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continuous training

Method: Forty rats were placed in the following five groups: Control, MICT,
PGC'1 a MICT+sodium citrate, HIIT, and HIIT+sodium citrate. The continuous training
Sodium citrate group ran for eight weeks and five sessions per week with an average intensity of
70% of the maximum running speed for 15-30 minutes. The interval training group
ran for 12 minutes with an intensity range of 50% and 90%. In addition to exercise,
the exercise+supplement groups received 15 mmol/l sodium citrate supplement
daily. The expression of PGC-1a in the soleus muscle was measured by the western
blot method. Data analysis was done using one-way analysis of variance and
Tukey's post hoc test.

Results: The PGC-1a protein expression increased in both the training groups and
the training+supplement groups compared to the control group (P=0.001).
Furthermore, adding sodium citrate could significantly increase the PGC-1a
expression in the MICTgroup+supplement compared to the MICT group (P=0.005).
However, the HIIT had a higher effect on PGC-1a expression than the MICT group.
Conclusion: Despite the effectiveness of both training methods, sodium citrate
supplementation before HIIT could have more synergistic effects in increasing the
expression of PGC-1a.

Copyright © 2024 The Author(s); Published by Journal of North Khorasan University of Medical Sciences. This is an open access article, distributed under the
terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses /by-nc/4.0/) which permits others
to copy and redistribute material just in noncommercial usages, provided the original work is properly cited.


https://dx.doi.org/10.32592/nkums.15.4.36
https://dx.doi.org/10.32592/nkums.14.4.1
https://orcid.org/0000-0003-2420-4828
https://orcid.org/0000-0002-4065-379X
https://orcid.org/0000-0003-3448-5950
https://crossmark.crossref.org/dialog/?doi=10.32592/nkums.15.4.36&domain=pdf

i

o ol 5 K 3 gl SIKEHS alovo
1FeY ol ¢F o ylow 10 098

g H dbo
YU Sl b 99U ¢33 p03 g (MICT) Sawgivo o b (09I (99 903 4idd Caiid gl Amglito
Jlwig 9 (O, JOPGC-1a Yyl » pvw O paw (DS JoSw b of yoi (HIIT)
L9 S Ogeaie

Ty g el (T i 58

skl (e oRzils o oliiilg) o e pole 0aSas (23358 (Shsle i (555

sl e oSy ¢ oliislg) o )T pole 00Kt 1335 (Sisls et 09, el

on.:‘ L_J‘“Jé)‘ d,am oKisls ‘LS")LM'JUB) 9 @A})’ ‘n}lc IRARRRY ‘L;u))s Lg)sjy):ﬁ 03; )Lu.u‘é ‘d.:.w )L’).S J}ZM o..\.i.m;y'*(
.f.seify@yahoo.com

DOI: 10.32592/nkums.15.4.36

oduS>

Catad

VESYIEITY il gu b

Solo imgs 3l a0 ls i (ol S sie Jiem 00S palais [518) PGC-lat oyly (ialidl 5o o35 collad doniio VTV VA Al &6

Ol 2 o Sl (80 oS Lol jen YU Sl b gl o je3 5 dawgio Dol b peglas o el atin cle Sl aslie
3 )t;‘m.gs)i L_glﬁssl)) B PGC-la

el B3l

_ Y s b osls Oly i
ot St basgie S b aghts 503 elawgio @ b saglts o yed (S 03,5 iy 50 Oy B oolaas S b, A

O in ,o ;0 g wiin A (agliS (n ped 09,8 B S 5 o Sl Vb Sad b (o9l G yed 9 YU ol b (9l o el
O wad aelo b gls Sl jad 09,5 aiau g0 4 ds Ve U 10 Sue a4y (a9 Epu ST woj0 Ve Sl bawgie b anl>
8l e S oS i Jgo (e V0 wailiy; ecn o5 12l 2 ogdle oSk in po3 09,5 Wigd s VY o0 30
U1 olel ge5T 51 ooliiud b Wosly Judoeigas o5 cos (5 S5l a5 alae ;o &y twg g, LPGC-1a oLy .06 ,S
PL[0) 285 plowl (S5 (el 305l 5 48,0 (3l

Orizpans (P /e V) 28l (il 8 095 d Cond oSt o g (2 505 09,5 90 52 50 PGC-1a (yusigy ol sloaidly
b agliio ) ¢ JoSorlavgio il b (oogla (2 yo3 09,5 55 PGC-La (ly )0 (6mtr (il condlys s Sl s (20 oo
b b goglts 09T &) Commd Yy DS by oaglis 09,5 Jlgoglly (oo e +8) 1S slonsl Lawgie Sood b goghts cppo 09,5
P=/++V) ol L PGC-1a 3l (g yien oylo chawgie

b S8 sl (05

e Sl
PGC-la

S5l 50 wilgs o L ad b gl o ye3 3l o pas Sl i (651 JoSo o o3 (B 99 8 (ki Sl 3929 L 16 S dmaid

Olosply LS Slandsise (il Gazmen Alise SdlSews
5 Ol RIP 4 pendS alE 5 (e L oud Jd LS (S
g9 5l alae o Slee o5 o] o 50 9 PGC-la colled yiol5dl 55
e (lae caliial Gl s o 5 st 4 SesSIS
b 51w el ¥ oS Wl olis ol e o Taylor 5] 595
P Uy abes Gl (Sl alae ;o PGC-la o ole o559
ool oS 59y OF Sl izmen 5 Sleoe 2l 5o celo
IV] sy 6550 4 o s ool

S=Ban Gl ;o 4z B mly Sl (ol LSen 5 Konopka
o3l 50 cgslgr s aaa VY Jldsa | sk oy gPGC-1a
38 ol Slpeis o o ol ) S oS oS U518 Wl s e
O 3l e 6,08 e g 5 3,Shes 0 150 ol SiLis
slays 9 PGC-1amRNA a5 wlosls olis oliise S Al el

