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Abstract: Objective To investigate the potential mechanism of astaxanthin and/or aerobic exercise in relieving D-
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galactose-induced myocardial aging in rats. Methods Forty SD male rats aged 3 months were randomly divided into five
groups, with 8 rats in each group: control group (group C), aging model group (group D), aging + astaxanthin group
(group DA), aging + aerobic exercise group (group DE) and aging + astaxanthin + aerobic exercise group (group DAE) .
There was no intervention for group C. The other four groups were intraperitoneally injected with 100 mg/kg*d D-galactose.
Group DA, DE and DAE were treated with 20 mg/kg* d astaxanthin and/or aerobic exercise at 60% VO, max, respectively.
The experiment lasted for 6 weeks. Twelve hours after the last training, the rats were sacrificed for heart harvesting. The
morphology of the heart tissue was observed under light microscope and the related biochemical indicators were measured.
Results The morphology of myocardium in group C was normal. Compared with group C, the myocardial cell in group D
showed disorder, fiber rupture and inflammatory cell infiltration. Compared with group D, groups DA, DE and DAE showed
improvement, including orderly arrangement of myocardial cells, relieved myocardial fiber rupture and reduction of
inflammatory cells, especially in group DAE. and the morphology of myocardial tissue in group DAE was much closer to
normal. Compared with group C, the activity of superoxide dismutase (SOD), y-glutamate cysteine synthase (y-GCs) and
the expression of sirtuin 1 (SIRT1), nuclear factor erythroid 2-related factor 2 (Nrf2), heme oxygenase-1 (HO-1) and B-
cell lymphoma-2 (Bcl-2) in myocardium and the ratio of Bel-2/Bcl-2-associated X (Bax) of group D decreased significantly
(P<0. 05 or P<0.01) ; the apoptosis level, the expression of Bax and the malondialdehyde (MDA ) content increased (P<
0. 05 or P<0.01). Compared with group D, the expressions of SIRT1, Nrf2 and HO-1 in group DA increased significantly
(P<0.05) , while the expression of Bax and the MDA content decreased significantly (P<0. 05 or P<0.01). The activity
of SOD and the expressions of SIRT1, HO-1 in group DE increased significantly (P<0.05 or P<0.01) , while the
expression of Bax and the MDA content decreased significantly (P<0.05 or P<0.01). The activity of SOD, y-GCs, the
expressions of SIRT1, Nrf2, HO-1, Bcl-2 and the ratio of Bel-2/Bax in group DAE increased significantly (P<0. 05 or P<
0.01); the apoptosis level, the expression of Bax and the MDA content decreased significantly (P<0.01). Compared with
group DA and DE, the expression of SIRT1, Bel-2 and the ratio of Bel-2/Bax in group DAE were increased significantly (P<
0.05 or P<0.01) , and the apoptosis level decreased significantly (P<0.05). Astaxanthin and aerobic exercise had
synergistic effect on the apoptosis level, the expression of SIRT1, Bel-2 and the ratio of Bel-2/Bax in myocardium.
Conclusion Astaxanthin and/or aerobic exercise intervention can alleviate and improve D-galactose-induced oxidative

stress, which is achieved by increasing the expression of proteins related to the SIRT1/Nrf2 signaling pathway. It can also
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reduce the level of cardiomyocyte apoptosis and delay the myocardial aging of rats.

Key words: Astaxanthin; aerobic exercise; aging; oxidative stress; SIRT1/Nrf2 signaling pathway; rats; heart
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Myocardial pathological examination results of rats in each group (HE, 200x)

Figure 1
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0.01); 5 DA.DE 41 Lt %, DAE 43 W & F+ = (P<
0.05 % P<0.01), N2 A LXK F, 5 C4lk
B, D A AR (P<0.01) ;5 D Z4H %, DA 41 .

DE41
5 2] B0 I 41 20 L 22 4G A 45 L (HE , 200%)

T /5

WL 2O A C 4 52 B0 B AR Ak -0 WL 45
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fitt o b DAE 2H ot A2 2 o i 2, D LA U RS

HHT IR FOIRAS LA 1.

DAEZL

F 1 AR RO IE AL 2R AR R AR BR K (s, n=8)
Table 1 The levels of oxidative stress indicators in
myocardium of rats in each group

| SOD/(U/mg) v-GCS/(U/mg) MDA/(nmol /mg)

CH 13.00+0.28 1.61+0.34 1.28+0.15

D4 10.69+0.21" 1.24+0.12" 1.37+0.21°

DA 4] 11.38+0.55 1.37+0.21 0.99+0.19%

DE 41 11.89+0.38* 1.55+0.32 0.86+0.17%

DAE 41 14.98+0.89" 1.92+0.29* 0.78+0.22"

TG CAMIE, P<0.05; 75 CAMEL, P<0.01; "5 DAM I, P<
0.01

2 OBAREOATALZSIRTL Nef2 F1 HO-1 25 14 i & ik
IK - (H-score , x+s,n=8)
Table 2 H-score of SIRT1, Nrf2 and HO-1 in myocardium

of rats in each group

il SIRT1 Nrf2 HO-1

c4 98.20+5.42 128.85+6.89 149.76+6.88
D4 38.55+4.02" 108.70+9.78"" 125.59+6.60"
DA 4 51.27+4.13* 123.09+6.53" 145.00+10.23"
DE 4 57.40+5.44" 118.00+4.99 142.97+11.59"
DAE 41 69.67+9.48%4 44 126.33+8.03" 153.46+9.56*

