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Abstract

Objective: Heart failure is a clinical syndrome known as final stage of cardiovascular disease. Oxidative stress
is an important pathogenesis factor in development of heart failure and seems any intervention that improves
oxidative stress balance help to these conditions. The purpose of this study was to investigate the high-intensity
interval training on myocardial protein expression of SIRT3, FOX03a, SOD2 and cardiac function.

Methods and Materials: Twenty-four male Wistar rats with 8-weeks and 200 + 50 weight were randomly
divided into three groups: health control, heart failure-control and heart failure-high-intensity interval training.
Heart failure was induced by 130 mg/kg isoproterenol for 4 days. Exercise training including 5 intervals, 4
minutes at 85-90% maximum oxygen consumption separated with 2 minutes at 50-60% maximum oxygen
consumption. 48 hours after last session training, tissue was collected and protein expression was done by
western blotting. Data were analyzed through SPSS and one-way ANOVA and Tukey post hoc.

Results: The results indicated that SIRT3 (P< 0.001), FOXO3a (P < 0.05) and SOD2 (P< 0.01) significantly
reduced after exercise intervention. Additionally, interstitial fibrosis decreases after 8-week high intensity
interval training concomitant with increase in ejection fraction, fractional shortening, and decrease of left
ventricular internal systolic (P< 0,001).

Conclusions: High-intensity interval training decreases oxidative stress and improves cardiac function via
SIRT3/FOX03a/SOD?2 signaling pathway in rats with heart failure.
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Extended Abstract

Background and Purpose

Heart failure (HF) is a clinical syndrome characterized by the impaired ability of ventricular filling
pressure or depressed cardiac output that result in neurohormonal dysfunction, inflammation,
structural and functional integrity disorder (such as coronary or myocardial disease) (1). HF
associated with pathophysiological alteration in cellular events such as hypertrophic growth, fibrosis,
inflammation, oxidative stress and cell death. Oxidative stress is an important characteristic of HF
reflects an imbalance between the systemic reactive oxygen species generation and intracellular
antioxidant defense. Sirtuins are a family of enzymes that catalyze NAD-dependent acetylation and
known as oxidative stress sensors and cellular redox modulators (2). Evidence suggests that SIRT3
protect the heart against oxidative stress by mitochondrial signhaling cascade response involving
FOXO03-dependent transcription of SOD2 (3). Exercise training is accepted as a non-pharmacological
strategy to improve cardiac function induced increase of oxygen uptake, attenuation of cardiac
remodeling, cell death, oxidative stress, and increase of antioxidant capacity in cardiovascular disease
(4). Exercise intensity is effective parameter on cardiovascular adaptation. Evidence indicated that
high-intensity interval training (HIIT) versus traditional training has greater effects on pathological
remodeling, systolic and diastolic function in HF patients (5). However, the precise mechanism of
HIIT cardioprotective effects in HF models remain unclear. Therefore, researchers hypothesis that
HIIT improves cardiac function SIRT3/FOX03a/SOD?2 signaling pathway in rats with HF.

Materials and Methods

Twenty-four male Wistar rats (8 weeks old, weighing 200-250 g) were used in this study and divided
into healthy control (CTR), heart failure control (HF-CTR), and heart failure-HIIT (HF-HIT). HF
was induced by 130 mg/kg of isoproterenol solved in sterile saline and subcutaneously injection for
4 days, while the control group received sterile saline. Echocardiography was performed using a 10-
MHz linear array transducer connected to a Vivid 7 expert ultrasound system at a speed of 100 mm/s.
The HIIT session consisted of 5 intervals of 4 min at 85-90% VO, ., separated by 2 min at 50— 60%

VO, for 8-week, 3 day/week. At the beginning and end of every session training, 5 min at 50-60%
VO,,... animals were performed for warm-up and cool-down, The CTR and HF-CTR animals were
only located on the treadmill without any exercise training. Heart tissues removed 48-h after last
session of training animals were anesthesia with Ketamine and Xylazine. The protein expression of
SIRT-3, FOX0a3 and SOD2 were measured by western blot method. Data were expressed as mean
+ SEM and analyzed via the SPSS 25 and GraphPad Prism was used to create the graphs. The level
of statistical significance was set at P <0.05. A Shapiro-Wilk test was used to confirm that the
distribution of all outcome variables was normal. One-way AN. VA followed by Tukey’s post hoc
test were used to determine of differences between groups.

