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velocity £l departure velocity ¥4 i Z#5, TB50% . TTP Fl TTP50% 14 8 #4647, LN SL Shortening% . PTA . +dl/dtmax
PR RS . LRGN, 5628 3hiEE MIK SUREAE R i X0 WLAN AR A A5 A8 Rl h e S, 0% PI3K-Akt-PKG-1/
p-PLN-SERCA2a {5, #HlCULANAEI T, s om0 Diie, HOMO I RERY s 5 PI3BK-Akt-PKG-1/p-PLN-SERCA2a {5
53 BT AL O AN T DGR Y

XA HEEE, UL, AREE, KR

hE SRS G804.2

L UFESE  (myocardialinfarction, MI) J&,
JULAR L S5k B, 2 W %) I S TR i N AT 17 % fi
AR T RE, K HOUOE AP Na™/H 38 # ik
(Na'/H'exchanger, NHE) X ‘33 Na' K& i A 41
J, 2E— 20 WO 40 M P Na'/Ca® 52 e i (Na/
Ca* exchanger, NCX) 1)t [m] 32 #/E A, i
M Na st . Ca” INTiE, A RE00 LA N
Ca” #iz (Ca® overload) "' . SCHAHRIE, Ca®i#Zk

DOI: 10.16476/j.pibb.2020.0386

S E O — A, AR Ca oY)
REAN AN OHAH RIS EH], JEHAE L
BRIS, O ILARIE RS I Ca** ] 5 50 LA

s« BRI A R TRIFRITH  (20217Q-827) . BRVE& #H ITRHIF
PRI E (20JK0633) ¥R

RN EYN

Tel: 029-85310156, E-mail: tianzhj@snnu.edu.cn

Wk B 2020-12-05, $%3% H Y. 2020-12-25



X4, % MEXRIEETESEHHEPIBK-Akt-PKG-1/p-PLN-SERCA2a

2021; 48 (6)

18 BRSO AL R T S O ThRE +699-

JEPR T O AR T R PR Cat il B I A
MLE N Ca® 25, Ca® 38 Ao W W 0 R4 1
77t H Ca™-Ca® ¥ B 45 G B GOR A |, &
LA AR, AR TR A B Lo (A
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PRI SR TR R B3 , m&A ST
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WA DIRE . M Ca™ fil A e Ca> BURRME 7, Bl
OB R EGDIRE L AR, O 098
G-1 (protein kinase G-1, PKG-1) #J 5[ L% X I
Z W1 (phospholamban, PLN) [{#ilefk, A
FITHERR UML) Ca® FR 2, 1/ AR O i)
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(sarcoplasmic reticulum calcium atpase, SERCA2a)
I, SERCA2aZ%isFtiE, SERCA2a/p-PLN [t
3G, AR SE LR XS [ Ca> | A SR, gk
B W b Ca> Ve B, 85 I 722 1k 52 3 SR T I
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RRRZEA I BEM ZEEL, caspase-3 24 i [ Bax/
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S5 B 45 K3 A SDIEME KRR (IR
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R (SY) . DAEZHH (MI4)., EFHssh4
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40 HU, RRgH 8 HL. SIS 3 R K BRI £F &
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KRB A BHKE.

KRR 25 . SR FHASFLC M A2 e K i
32 (LAD) By il & K BLOMBIRRL . RETEE £,
WH, 5% LB HZ8 (30 mgkg) M ERREE, T
Al R 4O FEL R W . 7 R BRSNS 4 B A
EITN0.5 cm KN, 388 KN A S AL, 5
Wr—ARAE, FERERER N, TR, 7Eifish
ok [ A 220 EE RS 85 R 2 mm AE A, RN 0.3~
0.5 mm, JfJ1]5-0 22K Z5FL A WK AT IS S, WA/
L ZEHTRE S IRAE B AS AL, BAAE I BAE v
O HL PR s ST BEH s ull TR (8] B, 40k O A AR
R £ 2 . B&RE 5 min JCH I HO LR RS RE S
M. R, K. 885 . SA HFL AL,
50 min J5 F-RIC RO HL A
1.2 KREFNGHR

