr1T-r-r-r-"
0 5 10 15
Time(min)

T« KU 1 NT-proBNP & 1t 5 PIT Il 2k AY B i 5K 22 (R 4F
FEZ IR AR . R*=0.9261, P < 0.0001,

. KW PIT o] i@ 1 54% Bel-2 .Bax MMP9 . TIMP1
(IR, Ul O WUARBRR T, EZ7 O ILBE o £ A AL
93 LG VR, SGE O RE , PR TEAS PR
HHA DG 45387, o Smin 6 1fil/Smin ¥ 1
() PIT 7 % 5 Imin Hlt Ifil/Smin ¥ 3 . 10min Hk I/
Smin #EE T A H, 4 DL ERRE R IB KT PR
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VAT 5 3, A RO PIT R3O MER SV T, DA
177 B AR R A O R RO T

FETE R R R s s As i A 2 s g ol
DAE B2 W , i HO™ SRR, PP AR R {41
U -8 ST, 1998 4E2E [ [ v TLAEWFIE Bk
AR G R SCOR < AT DA ORI R A PR R s e A
B g HE u 2 B AR 0 HLAT AR R S bR AR
Yo AR F bR 8 H A DU R e
BRRS B ) i T MR B R MR B
A FRL AR R S RPLR ™, B T 0 U4 R AT
A4k bR 75 W) Bel-2/Bax . MMPY/TIMP1 , A< Bf 5%
PRI T O T AH S 10 ILZE 5K A5 25 9 NT-proBNP,
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