Findings

The results indicated that myocardial protein expression of SIRT-3 increased in HF-HIIT versus HF-
CTR (P<0.001). Post intervention suggests that protein expression of FOX0O3a (P<0.05) and SOD2
(P<0.01) increased in HF-HIT versus HF-CTR. Additionally, interstitial fibrosis in HF-CTR versus
CTR remarkably increased while 8-week HIT attenuate fibrosis in HF-HIIT versus HF-CTR
(P<0.001). Moreover, ejection fraction and fractional shortening known as myocardial contractility
were decreased in HF-CTR versus CTR. Post intervention indicated increase of ejection fraction and
fractional shortening in HF-HIIT versus HF-CTR (P<0.001).
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Conclusion

The improvement of cardiac function may be related to risestroke volume. HIIT increases blood flow
fluctuations between high and low intensities that poses challenge for heart caused by improvement
of the systolic left ventricular intra diameter. Aerobic training increased ATP demand during exercise
that may result in increase of NAD* and NAD*/NADH ratio which stimulate SIRT-3 expression in
heart tissue (6).

Article Message

The study found that protein expression of SIRT-3/FOX03a/SOD?2 signaling pathway increased after
8 weeks HIIT and played key role in regulation of oxidative stress in HF. Additionally, improvement
of fibrosis and systolic left ventricular intra diameter, increase of ejection fraction and fractional
shortening improves myocardial contractility in rats with HF.

Ethical Considerations

Compliance with Ethical Guidelines

All experimental procedures and protocols were approved by the Animal Ethics Committee of Tehran
University (IR.UT.SPORT.REC.1402.115) with the Guide for the Care and Use of Laboratory
Animals published by the United States National Institutes of Health (NIH Publication, 8th Edition,
2011).

Funding

This study received no funding from public, commercial, or non-profit organizations.

Authors' Contributions

All authors have participated in designing, implementing and writing all parts of the present study.
Conflict of Interest

The authors declare that there is no conflict of interest.

Acknowledgments

The authors thank all those who participated in this study.

References

1. Miller RJ, Howlett JG, Fine NM. A novel approach to medical management of heart failure with reduced
ejection fraction. Canadian Journal of Cardiology. 2021; 1;37(4):632-43.

2. Chalkiadaki A, Guarente L. Sirtuins mediate mammalian metabolic responses to nutrient availability.
Nature Reviews Endocrinology. 2012; 8(5):287-96.

3. Jacobs KM, Pennington JD, Bisht KS, Aykin-Burns N, Kim HS, Mishra M, Sun L, Nguyen P, Ahn BH,
Leclerc J, Deng CX. SIRT3 interacts with the daf-16 homolog FOXO3a in the mitochondria, as well as
increases FOXO3a dependent gene expression. International journal of biological sciences. 2008;4(5):291.

4. Farah C, Kleindienst A, Bolea G, Meyer G, Gayrard S, Geny B, Obert P, Cazorla O, Tanguy S, Reboul C.
Exercise-induced cardioprotection: a role for eNOS uncoupling and NO metabolites. Basic research in
cardiology. 2013;108:1-3.

5. Neto MG, Duraes AR, Conceicédo LS, Saquetto MB, Ellingsen @, Carvalho VO. High intensity interval
training versus moderate intensity continuous training on exercise capacity and quality of life in patients
with heart failure with reduced ejection fraction: a systematic review and meta-analysis. International
journal of cardiology. 2018;15; 261: 134-41.

