[ Downloaded from ijdid.tums.ac.ir on 2026-03-25 ]

FPA-YVY (P 6 Lack) YY 6,900 0P+ ) Wikl 3 (paga ()l asd galiis g aalus ddano

Sl (392 COU TFAM g NRFL g &g s b pao g YU 0o b g9 g03 il
99 &9 LS ol sy g0

\‘_QJJ_W v;-b_) ;I:ALJZ c*\JL:.w;- Ao g0 g\&e.UU..& M&.@,a

o AS>

-

adlae 5l Gun S o L) Cobs 3 ege S5 oSt oLoAS s 5550 5 S5 slareSs s 5 TFAM 5 NRFL :aedis
Sy 03 g5 s ddle 5 sl 2 TRAM s NRFL ;g e 5 (HIT) Vb s b o 503 36 e 0

Lok mls (aia VF BT o 5 o S TomTVe O eals) 5l i e T el l 53 ey,
s G, S Bdd o (JuSiot a3 0 ad JoSe o> SRS @Il J28) 05,8 0w (Bolad Ssbas (55 2l
S5 e S 2oy A B0 Sad bl sl e LSh o 3 P ads a s ads ¥ anis e s wis ¥ Slew
win 53 LY aie ¥ e 0 035 0SS e il 4 Dt p S ke Ve Wi, JeSe oS il slaey S 8
At 3 PSe/00) (ol pme o 53 a8 b 95 Slls kot Ogo3T 31 eslisnad L Laosls 3 S 3L s STy &) ot
05,5 534S sysbas LS TFAM 5 NRFL 55 Cjb.w ar g JB als a4 e cols sl aS sl DL g @L:L laasl
Lol by S Ll plme Gla e plisl o S3L s NRFL Slss ol ome D5 5 (e
S JoSo 5 el Jale 555 (P=2/08) o ls gms NRFL ks 53 &g st JaSo 5 HIT (el Jobas Ll (P=2/00))
Moe ol ol Sl e pLiml oo C3L 3 TRAM Sl is o oloms 50 D20 s HIT (008 Jalad izean
P=r/vv V) sl cobs

03 Ol SRl 4 Ll oo St B e ol e bS5 on el ey pp SBIa ol Gdos sladl alul 1 pS aom
LS S Sl 53 Culis xS 5 3 g 4 43S 43 5 553 2 TFAM 5 NRF1

TFAMNRFLHIT -y a5 oo 0 g tdS 0850

Ol 0l edhal 51T oS (G, Ol Als B35 G555 05,5 =)

anly oMl o157 sl&als Al wags LLA lenl b Al S A S35l () Lisy alol 618,558 e pndl 6l ds (O 45 o iledd ™
\Sﬁd\’\)ﬂ‘ C.\.u.ng r’Y\YY’OC\VO\O'—‘\ UA'L.‘ ‘;f‘j":).)& ‘1\51.{‘. K] @"\" CA:\:t_)S 0\9; u_tLu.u‘ f.J.LC_ (SAAS-&J‘J “5‘).& O‘_).@J
mhbisadi@yahoo.com

VEVNNY 1 iy eyl L ERTARYES g7 PN REVI PEQRE W VEO /A A bl o g


https://ijdld.tums.ac.ir/article-1-6188-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-25 ]

(P oglach) YY 0,90 NF+ ) ibeul g (g () ol ausd galie g cuban ddas Yy

J.SL;G ‘}A& PGCla LJ ‘bu)‘ L aS &L“)J.S}:.:A )\)JJ

G s s s el 0L, TFAM
So—=S 5 S ISl (o iy Sl
3 Eosms i NRFL 5 TFAM IS | bay ool
S S e Ll oS e ;S5 sl ks
PPl AS o I Slrs 1) (oS sme 5551 5 g8 b
(3P M Osmen glaslat, @l obodS e 53sL
(ROS) 581 LSty s S W55 oJ b Sluscst su
Cosre S S5 G G peedS SIS
Olgeas iy sl ol gbadle s [F] ool
Sl e pols 5 4 das LS s culs IS gl LS,
Sl ekl a ply sl S LA sbadle [V]
S3o SHe g DI 5 el Subs e 131 6l
— B bl bl st a5 SandS £ e
sans o s [A] syls il Caslie e 5 B e
Yo cud b oly e oS5 ks o0 0LES Oladss &
G I 035 B gt HE WIS e (HIT)
ol HITE 50 [4] 3K (S5 beloe nlo 5 (655
ool 1 s pad sl AL S Ol e 53 Ol 5 e oS
2l baslie 5o 5 syl 5L Ul Blas- 4 5 sl
Llg e opmer Sl usd) b (e glaRs)
Yo b s b Sl Sde B 1) 4l d plis Ol 5
Glr Gemman 5 Il sl S50 55 Dbl o8 505 K