CE4H 5 ME W73 MIFEAR G 1 I I6 A I %k
iz 85 XK LA 10 m/minx10 min, 13 m/minx
10 min, 16 m/minx40 min # 17 M1 & I 4 ,
60 min/d, JSA]BEIEHCEE K [R]—F R Bl 25, B3R
5d, EZzdh4 ).
1.3 XKRMiEzh HFEXE

ARHIZEE 12 h)E, R H R 5% 1% E 25
(30 mg/kg) ME PRI, SEEAE A S 06 =3 7 125,
MM s E S kT mE 2L oER, KR
PowerLab £ A= #E 584X (Maclab/8s) Kl Iic
Sk B W4 (left ventricular systolic pressure,
LVSP) . /& % #F 5k K & (left ventricular end-
diastolic pressure, LVEDP) F Wi 4i/&F 5K i %
(+dp/dtmax), HITPHOIIRE.
1.4 ZFHEENE (Western blot) I
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(1:3000) . PI3K (1:2000). p-PI3K (1:
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Akt (1:2000), p-Akt (1:2000). Bax (1:
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Table 1 Preparation of acute isolation solution of adult rat cardiomyocytes

Solution

Reagents

Sugar-free Ca**-free Tyrodes solution (NT(=))

7.947 8 g NaCl+0.402 6 g KC1+0.095 2 g MgCl,+2.383 0 g HEPES+0.051 5 g NaH,PO, -

2H,0+1 000 ml Deionized water, pH =7.35

Ca?*-free Tyrodes solution (NT(-))
Enzymolysis solution (E)

Elution buffer (DE)

Test buffer on the machine (T)

1 mol/L CaCl, solution

0.2 mol/L CaCl, solution

200 ml NT(=)+0.360 3 g Glucose+0.202 2 g BDM

30 ml NT(-)+30 mg Collagenasell (275 U/mg) + 3 mg Protease + 30 mg BSA
30 mI NT(=)+ 30 mg BSA

300 ml NT(=)+ 0.540 0 g D- Glucose + 0.060 0 g CaCl, (1 mol/L, 0.54 mD
1.100 0 g CaCl,+10 ml H,0,

0.2 ml 1 mol/L CaCl,+0.8 ml H,O,

BDM: N,N'-4,4'-diphenylmethylene-bismaleimide, BSA: bovine serum albumin.

FoAA /20 min. KRGO B S50 ) R AT

a. SD KU 5% I 24k (30 mg/kg) MEHE
BRBESS . & T EBkE SR8 (1 000 Ukg) .
10 min &7, 3 6 478 BC5E B0 E 7 BIECA
50 ml A AIAY 4°C TS NT (=)W . A&29), OIFES
J BT B HE R Y A LT, 157 RIS 4 50 ml 40
FIFAHNT (=) IS, kLR TE 20 8 P9 I IV
) B R A NT (=) ¥ WA 1 5 28 0 DA 2 s ke o
S NT (-) W, BER FLURE L Him
I EAE RSk, Sk A BEHE A F Bl ik
M, DIOodB A s s m e . AL O, T
Langendorf 7 Jii 3% ¥ JF FH 22 2 25 4L E . BEW )
JE 1 50 ml 37°CHUH 1) TC 45 £ V380 1 98 i O
(JHEH 6 ml/min),, ELELOAFEIAFRIASE, DLAH
TBEBIAR, WALIRER Tk 2
AHY I .

b. 22 min O HEAEE (EBk SN, e 37°C Tk
E WO NEL 30 min, B 2O EI SASFA K, B
R, R 50 ml 37°C T DE i 4k 227
Wit 5 min, FEoTUEMGLCE TR ER R B B

c. BUR OO 40 ml 37°CTAAY NT (-) Tk
W, BTRLC B RNMAE 5, BY AR AR 2% X0 LA
21 e FARBL KT A O WL 8085 /B, FfH—
UM I R R O AL, R e a0
fift. $e, 1200 HBUZPE ML 38 oL, =i
FHE 10 min CIRAS RAFC LA E S UT0E B 240 i
i, REARIF OSBRI 5, H
—PER A L 2R REGE, A G
37°CHIAAMNT (=)W, A ARERF 40 ml.