Al atsls g i olidlee 51 PGC-la Ly

LPRY-IY
PGC-) Wl jluJlsd oo Lol pg5 oSy 7S5 o0 Jlad o0 S
slagal £950 50 (2b,0S g (Slyione 0aiS walais (5 Fets (L0
S g els il abauly a4 a5 [V el w55l JsSUse
it gl e (gl (casis; layeS Koo L PGC-la
<o) 555955TeS ol V] 5g8 oo bl (NRF12) ¥ 5 ) (slatun
ol s 5 NRF1p gmginy cullid o 3l L iy GloJlud
@sSEe A pmgiy) 98B Gl o lae slag;
PGC-1a 45 dusy oo k5 4 Y] 098 o o (55l Jlud 5 (TFAM)
5 lae glagy o5 Saalea o laoetSsn ple LS 0
wdls AE gb,aS gt lyime B Gl p3Y (ol yaS g
PGC-Lla & ol , oS ey dl8 o ISl alae o [F] wab
Slyzme Ol 0058 Jlbed b dele ol 3529 o 5 o) 5L

Sy 5 850 Sluyed 0] Wl alS ob,aS e

Copyright © 2024 The Author(s); Published by Journal of North Khorasan University of Medical Sciences. This is an open access article, distributed under the
terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses /by-nc/4.0/) which permits others

to copy and redistribute material just in noncommercial usages, provided the original work is properly cited.


mailto:f.seify@yahoo.com
https://dx.doi.org/10.32592/nkums.15.4.36
https://orcid.org/0000-0003-2420-4828
https://orcid.org/0000-0002-4065-379X
https://orcid.org/0000-0003-3448-5950

VBT ylinn oF oylod V8 098 ¢ o (3Ll y5 S 3 pale olRdNS alro

oebii gty (RS sl g ams o 8 Sslices 1) AMPK e
00iiS o ST slo foSo [V F] 045 so 35,9 bawgs 00islall PGC-1a:
Syt Jslate sloanS [Vl mpaws Sl 5 o Sl S
G pan colalllae gl plo o [V ] wloas wsslis (g5 (6,80 cud ) bs
359 Sedlad Sl A maie Sl 5 oo Sl S o sla JeSe
ol Sl 5 093 Sl alas o HT mom (a5 s wyas
SuidgSUS ATP sdgs ¢ (HCO3.) iy ,S o o o (V9] 095 o
Solosgys PH Cdl o 138 el mizmen tand e Sl
Mt g d9 |y (55559 0 8hee 5 [YO] Syl cudylo 5 090 00
S M el s SluyS g Spae (Jcally V7]
oozl JaS gl 5 a0 a3 S 15 (1Y) 52
BB PPSCOX R IS U, S PUR WA [C O N PRI L
a3l g 1) peows Sl S o slacuye wilgs oo 5 [VV] et ool
Sl ol Gl Wl eonlpln VY] wal asls it
25D (oBlgS DS (g LA Goaend S| 6 S sl

oyl HIT Sl pas il )2 0 Slallle (3 4251
win A 30 ladlas o St wslaisls y PGC-10 cansis,
PGC- o » paou Sl (83 JoSo b oyt HIT g MICT (3 505
S92 43 PGC-1a Ly (i3l ¢ B,k ) cad 00,56 ow) |, 1a
2P Gyge SR A5 99l e e olyaiSgine 0,Sles 5 Cod)b
5o S oo Ll (Sl sl joe 3o Jud 9 (SDlae 5500
e shele @by 9o 50 Ol p el E58 (2Ll (O 0
Sl BT ane) j0 gog0me Sledbl (Jlipll T o jleds 4
(b g o) gy Sl alae o PGC-lo Lo 5 ol yes
boohes puow Sl gibdeSe e Sl cagh eS
(el 05,5 gwyp |y PGC-Lla Ly (gu el idee oo
DaD b (goglaT (0 atir A aglis jol> aghy 5l Boa cnlple
it Sl s (23 JoSo b ol yon Wb ol by (25li5 (2 o3 9 Langiie
el Yl 5 slo; ;0 PGC-la )by 5

SLETTY

o3l A by ol 5l oy e Beoslasi (28 Beod cnl o
olai Ojgoh o) 5 ab a4 pledel (Sop psle Slidos
MICT S 09,5 0 0 obcuin glaaiws 10«59 (bl 2 wole
S medw St HIT g HIT (oo &l JoSetMICT
a3 YV B VY slod nfilo b Sl ofiulej] jo o, aus S
VWO Sl alids, a5 52 b s 0 B0 U FO cosb, 5 o, il
celu VY 5 glidg, celu VY Lo F U plsjlam $) VY &
oSSy plei s (5)agSi13é 5 ol o3l gus 2o b (S5
oSzl o B aiiaS Lawgs onisadl ) IS oS L Lo e dule)]
il 51 cudl e Jgol 5 IRUMA.REC.1400.074) Los | Gie

i ol Kyl

YA

o bLS | (VOMaX) (3 ypae oyienS] jiSTos b o1 b lad e
aud) S99 )l 96 PGC-IamRNA  als o bioplys ¢ &)l
oo o sk 5[] 35 se oaus 8131l eMlae ;s (ks cdl>
Slas, Bl anld o Jed BB i HIT) Yo ous b ogls
Slsme 5 @ile b b Gl bzl D] ol
an b, 3le opl a8 ol Sl abae o V] b asS g
DT sl pgis, slogaly e sla il

6o 935 o YU s b oolis oy ye5 i1 ecilizee Slalllae 5o
Ol g WlooyS gy 1) (2byoiSets Siom melal 5 (omusis,
s el )9 ales YU Sad b ogls o005 4 Wlesls
DY ar] ses s coge |, Siielensd Gl B5le 5l polie
sred @2 LYL Sl b (05l o o3 atin ¥ oS Sl oud (3155
Slyze g b walas QbyasSes Sud)b Gl o Only
33 lan PGC-la 2al33l job cyrad 5 (ol ,0iSgine slo o]
WEERRCHR B SRARIS | [T N e P
Slags e 5 oy o Gl 0 Jred i 55, Yo Dad b
o D] sl o3gs Joliae o, ;5 PGC-la ol ,aiS e
oS el ool i Sl alae o HIT Sy yed JoSse ol 50
Gras g VO] alae § 95 SLSY mhaw oo yed Sad Ll b
2 &y een 50 DVF] alige ali8l St jsbotr (ens]
b o9l e aiin ¥ (glyol a5 col oy (5155 (Granata asllas
S yote (MICT) lawgie ol b (oglad (1 ped a4y G Yb 0l
i dsdllae (pl 3 4251 (el PGC-la 5,58 (sl (5 5iso3
(b 3 DV s ()5 sl Sl @l cllad o Sesir
Cdld Comaz g (15359 95 e (Do | s a5 Wlesls L
b Gb5ys a5 Cal SloST ST sla 3l glyls adpan So
slafl o35 Jolite slp (ormlie Go5le b lawgie Sud
DAL st axsls glaust