6. White AT, Schenk S. NAD+/NADH and skeletal muscle mitochondrial adaptations to exercise. American
Journal of Physiology-Endocrinology and Metabolism. 2012;1;303(3): E308-21.

Sport Physiology, Volume 15, No 59, 2023






& & - A
W399 G99
PERVILPER I LY Py )

NO-IVF sloarino DA oyl A8 2535 IF+¥ 5wl

ol il i gl 520 g SIRT3/FOX03a o 39 Wi > (9L (39 303 gudli
B (Pl b 4 Wi ) (90 S g

w9s! 19 )1 Lo puls

IRl O Ol A oEEIS (G j0iS g (3559 pole 0aSEIls (D)9 (53905 58 09,5 Hlasliwl )

Ghardashi Afousi, A. R. (2023). Effect of High-Intensity Interval
Training on Cardiac SIRT3/FOXO03a Pathway and Oxidative Stress VPV oV /e allio cdly yo
in Rats with Heart Failure. Sport Shysiology, 15(59), 115-126. In VYN NY cadlio oy dy
Persian. DOI: 10.22089/SPJ.2024.15898.2290

oS>

3 55 ST o sl bl o0 (B9 58 (ol o5 Hlom (s Aoy 1) ()T 45 el (glodazry (Sl ykiw (B (LU
Iy (i LS oyl Kilgiy oS gladSloe digS 1 oy o0 S5 4y g Cowl (MdB (L)l drwgd j0 Fig0 SUTglely Jolas o i eten
SIRT3, ouiign ole » wd Shad 29l (32 505 JUT (g 1 pdlo (A9 5s Bt S g0 S Loy b (3 Sgatr 5 oS Jolaiio
5L )T Yook Be 439 ailin 5 SlARIDCaiad jLiunsg 155 oty ogo s TP Slaai 39y ol 5, KLas s FOXO3a, SOD2
GF b B (o le,b U wuds i g (s (29U (2 poi— (B (2l yU g J S (B (LU pdlio J 555 09 )5 dw
25 danler dw iid Colid Jolds (y pod doli ol el 395 ke o Joi o na !l (e 039 p05 sk 2 il 4 p S (e 1Y
AN 0,3 P BB b b (3L 4inds 90 b (B pao (FewS| y5 T w0y A0 B AL wud b gladds )l gl gy g arin
A el M ¢y yiwrg (9 4 Bemdig ol 9 Wb el (6510 Bl (o pod dunnder (39 53T 1 Gy el PA 393 (B ucto ¢y S|
Ol o1 LS gy (Al b ol 30 (SoF (omiin (9031 3 481y il g (13051 9 elmlstml Sl3le 5 b ool
Ll ol o 4 (635b SRl Sy pei aslue I wy (P<0.01) SOD2 4 (P<0.05) FOXO3a «(P<0.001) SIRT3 (yiigy
S o Fay P S Gl Pl L A Cl el wad L (29ld o ped alis Gl Iy (alioy H9 e wlb o0ls LS cogdle
SISy oy 5 o (s (29L5 (32 505 .(P<0.001) 092 0l yos Jgiwoms 33 Gz bt (S 10 a8 (il g (SaibolisS
ol bl 4 Sie 5 ol y SUsbes wald 3,Shas o yigy 3 oda ST o yinsl SialS 4 SIRT3/FOXO3a/SOD2
Dy o0 X0

JP 595295 (o3 (0 305 i ST oyl (ol o3 Lo )5 35S OB 31 g

* Corresponding Author: Alireza Ghardashi Afousi, Tel: 09126187815, E-mail: ghardashi.a@ut.ac.ir,
https://orcid.org/ 0000-0001-5075-2225

Copyright: © 2023 by the authors. Submitted for possible open access publication under the
terms and conditions of the Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0/).


