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Effects of Combine Exercise on HSP70 and SOD1 Expression of Aorta, Skeletal
Muscle and Myocardium in High Fat Diet induced Obese Aging Rats

Nayoung Ahn PhD
Department of Physical Education, Keimyung University, Daegu, Korea

PURPOSE: Exercise improve myocardial cell protection and vascular function through cell repair and suppression of oxidative stress in
cardiovascular diseases caused by aging. This study aimed to investigate the effect of combine exercise on HSP70 and SOD1 protein
expression of aorta, skeletal muscle and myocardium in high fat diet induced obese aging rats.

METHODS: Male 50-week-old Sprague Dawley rats (n=40) were divided into normal diet (ND, n=10), normal diet+exercise (NDEX,
n=10), high fat diet (HFD, n=10), and high fat diet+exercise (HFDEx, n=10) groups. After six weeks on a high fat diet to induce obe-
sity, a 12-week combine exercise program was implemented, which combine exercise (treadmill running+ladder climbing) three times a
week for 45 minutes per session.

RESULTS: Body weight was significantly decreased after 12 weeks combine exercise program compared to the ND group (p<.05) and
HFDEx group compared to the HFD group (p<.05), respectively. After completing the 12-week exercise program, heat shock protein
70 (HSP70) and superoxide dismutase 1 (SOD1) expressions were significantly (p<.05) higher in the NDEx group compared to the
ND group in the myocardium. Also, SOD1 protein expression was significantly (p <.05) higher in the NDEx group compared to the ND
group and HFDEx group compared to the HFD group in the skeletal muscle.

CONCLUSIONS: : In conclusion, combine exercise intervention of high fat diet-induced obesity resulted in decreased cell repair pro-
tein and antioxidant enzyme protein in the myocardium. Therefore, it is thought that combine exercise intervention for obese induced
rats improved the cell repair protein and antioxidant enzyme activity of the myocardium.
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Table 1. Classification of experimental groups in 50 week old rats

Group n Classification

ND 10 Normal diet

NDEx 10 Normal diet+Combine exercise
HFD 10 High fat diet

HFDEx 10 High fat diet+Combine exercise

Table 2. Dietary compositions of normal diet and high fat diet induced
groups

Variable Dietary compositions
Normal diet  Carbohydrate 64.5%, fat 11.8%, protein 23.5%/total kcal
Highfat diet ~ Carbohydrate 30%, fat 50%, protein 20%/total kcal
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Fig. 1. Changes in body weight during high fat diet-induced obesity in-
duction and exercise intervention.*p < .05 vs. ND group by one-way ANO-
VA; *p<.05 vs. the NDEx group by one-way ANOVA; 'p<.05 vs. the HFD
group by one-way ANOVA. ND, normal diet; NDEx, normal diet+exercise;
HFD, high fat diet; HFDEX, high fat diet + exercise.
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Fig. 2. Comparison of HSP20 protein expression in ND, NDEx, HFD, and HFDEx groups. (A) Arota, (B) Skeletal muscle, (C) Myocardium. Results represent the
mean +SE. “p<.05 vs. ND group by one-way ANOVA; “p <.05 vs. the NDEx group by one-way ANOVA; 'p<.05 vs. the HFD group by one-way ANOVA. ND,
normal diet; NDEx, normal diet + exercise; HFD, high fat diet; HFDEX, high fat diet + exercise.
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Fig. 3. Comparison of SOD1 protein expression in ND, NDEx, HFD, and HFDEx groups. (A) Arota, (B) Skeletal muscle, (C) Myocardium. Results represent the
mean + SE. *p <.05 vs. ND group by one-way ANOVA; “p<.05 vs. the NDEx group by one-way ANOVA; 'p<.05 vs. the HFD group by one-way ANOVA. ND,
normal diet; NDEx, normal diet + exercise; HFD, high fat diet; HFDEXx, high fat diet + exercise.

https://www.ksep-es.org

oMLY - HIRE L5t

rM
=]
1°
i
o

230 th

ol
12

I 251




EXERC SCl

Vol.29, No. 3, August 2020: 248-255

22 A atherogenesis) A4S A5} 2

th27]. E3F HSP70

I &4 }(ischemia—reperfusion injury)
W Btk B sgIeH2s], Teit rE A sk
(claudication), 41243t 542 8|8 Bl FWF(aneurysms) 2EAFof| A=
HSP70 3] 4 20] ] Liefsteka siick9). 1ot 24 Aak%
uPgolA] HSPT0S] Siahe 917 le upef ch4 40 o7} gl
Fig, 2014 LFER H}2} 7240] N 2 1l HEDEx 129] 9% 12
& AR NS SR 0] S ehch 20FlE

o “410}04 NEe

ﬂl

014
[o
i

“?
:ﬂ
&
r{m
offl
rO
W %
)
3
N
_1
&N
m
)