oo Jlad 5anST laaisS ades yiunS] GBran 5 SLSY goxs b
Wl (8359 G, Bl 10 e sl Salslas 5l S a5 (ROS)
ST o sl g ROS jialidl o Jcnll [ Al aul oo al33!
slagesgy  slS g MIDNA & golanst conl o
O o b SasVarul adss ( Byb LY T s e ol oS sne
&S [N ] el ol jon (55 5 Jsd Mlae [0 SLSY g (HY) (59,000
[ op eebat g ol clad glaaST ol pind HY gos
oo sl PH rlas 225 (V7] s o 51,3 b 29 o
ShalS 1) (StoSS slags 3T 51 oan a5 [T ] col HYy sy
Fie 55 9 (VY] alesdlysS )l p9lsSis, 5 Ca?igla, 5 a2
o s9deel e omizmed WS oo slee 1y [VF] alae (sg
O3l yad aloz il JoSlge SClSen locnon ol (s

b s Figm oS e slay e 6 9 B S (o



OSep 9 591

cbs 9,5kl coS bawgs o] elign chle 5 wb g yslaer
BMG LS cole colig S Luilss olfiws g S5 0l j9u8
I ] as s (090 zge Jsb L Bio-Rad) Lo

SN o 5 3T (il 4o Vo sles 5o baaiges el )
0+) S0yl b ges b 1) Cd b odslcansay (yigen a0
Olgs Jongd maohes 20,0 ¥ eGg,008 315 e 5 Y 9o e
o0 0 9 ‘_eru.lf M)b \ ‘LF"‘ J..ﬁ}ns).: M)b YRR
A8 O O 4y Lrdiged cdaldl o 0l bglxe (Lu JgibilenlS e
ool b bty 058 0,5500 Sals gy b ot oailig>
slie 4 9 Wl la> SDSpolyacrylamide 5 ;5,589,501
doys o)y el ) Gae 4 Lad adaud ool Jlal 6 gkug s
Sgdus Tris-BufferedSaline yo BSA oo ,s & g Tween 2 TBST
sled jo wele ) Goe 4 o g, wgl ol T (ygulisSS]
b ey ol plosl TBST woye Foj0 ViVee cond b ddaons
5l 8 ogiamis 5T L 5 BCL) uilasiso) (oo 25T,
558 el 4l 5 adgl Glagab il .ol (5 uFejlail Image J
SANTA )TFAM PGC-1a (SANTA CRUZ sc-47778) S .l
4, beta actin (SANTA CRUZ ab-54481) 4 (CRUZ sc-166965
Dad aid s s

ool Juloxi 9y 525 b9,

Shiggmls ogasl 5l dpools mjg g Jloyi 5l Gliwebl (slye
Glol £ 0 Sile Ogoty Siagh 5l ol mls b ol
zlw ;5 (One-way ANOVA) ad,beS, i)y 5001 <Gl
4 Waosls Julowigas 15 ot oolitil (S's5 osind (y905] 5 P<+/+0
dlas 5l cimimen 8,5 & jeo TV aseas SPSSlble s S8
s oolaiwl b loges e 55 (sl A pra ey SIS

badl

Sloog )3 o (sylolime gl aS ols las bl g 6,5 YO
O &S (6yebas () Jeuz) o,ls 5929 PGC-la )Ly, Liwgh
O3l oSetHIT 05,5 5 HIIT 05,5 (s eimizmad (P<+/+ )
09,5 O & blize Sglis ¢ B,k 51L(PS /2 V) o o0 (5 lolixe
Cuils 5929 PGC-1a ()l ;0 pais Ol jiews JoSe+MICT ¢ MICT
WS a5 ol i cudad o905 bl (uizen (PSH/0 0 Y)
3 ka5 0929 PGC-la Ls ;o MICT ¢ HUT 05,5 o (5,lobse
0955 95 i 53 e Sl (b JeSe nl 3925 L () Jlased)
(Pl V) 5,0l 0429 @ 1, (5 lolias M MICT ¢ HIT

(Y Jgaz)

Y4

oo b alesl sl o)« gyod SIS0 lp2l 5l Gy a2i 50
5 47y yho 5y ez gl )0 Jend e iy el
o sl gy Sl o gy aiBs 5 e V0 ol ey
595 2 sk e 28l 58l Az B QL SG e, 99 e e S
VAL s ools Laalidl aiBo ¥ (g ped Sde g dinds p %o ¥ ey
3 didin Hdugd ey o 5 b olia] Slads 5l o athe
b 6 pSosll e,

b g (5p9 9,Shas (303T ouge ey iSTa 05150 (s
@l g5l aids 5 e Ve Gy b aS ad izl a0 jho o
D, 85 Sloj B ad oo 00933l Jrwd 5 Cue s p yie ) alSS ) 0
4 oty Sy b Jolee S cpl il g a4 0B Koo
Yh Sad b o9l o e 05,5 slos, ol 48,8 las j» Vopmax
b l) (ool Oloyed catan ja 0 55, 0 5 ada A Do
oolaiwl b acin <8 Lo iSTas sy e 5 00 Sl aisls
4 (5,0l jeuS <l Nellcor N-600 Jow) pls oSG 5l
Cols P L Jol aian o el 0 ST T2l a0 £ g dads ¥ ue
b colil glaoygs 5 ards e VP Cas s b slagBoY
G gl 3T atin 4o g o9 AiBd 5 e Vo b 0 glaBBe S
Sy 4B p pe VF b coliiul 5 adds e YA ey
Sy Sy SSTa do s Vo lawgie wuld L MICT 64,5 Y]
Vo ey b aiBo 10 (nyed o) Jol ain 50 aings Jaes
4533 5 e YO Sy b e Yo 4 by o5 o5 090 aids i
JSon Oled 5 JoSot i o3 09,5 S ) s alin )
JoSo 5 p Jseides V0 cailyg; g wio)S 2l ) alie (o yes
8,8 o Ol w