https://orcid.org/%200000-0002-2136-0465
0000-0001-5075-2225

TC T s

Aol

b oS5 Sl alar 555 Jsbe 5 J3Tyn slooking, 5 5b5 oL o ol gl c6slors sl it
Sre oreee ) (S eBlaST ol (1) Cslolen (Jolo S ey (caalaST ol (Oleill 508 o S39 5 e
G 509 55180 1 S35 3 ROS) 350 JUib slasisf sy o st 5 S o] 5 o ol il
sSkee el oy el sl Sy b 45 e Ll s Siass 55 ot 55 ROS o slaclile ;5 S e
Slg (V) 9900 i (Jobo Sy pdleetS ol Caledyd s DNA ol s 5 aig gl iy o Jokoo
5 ST (NADPH) clind asgitlS g5 (65 o] el pwigSi b g logs ,0iS yine bawgs Game 5,5 ROS
|, JsSI50 Op 4 NADPH 5| 50,5501 JUi] a8 ol s 5T NADPH 5T o s 4 tties dacST S0 2 5 k]
51T NADPH 5 3l puiils anlles (F) sl 55 50,5 olSts0 ROS Lol (gloalge 31 o5 5 05 o 515
iS00l g (ol ol @ Azl )0 0058 o i ROS adgs (ioli8l 4y 053 oS b oo (I3l (8 L)l I 5o
o8 5 sl il A58 g 5 F) sl e o ooy Siogos, 5 55k S s 5
SheST il elis Bgile ol lingye lizl sl olhon 5 gy lamml T slos g5l Sogu b
Ol el 156805 5 9.5l 08 SlanSTy 5.5L 615 YL (SOD) U gouud SS9 151 il Le Lo gungs o, IS
(B) iy o SilS 5 Loyl Jae o a5 (NADY) u55ilSss oo

3Gl peda 50 g A3l gac Can aF aes Py ygies TIT WS 45 atislg NAD* 5l sloolgils oy 5e5
Y g (F) W) (1B Sshsl 5 (Joke 452 (0] (gl el «(559,4ld oh; alezl Jole slaaslb
SLwgiege (SylSe L sl (6,0 s (s n Ooedeitel S9dse Gl )0 se 5 edhgiw ) (SIRTS)
S5 5,Skee LS 5 o B 5 9950 Sl S 3 SIRTS lion o iir o 555 (Jsbo
e leST oyl ool Sl sladniz 5| 6yl )0 SIRT3 4 il o0 a8l 5Lt (V) 0,00 ool 0 yine Sl
S Gl o salas A ) 35 (255 oo (55,1 5 Sy ol 55 sinn e S 53l e
e 2alS 5 Loyl 0 SIRTS flo (V) o) Baye oald slacs Lo ool o agee ki SIRTS a5 ao o
Joiliy 4 SIRTST (1)) 395 o0 jowin oo (ouis 2015 5 ks ATP 5 5155,0088 Sy (pgmsdlial ial33l 4 a5
s (LRPD) Y (g3l — e 0 i) 3,5 U ROS s a3l sl 3 oy s ol 5 05 s 5L
S 4y iy ool cliblons BT . 565UsS (glaSg5le i,k 51 SIRTS (1Y) el o ol o] (o iy 4y &S
(FOXO03) 03 51z doaz crsig, Jole (gl JEDI b qoiitce IS5 4 SIRT3 )0 osge 5 |y sdaluST oz
wodledy L(VV) 05 o yomin loluST oyiul j1als s SOD2 yiol5dl 4y colysjo aS o jls 185 SOD2 ygndliwls o
OF) selxl oo jlanSTyy 9566l (201581 s NADPH Jaolidl edass 4y ¥ 5U5e j0us Ol iiwg il gmwdhiiwls ol 5l
45 aalol_e OXPHOS slis loxials ¢ iuleST oyl fesly inlil & SIRTS lga b LidlS a5 ol o0 ool ool
oolle len 5SOD2 Lils3l & FOXO3 s lu Jlub LSIRTS talsél  Llie s s o LilS |, (g )0iS gine a5 o Slac
O0) el oo (B 9,08 2alS 4 aS 558 o (MDA) aaill 6o

