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Abstract

Background and Aim: Increased free radicals and oxidative stress are among the factors that can accelerate the aging
process. The aim of this study was to investigate the effect of eight weeks of high-intensity interval training (HIIT) on oxidant
and antioxidant capacity and motor performance indices in the elderly people. Materials and Methods: The participants of
this study were 24 elderly people (age=71.88+5.06 year) from Bandar Abbas city. Subjects were randomly divided into two
groups including control (n=12) and HIIT (n=12). Then, the subjects in the training group performed training protocol, three
days a week for eight weeks. During each session, the subjects performed four three-minute workouts with an intensity of
85 to 95% maximal heart rate with three active sets of three-minute rest with 65 to 75 maximal heart rate. Twenty four hours
before and 48 hours after last session of HIIT, the variables were measured via standard tests. The analysis of covariance
test was used to analyze the data at significant level of p<0.05. Results: Eight weeks of HIIT significantly reduced the total
oxidant status, but the total antioxidant capacity and serum levels of sestrin-2 showed significant increase (p<0.001) in the
elderly people. Moreover, eight weeks of HIIT improved the gait speed (p<0.001), timed-up-and-go (p<0.05), and maximal
oxygen uptake (p<0.001). However, these training protocol could not have a significant effect on time of chair stand test
(p=0.22). Conclusion: HIIT can be use as a useful exercise training method in the elderly people with attention of training

considerations.

Keywords: High Intensity Interval Training, Total oxidant status, Total antioxidant capacity, Sestrin-2, Aging.

Cite this article:
Eslami, R., Amini, P., & Tartibian, B. (2023). The effects of high-intensity interval training on oxidant and antioxidant balance
and motor performance indices in older adults. Journal of Practical Studies of Biosciences in Sport, 11(27), 48-59.

*Corresponding author: Faculty of Physical Education and Sport Sciences, Allameh Tabataba’i University, Western Azadi Sport Complex Blv,
Tehran, Iran;
Email: eslami.rasul@gmail.com d- ) https://doi.org/10.22077/jpsbs.2022.5302.1718

Copyright: © 2022 by the authors. Licensee Journal of Practical Studies of Biosciences in Sport (JPSBS). This article is an open access article distributed

under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).




9% Ao 9399 38 (S IPeds (68 y il Ollian 4 i

éﬁi FA-BR Lo FY osleds el ) 0390 N F+Y 30l

e VEN[FN0 (g Fosb VPV /<0/oY i gl pg sl VPV VIYF 18l 0 & 56

B308 53 i poe o gy oLl

S Slos gl asli g SlagnsT 6T g (SlosaST Jolai p YU wud b (19ls Wl pod didd cuia
wadlus o 31,5 5 >

"ol 5yl I (Sl ol 1 (oSl Sy
OlRl Ol (SLblb asdle olliils (o559 pole 5 (S Com i 0aSElS (o859 Sielg 52 09,5 leiils )
Onl ol o Slblls aadle olSiils « o455 pole g (Sos Cun i 0aSils ¢ 055 (559090 58 b)) (ol ST
ORI« SLblb aodle olSails «(ob))9 pole 5 (S Sy 0uSAlS (o559 (S5gl5 525 09,5 oLl ¥

oduS>

DS o oy |y 6y a8 aS aiie  elge 5l gslo ST oyl g ol sla SIS0l il iduad g asi
ST 5T g SlawSTecs b (HIT) YU Gocs b (ool g pod dthn ciids 56 ) o jil> iz on
S Y olass |y goass (Fa s o8 b @y (Jh9y 09 ool o, 31 o 55 > 0, Sl o 2Ll
—3olal &g o das Lo Joge;l ool o JSis (Jlw VVAAE O+ s Sile) olee jats oyl o ylosedlw
gLl o iSlas 0o, W LAY Gos L slaids aw gl Jloz o HIT ol ol a cdban (o jgy dw caiin
g J=d el VY sy s s piSlas o o VO L £0 o by Jled col sl gl a g o aw cgd aw
Gl 083 18 bl 0,5 0 lailiwl sl yig, L (w059 (sl puite HIT acuds> s 31 5l om el FA
aan coin (ladidl o s eola Wl p< /0 (gl e i ;0 il lgeS o a3l 5l La eols | g a
L oidey sg—ne |y aiadlw 0,31 o (p< /0 V) (8 a0 ST S Tas g o(p<e/+ Q) =8, ¢ ol aily o(p<e/- ¢ ))
Sl 16 S Az (p=+ V) Cils (gl ire , U o Hoo 51wl 5 g3l e ;o Bl jed sl (Sl o
Al e ooliiwl ol ded g i pod gy S lemie Al (o ped Sl 28 5 i o U lase]l o HIT
Y= o S SlauS] u_';.;'l Cmd b ol SlanST sy Y o L (sl (el 1ol (gLlolg
'6“"‘:*"'][—“’

t)9 pole g (M Sy 0aSldls ( LB LD aodle oliils (Soomod! S5 (59119 (50131 o359 (2 € Hlals (3] jo 1 ghmo o g
d)) https://doi.org/10.22077/jpsbs.2022.5302.1718 eslami.rasul@gmail.com : o g =SJ| Gy




01550 9 (ool Jguoy

5 S Lol S0l s le aged 4 S
b =59 Dl ped aS ol ol 5l lss 4 838 ala b
Sladon Jline glge ay o)l Jle ol 1 Sl 4
ol i a S cwlools flas (Y- V) o, K0 4 g
b Ged 09t (o TAC il ecl o (o yos
aian oy 45 ol eols Las (VoY) o, K00 5 TISid syl
25,5~ TAC isli8l g TOS ials el bt Ol yas
4o G35 55 (V) 5l 5 Vg5 e <
Fo oot Lgazan Ly Goe 4 Suliul ol aias
Von i ol il zse w50 ST ws o
Ol 5185 (i 00, (e e sle g 5
i3l s oy a3 iz S 45 0l eols L (Y- 1Y)
s an ] ol oo e (Sl Do 50 Voip s (L
Iy Y=ip pmaw (0 ol a5 dod (Jls> ol L ojyls
PRI PP SUL Sp-JU 23 K| I VLA | PY- I VRN K CON  BVRSR
aS Cowl ool las e sds Clibsy o 8 b 5lais o8l
Sl i 5l o lgme ay (HIT) soos —ols Ol yod
Sl 55 sloml sl (Yl (=L 5 g5 -l
azan VY o Jlio gl al o e s lanedl jo siesgw
ot 00g 5 Gilidl e oy S 5 ogge SeL HIIT (o pal
5 (Vo,max iol53l) iis - 8 Sole] dgg 5 (0
FURRT PR SR 5 SO PR SE S SR KON
Ceb HIT a5 ools s 5T - Lie acalllas S ¢ ion
Szl 5 o Sylia— o6 sl |l i alS
=l (Yo V8 ), 00 T oLL) 0y = Oy aslal slls
Sae ol3eS HIT oy s a5 ol ol 1 Jlo 38 (6,500
s SYeb Ll dda e oo Ly ol e Ly auglas yo
Syl g o eSS o Shes )b 0 35 sl
Y K0 5 W o )18) 05 b oo ol 0 g5lsn
Ol 5T oveLet = L) 5 YN (ol S0 5 T LS
] b Ji ol L (YN0 K50 5 ™ udsi ¥+ 1Y
5 ST T - SlST e 8)l ol el g9
485 )3 oy 355 S Gl 55 Vo s