b 6,10 paiges g g 3lweslel

5 S 5 aliwgay Loy oy pod Al Cﬁ)$1 3eelo VY 5law
(p5shS p S e A0 yzgp ynS 5g,l0 &8 10) (aliSTg ls
(PSS » pyS oo Vo S (59002 Bioveta &5,5) cp dbl5 4
U obesbl 5l w0l S (Slaoyg,s BuF O)gen
ol as alae il 5l gl paiged alolidly wollg> st
radio ge;l 5l eslinad b e alae utigy glysadl )8
B Yee oo o[+ 0 cdale L (RIPA)immunoprecipitation assay
EGTA soyo [+ i 9,lS Vgo doo VO#(PH=8) L 5
S i Elw) SS9 55 g 5 5T duo o o) egdleas SDS wus s )
Voo gebite oo ¥ ]us alosl (ROCHE (S polon 0T Lk
b 5s sl 3L Jslme dySoe D00 jo 2L 5l 6,5 o
axyo ¥ o @il Ve Sus 4 g wd igen (S pljges
Sl Slo Jlxd §emty yila 10 (a2l ools 1,3 ol 5 sle
Vo Do 4y daBo jo j90 VYoo b (o, swldrfroil) ol ) jeuS

o) &b o e ile o5 ke a0 Foslbe o aids



VF+Y oloneo oF o lous VB 0590 ( Jlods (bl 5 S 3y pale oSS alxo

MICT SHITT 5,5 ;o PGC-1at (gl 4,y il jly 56T olis ) Jgu

sig F Cl 95% 3 51 Gl 31 2l Koo 09,5 s
Voo GY/ee Veodefoy Jyas
o YYO/F) VAAG Y VYRV R HITT
VIS BB, V/00E - [5Y JoSat 1y a3
VAL B A/F VoAE[Y s el
oot \BIYY o e
VY- BY/-8 VYL IAD JeSegn 8
HIIT MICT
PGC-1a == == ®= 105 KDa PGC-1a == = = 92 KDa
B-actin e e | 43 KDa B-actin ses s== == 43 KDa
% %k
ns
% 3k %
ns |
[ 1
%k 3k % %k % %k %k %k
1T |
2.0= % %k % %k %k %k % %k %k %k ns
c I
= o
c 1.5+
=%
~
= -
-
O 1.0+
O]
o
o
= 05-
@
[ad
0.0 T
\ A X
L &L
$ Q <
Q A\
s ) @%
N
O
IS
&X
O
D
o Sl (20 oo b ol o MICT @l ye5 g HIIT ol 105 L PGC-1al (Lo ol pois anlin ) Hlo gad
P<geeny sP< 1oy P<eefo e P>4/o0ns
HIT s MICT by jos 05,5 slp (S8 orains (903] ¥ Jour
P-value Ay o 095
oA MICT
foen s Sy +MICT s
/- AY MICT 3,0 Ol i +MICT
ooy HIT
[ JRURVETIETN [ T s
floo) HUT ot O o +HITT g 0
Ny MICT HIIT
[+ 20w Sl +MICT POV JCTOwET . | | | RRRVY

el 0ds itz p P ) Joline (slacglis



OSep 9 591

Gl oge e Hipg J e e SlaSg Spas
25 V) ade A Doe 4 a5 Giaghy cnl o 0sdie 2lyaS g
VoL (alBo ¥ Do a 50 VW B F) jasS )l (G55lS, oy (a2
Sonte 5 Slgilin jadnl 2lS s [l SliSY wlin] aw s V-
OIS e Sl S g B pan b (lae o jasS gie i g o>
e Ol JoSo il oo, Sen 4 Linossier [YY] cul ous
Lo aniald ool o 1) Jshogsy oaisSos ST ble sy
aslol (Kws 350 ooy b g (Bras Sl iSTas aoys VY-
@S oS bl (Sl dlae pudplio 5 3 Sles il
o) 1 b o mats Syt JoSe B pae aS ol L Jols>
AL s Dl B el 00 3 Slae 39042 5 (S o2
Col 03,5 1 alias il 5 5,Shos 5y lawsdly o 0501 s
Gran Sl cwyp o)l (o San 5 O0PIK aslllas o pizean [YV]
@ Shos Sd)b g padgilio 1 (B39 5l Gy maoes Sl JoSie
055 PH 5 Leodly om0l uliiol JoSo ) 8 e 0570l s
a5l 035 Jloa 1) (95 SIS e ualjl g eols sl

IVl cod anals 6,086 15 )09 o Slos Sguge 5o
0235 3 JaSa 13 45 05250 anllas Lo ¢ pol> oo sl 5o
SlSEe Fig b baipe 0 Ol 5 SidliSes glajlia] 1,
ol adlas cpl o o), Kan g Percival asdllas «wl 05,5 o)y
51 am 1) PGC-LamRNA Lo o Slo)S o JoSs B pao aS ol
ools ili8l Sl alae jo cadgl cdl 4 eIl (o ) g 0 o3
ke ¢yl S5 sl 5l Gl Lo oga3T gl ol 55
oM 0is eSS e Gl ) mae Sl S o JeSe 05 0T
b Comdge 90 )0 1) SLSe (Gl JSgn o 9 03,5 S pan
FoxV e elyzl ol oyl o ped i S Ll o 3 i oS, alols
Feoolpemay iy b Lo 2l o A0 L G500, 4l
ged g alde oy 3l Jol> @l g 4yl > 4 cnS il 4l
Sras jlan 055 OloyS o g PH (JoSe 09,5 55 a5 8l (las (95
03SlS Bran sbien ol Al (Bl e ol S
el @Bl Gl e Job 50 (93 SLSY gexd 9 SMlas
o0l 5ol DS S 155 il Ggendliyand Gl
JoSo b ol o oy ya3) S 05,5 93, ,3 P3BAMPK 5 MAPK
LS (s Sl S0 b olped 00,08) JoSo g (mai WIS
il PIBAMPK 3 MAPK jiolie o Ll ol onds 3155
3 ax Celo ¥ PGC-1a MRNA Lo ¢ bl sl 0025 soalie
-5t 5SS 4 Gl VAL sl 0052 Wl JaSo 09,5 10 (5,915,
w2 5 9 PH (2als &yl cnl sl ol o ScasV ol adgs L s5lge
e o,Shae a5 [1] 2950 zeie (93 Gl Jols 09,55
Sl JUlS (153 s e PH s (e 4008 o
Gl 5 555l 50 GalS sl T colled (S s« uSs