Vo] el o sualine
S 20lse bl s A3 S s ml slassls
WS Bap s B Sasolen et (Rl Al SU ks
Sheslanal daea Oley (b 53 055 RlBl 5 GAS Coe
53 bl Sl ol Olys 5 xS Glp 20003 OLS
e b Galnty 550 Ll el 035 g e e
ol Lol Sloys tessw Sl 4 x5 Gy LialS
22 Bran GBS n e ) S (D) s ol
Caliad il Sl Olg e | pdider el Ol ol
2 Gemes 28 eslial O s Shes RIB1 5 A0s
Lo JGl as glacdld L0 Sl oy pde

PRV

53 Ol laysis ple dibea Ol o Olalle Coner
Ty R RO P PN CIUM o G X
Ol e ORIBI L OT gand 5 03 aie Glagsolon
S el oben sun!l SE sl e Rl 6oL
Sl el DN 338 0 g sl SDlana
Yo¥a Jle U el ol s b (Sl Sl Obsl
LV] a8 05eden W/ 5 55 5 50 ol 5 Dhas 31 sl
Ol aasein o5 ol S pbe slagilon dlax I ol
O L8 e il o Cada ol ys el 4 e glie
il (OBl 4 deds 4 e obs bk 51 [T] e
2 e SGosbay 338 o see Jsb Al 5 M s
(ke s S e plie 53 IS Corse sl 5 Ses
Lol Gl Mg Ll 5358 0 S50 5
S Sl 5 s s T s esls 15
53 edas e (5 e I oS el S5 w p3Y e
oS Gl sy &S el by ladipad S e
Lobsye ladl on ool B L] ssie Sopms
Olgsas PGCla 54506 o8 o 13 Coeal 55 (S sis
Olgea Glsy el Gaedis Jld oa oslgls 5l (g 50
s ssde el edale G55 e GediS RS
S S o Jh s sl
Olea PGC (ol gl oy sodd aslid 31 S .AS
,sba TFAM 5 NRF1 W5 5 «SPGCla .l PGCla
107 5,05 Sbts s

b Laly sy J =S Ly PGCLa 4 S|
= s blogls o oboas se 5 S5 0b o ol
Siak e Wl L AE ol A5
SLET (55008 52e DNA 55 il 31 L (ol S s
05 Ol by sdas Jsba Anld ool sk s
s TFAM (a S e A (s s Jils
05 b Kale ;s Sl 28 NRFL 0] 558

whead sl St o5l S ss s [P ool s 5 (6,8 st


https://ijdld.tums.ac.ir/article-1-6188-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-25 ]

vEY wesd g OSLTFAM gNRFL 53 &g yias 8 peno gHIT (0 ya3 i o5/, (8a0 g hscun

Ok 05 Sl eSS o il 4 p S ke 00 L ol e
N gl sl s mls e s s
5l e b glazia S olsT 5 ags lame 4 3555
A e A e S0 a el Gy, 4 bl ge s
s o2l 4 e J S (Il J RS A s (o5 S
L el (Eols) Sy JoSe G as (2ols) il
035 ale Glaise (Cobs) Sy oS s
Ll ) HIT (aas s 55, ) lawa ¥ gael 0 SO o ol
s sl g > S sl S S S

LS esls &S L

<ol W Ay,
V3l o lome GLise 2o Sise e TY ol
00 mglkg  Ble Gy ces kil el
CS b aal) Ol Bl edd I e 5555 5
,\;5;))\‘wﬁj\mﬁmﬁ)}aw\iﬂ@)mmﬁ
Sl 038 &l ras w5 eSS by Gl 05
Yoomgldl VL 0t w3 L ol sl 5 LS

NOJ s a3 K5 55 bs Jose Ol s

s IS
Lol cgr oo la b Il G ol o
by po e ) B0 e bis G Ddeny Lagy 3
s slaes S oo g adds V0 L Ve Cdew
S0 2 Ok andr a ld> b i a i Hler Sl
61 o) 03,8 o ks F oLt 4is PF 0ls S iy
Ld ol L ladds B p el ge)53 0 (adds » e Y
Glaads Y el (o9 ¥y (Ai Co s A 340 L VY)
F o (anin Copw Sl doys £ UO~)VSQJ.JJL.
o G b 03 08 lE o s 095 5w aids

D] bl g mss 530 a0

S s plaly 5 ealitad SeS 5 g 5 (25 S
ol Oladlas [V ] cl Colis Ao 5 S 51 Clabloes o 42l
O e das e 0L 65 Loz S &I (ghoanS LB sy
5 DIY] a0 Gy gdie S5sds s Ol Sy e
wls Jelse s LIRS sud oy Jd LS 5 5l L
Lo ol Ao GlnSt 1T el glls 5 Y] el
ol sl (G0 diS i 5 e (oS Sl )50 g
i sl bl s o ol Ses S VY]
g ebs G Al 5T VL o Slis sl mbiionn]

Dy o Jie dlgs s o
o8 5 Ol s Cobs (ol dlexml 15l 4 a5
b Golew IS8 55 LS Lelge G pme S HIT Sl ol
S b el Olls Sl (Sae) L3 Gl 3580 (pamen
35 cpiis TFAM 5 NRFL s 20 G e 5 (HIT) YU
SNRFL ot Gyme s HIT cp s LT a5l ks
Gl b il gl bge plisl o 3L TFAM

