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Effects of tanshinone II A on cardiomyocyte apoptosis and PI3K/Akt
pathway in rats with dilated cardiomyopathy
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(Department of Cardiology, Second Affiliated Hospital of Henan Traditional Chinese Medicine
Hospital/Henan University of Traditional Chinese Medicine, Zhengzhou 450002, China)

[ Abstract]  Objective To investigate the effect of sodium tanshinone II A sulfonate (STS) on cardiomyocyte
apoptosis in rats with dilated cardiomyopathy (DCM) , and its potential mechanism of action. Methods DCM rats were
randomly divided into DCM, STS-L, STS-M, STS-H, Carvedilol (CAR), and control groups, 12 rats in each group. Left
ventricular internal diameter at end-systole (LVIDs) and left ventricular internal dimension at end-diastole (LVIDd) , and

left ventricular ejection fraction (LVEF) were measured by echocardiography. Pathological injury of myocardial tissues was
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observed using hematoxylin and eosin, and Masson trichrome staining. Tumor necrosis factor-a (TNF-a) and interleukin-6
(IL-6) levels were quantified using enzyme-linked immunosorbent assays, while apoptosis in cardiomyocytes was detected
usingTUNEL staining. Expressions of phosphorylated phosphatidylinositol 3 kinase ( p-PI3K), phosphorylated protein
kinase B ( p-Akt), Bax, caspase-3, and Bcl-2 were detected by immunoblotting and immunohistochemistry. Results
Compared with the control group, the DCM group exhibited increased LVIDs and LVIDd, decreased LVEF, increased
myocardial histopathologic scores and percentage of cardiac collagen fibers, increased serum levels of TNF-a and IL-6, and
increased apoptosis index (Al) in cardiomyocytes (P < 0.05). Compared with the DCM group, the STS and CAR groups
exhibited decreased LVIDs and LVIDd, increased LVEF, decreased myocardial histopathologic scores and percentage of
cardiac collagen fibers, decreased serum levels of TNF-a and IL-6, and decreased apoptosis index( Al) in cardiomyocytes
(P < 0.05). Compared with the control group, the expressions of p-PI3K, p-Akt, and Bel-2 proteins were decreased in
the DCM group, while expressions of caspase-3 and Bax proteins were increased (P < 0.05). Compared with the DCM
group, the expressions of p-PI3K, p-Akt, and Bcl-2 proteins in STS and CAR groups were increased, while expressions of
caspase 3 and Bax proteins were decreased (P < 0.05). Conclusions STS may inhibit cardiomyocyte apoptosis in DCM
rats by activating PI3K/ Akt signaling and exert protective effects.
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Figure 1 Echocardiographic detection of the left ventricular function in the rats

F1 K4OMER LVIDs LVIDd \LVEF KA (n=12, % +5)
Table 1 LVIDs, LVIDd, and LVEF levels in the hearts of each group

CAR 41 TNF-a I1-6 ARG, 22 5 HA W& (P<
SIS (P<0.05)

(£3)

ZH 5 Groups LVIDs( mm) LVIDd( mm) LVEF(%)
X HEZH Control group 1. 86+0. 17 4.46x0. 64 85.33+7.87
DCM 4 DCM group 2.54+0.25" 6.94+0.87" 69.95+4.31"
STS-L 2l STS-L group 2.31+0. 28" 6.27+0. 59* 75. 15+3. 96"
STS-M £ STS-M group 2.27+0. 33* 6. 14x0. 41* 76.33+6. 28*
STS-H 4 STS-H group 2.19+0. 25* 5.87+0. 55# 77.94+4. 67*
CAR 41 CAR group 2.08+0. 14* 5.71+0. 68* 79. 75+5. 84*

S X IR LA, * P<0. 055 DCM 41 14, #P<0. 05,

Note. Compared with the control group, * P<0.05. Compared with the DCM group, *P<0. 05.

puicei:n DCM#4 STS-L4 STS-M4L STS-H4L CAR4
Control group DCM group  STS-L group STS M group STS-H group ~ CAR group

HE%:
HE staining 5

Masson et B

Masson
staining

B2 KEONHESRRENAS . HE Masson 4L

Figure 2 Histological changes in the myocardium of the rats. Hematoxylin and eosin, and Masson trichrome staining

x2 BHAKRBONALYREBOEI L (n=12, % £5)