Syl iy a sl 4y 5L g ]
O i bl iy Slalllae a0l 1o g E9eme o
55 355 (s Sl 5 S 5l SIS gl
i il Jslse 51 Sa 5 (Vo0 ) 0500 5 o—lon)

1. Homeostasis 9. Wang

2. Cui 10. Sestrins
3. Oxidative stress 11. Pasha
4. Hamilton 12. Isoform
5. Pietrelli 13. Allison
6. Majerczak 14. Lenhare
7. Total oxidant status 15. Sinha

8. Total antioxidant capacity 16. Lubkowska

e 9 il SO Wl ot b 29 i po 4tk e i1

doddo

L8, o ) Slas e8I aS el SS5ele jud —indg (6
S @By o il oo o L o e slasslon
S5 s Ladl lwstase 2als (s sl wlis
9Vu,—>95)u—w|~5)—4‘v—’L€f)°9<5)l—A~w—-‘*—'ué—’
(gl 0,90 ;0 3590 WS e aloz 5 (V- VY ()], 500
Sl (60,8 Plawl ials 5 g0, Sloe o3, i alS
ol, 81y bgaw g yoludl e a S aslools lid ola b
b = wmboe mlB e 8L Sl 4 ol
1T gl ST oyl g ol5T sl JSol, i3l aolallas
=85) IS o mo ) (G w8 aS wiun Lalge
u‘)_ih) 9 f‘)}_».lﬁa& aL»_w‘) O 40 (Y’ V'Y eub_i)é 9
St g guilaw ST il a5 ol eols Las (Y- +))
ol bl pion s (e ok Sl sla e
3wl a8 5 18 ol o Blote A > g5 35 0)9
o005 )55 (Yo VA) 5,500 6 8 (s il oon
Eel ;u’_).‘)M sl Siss 10 (gilen Ol pod aan £F oS
Ol yod azan w45 ail oogad 5138 (Yo V) o, 50
Deds oo i glauST]

ST T a8, 5 (TOS) "l SlowuST e nig
b o (gl solawl 0,50 a3l 9o (TAC) *els
58 g T lg) s Sl STy SlasT ]
6‘...@ 4_.)5? )‘ Lé—iJ \Lﬁbdw 9 LJ"'"‘ = 0531..5 (Y‘ \r#
Al S a e o ;0 ea S o dadle g p
wr“)ﬁ—%)" 4w o)'jj_.o| (YVY ‘u‘)_.i)é 9 ”l._.st) “3*’9—-“"5"
u_w‘o_\_wwb_u\ﬂ—w)wsv—u;)wc \—u.’).a_w.w
g ol3T sl JBol, ieals 50 Yot fias gl ol 48 g
S el g9, et (L@ MTORCCT s 55
aS ol sl lzs (YY) o), 500 ' Led (Jls> ol Lo

sl hge )0 Yol s (Ml (5,0 (g ol

17. Crisol

18. Zeng

19. Fex

20. Batacan

21. Karlsen

22. Gillen

23. Garcia-Pinillos
24. Knowles




Yv O)Lo.ai) Al 0y9° SF.Y }HL’

03ga e Ly Lo (1 51 a5 Yo aS aiols co JuSis ol o
S 3l e g s )3 Spge d (JLA VO L PO
395 6L Jme o el (5o 4 5, 5L Lons
Slis ol sle o o (i bls pae Jolb 3 bxd 4y
S92y pis f39,8 ~(eld IUSo 5 g o Sl (9>
ol aw b pdaie ooy cdled il pae e Jolao
e slaeSe Lo 5)ls B mas poe g 1 3dos | )5
s slolre 05 (Sla ST Dl Cmdy ;05
(Hlge m ped dad s )0 j9d pae Jolid 55 (o el
=5 3l @S laplansT (il Jolls (ol olys By
Solow dm pad Sz 5 g Bome oud Aoyl (lis
by ol oS a8 5 090 (59,55 b ymw alox
g 328,558 Glor ailis o pamaie Siy
SHIT 05,5 Jolod (6,85 V0 05,5 95 ;0 (Bolal &)90 4y
o Jsrl 5 45 el 55 b i S 5 s
aelol 5l oS 09,5 51 85 a9 J 505 09,5 Sl i e
ofaus s i 60,8 slo Shg ol Sl,_ail 5 b

el 20 i3S S o> 5o

\J‘})s 39 S jpele (69 31,5 Wil 4y pid

gls ials T L b yo o wsliy 5 (6 5o 00l 092
g ' JSd) el SlasT el aolidly SlasT ol
Sl pod cadire gl Sl S0 B, b gl (Ve e e )], 00
=5l g oSt sla Sl 1 garedgw Ol 36 o 3,9
i ol L o)l L ] 4y a8 oo law S|
slagasld ;o (9 Sl ped 80 0 )9 50 SLAS
e el ol 8y a1 5T 5 ST Jolws
3y9—0 )0 gat i gl iores (Cowl g0l g 00 STy,
Olg—ie 4y EBg 10 g adio o ay a SHIT , 36
T505—) Wil e gylae (5355l (S5 Sl mlie (e
ST T AT (], S0 o VLGS VY o), S
BUNCIE S ] I K-S I LW I P D KON | WV
ST (5T g S8l cmdg , HIT 36
il e sl ol 8