€5l

L s,
S ol sads 5 el ool g5 51 B Sl
oCnlasl Jome 53 025 Glaohlesl 5 ol s la b0
b3 A S el Cldsg e Aty bl ST oK
Silse S 5 tasn L3 GOl glaaS 5 sl anlllas
Crae Gl G ARG Sl LS B
Gl ol Soley (Sap sl fasn 5o O gaaes
Dk o3 GOl ganaS Wl L Ragn opl eaees
B L G O Al Ll sl el
el sdew, wusa 4 IRJIAU.ET.REC.1401.007
L Gl i Jild ol Slasn bl sanls
Voo BYVe S5 (Gessdoes caxin VY BVY s (o5 gdma
oSl alesl Sl pm 2SS 5 hygn S0 5l S p S
i e ¥ el Sl a8 s s e Al oDl 15T

Shs e TY sl e ol bl g8 Ol


https://ijdld.tums.ac.ir/article-1-6188-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-25 ]

(P oglach) YY 0,90 NF+ ) ibeul g (g () ol ausd galie g cuban ddas

(HIT) sah (2 93 (13 pa3 USB 9 3 ) J g

ol san P (e P93 suir Jsl gasda wia
\Ai i ¥ \Ad (a23) (g pod JS ke
2 5 5 s (4232) 035 ¢ 5 ke
4 $ I 4 (42d3) 05 S5 g oo

slads ¥ o0
Aoy s e 407,
sladsY o ¥

ol L P,

glazss ¥ e 0
w...;... C.,»“Jw 4\'/
glazss Y o ¥

dbn S s OO,

glazss ¥ e 0
Wl oo AV
glazss Y o ¥

ol Lo O,

slaads ¥ o 0
Cdig S o V.
slaads Y o ¥

lp Lo O,

by dd b asls by 3 (50590
by ol b asls Dby e ul
¢S Db L gl Ol T (5093

Y5¥

Ay el e s A esls S8 BT Gles s adds O e,
s <35 3 Collection Tube 03, Filter Column
rpm s L s A eals Jlsl Filter Column o & ol b gles
Saed Sl Sl Aay s S5 sk Sle 4iBs T Sdeay VY
w5 K 4 Collection Tube 510 5, Jgew
G2 O o o e 23k JU) i 55 s s
0 O 5l de s s S wlsl of 4 dwys Ve Jt1Yos pl
Collection 5,5 RB Mini Column .o WSS,y o5
w3y ol Lol Ol 4 J bl &S (glases 5 S 513 Tube
VYoo pm Cs e Loy sl Jlast RB Mini Column
Collection 03,5 Jsloes 5 L3S 5 Sl aids ) Sdea
Wash 51 0 pl dws gad= o 5o 0 e, 550 Tube
rpm Cs o b s s S 4ilsl RB Mini Column «, Bufferl
3355 Jsbee 5 W3S Sk Sle ad3s ) Sdeay VFeen
RB Mini a3l ;5 .0& 4, ;s> Collection Tube
Vs rpm Ce o L Wash Buffer 2 31 vos pl L Column
Collection 03,5 Jgke 5 A& Jat Sl aids ) Sdew
e S 1SS L ale e ol s a5 Tube
pl! Ses il VP pm o Ce ol Loadds Vo Odea
1,3 Elution Tube 3,5 RB Mini Column e UG
RB Mini 4 RNase-free ddH20 ;I O+ pl 5 A& osls
e 3 AE 0303 0Ly OF 4 4ids )\ 5 s «3lsl Column
K38 Fad Sl VFeer rpm e w L odids Y Slew
S 2 g 0kl il GLRNA Elution Tube 05,5 J does

NHER PR FVLG I

b g U1 5 AELLST S >~

Sl Sl i Glaprie S ) sk
Cele FA o J.i'.‘.’j U’:ﬁ )‘ 64.&1[4;: L}‘k MU éuﬂ.&l’ﬂ
Gloost bise ool (el a2 dny
PSS Vi) eSS oS5 Sl 053 G
AAS aa g (oSS e S ke YD) Sl 5 (eSS
Sl s BAd nd A Gl s Gl lai
Gl L Jime o3l o J oS 5 Joke la_zlesl
Real o&is 5l i (gla puize 05 Ol C)k.,a S S el
A% eslazal time PCR

51 yo 1wl NRFL, TFAM o gl oliand g 5JLT
Favor)c\f';:,ﬂ\ P e A
sseS <l RNA Kit (Prep™ Tissue Total RNA ini
M (total RNA)