g

-
oI (59 e atin A S gy 2l g 5l Ban
583 JeSe b ol o (HIT) YU ©ass by 5 (MICT) Lawsgiia s b
aae A as ol lis mlis o9 PGC-lu Lo ot &l e
3 PGC-la etg s ol ialidl 5 MICT (p 05 o HIT (s
o, ol 55 o)l gyl by slae, o alae
o, HIT (s asan A a5 wols las o)) e g 00l puuxa
D] sgs o ymie lac, jo PGC-la olo Gilpl & Juos
95 5 soghad Sl el dlis b cosliose o Glord (izren
245 Ny 4z (pl @ Gliey glme Gloise ogas )
Ol a5 oy 0580 PGC-Lo ol (al 38l sl (03 0508 99
s 09,5 3l 3L s oline seboas «(ogl (n o3 09,5 )3 Gl
VY Coe 4 o)) e g (g Lsu cadal) uen (0 L] g ool
Ol 2 MICT 5 HIT colled g5 90 1 (qmypr & catin
sralls gloc, @sliss alas 5 olaiSsie claiiisy
PGC- Lo Sl cely o pod £93 90y aS Wsls (jlid g aSls
2 MICT (5 y0d b aslie (o HIT (05 a5 Jl> 0 09d o0 1o

Levl et asls g e 36 PGC-1a ole

SelliSs (5o e G525 i (I elans )3 HIIT Sl o5
b olyyes sl 0500 PGC-La gjlw Jlsd o Sl aliae o
Gk 5l Ca? -] s e Ca2ols, mal3dl cow YU oo
My b St Gpae Gl e il GlapanilSe
L oolor cplply 948 0 ROS ady o «uluSISS o8
g Gl irimen Wl oe Gl 55 ROS o (Ca 33l
el a5 olslsl AVF] 0gs o ATP jiw ul3dl e Ca'?
5 g Bl Dad bl olren (65 Lol I3l L (o555
Dol wbe Giljdl ATP 4 ADP g AMP s Lol iljl
Sl slo gy aS 09 oo Eels AMP g ROS (Ca'? pl38l
Odgo9ellS pundS” ol daJoSdge cpl 4 eles (Johoiygyo
5 (AMPK) 5SS Slawdgige pje0] (CaMK) 5LuS a4 atwly
$3bedled (Pse MAPK) P (jjge lawgs oud Jld jleS (et
599y S @i s ol S a gl l Y] sl
NS e Figm (ied 5 S5 pelie ;5 NS oS

Irs] Dol o i
Db b gl (npes a5 olo (L pol g Gladily (pizen
ol jordy MICT (pyp03 5 madwe Slyiw (28 JoSe b ol pen YL
Ot 02l 99 )35 o 3B PGC-10t ()l s oaokes S yies 20 JaSo
51 Cendlyi a2 JaSa b ol yap YU s b Sy el
e Sl S o (o83 JeSe o5 dimd oo L dales 3 ) (6 i
a5k 5 et 1) (2559 4 (Slsilin (slagnly mow Slytens o
aS aes o ol ) Ken g Edge aslllas zuls aies o ial38l



VBT ylinn oF oylod V8 098 ¢ o (3Ll y5 S 3 pale olRdNS alro

bl DV el sazs (3155 slis ol ol el o
Cdlsd oz g (5] 59 £ e D | JRie a5 Wlosls L

S b 59 edomas )0 sl Slags IL_,’_':JT Sl aipen S0

SlaeST glail 9,5 Jolte (gl (omlio (3le il dawgie

DVAT wsls azsls

S 5 4oud
Syme s slaghs, | S siear HIT (505 oSl
SEPGC-1a cmrgi, sLay5iS oy )3 ¢ Su5sloned (sl s, 5L
ol Ol ORI 58 e Sl JoSo Sl @ azgi Ly sl
Sl S b Gla a5 w0 S 4 (pmgiy; sloysiSl
Sial33 b HIT Sy a3 LS s mais e 6,b oS ol38len
S5t 53 gl (So3slsd sl 1 51 PGC-la (slans p (e s

Dy oy OB L5, 0, les g 2l g (Lb3yg byl

& Sl
YU o b aS )l olKislesl LSS 51 a8 asils o p3Y o laizee
S G jad g Sas wisls alel 1) KoMy sy slaiales]

&bo ol
g slagisu ples )5 5 12l (b jo (o (sles
P LS gd 45 WS oo gyl GBais Wles S oS L

.é)ldj S929 u’_xSLuo

References

1. Fiorenza M, Gunnarsson T, Hostrup M, laia F, Schena F,
Pilegaard H, et al. Metabolic stress-dependent regulation of the
mitochondrial biogenic molecular response to high-intensity
exercise in human skeletal muscle. J Physiol. 2018;596(14):2823-
2840.DOI: 10.1113/JP275972 PMID: 29727016

2. Perry CG, Lally J, Holloway GP, Heigenhauser GJ, Bonen A,
Spriet L. Repeated transient mRNA bursts precede increases in
transcriptional and mitochondrial proteins during training in
human skeletal muscle. ] Physiol. 2010;588(23):4795-
4810. DOL: 10.1113/jphysiol.2010.199448 PMID: 20921196