Gl (09

o g5 5l ymdl 3o 1§ S ATigd g |2 (g
D)9 Ao (75 9 J S 09,5 g0 Lo aS Cil (o
s 0 y50 dmalz a0 8 Tl (il ey 0503 i
Ol et Jlw PO YL plasddlw a5 5l ingsy

ORRYH 30 0uaS &S il 0,5 90 (63,8 G Sy gl N Jou

YA/ AXFIVY YA/ AXEIVY
YY/#YEO/FY YY/#VEH/EY
V7l AEVISY V& [+ ALVITY
V0/£YEYBA VO/PYEVDA
VY- YEQ/N - YE/YYEA/S -

VANYENY/PY AATEREARTAR
YV/AOXY/\ & YAIROXY/N#
VOOt 7 YY/AYEE/YY

YeIYFEY - /VA YY/orEY - /FY
YY/IYOXFIAY YY/IVALYIYA

4y (TUG) (1,5 &S o 5 (i a5/ (oo 5l s
ool 4l o (559 dsgerme ;o @ dly (i fore
% w9 Sl (6 =5 ojlasl jolaie 4 ass S Al
Sl (Baus a8 b 4SSl d(Ggmas] i) > 50 o
2 (Haik Spal 5l S eSSl w2t
G99 Gils= e L QBaiS &S, B a8 5 (9 s )S
0 S s (bl g mesl 08l el Sl
inbody Joe® o S 55 Jadoxs olKs 3l eola ol L ol 3
1. Finkel

2. Moro
3. Gibala

5. Gait speed
6. Chair stand

4. General health questionnaire

Jrs
Jrs
Jrs
RS
JrAs

Js

(Jlw)

(&0 %0 055 6kS)

(p555L)

ebs] ad> Gy oS a8 s ol adsloe 51 8
doli iy 50,5 o 5l e g o ool &S, b a3 las g
e vd) 0dg, dw cod asliiuw y (GHQ) fw}o.c el
dged JreSS i | tmgn )0 S8 b 4l il 08
2 S b g adsl 65 o5 el sl o s, e
sl A Ls) (S oS sl (ALt e sl (5]
VO- i (o7 99 9 (i 0995 (2 ld (65
Al &by oy ey ol 60, Shae (slaygajl 5 ¢ ma
7. Timed-up-and-go test

8. Omron
9. Body composition




01550 9 (ool Jguoy

Lzl a1 HIT S Sg, S taado FO oga o> aul> o
Vo Saeas ol e Sogel ad> ;o 00584l 50
Wl ploul Cand g0 o aS oSl 0,5 6,5 A a s
Sl 0o, 00 L FO ot s cmgas 50,5 5,5 SO
—olaisl 55,5 0,5 (6,503 9 HRmax) o8 Lo
o HRMax oo 0 Ve Lo e oo by fage Jolos
Ao, WL AL o b glaads aw 5ol Sy Hlge
Sach b JLed gl aiads aw colpwl cogs 4w g HRmax
dd> ;o gl as 51 > HRmax oo ,0 YO Ls £0
5 Lgs) el olaisl o, S o, wasaids) 5O
S 05,5 w093 (ml Jsbo 5 (99 Jgaz) (Ve oA (1,500
5 Bl 092 0,059, 5 g3l sl el 5 (S A

e 9 (Sl Joley YL ol b gl Ol joi adn cula il

sla pasls g o 6, Sojlail giz 0,5 48 cola
losliiwl L (Saved9s (azld 9 (22 09 sz Sy
b col il odd gl po 0 e g aloe oliws o
L o plays Slas g Vo il po 5l oliil
(V%) J5038 635 S 5 (Vo 0 V) 00 5 'L b
Glaan Coim 0,90 S o y20 09,5 00,5 dwle (V- A-
S el FA ClS 5l on 5 o SIS s oy | HIT
e 4 (5,5 055 99 5o Gl o e a5
> SLa dbged wiah 1S5 0)lugs Lagygesl plw g usl
e Al Ay oS lojl ay 4 Lolidl 551 oz 5l oy
TOS TAC (5,5 ojlasl wlliule;] jo o Jaiie ol g5

5 Bygo Vol s
sle boge;l ;ol> 5dxs o HIT ST gy (gl =z 0gmns
g An 53 jg) A A hd Sl Suie A (o) 09,5

oo [l HIT JSG g wlise .Y Jous

HRmax 740  HRmax /408  HRmax /408  HRmax /4 HRmax 7.4+
Y Y Y Y Y
HRmax 7.Y « HRmax 7.« HRmax 7. + HRmax /£0  HRmax /.£0

sl ) 99 il mal e (oo by ey Oy s
u_u ‘OJ_A] Sy (d_..il.‘/).».a) QLA) u_b).’ =9 J_n))f
5 ke 5) = 85 8 Lo Gg—eil TUG (g
Jmeawalolb s o b gy, awis o db o
Sl (oo (50903] 9 9035 At (e (55 (ke
Comw 4y Sl (g P s Ly g ool ol Jass (g4, )
O (8 0l y D ygmio an) 0 CS > 0ad s la s
L o—ejyl wols s La Sogesl ass 1) 1ol |l 0 05,8
o903l aS  alKin g o d Ll «e S oy a LS S
40,8 adgie lo) il o oo (55, Do

AL IS ST ST
o awlys Lo Soge;l 5z aduiws 1 oyiis aidy (ygmn 3]
1. Tanaka

3. Naughton

2. Tjonna 4. Handler

HRmax /.4« HRmax /Ad  HRmax 7Ad S
Slaws
Y Y Y
s
[OEA LI
HRmax /#6  HRmax /.7« HRmax /% S

:(VO,max) =2 0 (y S| SST0> G35 0310l 0 gz
oiss (595 "9l JSTgy 5l VO,max o sl sl
Gladds goals e Ve o S 5g, o oolaiwl 0,5 lo
2 g SVF Sy 4 S Jol ad>pe > a5 0t |2
30 el SYIY el e, w s Jole plw e celw
5 S Sl 0 5 oslfiws o ol o Il as el
Ao YIB ad>po ;0 )0 sy pygs al> o 5l g b0 90
oozl L VO max cosles ;o . (VAAF T Juila) cdly a3l

A Al p g atoles
aS o atwlys Lo goge)l 5l iomidy ol y cab s ygmmb 3]
b ol gHlaSedle b > e iy ol Ojpm ay
a5 1y e i Lol S oD £, i Ly

S L el los) oS b oad (6,105 e DB
o8 sl S obad 5l Gy 9 95 (o 518l (0905

5. Semba
6. Vikberg




..\_.»)9...9.’1,.4[_.»4_9..30)_:)5& \"’