S5 55 4 RNA £l sl ol s
ot 3t b 05555 b ol sladl )l ol sl
sl A Rl sen 53 il SO la i, LT
03 e 3 oSl dshe SIRNA sl ol a0
RB Buffer pba oS 5 3L S8 L ad sl (gosl g0
Jol> Jske ) 4505« RB Buffer 51 Y0 pl .l
Vo e Ve il w5 al wlsl Gl sle
s (Gl sad wlsl 3L 4 mercaptoethanol —B )5 S


https://ijdld.tums.ac.ir/article-1-6188-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-25 ]

vED wesd g OSLTFAM gNRFL 53 &g yias 8 peno gHIT (0 ya3 i o5/, (8a0 g hscun

sle gt plixl o SOl 5o NRFL ook
SHIT fas el () JK2) Bl s & S dialle
P=2/08) s Sl pme NRFL Ol is 53 oo e oS

(/Y o1l Fme/Pf
PO P/ V)V HIT e Jole sl 0L gl s
F=YSTY P=v/o o)) s oo 5 (/48 1 o3ll 5 F=
Sl s TRAM &l i s slims 1 (/05 A o3l
Lol Cabs 4 e Ladle ol e o fse SLis) oo
B s oS s HIT (s ol s (¥ JS2)
5 FZ WAND P=/en)) ol s ins TFAM ol s

.('/6\' J..':'\ 0)'\.,\.3\

[3¥]
A

NRF1 (Relative expression)

0

B

HIT

- _._‘__‘

s ad BAE

bl ko g o0
‘5\JJ A eslanad J~L>u34uj.>u é‘ dlaw‘_gw_y )LA‘
— 3l Osa31 5l Gk slaesls i 03 b
Jj:»sbjjfkla.:ﬁu C))Lﬁbd}j;b‘v\b\ .Meaww‘gﬁj
waéw\f\w)fé‘ja);j.ﬁ L;\JL}:JJAAS)HLN
0 oars boaslsl s ud anclie Jas t u}a)'\ 31 eslawal
pIvis C)L O3 ele 55 5 Laesls EF O b
Hle b S (i JoSe D an 5 LS g5 0 e5)
)\Jielrj.} Sleslazad b 3dsd ol (glaesls Al oslaxul ¥ 55 Y
Sol3 oae cbd 5 LS fdS s o VY (gasns SPSS

bS50 Lol e sl

Laadl

-

HIT e Jole s Ol anly 55 ubols Jos mls
S oS 5 (VO G o3Il 5 F=PY/Y P=2/ee)

Gl G0 3 Il 5 F=Yare P=v/eey)

1.5
1
) I I i

-——‘—_‘A-\_ ___‘__‘

HIIT s

202 @8 JUNRFL (35 Gl juollie s g s JaSo 9 (3 ya3 (cAalad 30 (omuy s 513 48y 99 uilayl g SIBT (90T gliss -\ Jsud
Cubio do Mise aiallin ol yas slayh go  alilial

Al JS 05 8 4l s pme RalS (P=e/e oV )

S 058 4 S S i JaSe S HIT e Jale 53l ine Sl (P=2/e

O\ HH


https://ijdld.tums.ac.ir/article-1-6188-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-25 ]

(P oglach) YY 0,90 NF+ ) ibeul g (g () ol ausd galie g cuban ddas \ndd

TFAM (Relative expression)

gt B mr a0

HIT e

Ry

. -

— .__-_'._A

g B e als gt B

HIIT (s ym

202 @b Ju TFAM (35 olas gaallie 53 &g ins Jasa g 0 pald (lolad 51 oy g3 (1 4l 99 pusla glg 52IUT (90T gl ¥ Y
Cubio do Wise wialles ) yao (sla i go (alilial
Wl SRS 05 8 4 o Sl pme 2alS (P=/e s Ve
JAS 055 & s S s 3 iyl ol 5 s oo HIT 5 ol o Slsme il 3l (P o\ AR

Ll ol Sl Ol 55 9o ¢ cabs gl sleys
5 NRFL s, 554 L PGC-la le _nlsl [14]
G LL,aS e sladsls [l 4 e NRF2
O3S JUl (go oy Gas gazme Slp Sliten (ol
OF G yze 5 S8 s w axly Slis [Y0] 525
SIS (B30 s el 03 Sl gdas
sl a e SIS FAlS 5 sl @ Caslis s sg 6
3 oS e 5 Slas 55 5 Sl See e dleay AS
Js i Slped e bodS e 55l eaes
Gpd AL Ol j sl @ Caslis s 5 S0
PGC-1a LialS ol e ol 3 b3 Sl 8 ¢ 5ba,

[N T dles S 218 pd gl & Canslin (game 5 o a1,
HIT 5505 s oS 3l Ol jols ey glaadl
LB I8l e meen 5 Lls NRFL 550 Csl,
Gadlas U gees 355 opl b Xyd o TFAM s ar g
Slage el & Flosls 0L A3 eds plowil Slallls L5l
Sl S5 S s Slda ails 6L 3505
53 Blas) PGC-la ilpl 5 olodS e 55mb 3pe
ol 58 Sl Oladlae dealy b s ool (VJKM Slad ol

Sow

.