3. Gureev AP, Shaforostova EA, Popov VN. Regulation of
mitochondrial biogenesis as a way for active longevity: interaction
between the Nrf2 and PGC-la signaling pathways. Front Genet.
2019;10:435. DOL: 10.3389/fgene.2019.00435 PMID: 31139208

4. Little JP, Safdar A, Wilkin GP, Tarnopolsky MA, Gibala MJ. A
practical model of low-volume high-intensity interval training
induces mitochondrial biogenesis in human skeletal muscle:
potential mechanisms. ] Physiol. 2010;588(6):1011-1022.
DOL 10.1113/jphysiol. 2009.181743 PMID: 20100740

S.  AdhihettyPJ], Uguccioni G, Leick L, Hidalgo J, Pilegaard H, Hood
DA. The role of PGC-la on mitochondrial function and
apoptotic susceptibility in muscle. Am ] Physiol Cell Physiol.
2009;297(1):C217-C25. DOI: 10.1152/ajpcell.00070.2009
PMID: 19439529

6. Kruk J, Duchnik E. Oxidative stress and skin diseases: possible
role of physical activity. Asian Pac ] Cancer. 2014;15(2):561-568.
DOI: 10.7314/apjcp.2014.15.2.561 PMID: 24568458

7. Taylor EB, Lamb JD, Hurst RW, Chesser DG, Ellingson WJ,
Greenwood L], et al. Endurance training increases skeletal muscle

Y

b,y o Shoe (opl popdle [F] g8 0 ATP 0dgs )l5e
Jezo slays ole Silgs oo PH ralS .0uS oo pss pH Ol s b

L] aas 2alS 1) PGC-1a alezjl ol ,0iS e 5550 ,o
gob e g PGC-la KdlSws s pil> adllas o
b & as g5 b Lol el oai (5503l pH o HY (liSY &l s
a5 5,8 bladd iz Gl ee @wiadS cldlas ) sawelcwsa

3 dol> (Sdglbie &Y 51 Sl wlgs o PGC-1a ls il
Izl 5 00,5 31 KIS 6o ynn 5 a5 3L HIT o el

PGC- oS pulas ctwoWh slocmtis pn silolsd 5 olo Ll
(b 3 asls o 3 1, PGC-la ol Sy pms Ll 5 1a

Ok ol o HIT s b olyes maos i 55k JoSe
o i panilSe sty oyl g el az2l3S 56 o PGC-1a
Sl JoSo 1 gl b 1) PGC-la ol Gial381 50 s
o w95 Sl 0 g PH g 2 53l L a5 il wlin s
Ival el ouss PGC-1amRNA Ly ial33!

slas wlgi oo (S gule 5 olrerdotans byt plo (o)
7o G slecudgame alazjl a5 WS o o)linlys |y (el
r Slp @9 Earh Sl il pagh (Jlcnll ol
2Bl e (08 S SSg 5 b mie Sl JoSe (o250 5]
9L (e aan ¥ gl ol a8 el ool (45,155 (Granata asllas o

Gt Syt caalllan (nl 45 4 512 PGC-la oo sl 0

LKB1 and PGC-1la protein abundance: effects of time and
intensity. Am ] Physiol Endocrinol Metab. 2005;289(6):E960-
E968.DOLI: 10.1152/ajpendo.00237.2005 PMID: 16014350

8. Konopka AR, Suer MK, Wolff CA, Harber MP. Markers of human
skeletal muscle mitochondrial biogenesis and quality control:
effects of age and aerobic exercise training. ] Gerontol A Biol Sci
Med Sci. 2014;69(4):371-378. DOI: 10.1093/gerona/glt107
PMID: 23873965

9. Timmons JA, Norrbom J, Schéele C, Thonberg H, Wahlestedt C,
Tesch P. Expression profiling following local muscle inactivity in
humans provides new perspective on diabetes-related genes.
Genomics. 2006;87(1):165-172. DOI: 10.1016/j.ygeno.2005.
09.007 PMID: 16326070

10. MacInnis MJ, Gibala MJ. Physiological adaptations to interval training
and the role of exercise intensity. ] Physiol. 2017;595(9):2915-2930.
DOI: 10.1113/JP273196 PMID: 27748956

11. BrandtN, Dethlefsen MM, Bangsbo J, Pilegaard HJ. PGC-1la and
exercise intensity dependent adaptations in mouse skeletal
muscle. PloS One. 2017;12(10):e0185993. DOI: 10.1371/
journal.pone.0185993 PMID: 29049322

12. Nabilpour M, Sifi-Skishahr F, PourRahim A. The effect of high-
intensity interval training with sodium citrate on the expression of
pge-la and nrf2 in soleus muscle of rats. Stu Med Sci.
2023;34(6):299-307.

13. Mohsenzadeh M, Aghaei F, Nameni F. The effect of high
intensity interval training on SIRT1 and PGC1-a gene expression
insoleus muscle of type 2 diabetes in male rat. Med ] Tabriz Univ
Med Sci Health Serv. 2020;42(4):447-455. DOI: 10.34172/
mj.2020.067


https://doi.org/10.1113%2FJP275972
https://pubmed.ncbi.nlm.nih.gov/29727016
https://doi.org/10.1113%2Fjphysiol.2010.199448
https://pubmed.ncbi.nlm.nih.gov/20921196
https://doi.org/10.3389%2Ffgene.2019.00435
https://pubmed.ncbi.nlm.nih.gov/31139208
https://doi.org/10.1113%2Fjphysiol.2009.181743
https://pubmed.ncbi.nlm.nih.gov/20100740
https://doi.org/10.1152/ajpcell.00070.2009
https://pubmed.ncbi.nlm.nih.gov/19439529/
https://doi.org/10.7314/apjcp.2014.15.2.561
https://pubmed.ncbi.nlm.nih.gov/24568458/
https://doi.org/10.1152/ajpendo.00237.2005
https://pubmed.ncbi.nlm.nih.gov/16014350/
https://doi.org/10.1093%2Fgerona%2Fglt107
https://pubmed.ncbi.nlm.nih.gov/23873965
https://doi.org/10.1016/j.ygeno.2005.09.007
https://doi.org/10.1016/j.ygeno.2005.09.007
https://pubmed.ncbi.nlm.nih.gov/16326070/
https://doi.org/10.1113%2FJP273196
https://pubmed.ncbi.nlm.nih.gov/27748956
https://doi.org/10.1371%2Fjournal.pone.0185993
https://doi.org/10.1371%2Fjournal.pone.0185993
https://pubmed.ncbi.nlm.nih.gov/29049322
https://doi.org/10.34172/mj.2020.067
https://doi.org/10.34172/mj.2020.067

OSep 9 591

14.