Sl de S Vee Jlaie w0 S (g5l oy s g
S Soe A 9 0D A 0959 S JB I )3 aged
g e Vo s S asSSl a0 YV les jo el
el SO gl g aslol oo solwl A ade i3 B, xs
it )l A G 905 4 sSil Az 0 VY gles o
w0l 0olal B o id B, m0 3l g S Vo e g a oolo
gl a >0 VY sleo o aado ¥ gl 500,85 adlsl
Slaie caalol jo o ools gt [l mty e D0 S
VooV sl g and Aol g Jodoe 5l g Se 4
il S e e 5 il a0 TV (slas 3 i
Ere s 53 0D Lol 5 4y S 483l i g5 Jy lone
olie ¢ Jgo,8 5l oolaiwl Ly (s o <318 1 ogil FO-

A 0algs Yy, 125055
ool s iz 0y, g Sl e 1 oINS L LaxMo
il s oy L g Sl g L 5 38951 Jy
(e Sdndy Sygo (VoA T b)) T Sale
Slocwlgd a S Shey o abog Lt Lo Soge;l slos

B35 99— sk o sl 1 slmel B i
5 e g o oolawl TS g - gyl Qﬁ—“’ﬂ 3 Lwools
PollssS o gesl Sl L 09,5 aslio gl 0l
pys bwgs o lel Slilas pliad .od ssliil (ANCOVA)
Lol P /oD (15 ins laus o Y ase s SPSS ;|
b sy

et el oS o 5 ol ol oLl
5ozl 8,8 L5 TOS JIs i ialS Ecl HIT ain
V-0 s (g0 Toba g TAC Jlosine (A3l g 190 S
HIT aie Cid piorad (dw Jodz) i (Gomw 500
wls il 811, VO max g (28 ol ) cae p (5 )l0 ire j5-bo 4
iy EblS (9,5 S5 5 s il ey 5 o s
o=l Lpsele o) P<e/ed <oV Lo S5 as) 0,5
slB 2 303T pley Cemdlsii oo 2l ol o (S
(s i) 2 - asis o inn b ey |y oo
8 Glops g (o 009 S le (Lt moll (o imen
GlS HIT (s 03 5l ey )l Hobo 4y (]
(A Jga2) (< /0 5o o (61, il adly

HIT acbe cia gl as ol lis ol 5bod mols

3. Normile
4. Shapiro-Wilk

1. MyBioSource
2. Declaration of Helsinki

Yv O)Lo.a.':: Al 0y9° SF.Y }-HL'

0339 90 (S jpgke (69 3,5 Wil 4 yls

45 (b o i o g S plai L S e miy 45
S35 31 )l JB s (595 (58S Oy Glaiwd
(oobml Hlo o 50 0nigd il 0,8 gt wth (Huo
J—ol b am ciS )3 5 0t (oo aily JS e b e
Lug«aS oy (e b gl i o (Joio s,
Sl 0,8 4 (loj g 9dise £, 00 1S gl AR
Oloey 08 (oo aBie ) i ooyl ety
S Sa) 0 S 9,8 9,55 ) (lgie ay (gasl ol el

NQRI R PR PO VR
Sl (395 Gl piio (5 o3lo—l L b,
L agmg Gle S8 5 (6,5 ojladl S ITAC (6 = Solul
9 5 = g (e 10 Sl L Lol a8 cs L
S sl glpms o ooli_ol MBSB243210 S5 JUIS o,less
O i 03l IS Gt (4090 (Sed (gl dSgad Tal
a8lol og—ass gloadlgd a o il wl asges o) Lo V-
03438! chromogen ,=J 9, 5o 14+ woolal Jodome 4y a0 S
Wl akwg amy ;e A0 0 Qdz (e g 00
aslol ] a4 R3 )y S O Jlacie caalsl jo .o sasslgs
Az 0 V0 lws ol , ai0,5 0 Jolore 4880 90 g 0
alol TasRE 0,59 S0 B0 o ool I, 801, 5 il
ouslgz> ,egilb A+ L0 TAC iz bl clys j0 g0 ,5
L g (o S5 G095l =5 TOS (s =S ojlail (gl 0
Sl L B ol o j9—mgm slo &5 -0 &S5l ool
MBS2567995 <55 JB1S o Lo 5 ;=) 1y Jg—o olies e Y/O
s ool oy oy Sae VIO (g o5lasil cs Ly
(=9 sladiges oyols G55 5l o laul (6,8 ojlasl gl
AiBy ) gy Sae S o L ol 5l g e Ve lade
T S dy g 0l aBlol RT 510)g Ste Ve o s 0l
2 10D Jlacie g aiads S 5 alS clyg oo Ly il
el g e B0 caalol jo as el d gl 09z Job
g o S Ml Al ey Do a5 0l a8l R2
0,90 g 0 aygSSl a0 YV (slos jo a a8 iy sl
WS aild L gl 0% zo—o Job o 51 OD lode
Gl gl Wl TOS (gl o il 05 ,molde
3leolazwl Lo g 15l oy 5l 5 Y= i (6 =S 0]
1o OF Comlia L B ol v jg—wgm sloe &8 8 &S
5 Ly MBS2024978 (55 LIS o)l g , 5 ;s p, Sl
SISm0 2 35290 g n ey oS (6,5 0jla]
Do dmy (g5 lpaiged il (g mFojlail gl s 5
Sdmo A e g 30 00l 18 LT sleo o celw g0

5. Analysis of covariance




01550 9 (ool Jguoy

e 9 (Sl Joley YL ol b gl Ol joi adn cula il

JAS 9 (2575 09,5 95 50 dltuly (5L puitin duan lio 3590 53 (wils 51995 Jukows' yg03T gl ¥ Jgua