TFAM 5 NRF1 Oly 2158l Comse o el sly OLAS CLU

g M Wdle ol s Gla i glisl oox SSb s
Cobs Wl as ol OLES ol s slaasl s S b
TFAM 5 NRFL 55, b ar g BB S 4 s
0SB4 s el ey sdd Jd PGC-la 55d s
s 53 8 (GHAS e la0S Oby g el fale pen 5
Gildled 3 pman 5 S e oS Al eas W5
oot S Oldlas & mlS .ol i3 TFAM 5 NRFL
53 ok sdaline il cdas o OLis ol ol andlls L
sl S 5 PGC-1a s3ludles 51 Lise TFAM 5 NRF-1
Clts gy 0l Yol oS cl O35St Jled
Sldlas aul s NIV] el (6,55 it la,Sl
55 by &S sl Ola ol ganllas glaanl y
shoks 2 2550 gl Sl Al 4 e Ol
355 TFAM 5 NRFL 3 a5 alex 5l sl,dS
B S e panie S o s 4 S)
Ssde gl 4 Coglie Coly Sl (galiae (6,AS st

A5l Kl obS e s S (R DAL S L


https://ijdld.tums.ac.ir/article-1-6188-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-25 ]

vey wesd g OSLTFAM gNRFL 53 &g yias 8 peno gHIT (0 ya3 i o5/, (8a0 g hscun

055 Sl s gl LB falS cr e csle
Loy o il GRIBI L Jos opl 58 0 S s
oA el e JoSe Sl elid 5,8 e e
Oladlas [Yo] 553 00 OS5, 55 (2 e O3S ST
S Sy o ST 53 GG e 4 Wles S 1S iy
Oolis EalS Cor e O &l G e iomen 5 Sl
A DNV o5i e e a0 Slodst 5 0 505 20
O 355 5 Shiy sl ) 5l b i K o o0
by en gas oS Al T omlesly sluly
sl Clbb eVl ol s e sl MoVl
dowd el 31 Gie Jheg 5 K ol ls Slaans| sl
5O se Culiul g 4 e 45 ol (eSS
st 5 (YY) 0, Kas 5 Lansley [YY] 553 o Olg
S Dety i O e Ove e sl Ol
See s 0 sld Jals 5 NRFL il el 5,
ke galsd YY) 308 0 Ogs 5 3, oy b O3S
b oLl Oles RS o e i Ol o3l 0L
Sl Sl gals (Sl 4 Oty 0oy el il
St e R s 5 sl O SRl sy O3S
O, Ses 5 Dominguez [Y] 552 0 38 Jols wlead 53 L8
S Losae a0 SO O sea Dy Ll Gl (Y4A)
ol sl Sl o 1) S5l o o Ses 3, L e
S8as ss Cel g Aisy 0 ds Dl oUS LA
o S Sl ) 05l T 3 sE e (558 e
sboduws b, Ol ol oS Wsls e O S shad sdoe
Mosher [¥0] 3311 s b 4 osls ol ale (ol SG
b stk ST G e 555 b S 5 (T019) LLSes
@B LS p L s Sl el (s Ses
DS sl il 5l Gel e Ol sl 0l T gandlas
S Ao WWA T elanal 5 Shas 5 558 0 Ol el s

W Sl L Gl NO3 ol o 5l o jdssr s o

! Betacyanin
2 Betaxanthin
3 Betalains

salas 55 1, PGC-1a (glazes 05 Oly 5 (S50 (S 5s
b Sllae s pman [YV] Wles S 58 A
PGC-1a (o5 polie (Rl 5 ol oo slafise 1)
SIS e 53 el A s SIS b
Slaised fusni o 8L s [TV] sl gladise
(YY) O, Ken 5 Petrie J- ol L [YF] A5 ealin Glr
HIT s ¥ 51 o NRF-1 (55 0 slis S L3S o)l
o2l Jlal LY Oby s [YO] wbe o (3L ois O
Sslime S 5 Geos slagngesl g 4 Ol e Lawily
ESER

DNA slaasglsy s TFAM 405l L PGCl-a
Ol 5 glaves PGC-1a Julsil 5 ol ol on (508 520
G 2bAS e 550l 03 el (S TFAM o6 55
Jlisas NRF-1 il copl by [YF] ail axils alad
03 Sl el ty (;i‘ Fse b (Gokas olis ‘&jt} ] ON
el S 5o s @ Lod (S e oS 15
SN (A6 Dlets S cnl e S glaal L s b
S Ok GukS e kS o Ses 3 A5 S
05 Sl 5 55 e Jol> (S s (Gl gis o OLA)'VA
oS Shes LB L Al A e (Gl
LTV] ol il o s ol (5508 s