O o,lo IO 0590 NPT Jml (0359 55909 0 aolilad



Ny g SIRT3/FOX03a juwno y s (s 29U 2 505 pi G

slool; Glarsar (291> poe oo yealy 5 3l (Bge (8 o lom B35k 0 ook Sl (LLST ol S
SIS s el S e st (B 8 slagiben 5o ke S s sialeST Gyl 8l sl Sl
S3lo (2359 oy BT el 0929 L sl yng S ym g (Bgye (ol lacs o Sl 2alS  i5e )l slais,
ST ial38l 45 (55l e 45 Cons] o0 o0l (Lt (VF) Cansl 0 i g6 g ol 5 Shae b gy 1 st
ok e lS Sy Sealiss 5 Higm Gl ool Kidogas, U8 s il o5l IS o pas
0339 orpes OV AA) Cenlonds yomie (g pem Bl lows 5o oS 6T cud )b il g caalaST o il rals
Mie sloige oS ged Ly ) 0259l il s NLRP3 (uJgs ROS 2als” SIRTS (255 5 (05 ol Gl b slse
L gro 5 oSaile 4 M slagtige )d plate (o559 (3 (VA) 09800 y2ie (50 ,udl (@ Dle 2l 4y (5o el
SIRTT Jas 15 iy ooyl 45 Iy 1355 o 5 3ho (505 5200 ROS jzalS &3 SOD2 4 SIRT3 cyatisyy il

(Y+) 5,85 6,055 5200 ROS 5SOD2 ;5,56
el (B9 B Sl g5le 2 S5 g e ol 5 (Se (28559 e DB Sl s ols i (nl 3929 L
3 Shoe  Su3lsl Sidogor; 50 5y il (i (3208 b dmliie 50 (HIIT) s (s gl (2 08 A5 slaig ey
oyt b Ayl 5 HINT a5 ols Lt ol 3 cglaadlian (Y V) )l ool oslos,b St o)y los Joinslyd § (ginmms
S ioall €YY sl o0 yeie o Lair iy )55 S b ool b )b 0 yLont 5 VOzpek yiions sial3dl & ik (5150
B ohlem ;o lawgio U oS ol b (s3leo 0y 503 b anslie Jo HHT g conl anly o e ol 4y (55198 (3 ol Bl
ol b o8 8L SIRTI/FOXO03/SOD2 pons 1 (25355 (2 yo5 3G 590 DMl s am g5 b (Y V) 3,00 (65 5 T
5 SOD2 FOX03a SIRT3 (pu55gy yolie  HIT 6T oy cpile byl 0n oalply sl 00 )y o8

D9 old olu,b a4 die ol o laige o (8 5 Slee

SRR Y9

S sl sl o Yook 00 iy Sl b slatincain s ol e ige o YF adlis ol
slos 5o Sllgem i ool JU imad plal i Lo 655052 e 2SI o olSeigla] &y oo 5 Wid (5 g5
Blas Slo,S b glopuad o aelu WYY Slidy, 4 S5 U as > 5 00,0 00 U FO cogb, ol 5 cole a0 YYEY
o ige o5 5 5o atan G 5l dmy ails cwyiwd 13¢5 Ol 4 ol3T & jg0ds Sllga  iagh 050 (b ol (5,0
(HF-HIT, N=8) HIIT - 5 Lol s (HF-CTR, n=8) J,55 18 Lol (CTR, n=8) pllus J,S 05,5 s &
S5 GoF Dot gt 39y ez 50 (el iyl leSens) Jsi sl G5 abstr (old (olo )b o oo
AT o 3 TA 855 s oall QLo 5 S 00,5 il s 3 55k 51 4 o s VT g L
b plonl s oals (b als i Lo 55 (B 923,951 aatiie bawss (50205581 (s Sananl 32,5 595
Slatenlins 5 15 oSS (s )25 5 (55 9 ple 0aStils BB S ab L oSS 5 (oalKialejl sla by, ples
60 3 s e siia! slozal, opmls 5 (Simmcdn 010,15 sla telas Lulul ) Sl 5l Coles
i el alKitole;] Sy