P P 7

VEVYE-/RE VO/A- £ /)
o Y824 S
VOIAYE-AE VONVYEY /Y Jys (el stoel Jgo ‘;'"‘")
+. +. . 5 -
. . \IFOE /Y ) \NaE Y a3 25 T 5T byl
VIYS£- /1Y VIY £\ JyS (il el Jgo Shee)
S IEYEC A SNV Gt .
Jo oy FY/EY e
e /PVES/Y oo JYYESYY J=s (5 ool 0,5 95L)
o IVYET/EA S £V Y B .
Jooye VA0 (4] o5 oL yied slao)
YYARE) XY YY/A0£) /Y Jys
Y- 0. [FY YIFYE/EY G
Jo oy Yooy
YIBAL- YA L Jys
SI £ Y5 SIFOENNY o B S s
e Vivy 0o r‘—'su‘ 2 oloj
VAREATER SIADEY] - ) Js (435)
VEIOALY/- ) VWioRY/AY e
AYYY VoA
VEAVEYN G VO - £Y/5 Jys
VAYOEY-IAY  VENVEVE/OA G
NS NS
FAUAYED/FY YA/ A£VVTE Jys
e e | TPPRVNA (Vo) pfY ot 3 008
YYIVOLFIAY YYIVAY/Y Jys (05 5k5)

(Yo Vo) ol 550§ STy mlo 00,5 o guilanuST o il
Sty pad dtin gty (gl yml A S ol als bl 5
sl el o c Jed g o Ly cela
o=l ol ol a | s Glaa lo ey Sla S
a S alesls loid 0 ol adsy 5l goga e sla ey (JL>
ol ol e gilan ST o il Al Ly (5559 e
Sab Ly (89 cdled a ST oa s 5155 Sl (6l
ooyl Gl el a il oo 35 QI St e Y
38 g dredlow ol )8l s a4 Lac 4 ol g gilon S
= 5510 o il Sl el ()T olisS 0,50 45 Jl>
GRS iz (V)R 500 5T 55 b -5 1559) 050
guilounST o il (2o l58) el HIT ol (gl p ol a8 ouis
Yo (YWY (0,500 8 usilaSe) 09 co s ol 31 5o

3. Lubkowska
4. Gonzalez-Bartholin

1. Kasim
2. Mota

Sl gmime JialS el HRmax oo ,0 10 L AL cos L
L Lo 3o ol 09 (o TAC jlo mixe yiy38l 4 TOS
G50 5 Thse s (V2 ¥0) (5500 5 el 3—lioed s
oeals L Slaa ST 5l st 89 s e (V21 F)
b G509 3 o (o 4 slaeaST oyl s
5l codle d Cnl 9ot (S (8559 Sl
Ban ol jod oo i a5 aslools las (Y- V) o, K0
sl s (et 955 o TAG ggbaas iyl el
aan gy plodla S alos, 57 )15 5 (YY) o, Ko

u»;-@lfu_cl)‘ o aads Y. umwdw)dw

FEa S alo,S )5S 0 (VA I8 5 o ym
oeplS cel  mliro sla g jo (5le Dl e ain

5. Bogdanis




S 4585 (Ll Y s sy o555 Sl
O G 00 iiS S (Sl 45 oa s eel 0l g
Slallbe 3 (o () Ly il (g, 5 e (s
9ol g g2laanST o il S Vo s (LS
1S el et 5o 4y 0 JLsb SL2lS 5 sloa
hecdadloe o (Yo VY o)), 500 5 Lab) oo oljT sla IS0,
515 ol 4y 1, el (sl e ;o Lo Jy
Bt 5 Slallas iz (T VA (o0 5 Jya )
Cel ales oo Ll JSl a3 59 oy pod 4S5 0l ols
sl 5855 bl 5 00 Yo s s Al
(=3, (VY (e g )Lér'-!) A uoliElly dlae
adlesls Las (Y-V+) o, K0 ?w_,.f e Olalas 4o

s 90wl pe g sl alee Gls—im bagn s 45
Lapl 0 tiS o Jae (5 Dy yad syl g lags, 550
008 iSG Lo ood Jlad oas 5 45 ales, S 5l S
51 (PGCT-00) Ll V= LalS suisS” JLsd et — o (S50
sado a4 S Sl by yi s S 30 Blaal s 5 g
el Sl yad amy gy o Lo o ST o 55 05
St o0 Slllan i 95 o 5 A cStanil
Gk 3l alg o e 0y (g3ls— Dl pad a5 aslosls
JLsd LS g PGCT-S (o3 ploy e (5L JLn
(558551 0y Shae (g3lwJlad 35 9 (AMPK) * s al (6l L sais
FS ) gaellis sl oS )l sl 5 (59 SnS 0
YUK PPN SR NNt | IF) (5 RPN RS {01 IR TL 3
sl algy (oo Vo i 45 a4z gy L ol
O—Bg 43 GhalS 5 ol g 053 PGCT-a (55l Jlad
DS S (et G Al (oo Vo s 1 (o o)
O 9 855,500 B b slasb aiils (6 adgy 0,5
Cel wlo o yped ad> S a S ol eols Lz (Y-Y)
Ol ol e (Sl DMt 53 Vo s (gl (8!
1 g 009 glacde S5 lallas oyl Jl ol L w39 oo
N Y- IPRNIIET SN I CO U IV PR SN JGNIN | P JC
e—oglie Ol pod g4 5l joS e aslllas ;o coliwl 0y5
Sile s yei L ales o slas, 55 Ll a4 S 005
ol aallas gl Uy laasily oy oS 45 il ol
9k celonls 118 (w090 ) s ed e b AS
28 (55 by oFans waliie Sl pei 3l awlie

Yv O)Lo.a.':: Al 0y9° SF.Y }-HL'

0339 90 (S jpgke (69 3,5 Wil 4 yls

5 ol yad VU o any el 4o s ol _Jlazs|
20,5 oy adled og ol Uy

JB—=oly =l o G el sl il 5l (S
Gz 0l gla ST 5T glbs oo 1 sla
S8l eel clgy HIT azan criw gl =2l 30 5l
sl sl g5 5o b 5l YlaixlaS 55 5 TAC o e
5 9 JeaSgjau T S, il sla s,
St |y (ST (5T el 155 )02 a1y (35
D529 (GO in i ABle D (K0 (G | ol
alal, Gla ST 0l eldo g —y> a8l e S o)ls
sz b Gl aS (g )sb a0l vg2g (5,0 mxe
S 5 ko) oy o ialS ST il oo
O A4S 0,10 0529 3 (g s 2l i ( Jlo ol L (Y- VD
S a5l S g iy el o
YL Sobel maw a2 a5 gl asS A w)ls 542y
{ stiin) ol a5 15 oS ol il il
HIT gl 5 ey 5 ol adios o (Yo Ve (), K0
Slyeess Gl 5 9,5 g (S)lo e bl oy (7 0955
5] s L85 5, Slas S5 00T azr g g o0
slazel ail asdlas jo oasS a8 b o, 31 oy gla S
IV e ShaS cdled il eeb HIT gl ol ccl o o
Ol 0 (oo (b e TS 1S (slgtiome
Sl 2 531, 5hnd BLS e 6152l 5 (ol pasS gie LS
Sl So plge 4 il sl)S saome pad al i b
S Slos 00 S S 4S5 39— o Sl b (g3lgn
(Voo A el ,500 5 YoS) 0ily (e (5,21 JLisil o,
5 seilaanS] Lid ials 4y 5 oie Y aiol g g0 oyl
oIS i 53 5 00 g, S JLi (L iyl
o TAC 55 il gy ol 51093 (o0 00T (5 705
Sl cond ol s olas Hles o 1 HIT