d. & B& 5 min [0 UL 40 S8 9 b iR N G B
CaCl, (0.2 mol/L) WK IFZRERS, HEWW
Ca> e )15 2 1.8 mmol/L. BUE 51O L0 e Fn &
R ORI TE T b, BESEY A, T

PR E 3T S A T RO LA RS
1.6 AR MARSSERT S 4EsE hiNE T %

a. AR A TG U LA B B W G, B
500 wl 0B T EP A, A 0.5 ul Ca* % 4L
Bt (Fura-2 AM Ca® ZOLIRER ), 4°CiEL, BMAE
B R 10 min BB AT, % F 30 min. R FE S
TonOptix A HIHSCAR 5 25 -k B[R] 20 I R G

b. B A DOCIRE B A LB IR S R, B
20 pl i A ERLAH A AT AL S AR R S ERAE S
Hpfa e, TRER, SHARE R4, #H17
ATl 5%

c. G EAR 32 E S5O LA LR WA AR K I Y
[Ca* |, % bR (ratio) , 411 ratio ol 2% I &
(ratio amplitude) . [Ca™ |, 284k H 73 % ([Ca™ |,
amplitude) . IKUEH 8 (departure velocity) . A %E
2R (return velocity) . KIERTFE (time to peak,
TTP) . ik & 50% A} #£ (time to peak 50%,
TTP50%) . ik #E 2k 50% B #2 (time to baseline
50%, TTB50%) . .L»JIL4H W 45 Dy a6 bm Ry LTS
K J& (sarcomere length, SL), ML U 4i & B
(peak twitch amplitude, PTA) . JJL 17 45 55 43 %4
(SL shortening% ) . L 17 iz KU 4 K &F ok 3 R
contraction

(maximum and diastolic rate of

sarcomere, +dl/dtmax) .
17 HERESHITFELE

Image Lab {4 £ 1T Western blot 45 5 43 #1 4k
B, O U RS R AR AR AP A5 1 TonOptix 5
Gt A A b, o B BT AR B0 241k T SPSS17.0
AT, ASTRIZE 0 0] d 2544 22 577K 2R P<0.05,
P<0.01, 43 #T T 75 %45 £ F GraphPad Prism 8.0 %X
PR SE G g R DL S R AR ifE 22 (X + SD)
FIR.
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2 ZWER . I
FKIkW B EIE (P<0.01, P<0.05), PKG-1,
21 BEEIHEZE FEOEOIPIBK-Akt-PKG-  p-PLNHISERCA2a# H R A BE M (P<0.01,
1/p-PLN-SERCA 2aif % P<0.05); 5 MI4 L, ME 4.0 Wl p-PI3K,

Western blotting SCE 45 R B~ . 5 C4 H#s, p-Akt, PKG-1, p-PLN, SERCA2a 5 [1 %A E
CE#H.0>J)LPKG-1. p-PI3K. PLN. SERCA2a%& = EaEr (P<0.01, P<0.05) (K1) . kg EE,
FRB B EFE (P<0.01, P<0.05), p-AktfHehn  OA uﬂILPBK-Akt PKG-1/p-PLN-SERCA2a {5 5 if

BESZEE], A E IS S AT AE T

(a) (b) (©)
p-PBK P85 [= ——==—=1 85ku p-Akt @ 60 ku PKG-| [ ———] 32 ku
PI3K P85 [ e wew we =] g5 ku Akt 60 ku GAPDI [ s Saas| 37 ku
P<0.05 P<001

L P<001 z 06 2<001 ——""7%do0
% p<ool L, 3 = P<0.s = 1.0 P<0 T
£0 g 2
a z é
& s =
é g g
Sl ﬁ