O oylod N 0590 NPT Jul (059 55909 d aolilad



TC T NA

Nl Sere (Blae 090 @ SokS » eSSk 00) mow Jlnes L Sl (S50,
L Vivid 7 81,5 gigm oSws 4 Juate 3,0 Ko Ve s o 5l eolatul b Swlygs il 5 31,5 550,8ST
o1 5l e atis la> (General Electric- Vingmed Ultrasound, Horten, Norway) a.sb o yie uo V¢ ¢ Cas
JUysh)ly joglai b plil oy )5 plad o (dyed ddzr (3151 gy ol Y 5 sisignonl )5 590
oolaul 81,5 4:0,I865T gl ol b b)) sl (6 Mol Odas mhaws ;o obsS 920 M-mode cJl> 5 (garsgo
YY) ol

Pl (g0l & jpoty glomo (hse 2 ohg (oh)yg i 305 sl Loyl SISl am o359 (2 8T 9 (930
g o ploul AdBo my Soeds 4380 (0 e gy e pw b 0,5 #F a0 Brae ST sSTas 39l gl
o3 20 s 4835 93 5 )[S395 O)50m aelsl )3 055 955 (8555 (03] U sy 4B e Ve & S s s
ool o 3095 o059 Codled anlol 4y BB Llie sl Jige a5 ol Ul iolidl aads e g0 Jolre
@lme Gge g oy (el Db Jolae sllae c ps 5T (1 Y E 162X -1 Jgayd 5l oK 5 Jlayse anlllae
Dol b 0,5 0y 9 59,5 p,5 dado iy Jold g asan (o 59, dw (Ollgas 059 Joay 5 (s i deliy (TF) ol oolaiu!
S Oge 4k ez Jold ool 5o 00 (kS (g alBS T 5 (VOomax) (8 yae (3eeST 2STa 00,0 00 B ¥
e S g (VOzmax sy £o B0+ ot b Ly ,a) Jlad cdljl aids 55 5 (VOomax s ys 4 5 AD Ly i) agas
OV YO) il iulidl adds o SO aan o )0

23kl 5 el b (@lidl el VY Sl Gy Sllgo (g pes el (03T 5l Gy el FA Bdiged (g5l e
ax o Ae Gie y B e 9 S8 518 mile 59,58 o Tl aliulesl Julodioa 120 (sl Gl 8l was ise o
A e of )5 sl

3 5 il az 50 Jlaz slod ;o adBs ;0 ;a0 VF e v 0 i g 0l (550 RIPA 8L L 8 2ol 1o ¢y yiawg
Sigma-) ouijlw Joddlygiws Gllao uiigy clale ol 610,930 1 Ry 5l ol Seat bl A B0 Ve oy g
GOIS,L BL L (Y ug) ey soluw polde .ol oolaul (Aldrich, B6916, 82024 Taufkirchen, Germany
A oailigr dady gz Dded o 5 il 4z 0 A0 o jo 5wl bale JellanlS ol L eSS (YX)
Oebeny (b slalad a5 ad laz (o0 VY=Y +) el o ST (L -SDS 5685 2SI J5 b lautis o
TBST L (Sigma Aldrich, A-7888, MO, USA) ss,s O BSA LPVDF slalic .ol Jaiw (PVDF) wl,els o
slad g Lo sloo o celu 90 Suoway (50 mM Tris- HCI (pH 7.4), 154 mM NaCl, and 0.1% Tween 20)
adgl slogol STL LU g o8 il ax 50 o sloo ;o el O oy lalid s 3505 S SO ,6
SIRT3 (1.1000, 2627S, Cell Signaling), FOXO3a (1.1000, 2497S, Cell ool 51 35,5 JUslS L
TBS-Tween 20- ,» (1.2500, ab8227, Abcam) ,.xS1 Ls 4 Signaling), SOD2 (1.1000, 13141S, Cell Signaling)
b oo g 250l 0010 gliglancds 4280 V0 Sueay TBST 8L L L 4w balag aall jo .aial 44561 5% BSA
S ymsgan b e Lalie 050l 4,551 (goat anti-rabbit 1I9G HRP, 1/10000, ab6721; Abcam) < il (_gol.,‘s‘;ﬂ