1
lo
3
2ha
offl
1)
Al
'
Mo
oft
‘1°|’ Tt
B
=
e
@y 2
rlo
>£
=)
| Io =
o
i
e
H‘
J?'—
L)
1o

of wis 571
30]=191.0H, 6-8
E,Oﬂﬁ HSP70 T

] Al:Lx

2 1o
T
w
s~}
3
aY)
=
i)
123
rel
o
(@)}
=
e
20}
)
flo
N
rle
o (o]
Mo

e 24
[

ol |o
A
N
=
e
"
X
2
B
rie
rE
&

28z

o

—= £

T iil

ot

_ﬂ% BN H ol

oo N
O
2
=
tott
Jz
ro
X
T
i
2
of
ot
o
=
=
o
=
oZ
N
)
)

o2

b W 01'“
Ho u
¥4

R
)
ro
re
-

N
e
fo

1=

X

e s
I3
g
Y

O rL]
2,

)
|
R
iy
)
2,
T
w
=g
3

O
ox
o
iu}
il
4
%0,
o
i)
)
e B

i
>

ol
A
o4

N
iy
=2
i)
x

o
=

1o pft O
=
X
T
e et

Fig. 30]|A] LR ufel 2ho] Atz 2ol 4] 25 T50] SOD1 T
2 hglo] vl =7 Yepkon 53] ZAToA= % 1wl Hl
& 1E5°l Bleh 2ot =7 e THND vs. NDEx, HFD vs.
HFDEX). 2470 =3} $+7 79 B 30 m =2 1Y 4524 6527¢
EY =g 253 g AtollAl AEZ oA SODI A Wrdo] 3
7M°ﬂ Oftﬂll 391 A 2] 20527t 5 ?— 4AleflA] SODI Thai 2
24 Aot U3
o} et ﬁﬁéfﬂl T2 5 Ao F2 F 37H?el o} =3} F (3074
A)] A 5 457 AR ATk ZAToA] SODI T iy
o] F Flolli= 7o 3} F= @8]8 Aasiglom(15], 3

252 | Nayoung Ahn « Exercise on HSP70 and SOD1 Expression of Myocardium

© 45 30657122 =3t F04-27712) 0] IR 252 3t A
B2 A 2O B 7 F 24 BIE SODIO] 248t Hglo.
) 125} 1= Aol 5t SODIZ SHsfEgleHIA). T4t 9 419 &
291 34 E = 25 F 2272004 SODI T e F71stg
UFSODI mRNA: EH48ke]] RteH32). o] Ae] ATt Lo A ¢
%, S5 ae Ul £%71b we} Awto) ol Lehton st 7o)
A 9 B2 2 ALE S QX5 2tk
RIS =S

7 7o) 6054 2 59, 12577 2] £5&
%

@)
=
N
olN
N
31
o
_‘EL
a
:l
i
T
oX
)
" Tlo
4
pa)
ox
BN
10
>
N
N
[m 2

HI
o
£
T
_vg
2
i)
I
=
iy
_\::l
fr
é
ol
)
>
o
z
[}
E
>
)
)
)
Ho

oA} Liekron, B2l &5
oA B L%—oﬂﬂw il 441714 9 15l 4
S ELPELERERUR

T AT 2T 15 m e SFF 3024 $1 59, 357t B
=g 27 &5 3 tE o)A SOD1 T i o] #Hsh= lqict
515101[17 0] 740} 7)7b whe ALE ) chopat 29159)
Sl SJ3) A} &S w-gol CHEAO 2 ALk E5lo
o7 Z| o] 5320l 2PakA] #(wheel) Y
SP70 40} Hslo] Zh4sion, o) Bkl
a7} 240} ] 24014 CuZnSODS)
A4 A7) B} qHso] 250] A2
FS- 3hchal B ATSFITH35]. HSPE= A SEAPE E= Af3E
2ot N QJ7] A (extracellular) 2 H|EE 4= 9Jom, A2 2]7]
HSP60 % HSP70-> A5 Abo] E71R16] A/ B #H|E =5}
O 2 UEhRth3e). 1 e & Aol A s e =
B4 helo] A E )74} sHelo] UX|3H) opol 5
X A3 A HP st Bk 71 Afole] Ry kA
OBz A&AQ] A7} e Zlolrt.