i glalas ol s vimen ol Godod moll
Voo s (g0 ol o gine 2l zge HIIT aiin
Ol g sl by e 53 090 (oo wialln (o e o
L gy cdlad alig Sy aS ol sols L (Y+)V)
Labse (oo atae )0 (a9 p ol gobw il Ssly
ailosly lid 55 (Vo VA) 0,500 g Jomu )5 09— o
Fooai Lgahn Ly Gaswan guliiul ol e as

5o Y_g)"J"—“‘"" C}Ja_w LJ"‘)‘)S‘ g0 ‘Lg)lfjl_g )_»5‘» oy

Syel ales 30 0 5wy Sl Dlabod 0el o (=l re sl g
1. Monna 5. Phosphocreatine shuttle 8. AMP-activated protein kinase (AMPK)
2. Metsios 6. Kim 9. Liang
3. Complex IV 7. Peroxisome proliferator-activated receptor 10. Allison

4. Creatine kinase

gamma coactivator 1-alpha (PGC-1QL)




01550 9 (ool Jguoy

S e 50 0 Shos 05 el Sl e ol Sk
Yool aS Slass e 995 0 TUG (y90jl g o8, ol
E= o=l o 4B, I 4 (S o e S (SSusp S 4
o=l S plizmen sl 15 She slagygesl g Sl yes

sl (Haco 5l s ol el s (6,50 Sl yes
Sl gl 5 ol i A 15 S A
Al oo (359 Dl pes plal a5 sl T 5l plss ( L
oemli8l g gla—ST ol Sla ST Jolss sg—ugy el
aS Sl e dedlw ol )81 o (g0, Slee slo sl
J—ole g oad ol 8l ol jo (60,8 Pl wl el ol o
B 5 il Ln o1 (5055 ES 5B o
Slla>de u_.a,fj_b)o [ QL).;QJL.» SO HIT oas Q|5_S -
0oLl 0B atedgw (o po gy S lgie A (o peS
Sl sl Ssgazme Sl Aagh jo ol o
Sl SlauuST Jolas jo , 550 sl ysie , oo J,—uS
=y Ao 4 ddlas oyl plo e ils sy Sla ST

Olasellw ol a3l ;50 1 (0 ped Joao () 0l 50

e 9 il SO Wl ot b 29 i po 4tk e i1

cin glala s ol s ol gden mals Ko
Ol S9—g2 g VO max ,ls e (iol38l Eel HIT 4o
o=l L 09d (0 TUG (y503T 5 (3 ol e s (5]
osmd ol gse3l 0,55, o 6l —ire i (Sl
Cel ailys oo (i) yg Dl yed 4 S alosls i goly
PNV CON SV JUT- NCRPP XU ¥ DN V- Yt B SN PN
VY S aleols Las (V12) 0,0 ¢ e85 ¢ Jlie sl o
oy ey i Ve Jobd caala (0555 Sl pel atin
thaogie S Ly ol (e 5 ooglie lacollad
Lo sS L s lasedls ;0 TUG (yg03l loj ogps el
ol ools Lad (V1 F) 5,500 57 jsliwl ¢ piman 09 o
S oo s AD L Ae s Uy ioglie (yy yos i V¥ oS
55 oaihans (g9, Slos (gl Sgrgr Eesly catioy IS5
Ol 3o (YY) 51500 § 5105 00,5 (o plasells
g aan (0 dul> aw) eglie (o e aian Ve aS ol ools
(5500wl 0V L oos Li(d> ;0 04435 F0

55 odal

2 3.4

20,5 e olya

&l 2,

Aslad 28l o led digSone pols allae B ac s

)S.m.’ 9 ‘sﬂé).\ﬁ

Sl s b ol plsdl o a5 Sl sl
Cglen 5l iorad o ylo 1) (Slojad g Sis JlaS wss S
o=l b caler gl (Slblb adle ol iils —ioghy
Sylaly Sloyad g s JloS gl

3 it (] Ao ) g3, Slae 5,08 fliH 2ol
2 s e i JUo ol Ly 00, 5 (e b oy
(Y V8) 500 5 T wlctle .asS sod ol TUG (5031 sl
P1) oS 5 o el i VP oS 09,5 5
(55l le roldl el dawgie ald L (s o a a8y
o ey D9 (el pand 0l 5 TUG (53l 09—t
alg an 0les o HIT asian ctin plodil a5 o) oo A
e Tl el (silop ol ws yols I8 Lid e
Soyls ol yen a1, VO max i3l 4 0g i lasellow jo

&L

Allison, H., Chun-Seok, C., Sim, N., Uhn-soo, C., & Jun, H.L. (2016). Biochemical basis of sestrin physiological activities.
Trends in Biochemical Sciences, 41(7), 621-632. https://doi.org/10.1016/j.tibs.2016.04.005.

Batacan JR, R.B., Duncan, M.J., Dalbo, V.J., Tucker, P.S., & Fenning, A.S. (2016). Effects of high-intensity interval
training on cardiometabolic health: A systematic review and meta-analysis of intervention studies. Columbia Journal of
Sports Medicine, 51, 494-503. https://doi.org/10.1136/bjsports-2015-095841.

Bogdanis, G.C., Stavrinou, P., & Fatouros I.G. (2013). Short-term high-intensity interval exercise training attenuates
oxidative stress responses and improves antioxidant status in healthy humans. Food and Chemical Toxicology, 61, 171—

177. https://doi.org/10.1016/j.fct.2013.05.046.

Crisol, B.M., Lenhare, L., Gaspar, R.S., Gaspar, R.C., Muioz, V.R., da Silva, A.S.R,, ... & Ropelle, E.R. (2018). The role of
physical exercise on Sestrin1 and 2 accumulations in the skeletal muscle of mice. Life Sciences, 194, 98-103. https://doi.
org/10.1016/j.1fs.2017.12.023.