Eol ol o el aS Wisls OLAS (Y)A) O, Kes 5 Popov
Lol 395 o VJLN S pse A3 slad e s TFAM )53
93 J,JU Cyeomad ol s of lstas ol Cel el o
St s 5 ASul galzae TRAM o 1) (g5l5n o a3 olo
L3S S 15 0T Slsbae ShIBl 5 038 s p LI
[YA]

oo Dt JeSe G aee sl 0L el ol saxdllas
35 wliml s il s TFAM 5 NRFL ol il
Oldllas s 8 Cubs 4 e Ll ol e sla i e
Ui Sl 4 e e 3 L b JaSe s e OLES
Choa lg e 0 DS Al L o S g 0
Ol en s Webb [YA] wil oy s 55 55 90 Ol s 3925

aw Sde > D il e 00 U ee &S Wsls LA


https://ijdld.tums.ac.ir/article-1-6188-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-25 ]

(P oglach) YY 0,90 NF+ ) ibeul g (g () ol ausd galie g cuban ddas YZA

S oo s s B ol Gles glaadily
SNRFL 05 0y il 31 & 5 e s i G e b ol jon
5> by JESs ssg 4 a5 5 050 2w TFAM

A8 LS el

SU s

S Sl
Mils 53wyl b S wl 0Ll ol iass gl
OB s 3 e sy Liln 3,5 O, dly Ll sl
eVl AR Al ) S s Glead s S

Al

1. Abbaszadeh Ahranjani S, Tabatabaei-Malazy O,
Pajouhi M. Diabetes in old age, a review. Iranian
Journal of Diabetes and Lipid Disorders, 2009;
8:113-28.

2. Riyahi Malayeri Sh; Nafisi A, Behadari R. Effect of

Stevia Consumption and Aerobic Exercise on Fat
Profile and Insulin Resistance in Type 2 Diabetic
men. Medical journal of mashhad university of
medical sciences, 2020; 63(3): 2380-2390.

3. RRiyahi Malayeri S, Azadniya A, & Rasaee MJ.

Effect of Eight-Week High Intensity Interval
Training and Resveratrol Intake On Serum
Adiponectin And Resistin In Type 2 Diabetic Rats.
Iranian Journal of Diabetes and Lipid Disorders,
2019; 18(1):8-1.

4. Steppan CM, Bailey ST, Bhat S, Brown EJ,

Banerjee. R, Wright CM, et al. The hormone resistin
links obesity todiabetes. Nature, 2001; 409:312-307.

5. Gahramani M, Karbalaeifar S. Effect of eight weeks

high intensity interval training on NRF-1, 2 and
Tfam gene expressione levels in ST muscles in rats
with myocardial infarction. Medical Journal of
Tabriz University of Medical Sciences, 2019; 19;
41(6):75-82.

6. Koh JH, Kim YW, Seo DY, Sohn TS. Mitochondrial

TFAM as a Signaling Regulator between Cellular
Organelles: A Perspective on Metabolic Diseases.
Diabetes Metab J, 2021; 45(6):853-865.

I 53 (s (Jawst a5 g (S S
L5 IS FIE IR W PGP
o2 A bl S JoSKe B a5 ped Jalad &S e s
Slise aliml o <l s TFAM il ol
holad Il e S o ol @ Sl el ol e

& S domsi
S o ge S JoSa 5 HIT oy sl 0l sl
Slis sliml = il TFAM 5 NRFL ol
Gyan g o ped Jolad s 8 Culs a4 Vs Wl il =
3L TRAM. (5l bl 1 shls o JaSe
290 ol 4 e dadl gl o Slafse il 2

ool p ol NRFL 2ol o b 31 Jl= opl

b

7. Woolf-May K, Bird SR, Fallows J. Exercise
prescription: physiological foundations: a guide for
health, sport and exercise professionals. Churchill
Livingstone 2006.

8. Riyahi Malayeri S, Abdolhay S, Behdari R, Hoseini
M. The combined effect of resveratrol supplement
and endurance training on IL-10 and TNF- a in type
2 diabetic rats. RIMS, 2019; 25(12):140149URL.:

9. Hedayati S, Riyahi Malayeri S, Hoseini M. The
Effect of Eight Weeks of High and Moderate
Intensity Interval Training Along with Aloe Vera
Consumption on Serum Levels of Chemerin,
Glucose and Insulin in Streptozotocin-induced
Diabetic Rats: An Experimental Study. JRUMS,
2018; 17(9):801-814.

10.Riahi Malairi Sh, Saei MA. Changes in insulin
resistance and serum resistin levels after 10 weeks of
high-intensity interval training in overweight and
obese men. Physiology and Sports Management
Research, 2018; 10(4):31-42.

11. Riyahi Malayeri SH, Nikbakht H, Gaeini AA. Serum
Chemerin Levels and Insulin Resistance Response to
High-Intensity Interval Training in Overweight Men.
Bull Env Pharmacol Life Sci, 2014; 3:385-89.

12. Clifford T, Howatson G, West D, & Stevenson E.
The Potential Benefits of Red Beetroot
Supplementation in Health and Disease. Nutrients,
2015; 7(4):2801-2822.


https://ijdld.tums.ac.ir/article-1-6188-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-25 ]

a8

13.

14

15.

16.

17.

18.

19.

20.

21.

22

23.