HSP2] AFs| 2 242 Z AH(transcription), 1% (translation), £-H](re

lease) & Alof5h= &R 71H0] Gl <= QAIRHHSP o) 22 5

%lﬂ
O_]>~I

f
o
rot

k1
i)
L.

o 3
d= 3k
"\:ﬂ

EuRs|

2
ox rr

> rr
as]
[‘-10 FIO
o
HN oft

[m
2
vt

I

N
ox

0:

_IB.—E‘

N
=oor
ol
rl-> o\
o2

i

i
o

_IE-. rlo l
s oot TP
o = o o

_ﬁ
x2

https://www.ksep-es.org



https://doi.org/10.15857/ksep.2020.29.3.248

A = 2o 2 Uehytow, HSPo Al f 2
S AR b E_tﬂgi A7 A0 2 LFERGTH37). HSP 9l
FAA 7} A Ueh] ko] Ax] B
-ﬂ P B A] L SIAINE AR oA
HSP27 & Hsp9o,4 A% 1—@ V) AZEo] HSP ks Ako] S sEAL
HhGof] Trojsl= A0 2 Kotk K
3270 W A 710] HSP70 ThaE b

1 a

re
s
2
s
rN
>,
5 P
N
1o
rE

ol

FBL

o) X}OM e ALEAYE s10s) o] o a1 WA s

o] QIR ob 2] B Hgshn 2 A5 A0l #5717t W ag Aol

5 W £52 FA2 A5l @3] ol m2Eap)
Ao 555] o] Fol A A8HA] el AR 7|, b
ah4) 2227k A EekE v EECHole] EAfSHE Bk} &
o] ofat AT olisele] F7hm claf 2Rk, 1B R
ARAT0] Aol of3) FAToAle] T WL hE Y W 4
T 57IRk] £ 6 G WXL A0 2 Bekct o} 23 4]
7¥9) £ 2 o] FATmEY objet chiEa 1 4172e] HSP70 T
RS 5L $EOR GANAZO RN HLHLY AEd 2] o)
AR S S 4 Gl THe A SHelg Ao Azeck

12 }F HSP70 2 S

™ 3
=
o] Wl AR uhe e Z R O] Lot ARkl ik F7141%)

5057 Bl G 9] 1277 BT A2oA] HSP70 thil
] hglo] 42| Uehton i, B2 9 412 AlZeA SODI B

uhglo] Z71etgi) Teln R vk st HE o 2 3 25
Al /\ﬂ:TE Q}}L E]—HHZ] ul 5]— g}ﬁﬁ\_ Aé 7] 7HA—]A]ZJ

o] =2 Aol Qlota] ofmRl 22 0 = RE AS 2T YA
A& A gFter, =l Y-S v o e o WA ¢l

https://www.ksep-es.org

EXERC SCI

tlo

ghelck

e
=]

AUTHOR CONTRIBUTIONS

Study concept and design: N Ahn; acquisition of data: N Ahn; analy-
sis and interpretation of data: N Ahn; drafting of the manuscript: N
Ahn; critical revision of the manuscript: N Ahn; obtained funding: N

Ahn.

ORCID

Nayoung Ahn  https://orcid.org/0000-0002-7300-5174

REFERENCES

1. Reeve JL, Duffy AM, O'brein T, Samali A. Dont lose heart therapeutic
value of apoptosis prevention in the treatment of cardiovascular dis-
ease. ] Cell Mole Med. 2000;9:609-22.

2. Powers SK, Quindry JC, Kavazis AN. Exercise-induced cardioprotec-
tion against myocardial ischemia-reperfusion injury. Free Radic Biol
Med. 2008;44:193-201.

3. Niku KJ, Oksala E, David E, Laaksonen J, Savita L, et al. Heat shock pro-
tein 60 response to exercise in diabetes effects of a-lipoic acid supplemen-
tation. ] Diabetes Complications. 2006;20:257-61.

4. Schmitt E, Parcellier A, Gurbuxani S, Cande C, Hammann A, et al. Che-
mosensitization by a non-apoptogenic heat shock protein 70-binding
apoptosis-inducing factor mutant. Cancer Res. 2003;63(23):8233-40.