15.

16.

17.

18.

19.

20.

21.

22.

24.

28.

26.

27.

28.

Sharafi DF, Rastegar Mogaddam Mansouri M, Abbasian S. The
effect of high intensity interval training on muscular biomarkers
of mitochondrial biogenesis in male rats. ] Babol Univ Med.
2017;19(6):57-63.

Torma F, Gombos Z, Jokai M, Takeda M, Mimura T, Radak Z]J,
et al. High intensity interval training and molecular adaptive
response of skeletal muscle. Sports Med Health Sci. 2019;1(1):24-
32.DOI: 10.1016/j.smhs.2019.08.003 PMID: 35782463
Scribbans TD, Vecsey S, Hankinson PB, Foster WS, Gurd BJ. The
effect of training intensity on VO2max in young healthy adults: a
meta-regression and meta-analysis. Int ] Exerc Sci. 2016;9(2):230.
PMID: 27182424

Granata C, Oliveira RS Little JP, Renner K, Bishop DJ. Training
intensity modulates changes in PGC-1a and p 53 protein content
and mitochondrial respiration, but not markers of mitochondrial
contentin human skeletal muscle. FASEB J. 2016;30(2):959-970.
DOI: 10.1096/1j.15-276907 PMID: 26572168

de Sousa CV, Sales MM, Rosa TS, Lewis JE, de Andrade RV,
Simoes HG. The antioxidant effect of exercise: a systematic
review and meta-analysis. ] Sports Med. 2017;47(2):277-293.
DOI: 10.1007/s40279-016-0566-1 PMID: 27260682

Nikooie R, Moflehi D, Zand S. Lactate regulates autophagy through
ROS-mediated activation of ERK1/2/m-TOR/p-70S6K pathway in
skeletal muscle. ] Cell Commun Signal. 2021;15(1):107-123.
DOI: 10.1007/512079-020-00599-8 PMID: 33398722

Guo C, SunL, Chen X, Zhang D. Oxidative stress, mitochondrial
damage and neurodegenerative diseases. Neural Regen Res.
2013;8(21):2003. DOI: 10.3969/j.issn.1673-5374.2013.21.009
PMID: 25206509

Cerullo G, Parimbelli M, Perna S, Pecoraro M, Liguori G, Negro
M, et al. Sodium citrate supplementation: An updated revision
and practical recommendations on exercise performance,
hydration status, and potential risks.Transl. Sports Med.
2020;3(6):518-525. DOI: 10.1002/tsm2.174

Edge J, Bishop D, Goodman C. Effects of chronic NaHCO3
ingestion during interval training on changes to muscle buffer
capacity, metabolism, and short-term endurance performance. |
Appl Physiol. 2006;101(3):918-925. DOI: 10.1152/japplphysiol.
01534.2005 PMID: 16627675

. Oopik V, Saaremets I, Medijainen L, Karelson K, Janson T,

Timpmann S. Effects of sodium citrate ingestion before exercise
on endurance performance in well trained college runners. Br |
Sports Med. 2003;37(6):485-489. DOL: 10.1136/bjsm.37.6.485
PMID: 14665584

Bishop DJ, Thomas C, Moore-Morris T, Tonkonogi M, Sahlin K,
Mercier A, et al. Sodium bicarbonate ingestion prior to training
improves mitochondrial adaptations in rats. Am ] Physiol
Endocrinol Metab. 2010;299(2):E225-E233. DOL: 10.1152/
ajpendo.00738.2009 PMID: 20484007

Suvi S, Mooses M, Timpmann S, Medijainen L, Unt E, O6pik VM.
Influence of sodium citrate supplementation after dehydrating
exercise on responses of stress hormones to subsequent endurance
cycing timetrial in the heat. Medicina. 2019;55(4):103.
DOI: 10.3390/medicina55040103 PMID: 31013820
Mohammadpour HPJ, Azai K, Poozesh R. The effect of sodium
bicarbonate supplementation on lactic acid, ammonia and
exercise performance in 400 meter male runners. | Sports Sci.
2010;2(4):79-92.

Linossier MT, Dormois D, Bregere P, Geyssant A, Denis C. Effect of
sodium citrate on performance and metabolism of human skeletal
muscle during supramaximal cydling exercise. Eur ] Appl Physiol.
1997;76(1):48-54. DO 10.1007/5004210050211 PMID: 9243169
DiCarlo S, Collins H, Rodenbaugh D, Smitha M, Berger R,

Y

29.

30.

31.

32.

33.

34.

36.

37.

38.

39.

40.

41.

Yeragani VJC, et al. Daily exercise reduces measures of heartrate
and blood pressure variability in hypertensive rats. Clin Exp
Hypertens. 2002;24(3):221-234. DOIL: 10.1081/ceh-120003202
PMID: 11883793

Alavi F, Seify F, Nabilpour M. Effect of 8 weeks high intensity
interval training with sodium citrate supplementation on PGC-1a
and TFAM expression. ] Complement Med. 2023;12(4):22-32.
DOI: 10.61186/cmja.12.4.22

Nabilpour M, Sadegi A, Hematiafif A, Faal Pakdeh M. The effect of
two months of continuous exercise with chia (Salviahispanica L.)
supplement on the Internet-1 and 13in Wistar diabetes rankings. Feyz.
2021;25(4):1047-1054. DO 10.48307/FMS].2021.25.4.1047
Nabilpour M, Sadeghi A. Effect of eight-week acrobic moderate-
intensity continuous training on Il-1f and 1I-13 levels of soleus
muscle tissue in male diabetic rats. Iran ] Card Surg.
2021;21(3):129-138.