Oboh H, Obayiuwana O, Aihie E, lyayi J, & Udoh
E. Beetroot (Beta vulgaris) Juice Inhibits Key
Carbohydrate Metabolising Enzymes Associated
with Type Il Diabetes. Nigerian Journal of Basic
and Applied Sciences, 2021; 28(1):1-6.

.Mahmoud Abbas M. Protective Effects of Beetroot

on Streptozotocin Induced Diabetes in Adult Male
Albino Rats. Bulletin of Egyptian Society for
Physiological Sciences, 2021; 41(2):270-282.

Majidi S, Banaeifar A, Azarbayjani M A, Arshadi S.
Comparison the Effect of Exercise Types of
Endurance, Resistance and Combine Training on
NLRP-3 and Insulin Resistance in Visceral Adipose
Tissue of Type 2 Diabetic Rats. ljdld, 2022;
21(6):366-378.

Faezi G, Sherafati Moghadam M, Shadmehri S,
Fathalipour M. The effect of 4 weeks high-intensity
interval training (HIIT) on the content of
downstream and upstream mMTORC1 pathways
gastrocnemius muscle of type 2 diabetic rats.
Medical Sciences, 2020; 30 (2):120-127.
Mohammadi S, Rostamkhani F, Riyahi Malayeri S.
et al. High-intensity interval training with probiotic
supplementation decreases gene expression of NF-
kB and CXCL2 in small intestine of rats with
steatosis. Sport Sci Health, 2022; 18: 491-497.

Yan B, Wang H, Tan Y, Fu W. microRNAs in
cardiovascular disease: small molecules but big
roles. Current topics in medicinal chemistry,
2019;19(21):1918-47.

Sathaye S, Kaikini A, Kanchan D, & Nerurkar U.
Targeting mitochondrial ~dysfunction for the
treatment of diabetic complications:
Pharmacological interventions through natural
products. Pharmacognosy Reviews, 2017; 11(22):
128.

Ping Z, Zhang L-f, Cui Y-j, Chang Y-m, Jiang C-w,
Meng Z-z, et al. The protective effects of salidroside
from exhaustive exercise-induced heart injury by
enhancing the PGC-1o— NRF1/NRF2 pathway and
mitochondrial respiratory function in rats. Oxidative
medicine and cellular longevity, 2015; 2015:876825.
Nikoozadeh A, Pouzesh Jadidi R, Nourazar M,
Asgharpour Arshad M, Bashiri J. Interactive Effect
of Aerobic Training and Curcumin Supplementation
on Mitochondrial Cardiomyocyte Nrfl and Nrf2
Gene Expression in Myocardial infraction Male Rat
Model. Journal of Applied Health Studies in Sport
Physiology, 2021; 8(2):44-50.

.Little JP, Safdar A, Bishop D, Tarnopolsky MA,

Gibala MJ. An acute bout of high-intensity interval
training increases the nuclear abundance of PGC-1a
and activates mitochondrial biogenesis in human
skeletal muscle. Am J Physiol Regul Integr Comp
Physiol, 2011; 300(6):R1303-10.

Tabari E, Mohebbi H. The effects of high and
moderate intensity interval training on skeletal

24.

25.

26.

27.

28.

29.

30.

31.

32.

wesd g OSLTFAM gNRFL 53 &g yias 8 peno gHIT (0 ya3 i o5/, (8a0 g hscun

muscle of TFAM and NRFL1 in type 2 diabetic male
rats. Journal of Practical Studies of Biosciences in
Sport, 2022; 10(21):8-18.

Khalafi M, Mohebbi H, Karimi P, Faridnia M, &
Tabari E. The Effect of High Intensity Interval
training and Moderate Intensity Continuous Training
on Mitochondrial Content and PGC-lo of
Subcutaneous Adipose Tissue in Male Rats with
High Fat Diet Induced Obesity. Journal of Sport
Biosciences, 2018; 10(3):297-315.

Petrie M, Rejeski WJ, Basu S, Laurienti PJ, Marsh
AP, Norris JL, & Burdette JH. Beet root juice: an
ergogenic aid for exercise and the aging brain.
Journals of Gerontology Series A: Biomedical
Sciences and Medical Sciences, 2017; 72(9):1284-
1289.

Pace C, Dagda R, Angermann J. Antioxidants
protect against arsenic induced mitochondrial
cardio-toxicity. Toxics, 2017; 5(4):38. 27.
Nikoozadeh A, Pouzesh Jadidi R, Nourazar M,
Asgharpour Arshad M, Bashiri J. Interactive Effect
of Aerobic Training and Curcumin Supplementation
on Mitochondrial Cardiomyocyte Nrfl and Nrf2
Gene Expression in Myocardial infraction Male Rat
Model. Journal of Applied Health Studies in Sport
Physiology, 2021; 8(2):44-50.