5. Rajdev S, Hara K, Kokubo Y, Mestril R, Dillmann W, et al. 2000. Mice
overexpressing rat heat shock protein 70 are protected against cerebral
infaction. Ann Neurol. 2000;47:782-91.

6. Moran, M., Delgado J, Gonzalez B, Manso R, Megias A. Responses of
rat myocardial antioxidant defences and heat shock protein HSP72 in-
duced by 12 and 24-week treadmill training. Acta Physiol Scand.
2004;180:157-66.

7. De Haan JB, Crack PJ, Flentjar N, lannello RC, Hertzog PJ, et al. An
imbalance in antioxidant defense affects cellular function: the patho-
physiological consequences of a reduction in antioxidant defense in the
glutathione peroxidase-1 (Gpx1) knockout mouse. Redox Rep. 2003;
8(2):69-79.

8. Powers SK, Quindry J, Hamilton K. Aging, exercise, and cardioprotec-
tion. Annals of the New York Academy of Sciences. 2004;1019:462-70.

OII

CHIE - HITRE L35t SF|e| &

r:.or

20| LS

I 253

I'




EXERC SCI

Vol.29, No. 3, August 2020: 248-255

EXERCISE SCIENCE 2R3

9. Durrant JR, Seals DR, Connell ML, Russell MJ, Lawson BR, et al. Vol-
untary wheel running restores endothelial function in conduit arteries
of old mice: direct evidence for reduced oxidative stress, increased su-
peroxide dismutase activity and down-regulation of NADPH oxidase.
J Physiol. 2009;587:3271-85.

10. Trott DW, Gunduz E Laughlin MH. Woodman CR. Exercise training
reverses age-related decrements in endothelium-dependent dilation in
skeletal muscle feed arteries. ] Appl Physiol. 2009;106:1925-34.

11. Rinaldi B, Corbi G, Boccuti S, Filippelli W, Rengo G, et al. Exercise
training affects age-induced changes in SOD and heat shock protein
expression in rat heart. Exp Gerontol. 2006;41(8):764-70.

12. Starnes JW, Taylor RP, Park Y. Exercise improves postischemic func-
tion in aging hearts. Am ] Physiol Heart Circ Physiol. 2003;285(1):
H347-51.

13. Ascensao A, Magalhaes J, Soares J, Ferreira R, Neuparth M, et al. Endur-
ance training attenuates doxorubicin-induced cardiac oxidative damage
in mice. Int ] Cardiol. 2005;100(3):451-60.

14. Navarro-Arévalo A, Ca™navate C, Sinchez-del-Pino MJ. Myocardial
and skeletal muscle aging and changes in oxidative stress in relation-
ship to rigorous exercise training. Mech Ageing Dev. 1999;108(3):207-
17.

15. Murlasits Z, Cutlip RG, Geronilla KB, Rao KMK, Wonderlin WE et al.
Resistance training increases heat shock protein levels in skeletal muscle
of young and old rats. Exp Gerontol. 2006;41(4):398-406.

16. de Moraes C, Davel APC, Rossoni LV, Antunes E, Zanesco A. Exercise
training improves relaxation response and SOD-1 expression in aortic
and mesenteric rings from high caloric diet-fed rats. BMC Physiology:.
2008;8:1-8.

17. Fukai T, Siegfried MR, Ushio-Fukai M, Cheng Y, Kojda G, et al. Regu-
lation of the vascular extracellular superoxide dismutase by nitric ox-
ide and exercise training. ] Clin Invest. 2000;105(11):1631-9.

18. Harman D. Aging: a theory based on free radical and radiation chem-
istry. ] Gerontol. 1956;11(3):298-300.

19. Powers SK, Lennon SL, Quindry J, Mehta JL. Exercise and Cardiopro-
tection. Curr Opin Cardiol. 2002;17:495-502.

20. Hancock CR, Han DH, Chen M, Terada S, Yasuda T, et al. High-fat
diets cause insulin resistance despite an increase in muscle mitochon-
dria. Proc Natl Acad Sci USA. 2008;105(22):7815-20.

21. Lee S, Barton ER, Sweeney HL, Farrar RP. Viral expression of insulin-
like growth factor-1 enhances muscle hypertrophy in resistance-trained

rats. Journal of Applied Physiology. 2004;96(3):1097-104.