Table 2 Histological changes in the myocardial tissues of rats in each group

215 Groups 5 B2E1F 43 Pathological scores /DH,JLHQJE2$£E l:,t & .
Myocardial collagen fiber ratio

Xf B4 Control group 0.16+0.03 6.52+0. 31

DCM 41 DCM group 3.67+0.56 " 56.42+7.39 "
STS-L £ STS-L group 3.25+0. 33" 45.73+5. 41%
STS-M £H STS-M group 2. 88+0.29%¢ 34,216, 32%¢
STS-H #1 STS-H group 2.0920. 284 30. 724, 37%

CAR 41 CAR group 1. 96+0. 35% 24.66+3.51%

S AL S, * P<0. 0555 DCM 41 %, * P<0. 05; 5 STS-L 41 He4, € P<0. 05; 5 STS-M 4 b4, 2 P<0. 05,

Note. Compared with the control group,
with the STS-M group, * P<0. 05.

* P<0. 05. Compared with the DCM group, *P<0. 05. Compared with the STS-L group, %P<0. 05.

Compared
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F3 KLU TNF-a,1L-6 K FHEE (=12, x 5 )
Table 3 Serum TNF-a and IL-6 levels in each group

205 Groups TNF-a(ng/L) IL-6(ng/L)

X HEZH Control group 16. 52+2. 31 53.47+4.29
DCM # DCM group 46.42+5.39" 361.44+23.41"
STS-L 41 STS-L group 35.73+5. 41*% 216.33+19.07*

STS-M 4 STS-M group
STS-H 4 STS-H group
CAR 2 CAR group

29. 214, 32"
23,7244, 3744
20. 66+3.51*

178.19£21.22%¢
131. 66+10.95%4
116. 47+13.29*

T SXHRALEER, * P<0. 05555 DCM 41H#:, #P<0. 0555 STS-L 4148, “ P<0. 05; 5 STS-M 41142, 2 P<0. 05,
Note. Compared with the control group, * P<0.05. Compared with the DCM group, #P<0.05. Compared with the STS-L group, ¥P<0.05. Compared

with the STS-M group, * P<0. 05.
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X RAIAH L, DCM 40 L4 A1 FH i, 2 5%
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0.05), (K13.3%4)

2.5 Western blot 7&K B/ ALZA LR
Akt Bcl-2, caspase-3.Bax & B &K%
l5§ N

1 p-PI3K ,p-

STS MQHSTS M group STS- H?ﬁéTS H gT;)up CARZECAR gr-oup‘
B3 TUNEL iZUMES AR B AT T 20 ( X 100)
Figure 3 Apoptosis in cardiomyocytes in the rat heart
tissues in each group. TUNEL staining.

x4 SARBONAEMTHLM R (n=12, % +5)

Table 4 Apoptosis in the rat cardiomyocytes of

each group
205 Groups AEIH T (%) Apoptosis index
X B 20 Control group 11.56+1.32
DCM 41 DCM group 42.17+3.78"
STS-L 2 STS-L group 32.81+3.26%

STS-M 41 STS-M group 25.37+3.01%

STS-H # STS-H group 19. 56£2. 27%4

CAR 4 CAR group 18. 742, 34*

TE: IR LEE, * P<0.05; 55 DCM 40 HL4, " P<0.05; 55 STS-L 41
H#, 4 P<0. 05; 5 STS-M 4 H %, 2 P<0. 05,

Note. Compared with the control group, * P<0.05. Compared with the
DCM group, *P<0.05. Compared with the STS-L group, ¥P<0.05.
Compared with the STS-M group, * P<0. 05.
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i FEPE(P<0.05) ;5 DCM 41 AH H, STS 4% 41 LA I
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HHE(P<0.05) . (1514.555)
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I PH: 2R IK8 3RBEAIX, caspase-3 , Bax PH 15 HK Rik
T, 25 BA BEME(P<0.05) ;5 DCM 4,
STS %40 L J¢ CAR 41 p-PI3K , p-Akt  Bel-2 & [ FH
PER IR R TL 1, caspase-3 | Bax £ [ PH P 6 3k A %
i, 227 BA BEM(P<0.05) ; BE STS & AT
151 , caspase-3 . Bax £ [ PH M 3R 3k 28 % W BE AKX, p-
PI3K ,p-Akt Bcl 2 HHKIA E%ﬁm (F%‘l 5.%6)

B C
pPISK J-— —--.
- — e i —
p-Akt [ —
ol D — - .
Caspase-3 | — — -.‘ -

Bax == R D G e —

011 e e i

LA 6FHEZE; B DCM 41; C. STS-L 48 D STS-M 41, E: STS-H
Z;F:CAR 41,

Bl 4 Western blot #ll.0oLEHZ 1 p-PI3K  p-Akt,

Bel-2 , caspase-3 , Bax & EESIN

Note. A, Control group. B, DCM group. C, STS-L group. D, STS-M
group. E, STS-H group. F, CAR group.