Popov DV, Lysenko EA, Bokov RO, Volodina MA,
Kurochkina NS, Makh- novskii PA, et al. Effect of
aerobic training on baseline expression of signaling
and respiratory proteins in human skeletal muscle.
Physiologi- cal Reports, 2018; 6(17):13868.
Asgary S, Afshani MR, Rafieian-Kopaei M,
Keshvari M. Clinical effects of consumption of raw
beet juice and beet cooked on improving blood
pressure, FMD and inflammatory cytokines TNF-a
level of blood pressure on hypertensive patients
volunteer. J Shahrekord Univ Med Sci, 2017; 19
(2):148-157.

Webb AJ, Patel N, Loukogeorgakis S, Okorie M,
Aboud Z, Misra S, Rashid R, Miall P, Deanfield J,
Benjamin N, MacAllister R. Acute blood pressure
lowering, vasoprotective, and antiplatelet properties
of dietary nitrate via bioconversion to nitrite.
Hypertension, 2008; 51(3):784-90.

Afsharnezhad T, & Sani AF. Effects of a Single
Dose of Beetroot Juice on Functional and
Cardiovascular ~ Changes  Following  Acute

Resistance Training in Men with Hypertension.
Avicenna Journal of Clinical Medicine, 2021; 28(3):
176-185.

Kordi MR, Salimi Nahrsolduz M, hooshmand
moghadam B. The effects of beetroot consumption
on blood pressure, heart rate, perceived exertion and
the speed of running in young female athletes.
SJKU, 2020; 25(4):79-92.


https://ijdld.tums.ac.ir/article-1-6188-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-25 ]

33.

34.

35.

(P oglash) YY 6,90 V¥ ) widaul g Cpaga (o) gl pead galio 9 Cuabaa alae YvY-

Lansley KE, Winyard PG, Fulford J, Vanhatalo A,
Bailey SJ, Blackwell JR, Jones AM. Dietary nitrate
supplementation reduces the O2 cost of walking and
running: a placebo -controlled study. J Appl Physiol,
2013; 110(3):591 -600.

Kordi MR, Salimi Nahrsolduz M, hooshmand
moghadam B. The effects of beetroot consumption
on blood pressure, heart rate, perceived exertion and
the speed of running in young female athletes.
SJKU, 2020; 25(4):79-92.

Dominguez R, Maté-Mufioz JL, Cuenca E, Garcia-
Fernandez P, Mata-Ordofiez F, Lozano-Estevan MC,
Veiga-Herreros P, da Silva SF, Garnacho-Castafio
MV. Effects of beetroot juice supplementation on

intermittent high-intensity exercise efforts. J Int Soc
Sports Nutr, 2018; 15:2.

36. Mosher SL, Sparks SA. Williams EL, Bentley DJ,

LR Mc Naughton. Ingestion of a Nitric Oxide
Enhancing  Supplement  Improves Resistance
Exercise Performance. J Strength Cond Res, 2016;
30(12):3520-3524.


https://ijdld.tums.ac.ir/article-1-6188-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-03-25 ]

371 Iranian Journal of Diabetes and Metabolism; Vol. 22, No 6, 2023

The Effect of High Intensity Training and Beetroot Consumption on NRF1 and TFAM in
Visceral Adipose Tissue of Aged Type 2 Diabetic Rats

Mahkameh Abdollahi!, Masoume Hosseini'*, Shahin Riyahi Malayeri'
1. Department of Exercise Physiology, East Tehran Branch, Islamic Azad University, Tehran, Iran
ABSTRACT

Background: NRF1 and TFAM are proteins that affect mitochondrial biogenesis and play an important role
in diabetes. The aim of the present study was to investigate the effect of high intensity training (HIT) training
and beetroot consumption on NRF1 and TFAM in visceral adipose tissue of aged type 2 diabetic rats.
Method: In this experimental study, 40 male rats (weight range 270-300 grams and age 12-14 weeks)
diabetic with streptozotocin were randomly divided into 5 groups (healthy control, diabetic control,
supplement, exercise, exercise + complement) were divided. The training groups were subjected to intense
interval training with an intensity of 50 to 90% of the maximum speed for 4 weeks and 4 sessions each week
and 44 minutes each session. The groups receiving the supplement received 10 mg of beetroot per kilogram
of body weight daily for 4 weeks and 4 times a week orally. The data are statistically significant using two-
way ANONA test and (P < 0.05) was evaluated.

Results: The results of the study showed that the induction of diabetes led to a significant decrease in the
protein levels of NRF1 and TFAM, so that in the exercise group, beetroot had a significant effect on the
changes of NRF1 in the visceral fat tissue of elderly rats with diabetes. (P=0.001), but the interaction of HIT
training and beetroot supplement in NRF1 changes is not significant (P=0.56) and also the factor of exercise
and beetroot supplement, as well as the interaction of HIT training and beetroot also has a significant effect
on TFAM changes in visceral adipose tissue of elderly rats with diabetes. (P=0.001).

Conclusion: Based on the findings of the present research, it seems that high interval training with beetroot
consumption can lead to an increase in NRF1 and TFAM gene expression and thus help to improve and
control diabetes in the elderly.

Keywords: Beetroot, HIT Training, NRF1, TFAM
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