- 254 | Nayoung Ahn « Exercise on HSP70 and SOD1 Expression of Myocardium

22.Ivy JL, Young JC, MclLane JA, Fell RD, Holloszy JO. Exercise training
and glucose uptake by skeletal muscle in rats. ] Appl Physiol. 1983;55:
1393-6.

23. Haddad E Adams GR. Aging-sensitive cellular and molecular mecha-
nisms associated with skeletal muscle hypertrophy. ] Appl Physiol.
2006;100:1188-203.

24. Atalay M, Oksala NK, Laaksonen DE, Khanna S, Nakao C, et al. Exercise
training modulates heat shock protein response in diabetic rats. ] Appl
Physiol. 2004,97:605-11.

25.Siu PM, Bryner RW, Martyn JK, Alway SE. Apoptotic adaptations
from exercise training in skeletal and cardiac muscles. FASEB ]. 2004;
18:1150-2.

26. Domennech R]. Precondition. A new concept about the benefit of ex-
ercise. Circulation. 2006;113:e1-€3.

27.Zhu ], Quyyumi AA, Wu H, Csako G, Rott D, et al. Increased serum
levels of heat shock protein 70 are associated with low risk of coronary
artery disease. Arterioscler Thromb Vasc Biol. 2003;23:1055-9.

28. Jayakumar J, Suzuki K, Sammut IA, Smolenski RT, Khan M, et al. Heat
shock protein 70 gene transfection protects mitochondrial and ven-
tricular function against ischemia-reperfusion injury. Circulation.
2001;104:303-7.

29. Pockley AG, De Faire U, Kiessling R, Lemne C, Thulin T, et al. Circu-
lating heat shock protein and heat shock protein antibody levels in es-
tablished hypertension. ] Hypertens. 2002;20:1815-20.

30. Lawler JM, Kwak HB, Kim JH, Suk MH. Exercise training inducibility
of MnSOD protein expression and activity is retained while reducing
prooxidant signaling in the heart of senescent rats. Am J Physiol Regul
Integr Comp Physiol. 2009;296(5):R1496-502.

31. Brown DA, Jew KN, Sparagna GC, Musch T1, Moore RL. Exercise
training preserves coronary flow and reduces infarct size after ischemia-
reperfusion in rat heart. ] Appl Physiol. 2003;95(6):2510-8.

32. Hollander J, Fiebig R, Gore M, Ookawara T, Ohno H, et al. Superox-
ide dismutase gene expression is activated by a single bout of exercise
in rat skeletal muscle. Pfliigers Archiv. 2001;442(3):426-34.

33. Ristow M, Schmeisser S. Extending lifespan by increasing oxidative
stress. Free Radic Biol Med. 2011;51:327-36.

34. Lee S, Park Y, Dellsperger KC, Zhang C. Exercise training improves
endothelial function via adiponectindependent and independent
pathways in type 2 diabetic mice. Am ] Physiol Heart Circ Physiol.
2011;301(2):H306-14.

35. Hagg U, Johansson ME, Gronros J, Naylor AS, Jonsdottir IH, et al.

https://www.ksep-es.org



https://doi.org/10.15857/ksep.2020.29.3.248

Gene expression profile and aortic vessel distensibility in voluntarily
exercised spontaneously hypertensive rats: potential role of heat shock
proteins. Physiol Genomics. 2005;22(3):319-26.

36. Asea A, Kraeft SK, Kurt-Jones EA, Stevenson MA, Chen LB, et al.
HSP70 stimulates cytokine production through a CD14-dependant
pathway, demonstrating its dual role as a chaperone and cytokine. Nat
Med. 2000;6:435-42.

37. Pirkkala L, Nykanen P, Sistonen L. Roles of the heat shock transcription

https://www.ksep-es.org

EXERC SCI

factors in regulation of the heat shock response and beyond. FASEB .
2001;15:1118-31.

38. Serrano C, Bolea R, Lyahyai J, Filali H, Varona L, et al. Change in HSP
gene and protein expression in natural acrapie with brain damage. Vet
Res. 2011;42(13):1-12.

39. Kim SH, Ahn NY, Hong CB, Kim K]J. The effect of acute and pro-
longed endurance awim exercise on antioxidant and mitochondrial

enzymes in rat skeletal muscle. Exerc Sci. 2011;20(4):359-66.

0
=
02
=
]
30
Ll
H
it
ror
i)
1o
i
o

20| LS