(=9
CE ME MI CE ME S MI CE ME
@ PN ] 24 ©) SERCA2: —— 115 ku
GAPDH | s 37 1 GAPDH [ s e s ] 37 ku
P<0.01 P<0.01 P<005

= = 08 P<005

g2 10 £ 06 P<005

4 05 9

[~

S, éd) 0.2

[Sa]
% o
MI CE ME S MI CE ME

Fig. 1 Expression of p-PI3K(a), p—Akt(b), PKG-1(c), p-PLN(d) and SERCA2a(e) in cardiomyocytes

22 FEEHRELEOEXRROINEE (P<0.01); SMI4IbE:, MEZ LVEDP & # F£(%
KEDINREMES R BN H5CHILE, CE (P<0.05), LVSP Fl+dp/dtmax &t % Ft & (P<0.01)

4] LVEDP {2 Z &M% (P<0.05), LVSP fil+dp/dtmax  ([&2) . LiRZERFER, OB ™ w5140 Kk B Esh

T EA L SSY i, MI4ILVEDP % &8, A%issh il A5GE o IEshe

JHE (P<0.01) , LVSP #il +dp/dtmax . & [% (%

@ p<oos ® © P<001P<001 @
20 T P<001 P<001 200f  P<001 P<001 6000 6000k P<001 P<001
T s 2 150 g 5000 %7 5000
£ g £ 504000 £
&10 £ 100 52 5 2 4000
5 > ZE 3000 =
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—
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Fig. 2 The results of cardiac function
The systolic and diastolic function of the left ventricle was assessed by measuring cardiac hemodynamic parameters including (a) left ventricular end-
diastolic pressure(LVEDP), (b) left ventricular systolic pressure(LVSP), (¢) maximum pressure increasing rate (+dp/dtmax), and (d) maximum

pressure decreasing rate (—-dp/dtmax).
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23 BFRIEHHEOEOIEMMGERT

O LA MW 45 30 75 114 B TonOptix 2 Gek R4
(A0 LA S i B A5 MR G A o W e e, A s
JULAN il ratio A1 SL AR fL B 2R . Hovb, o0 LA 465
7% Ratio {2k A4 A4 B2 8 13 Ca® 96 6 Yk} Fura-2 Y
TG BT A AR

AT AU O LA S AR RS ih e 45
RN 5CH i, CE4LULANIE SL Ak
ThiErs 5 Salbbdr, M1 LA ratio AT SL {75
b B B A s 5 MI4H He &S, ME 4.0 WL4n i
ratio Al SLASL MR F-m (K13) .

(@) C group CE group (b) C group CE group
~ 15k ~ 157 19F 19
g 14L 2 1.4 A A
= =13 g 18F £ 18
13 s 3 3
= 1.2 S 7 17t 2 17t
£ LIF g LIF V y ¥
C:Z 1.0 . . . ) 1.0 L 1 L 16 1 . L 16 . . .
0 2 46 0 2 4 6 0 2 4 6 0 2 4 6
s 1ls t/s t/s
(© ~ 15} S group ~15} MI group ~15} ME group
z214r 214t zl4t
= G = S N
Z 12 J \ \\_ 12 »,\ [\ ,\ J12 M\k
o 1.1f o 1.1F 2 1.1F
g 10 ‘ - - E 10 g 10 : : :
0 P 4 6 0 5 4 6 0 2 4 6
t/s t/s t/s
(d) 19 S group 19k MI group 19} ME group
: MV g
7 17 7 17t 7 17F
16 , 16 16
0 2 4 6 0 2 4 6 0 2 4 6

t/s

t/s

Fig.3 Changes of calcium transient and systolic function of myocardial cells
(a) Ratio (1349 yn/L350 nm) ©f C group and CE group, (b) Sarc length of C group and CE group, (c) Ratio (/349 ,n//350am) of S group, MI group and ME

group, (d) Sarc length of S group, MI group and ME group.