3. Stoever
4. Maltais

1. Tsekoura
2. Sarcopenia




TV o )las Y 0590 AFY 30l 09529 38 (S spoke (60 )5 Clalllao 4 05

Cui, H., Kong, Y., Zhang, H. (2012). Oxidative stress, mitochondrial dysfunction, and aging. Journal of Signal Transduct,
2012, 646354. https://doi.org/10.1155/2012/646354.

Fex, A., Leduc-Gaudet, J.P., Filion, M.E., Karelis, A.D., & Aubertin-Leheudre, M. (2015). Effect of elliptical high intensity
interval training on metabolic risk factor in pre- and type 2 diabetes patients: a pilot study. Journal of Physical Activity and

Health, 12,942-946. https://doi.org/10.1123/jpah.2014-0123.

Finkel, T., & Holbrook, N.J. (2012). Oxidants, oxidative stress and the biology of ageing. Nature, 408(6809), 239-48.
https://doi.org/10.1038/35041687.

Garcia-Pinillos, F., Camara-Pérez, J.C., Soto-Hermoso, V.M., & Latorre-Roman, P.A. (2017). A high intensity interval
training (HIIT)-based running plan improves athletic performance by improving muscle power. Journal of Strength and

Conditioning Research, 31, 146-153. https://doi.org/10.1519/jsc.0000000000001473.

Gibala, M.J., Little, J.P., Macdonald, M.J., & Hawley, J.A. (2012). Physiological adaptations to low-volume, high-intensity
interval training in health and disease. Journal of Physiology, 590(5),1077-84. https://doi.org/10.1113/jphysiol.2011.224725.

Gibala, M.J., Little, J.P., Van Essen, M., Wilkin, G.P., Burgomaster, K.A., Safdar, A., ... & Tarnopolsky, M.A. (2006). Short-
term sprint interval versus traditional endurance training: similar initial adaptations in human skeletal muscle and

exercise performance. Journal of Physiology, 575, 901-911. https://doi.org/10.1113/jphysiol.2006.112094.

Gibala, M.J., & McGee, S.L. (2008). Metabolic adaptations to short-term high-intensity interval training: a little pain for a
lot of gain?. Exercise and Sport Sciences Reviews, 36, 58—63. https://doi.org/10.1097/jes.0b013e318168ec1f.

Gillen, J.B., & Gibala, M.J. (2014). Is high-intensity interval training a time-efficient exercise strategy to improve health
and fitness? Applied Physiology, Nutrition, and Metabolism, 39, 409—412. https://doi.org/10.1139/apnm-2013-0187.

Gonzalez-Bartholin, R., Mackay, K., Valladares, D., ZbindenFoncea, H., Nosaka, K., & Peiiailillo, L. (2019). Changes in
oxidative stress, inflammation and muscle damage markers following eccentric versus concentric cycling in older

adults. European Journal of Applied Physiology, 119(10), 2301- 2312. https://doi.org/10.1007/s00421-019-04213-7.

Gutteridge, J.M.C., & Halliwell, B. (2018). Mini-Review: Oxidative stress, redox stress or redox success?. Biochemical

and Biophysical Research Communications, 502(2),183-186. https://doi.org/10.1016/j.bbrc.2018.05.045.

Hamilton, M.L., Van Remmen, H., Drake, J.A., Yang, H., Guo, Z.M., Kewitt, K., ... & Richardson, A. (2001) Does oxidative
damage to DNA increase with age?. Proceedings of the National Academy of Sciences of the United States of America,
98(18), 10469-74. https://doi.org/10.1073/pnas.171202698.

Handler, E., & Sowton, E. (1984). A comparison of the Naughton and modified Bruce treadmill exercise protocols in
their ability to detect ischaemic abnormalities six weeks after myocardial infarction. European Heart Journal, 5(9), 752-5.

https://doi.org/10.1093/oxfordjournals.eurheartj.a061737.

Karlsen, T., Aamot, I.L., Haykowsky, M., & Rognmo, T. (2017). High intensity interval training for maximizing health
outcomes. Progress in Cardiovascular Diseases, 60, 67-77. https://doi.org/10.1016/j.pcad.2017.03.006.

Kasim, N.F., Veldhuijzen van Zanten, J., & Aldred, S. (2020). Tai Chi is an effective form of exercise to reduce markers

of frailty in older age. Experimental Gerontology, 135, 110925. https://doi.org/10.1016/j.exger.2020.110925.

Kim, M., Sujkowski, A., Namkoong, S., Gu, B., Cobb, T., Kim, B., ... & Lee, J.H. (2020). Sestrins are evolutionarily
conserved mediators of exercise benefits. Nature Communications, 11, 190. https://doi.org/10.1038/s41467-019-13442-5




0!8 9 Dl Jauw) e 9 Pl Jola Wb ol b (gld Olo i aan i il

Knowles, A.M., Herbert, P., Easton, C., Sculthorpe, N., & Grace, F.M. (2015). Impact of low-volume, high-intensity interval
training on maximal aerobic capacity, health-related quality of life and motivation to exercise in ageing men. Age, 37,
1-12. https://doi.org/10.1007/s11357-015-9763-3.

Lee, J.H., Budanov, A.V., & Karin, M. (2013). Sestrins orchestrate cellular metabolism to attenuate aging. Cell Metabolism,

18(6),792-801. https://doi.org/10.1016/j.cmet.2013.08.018.

Lenhare, L., Crisol, B.M,, Silva, V.R.R., Katashima, C.K., Cordeiro, A.V., Pereira, K.D., ... & Ropelle, E.R. (2017). Physical
exercise increases Sestrin 2 protein levels and induces autophagy in the skeletal muscle of old mice. Experimental

Gerontology, 15(97), 17-21. https://doi.org/10.1016/j.exger.2017.07.009.

Liang, J., Zhang, H., Zeng, Z., Wu, L., Zhang, Y., Guo, Y., ... & Chen, N. (2021). Lifelong aerobic exercise alleviates
sarcopenia by activating autophagy and inhibiting protein degradation via the AMPK/PGC-10. signaling pathway.
Metabolites, 11(5), 323. https://doi.org/10.3390/metabo11050323.

Ling, X.C., & Kuo, K.L. (2014). Oxidative stress in chronic kidney disease. Renal Replacement Therapy , 4(1), 53. https://
doi.org/10.1186/s41100-018-0195-2.