Shirvani H, Arabzadeh E. Metabolic cross-talk between skeletal
muscle and adipose tissue in high-intensity interval training vs.
moderate-intensity continuous training by regulation of PGC-1a.
Eat Weight Disord. 2020;25:17-24. DOI: 10.1007/s40519-018-
0491-4 PMID: 29480414

Bakhtiyari AGA, Choobineh S, Kordi MR, Hedayati M. The
comparison of the influence ofl12-week high-intensity interval
training and continuous moderate intensity training on PGC-1a
and Tfam mitochondrial proteins expressions in gastrocnemius
muscle of elderly rats. Anim Biol ].2019;11(4):11-20.

Brookes PS, Yoon Y, Robotham JL, Anders M, Sheu SS. Calcium,
ATP, and ROS: a mitochondrial love-hate triangle. Am J Physiol
Cell Physiol. 2004;287(4):C817-C33. DOL 10.1152/ajpcell.
00139.2004 PMID: 15355853

. Kang C, Li J. Role of PGC-1a signaling in skeletal muscle health

and disease. Ann N Y Acad Sci. 2012;1271(1):110-117.
DOI: 10.1111/§.1749-6632.2012.06738 x PMID: 23050972
Sabaratnam R, Pedersen AJ, Eskildsen TV, Kristensen JM,
Wojtaszewski JF, Hojlund K, et al. Exercise induction of key
transcriptional regulators of metabolic adaptation in muscle is
preserved in type 2 diabetes. J Clin Endocrinol Metab.
2019;104(10):4909-4920. DOI: 10.1210/j¢.2018-02679
PMID: 31135885

Obpik V, Saaremets I, Timpmann S, Medijainen L, Karelson K.
Effects of acute ingestion of sodium citrate on metabolism and 5-
km running performance: a field study. Can ]| Appl Physiol.
2004;29(6):691-703. DOL: 10.1139/h04-044 PMID: 15630143
Percival ME, Martin BJ, Gillen JB, Skelly LE, MacInnis MJ, Green
AF, etal. Sodium bicarbonate ingestion augments the increase in
PGC-1amRNA expression during recovery from intense interval
exercise in human skeletal muscle. ] Appl Physiol.
2015;119(11):1303-1312. DOI: 10.1152/japplphysiol.00048.
2015 PMID: 26384407

Chycki J, Kurylas A, Maszczyk A, Golas A, Zajac A. Alkaline water
improves exercise-induced metabolic acidosis and enhances
anaerobic exercise performance in combat sport athletes. PloS
One.  2018;13(11):e0205708. DOI: 10.1371/journal.pone.
0205708 PMID: 30452459

Gharahdaghi N, Kordi M, Gaein A. Fatigue specific functional
and metabolic factors changes in response to a period of high
intensity aerobic training in soccer players. | Sport Exerc Psychol.
2014;5(20):81-96.

Genders AJ, Martin SD, McGee SL, BishpD. A physiological drop
in pH decreases mitochondrial respiration, and HDAC and Akt
signaling, in L6 myocytes. ] Cell Physiol. 2019;316(3):C404-
C414. DOI: 10.1152/ajpcell.00214.2018 PMID: 30649921


https://doi.org/10.1016%2Fj.smhs.2019.08.003
https://pubmed.ncbi.nlm.nih.gov/35782463
https://pubmed.ncbi.nlm.nih.gov/27182424
https://doi.org/10.1096/fj.15-276907
https://pubmed.ncbi.nlm.nih.gov/26572168/
https://doi.org/10.1007/s40279-016-0566-1
https://pubmed.ncbi.nlm.nih.gov/27260682/
https://doi.org/10.1007%2Fs12079-020-00599-8
https://pubmed.ncbi.nlm.nih.gov/33398722
https://doi.org/10.3969%2Fj.issn.1673-5374.2013.21.009
https://pubmed.ncbi.nlm.nih.gov/25206509
http://dx.doi.org/10.1002/tsm2.174
https://doi.org/10.1152/japplphysiol.01534.2005
https://doi.org/10.1152/japplphysiol.01534.2005
https://pubmed.ncbi.nlm.nih.gov/16627675/
https://doi.org/10.1136%2Fbjsm.37.6.485
https://pubmed.ncbi.nlm.nih.gov/14665584
https://doi.org/10.1152/ajpendo.00738.2009
https://doi.org/10.1152/ajpendo.00738.2009
https://pubmed.ncbi.nlm.nih.gov/20484007/
https://doi.org/10.3390%2Fmedicina55040103
https://pubmed.ncbi.nlm.nih.gov/31013820
https://doi.org/10.1007/s004210050211
https://pubmed.ncbi.nlm.nih.gov/9243169/
https://doi.org/10.1081/ceh-120003202
https://pubmed.ncbi.nlm.nih.gov/11883793/
http://dx.doi.org/10.61186/cmja.12.4.22
http://dx.doi.org/10.48307/FMSJ.2021.25.4.1047
https://doi.org/10.1007/s40519-018-0491-4
https://doi.org/10.1007/s40519-018-0491-4
https://pubmed.ncbi.nlm.nih.gov/29480414/
https://doi.org/10.1152/ajpcell.00139.2004
https://doi.org/10.1152/ajpcell.00139.2004
https://pubmed.ncbi.nlm.nih.gov/15355853/
https://doi.org/10.1111%2Fj.1749-6632.2012.06738.x
https://pubmed.ncbi.nlm.nih.gov/23050972
https://doi.org/10.1210/jc.2018-02679
https://pubmed.ncbi.nlm.nih.gov/31135885/
https://doi.org/10.1139/h04-044
https://pubmed.ncbi.nlm.nih.gov/15630143/
https://doi.org/10.1152%2Fjapplphysiol.00048.2015
https://doi.org/10.1152%2Fjapplphysiol.00048.2015
https://pubmed.ncbi.nlm.nih.gov/26384407
https://pubmed.ncbi.nlm.nih.gov/26384407
https://doi.org/10.1371%2Fjournal.pone.0205708
https://doi.org/10.1371%2Fjournal.pone.0205708
https://pubmed.ncbi.nlm.nih.gov/30452459
https://doi.org/10.1152/ajpcell.00214.2018
https://pubmed.ncbi.nlm.nih.gov/30649921/