O o,lo IO 0590 NPT Jml (0359 55909 0 aolilad



N4 g SIRT3/FOX03a juwno y s (s 29U 2 505 pi G

o S b g o i 50l 43sS0l aBB0 0 U SG Sy (ECL) (ploands U y98 a8l j2ol58
A Glo GueSTLS Cons 4 9 5 uSoslaslImage J l580e 55 4

Sl 5 5l 000 b o 5 05 Ear 908 Vo alloyd 4 Wkl L hgo ol (6ol itaned icrins
(sl 5 mad 2 0313 Ly e Sm iy Cealind 4 ol B sl 51 Jlgie &0t il s 285 )3
5 oolazwl b eosls .ol slesl (G1006, Servicebio Technology, Wuhan, China) yewls p5,5 (5,5 (55015, b
Wb gilw oS ] S aglgilss Jlasl 55,k 5l Image J l53le 3

b e Sl 0l elowiga i YO e plsl ol bl Jl8le 5 SaS 4y ouiiisslaaz (slaosls
Jelos g bl (9031 5l Waog Sy Doolas e (sl o o0licisl Sigmg s (go3] 5l saS loools o5
Ut & . Sle S0 4 boools .ol 00latuwl P<0.05 (5 )ls Lirs grlaw 10 (S¢ cmhini (g0l 5 al ;o il )lg
28, I8 4 A aseus GraphPad Prism l58le 5 s IS s 5 (61 a8loaiss (Lo o laslesl

Sl g (o &)y Ll oad &I SG o jled Jgaz 50 G 39 4 G835y Camd g 8 (9 s
09,5 b dulio )3 CTR 09,5 ;5 (b yol Al (sloil 10y ()9 -Cedlas 0929 (Sglis anlllan £9,5 50 (om0
6 loline Sglis el Alshie ain Cotn oLl s B s (P<O.05) i salie g5l Lial3 HE-HIT

(P<0.05) ol

Al 5 O O B (s S 9 I8 (39 0 039 ) o
Table 1- Body weight, heart weight and ratio of heart weight to body weight after intervention

o ylolins HE-HUT HE-CTR CTR
0.738 2406+ 9.7 2314+ 76 256.3+ 8.1 (o5 a5 o 039
0.046 3007+11.8% 32684132  369.6+143 (o5 S o o35
0.089 118794806  11041+97.8 10916 78.4 (o5 ko) 5 35
0.023 3.83+04" 205405 3.2940.2 O g 4 B 039 Sared

(p 515 o)

CTR 05,7 L awslie o P<0.05 ¢ lolinn gelas # HF-CTR 055 L 4slic ;o P<0.05 (g Joline pebaus

WS oo oanline S o jlads o j0 4S b yles 103590 SOD2 g SIRT3, FOXO03a (yudigm oybe w HIIT )...;i;
bl JLis 44 SOD2 (y.5g oyl w0l iol33l 1) 0,5 g0 8L ,0 SOD2 4 SIRT3, FOX03a sl psigy e HIT
ol HIT aaa cuze 5l am pl 0929 b cclils (65,L (ials ol CTR 04,5 L aunlin ;0 HF-CTR 04,5 0 13
(P<0.01 A ciond G o )las JSi) ceils 65,b Ll 38 HF-CTR 04,5 b awslie ;o HF-HIT 04,5 ,0 SOD2 .59