S CA4IAHEL, P<0.01;% 5 DALAH L, P<0.05;* 5 D 414 L, P<0.01;
AAE DAL, P<0.01;4 5 DE4LAA L, P<0.05

DAE #H . 715 (P<0.05) ,DE 2H & Fh i #a #h B
22 5 (P>0.05) ;5 DA DE 4l L%, DA .DE,
DAE #4141 8] J¢ . & 1 22 % (P>0.05) , {1 DAE 41
BTG, HO-1 SR RERIAKT, 5 C Abi,
D 40 M 3 K (P<0.01) ;5 D 404tk , DA . DE .



YR 2R/ A2 Bl X D-2 FURE S R BLG IR 2 22 19 T BUE I ——e Or R, 4%

—1189—

cu Eeee

D4l 5

DA4L -

DEZ

DAE4 -

\

T« A M A

TRAR (g 5t P, B o (8 v

JEE BRI, ¥ B €8 20 5 BV 96 € B P

K2 45 4R RO HEALSTSIRTT Nef2 Al HO-1 2 14 i % 15 7K 7
Figure 2 The expression of SIRT1, Nrf2 and HO-1 in myocardium of rats in each group

DAE #H 1 8 % 7 (P<0. 05 8 P<0.01);5 DA .DE
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B R IR KOFTE 3 PR RO (P>0. 05) 6
2.4 £ 41K RO IE L SV B 98 12 S Bel-2 . Bax 2K
F 5 2 38 K7

&3 3,5 CHlbE,D doEHaN
B 9 T KPR 3 T (P<0.01) 5 5 D AT,
DA \DE 2 FEAI%, {HJC i 35 ¥ 22 5 (P>0. 05) ,DAE 41
et % B AR (P<0.01) 5 5 DA DE 4 b4, DAE 41
R E BT (P<0.05) . Bel-2 HEH R EIAAKF, 5 C
A HHE LD A REAR(P<0.01) 55 D 4l K,
DA .DE 4 2 F+ & % 07 8 2422 % (P>0.05),
DAE ZH#% i 2 1 & (P<0.01) ; 5 DA .DE 41 [ %58,
DAE 413 B 2% J} &5 (P<0.05) . Bax & [0 5 ik K
L5 CAl bR, D A W E TR (P<0.01) 55 D A
A, DA DE . DAE 41 ¥ & 3% B ik (P<0. 05 1 P<
0.01);5 DA .DE 2 lb4 , DAE S &R ##  HI B
FME22 5 (P>0.05), Bel-2/Bax HWiH,5 C 4%,
D % B # AR (P<0.01) ;5 D 41 H %, DA . DE 41
BT T W22 5 (P>0.05) , DAE 414k
i % I+ (P<0.01) ;5 DA .DE 41 lL % , DA . DE.
DAE 4141 8] J¢ i & 1 2% 5% (P>0.05) ,{H DAE 41 %)

ST O WAL ZUA I T K Bel-2 3 1T
FIRIKF I Bel-2/Bax HAE B A P FEI R (P<0. 05) ,
Bax 2K [ Jit # 1k K- T¢ & 3 P3[R 3400 (P>0. 05) o
3 AAHRELMAHLANN I T L Bax \Bel-2 3 H R
F35KF (H-score , #+s , n=8)
Table 3 H-score of Bax, Bel-2 and apoptosis level in

myocardium of rats in each group

S 209 T Bel-2 Bax Bel-2/Bax
C4l  14.70+4.13 15.67+3.02 61.00+9.27  0.26+0.05
D#H  47.73+7.05" 1.70+0.18  100.12+10.557°0.02+0.01""
DA#H 38.63+8.08 3.42+0.83 82.84+4.35%  0.04+0.01
DEZ  40.68+6.39 4.24+1.70 81.58+4.49"  0.05+0.02

DAE 4] 26.79+6.05"44 7.83+2.15"24 71.22+8.01" 0.11+0.04"24

5 C4itl e, P<0.01;* 5 DAL L, P<0.05;% 5 DAL 1L, P<0.01;
S5 DA, P<0.05;4 15 DE 4L 1L, P<0.05

3 iFie

WAV WO NESS /Dy RE IR AT PR AR | 2 B ik
ok A B AL e AR Bl OB 78 L0 LA BB 45 0 145 R
RRIERRED, PFRERVEET#Y SIRT1 &
P35 2R T R 4 £ I S5 IR AT OGS Ak L 0 i
PR R i R Sl i IR LR IR DNA L5 S 4
JtL T 68 2 A, 0TS A IR T4 S, o 4 i AE T 3E
LR RO LA . SOD VE A LR HER 42 A
HY A 005 B 5 — B B 2k, IR PR R AR IS R A5
Jot H Ak (Glutathione , GSH) Jz& %8 1 [0 8 s 24 457 448 Jfd
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Figure 3 The expression of Bax, Bel=2 and the level of apoptosis in myocardium of rats in each group
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