Figure 4 The expressions of p-PI3K, p-Akt, Bel-2,

Caspase-3 and Bax in the rat myocardial tissues of

each group, detected by western blotting
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RS HHON p-PI3K p-Akt Bel-2  caspase-3 Bax [ FRIAAI HLE (n=12, % +5)

Table 5 Comparison of protein expressions of p-PI3K, p-Akt, Becl-2, Caspase-3 and Bax in the rat myocardia of different groups

213 Groups p-PI3K p-Akt Bel-2 Caspase-3 Bax
X} B2 Control group 1.35+0.29 1.13£0. 14 0.89+0. 11 0. 170. 03 0.19+0.03
DCM 41 DCM group 0.18+0.03 * 0.20+0.03 0.22+0.03 " 0.76+0. 04 * 0.97+0.08 *
STS-L £ STS-L group 0. 33x0. 04" 0. 43=0. 04* 0.35+0. 04* 0. 69+0. 08" 0. 86+0.05"
STS-M 44 STS-M group 0. 57+0. 04*¢ 0. 76+0. 08* 0. 48+0. 11%& 0. 41x0. 06 0. 62+0.07%
STS-H #1 STS-H group 0. 89+0. 06*¢4 0. 89+0. 05*¢4 0.71£0. 07%¢4 0.21+0. 03*¢2 0. 38+0.04%%4
CAR # CAR group 1.05+0. 13" 0.93=+0. 14* 0.77+0. 11* 0. 13x0. 04" 0.25+0.03"

. SXRHBA AL, * P<0.05;5 DCM 2H 48, # P<0. 05 ;5 STS-L 4 A, € P<0. 0555 STS-M #H [b#¢, © P<0. 05,

Note. Compared with the control group, * P<0.05. Compared with the DCM group, #P<0.05. Compared with the STS-L group, ¥P<0.05. Compared

with the STS-M group, “ P<0. 05.

xR DMCHA STS-L4 STS-M4 STS-HZ CARHA
Control group DCM group STS-L group STS-M group STS-H group CAR group
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Figure 5 Expression of p-PI3K, p-Akt, Bcl-2, caspase-3, and Bax proteins in the rat myocardial tissues.

Immunohistochemical staining.

R 6 £ p-PI3K p-Akt Bel-2  caspase3 Bax 2 FIFHTER L (n=12, % +5)

Table 6 Comparison of the positive rates of p-PI3K, p-Akt, Bel-2, caspase 3, and Bax proteins in the

rat myocardial tissues in each group

2073 Groups p-PI3K p-Akt Bel-2 Caspase-3 Bax
Xf B ZH Control group 60. 34+6. 44 66.73+6. 18 48. 176.74 10. 86+2. 13 10.57+1. 82
DCM £ DCM group 13.58+2. 13~ 15.16+3.09 " 11.27+2.09" 48.08+5.29" 45.19+4.03*
STS-L 44 STS-L group 20. 16+2. 87* 22.63+3.17% 19. 14+2. 27% 32.13+9. 18* 38.13+3. 48
STS-M 41 STS-M group 29.24x+3. 16*¢ 34.52+5.37%¢ 32.72+3. 15%¢ 28. 17+4. 34* 29. 18+2. 24
STS-H #{ STS-H group 38.47+3. 354 46.53+7. 48%¢2 38. 17+6. 744 23.08+4. 18%4 18. 87+4. 0374
CAR # CAR group 54.08+1. 59% 54.26+6. 87" 41.42+3. 43% 21. 16+1. 35" 17. 743, 39%

SN AL SR, * P<0. 0555 DCM 41 %, #P<0. 0555 STS-L 41 Lb 42, € P<0. 05; 5 STS-M 4] Lb4%, 2 P<0. 05,

Note. Compared with the control group, * P<0.05. Compared with the DCM group, ¥P<0.05. Compared with the STS-L group, ¥P<0.05. Compared

with the STS-M group, “ P<0. 05.
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