O NSRS e 25 R Won . 5 CA AL,
CE 21.0> L 40 g ratio amplitude, [Ca® ], amplitude
departure velocity Fll return velocity {H ¥ & & F+ &
(P<0.01), TTP. TTP50% FITTB 50% fH ¥ & 2%
ik (P<0.01, P<0.05); 5 S#ilbir, MIAL.L LA
M ratio amplitude, [Ca* ], amplitude. departure
velocity Fl return velocity {H ¥ i AL (P<0.01),
TTP. TTP50% Al TTB50% {8 ¥ & & T+ & (P<
0.01) ; 5 MI 4 L&, ME 4.0 L 40 Jfl ratio
amplitude, [Ca® ], amplitude. departure velocity £l
return velocity 8 ¥ & # F+ & (P<0.01), TTP,
TTP50% A TTB50% fH ¥ W #F K& K (P<
0.01) (K4) .

RS RERW O F BRSO LA
Ca™ P45 2 A S, 5 ok /A2 WG B ol 32 2 ) i [
i, A%z ShRENS A RSSO AR B O L4

A5 S .
24 BARIETE OO AR 4E Th BE
BSOS AR DI RER I 45 SR R . 5 CA
%, CE ZH 8.0 UL 40 i /9 L5 PTA. SL
shortening% . +dl/dtmax {H 3 i 14 hn (P<0.01) ;
5 S, MIHE R ERM (P<0.01); 5MI
Ak, MEAIEIRES S (P<0.01, P<0.05) (&
5) . FIRGEIRERT, OB BRSO LA R A AR
A1, AE TG T GE SO LA Y
W e
2.5 BEEHEEIHEOEOAET
Caspase 3 A &5 R R . 5CUlL#K,
CE 40>l Caspase 3 1 PE i ER#IE (P<0.05), 5SS
A HEs, MIZLCAEJE X Caspase 3 16 PE B & TH&
(P<0.05) ; 5 MI4L#, ME .08 % X
Caspase 316 PE R EFFIL (P<0.05) (Fl6a) .
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Fig.4 The results of calcium transient in myocardial cells
(a) Ratio amplitude, (b) [Ca®*], amplitude, (c) Departure velocity, (d) Return velocity, (e) Time to peak (TTP), (f) Time to peak 50% (TTP50%),
(g) Time to baseline 50% (TTB50%).

P<0.01
@ v © P<001 R M sryryi
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Fig. 5 The results of single myocardial cell systolic function
(a) Peak twitch amplitude(PTA), (b) SL shortening %, (c) Maximum diastolic rate of sarcomere( —dl/dtmax), (d) Maximum contraction rate of

sarcomere (+dl/dtmax).

Western blot LI A5 R R : 5 C4llE, CE g 5.0l PI3K-Akt-PKG-1/p-PLN-SERCA2a {5 5
200 Il Bax 2B H# 5 B EFEME (P<0.01), Bel-2 1 i@ p-PI3K/PI3K ., p-AKT/Akt, p-PLN %Kik
Bel-2/Bax Rk L #2255 SA b, MI4ll DA S 550 WU 98 T AL -7 Caspase 3 1% 14 1 Bax 5 [
WiBax EH#EEE LI (P<0.01), Bel-2 & Bel-  FIKFAERFHAAK, 5.0l PI3K-Akt-PKG-1/p-
2/Bax .3 N (P<0.05, P<0.01); 5 MIZ %, PLN-SERCA2a {55 #% 1 PKG-1. SERCA2az [
ME 4] Bax £ 1Rk B E ML (P<0.01), Bel-2 & Rk X 5.0 NN T A F Bel-2 8 I R IAAEAE I 3%

Bel-2/Bax #] i # 5 (P<0.01) (& 6b~d) . EAE (7). #OAEREOIDEER S E S
FREE RN, ORI ONIAT BER PI3K-AKt-PKG-1/p-PLN-SERCA2a 7 5 i I i 0 17
o, A s ] O LE T . FILC LA R I8 T4 56 56 2R 538 1)

26 1 I B8 5 PI3K-Akt-PKG-1/p—-PLN-
SERCA2aii&E N AAAT- X B ZY]
Pearson A P B 45 R won, KR EGO WL
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Fig. 6 The results of apoptosis related proteins expression in heart

(a) The activity of Caspase 3 in the myocardium was measured using a spectrophotometer, (b—d) Representative blots of the apoptotic proteins,