Lubkowska, A., Dolegowska, B., Szygula, Z., Bryczkowska, I., Stanczyk-Dunaj, M., Salata, D., & Budkowska, M. (2013).
Winter-swimming as a building-up body resistance factor inducing adaptive changes in the oxidant/antioxidant status.

Scandinavian Journal of Clinical and Laboratory Investigation, 73(4), 315-25. https://doi.org/10.3109/00365513.2013.773594.

Majerczak, J., Rychlik, B., Grzelak, A., Grzmil, P., Karasinski, J., Pierzchalski, P., ... & Zoladz, J.A. (2010). Effect of
5-week moderate intensity endurance training on the oxidative stress, muscle specific uncoupling protein (UCP3) and
superoxide dismutase (SOD2) contents in vastus lateralis of young, healthy men. Journal of Physiology and Pharmacology,
61(6), 743-51. PMID: 21224506.

Manna, P., & Jain, S.K. (2015). Obesity, oxidative stress, adipose tissue dysfunction, and the associated health risks:
causes and therapeutic strategies. Metabolic Syndrome and Related Disorders, 13(10): 423—444. https://doi.org/10.1089/
met.2015.0095.

Maltais, M.L., Ladouceur, J.P., & Dionne, I.J. (2016). The effect of resistance training and different sources of postexercise
protein supplementation on muscle mass and physical capacity in sarcopenic elderly men. Journal of Strength and
Conditioning Research, 30(6), 1680-7. https://doi.org/10.1519/jsc.0000000000001255.

Metsios, G.S., Moe, R.H., & Kitas, G.D. (2010). Exercise and inflammation. Best Practice & Research: Clinical Rheumatology,
34(2),101504. https://doi.org/10.1016/j.berh.2020.101504.

Moro, T., Tinsley, G., Bianco, A., Gottardi, A., Gottardi, G.B., Faggian, D., ... & Paoli, A. (2017). High intensity interval
resistance training (HIIRT) in older adults: Effects on body composition, strength, anabolic hormones and blood lipids.

Experimental Gerontology, 98, 91-98. https://doi.org/10.1016/j.exger.2017.08.015.

Mota, M.P., Dos Santos, Z.A., Soares, J.F.P., de Fatima Pereira, A., Jodo, P.V., Gaivao, I.0.N., & Oliveira, M.M. (2019).
Intervention with a combined physical exercise training to reduce oxidative stress of women over 40 years of age.

Experimental Gerontology, 123, 1-9. https://doi.org/10.1016/j.exger.2019.05.002.

Normile, D. (2008). ETHICS: Clinical trials guidelines at odds with U.S. policy. Science, 322(5901), 516. https://doi.
org/10.1126/science.322.5901.516

Pasha, M., Eid, A.H., Eid, A.A., Gorin, Y., & Munusamy, S. (2017). Sestrin2 as a novel biomarker and therapeutic target for
various diseases. Oxidative Medicine and Cellular Longevity, 2017,1-10. 3296294. https://doi.org/10.1155/2017/3296294.




Yv O)Lo.a.':: Al 0y9° SF.Y }-HL'

0339 90 (S jpgke (69 3,5 Wil 4 yls

Pietrelli, A., Di Nardo, M., Masucci, A., Brusco, A., Basso, N., & Matkovic, L. (2018). Lifelong aerobic exercise reduces

the stress response in rats. Neuroscience, 376, 94-107. https://doi.org/10.1016/j.neuroscience.2018.02.019.

Semba, R.D., Gonzalez-Freire, M., Tanaka, T., Biancotto, A., Zhang, P., Shardell, M., ... & Ferrucci, L. (2020). Elevated
plasma growth and differentiation factor 15 is associated with slower gait speed and lower physical performance in
healthy community-dwelling adults. The Journals of Gerontology. Series A, Biological Sciences and Medical Sciences,

75(1), 175-180. https://doi.org/10.1093/geronal/glz071.

Sinha, S., Singh, S.N., Monga, Y.P. & Ray, U.S. (2007). Improvement of glutathione and total antioxidant status with
yoga. Journal of Integrative and Complementary Medicine, 13(10), 1085-90. https://doi.org/10.1089/acm.2007.0567.

Stoever, K., Heber, A., Eichberg, S., & Brixius, K. (2018). Influences of resistance training on physical function in older,
obese men and women with sarcopenia. Journal of Geriatric Physical Therapy, 41(1), 20-27. https://doi.org/10.1519/
jpt.0000000000000105.

Tanaka, H., Monahan, K.D., Seals, D.R. (2001). Age-predicted maximal heart rate revisited. Journals of the American
College of Cardiology, 37, 153-6. https://doi.org/10.1016/s0735-1097(00)01054-8.

Tjonna, A.E., Lee, S.J., Rognmo, O., Stolen, T., Bye, A., Haram, P.M., ... & Wisloff, E. (2008). Aerobic interval training
vs. continuous moderate exercise as a treatment for the metabolic syndrome. Circulation, 118(4), 346—354. https://doi.

org/10.1161/circulationaha.108.772822.

Tsekoura, M., Billis, E., Tsepis, E., Dimitriadis, Z., Matzaroglou, C., Tyllianakis, M., ... & Gliatis, J. (2018). The effects of
group and home-based exercise programs in elderly with sarcopenia: a randomized controlled trial. Journal of Clinical
Medicine, 7(12), 480. https://doi.org/10.3390/jcm7120480.

Vikberg, S., Sorlén, N., Brandén, L., Johansson, J., Nordstrom, A., Hult, A., & Nordstrom, P. (2019). Effects of resistance
training on functional strength and muscle mass in 70-year-old individuals with pre-sarcopenia: arandomized controlled
trial. Journal of the American Medical Directors Association, 20(1), 28-34. https://doi.org/10.1016/j.jamda.2018.09.011.

Wang, P., Li, C.G., Qi, Z., Cui, D., & Ding, S. (2016). Acute exercise stress promotes Ref1/Nrf2 signalling and increases
mitochondrial antioxidant activity in skeletal muscle. Experimental Physiology,101(3), 410-20. https://doi.org/10.1113/
ep085493.

Zeng, N., D'Souza, R.F., Figueiredo, V.C., Markworth, J.F., Roberts, L.A., Peake, J.M., ... & Cameron-Smith, D. (2017).
Acute resistance exercise induces Sestrin2 phosphorylation and p62 dephosphorylation in human skeletal muscle.
Physiological Reports, 5(24), e13526. https://doi.org/10.14814/phy2.13526.