1. SPSS

O oylod N 0590 NPT Jul (059 55909 d aolilad



il il 15 "W

979 b soudls 65,k (2ol @l CTR 09,5 L aylie ;o HF-CTR 65,5 0 (o8 olo )b JLis 40 SIRT3 (2559 ol
cils 63, Lils3l HF-CTR 05,5 b auslie yo HF-HIIT 65,5 10 SIRT3 oty ook HIT atin cota 5l oy o
L anglio o HF-CTR 05,5 jo 5 slo,b JLis 4 FOX03a ety ke (P<O.00L B Caond oSy o Loy JS5)
HF-HIT 05,5 0 FOXO03a 12555, oL HIT atin cota jl o oyl 975 b sails 65,k (olS o)L CTR 65,5

(P<0.05 C o oSy 0 lads JK5) ol 65,k Lial33l HF-CTR 05,5 b dulio ;o

C B 1 A

5 %k %k —

# %k %k %
o 47 —_— 67 47 % X Xk
g g g i
E 3= S 8 33—
b < o
S 2 o N
3 A 2- A
D 1 L o __ N 1 __
- : 3
o > 3
L0 T 0= T 0= 1
& & S & & S & & S
S SN &K

FOXO3a (yiigy oo polio :C g 8,590 SIRT3 (pigy by yolie B o0 ) guo SOD2 (puiigp oybu g olio (A -V JSCis
3,8 g0
zhw ¥ HF-CTR 55,5 L CTR 5,5 P<0.001 5 lobins g *** o oyl o laibin] sllas F - Sile &0 aosls
aas oo olas |, HF-CTR o5,5 L HF-HIT 65,5 P<0.001 (s lsline xban 3 P<0.05 (s loline

Figure 1- A show myocardial SOD2 protein expression, B myocardial SIRT3 protein expression and C
myocardial FOXO3a protein expression
Data are expressed as mean + SEM. *** P< 0.001 CTR vs. HF-CTR, # P<0.05 HF-HIIT vs. HF-CTR and ###

P<0.001 HF-HIIT vs. HF-CTR.
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Figure 2- Interstitial fibrosis and histological assessment of cardiac fibrosis using Masson’s trichrome
staining.
Data are expressed as mean + SEM. *** P< 0.001 CTR vs. HF-CTR, ### P< 0.001 HF-HIIT vs. HF-CTR.

S HF-CTR 65,5 j0 o8 olo )b JLis & (BF) iy,55 S (FS) (SodolisS ju8 oalB 8 Shoe p HIT 50
05,5 SBEF 5FS 5l Lialsdl 4 HIT aim ot a5 Il o «(P<0.001) il (65,L zals oJls CTR 05,5 b avylie
35 o Sl L3l LiHP<0.001 B g A Coand s o)lods JS3) ai e HF-CTR 09,5 L avslin o HF-HIIT
U 3 o ol (515 b a8 Il 0 4C Caond s o)lods JSK5) codloi baog 5 o (55 (LVIDA) gl
b G2elS G HINT i cota (P<0.001) by o35l (il ol CTR 09,8 b anylin yo HF-CTR 09,5 s (LVIDS)

(P<0.001 D Coond s oyl JS3) 0is y2ee HF-CTR 05,5 b anylin ,o HF-HIIT 04,5 LVIDs

O oylod N 0590 NPT Jul (059 55909 d aolilad



wy

A B
%k %k %k % 3 %k
100 = idid 60— i
80
= __ 40
g 7 g
40 = i 20—
20
0= I 0=
RS & & &
& L X & L
KooK KK
C D
%k %k %k
HH
g - e
-
6— - 4=
=3 €
S E 37
4 -
8 8 o
S >
— -
- 2 1]
0— I 0— I
Q- < & < < &
& &S ¢ &S
SO S

B35 90,5851l oolasw!l b o 8 ,Shoc Y &
& lobins o # g HF-CTR 05,5 L CTR 5,5 P< 0.001 (5 lobins gl *** ias olo o Jusbinl slas # Sk & g0 ool
o oo plii |y HF-CTR o4 5 L HF-HIIT 4,5 P<0.01

Figure 3- Cardiac function with echocardiography. Data are expressed as mean + SEM
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