Bax (b), Bcl-2 (c), Bel-2/BAX (d) ratio.
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Fig.7 The correlation analysis of myocardial LVSP with PI3K-AKT-PKG-1 /p—PLN-SERCA2a pathway and apoptosis
The correlation analysis between myocardial LVSP and (a) p-PI3K/PI3K, (b) p-AKT/AKT, (c) pPKG-1, (d) p-PLN, (e) SERCA2a, (f) Caspase 3,

(g) Bax, (h) Bel-2.
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Aerobic—exercise—induced Activation of PI3K-Akt-PKG-1/p—PLN-SERCA2a
Pathway Inhibits Myocardial Cell Apoptosis and Improves Cardiac Function in
Myocardial Infarction Rats’

LIU Niu'?, TIAN Zhen-Jun"*"
(YSchool of Physical Education, Weinan Normal University, Weinan 714099, China;
Dnstitute of Sports and Exercise Biology, School of Physical Education, Shaanxi Normal University, Xi'an 710119, China)

Abstract To investigate the effect of aerobic exercise on cardiac function in myocardial infarction rats, SD male
rats were randomly divided into normal group (C group), sham operation group (S group), myocardial infarction
group (MI group), normal+exercise group (CE group) and myocardial infarction+exercise group (ME group) after
1 week of adaptive feeding. Then, an MI model was established by ligating the left anterior descending coronary
artery and group S only threading without ligation. One week after surgery, animals were randomly assigned to
receive 4 weeks of no training or training (1 h/d, 5 d/week on a treadmill). In detail, the training consisted of two
10-minute sessions at speed of 10 m/min and 13 m/min, and the remaining 40 min at speed of 16 m/min. The next
day after the training, blood flow mechanics was used to detect cardiac function. A single cell visual moving edge
detection system (Ion Optix) was used to determine [Ca’* ], amplitude, [Ca’ ], fluorescence ratio, departure
velocity, time to peak(TTP), time to peak50%(TTP50%), time to baseline50%(TTB50%), return velocity, ratio
amplitude, maximum contraction and diastolic rate of sarcomere(+dl/dtmax), sarcomere length(SL), peak twitch
amplitude(PTA) and SL shortening% . The related proteins of PI3K-AKT-PKG-1/p-PLN-SERCA2a signaling
pathway and apoptosis were detected by PI3K-AKT-PKG-1/p-PLN-SERCA?2a signaling pathway and apoptosis
related proteins were detected by Western blotting. Compared with group S, in group MI, PI3K-Akt-PKG-1/p-
PLN-SERCAZ2a signaling pathway is significantly inhibited, apoptosis and left ventricular end-diastolic pressure
(LVEDP) are significantly increased, left ventricular systolic pressure (LVSP) and maximum pressure increasing
and decreasing rate(+dp/dtmax), [Ca* ], amplitude, [Ca® ];ratio amplitude, departure velocity and return velocity
all significantly reduce, and TTB50%, TTP and TTP50% both significantly increase. The myocardial cells were
significantly reduced at the SL shortening%, PTA, +dp/dtmax. Compared with MI group, PI3K-Akt-PKG-1/p-
PLN-SERCA2a signaling pathway in ME group is significantly activated, apoptosis and LVEDP are significantly
reduced, LVSP and +dp/dtmax are significantly increased, ratio amplitude, [Ca™ ], amplitude, ratio velocity and
departure velocity are significantly increased, and TB50%, TTP and TTP50% are significantly shortened. The
myocardial cells were significantly inacased at the SL shortening%, PTA, +dp/dtmax. It can be concluded that
aerobic exercise improves the calcium transient and myocardial systolic function in peripheral infarction area of
MI rats, activates the PI3K-Akt-PKG-1/p-PLN-SERCA?2a signal, inhibits the apoptosis of myocardial cells, and
improves myocardial infarction function. Moreover, the improvement of myocardial infarction function is closely
related to the activation of PI3K-Akt-PKG-1/p-PLN-SERCA2a signaling pathway and the inhibition of
myocardial cell apoptosis.

Key words signaling pathway, myocardial infarction, aerobic exercise, rats
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