[ Downloaded from nsft.sbmu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.17357756.1401.17.3.10.4 ]

oln! 2188 giluo g 4085 pole aloxo
‘—“ Q:l:u'ba “f" }Ajl{ c‘“ O)L&.\i') ‘rg.b..\.é.b JLM)

g w50 PISK s AMPK (sl oyl 5 )byl & pan L ol yod (9L (o o 51
solo wiallus ol yao

"ol olo, dem Fooly e piw, T e i aily 90 o0

Ol el L) el sl olStils (o559 pole 0aSiasls (2255 (S35 8 09,5 (0519 (S3elo e 2] (olid S )
p.nazarali@alzahra.ac.ir : Soig xS oy 03l pl o)) 505 () ol 30 oKl ¢ 2359 pole 00SLiils ¢ b} yg (55505 508 05,5 Sliwl : Jghumme 005 =¥

ARRRVINIA u“)-’"“ é—,’,)u

Sl el Ol oSkl o Sl pole g sl 0aSalS o 2555 (558 b 08,5 kedils ¥

Ol s ol d Sy dibaie (3550 5 Sisel 13509 SISt 555 ¥

VEVYY el f b

oduS>

ke 4

ol 5l Bae el 05 b s ye Spilie slaisylon alox 5l ais slons 5 (6 )kam Slmsl 43 Lol Jlas fole Sy (o Lial3l 230 g Al

.)yo.)LaA.quLw ‘S"W‘SLQQA)}A\AASJJ PI3K9AMPK LngQ) uLJ)J@)L})Le‘JJ)AALJO‘M‘S)sLA ul)"-’)’|‘5““’)f‘.r'-‘°5)’

J5sS (V) bas 05,5 s ;0 (5 YY =YV 59 g anle VA=) aiadlis oole ol o g yus Yo e 00,25 dnlllae ol jo sl gig y 9 g0
AD S b gl Sliy s 2558, 5 g liler 5510 sl D5 (O) 53138 ol (23 () e (1) (Golor Jles) o €
Slao Jolo & jgeds (Y- -mglkglday) z,6 ke o las .ol ol aias A Soe 4y 4z 8o (o e VO-YO S s g VO2max o0 WY+ U ooy

A% (6503l Real Time PCR g, 4 oS <dl PIBK s AMPK L o 55,5

C63ln aslS iy 5 P/ 1) 3lsn arsls iyl P 1V E) gl slbog,S o sS AMPK ol ol ot mlis Haaidly
@ Cod @505 - Sls (25l Gaped 09,5 50 60 PIBK (le (e Geizres 05 YL S 09,5 a4y Caed (P40 o)) e
D51 YL (P=+/21Y) g5len ol oy yed g (P=2/ V) g0, lge «(P=2/2 2 V) iS5 (sloog,S

kel blpd jo a8 cdl Slalio gy olo » (osllae 51 Glojen sl 4 g6,6 ke B e 5 (29lis (el a0 LS4, 35 g A
el jls Al lae 9o cpl SITL b3, o (o s sla st (Sdalbe Gl s (S0 uS @ azgi L Jg a5l

RV g3\ FR VR G EIVOC PN EON W =N 1 '

Glycogen ) GSK-3p Y-;L.S sl 59545 AMPK/AKt
3l el ol 5L slo sle Jslw 4 (synthase kinase3
S5irign e ol il 8 Slae o gl o 85 55 o
O I ST 0,25 43 057 )0 AMPK (5L JLsd Lel (1)
g n Fimw 9 S oS adi Bied Jlee oz slas—ul
3l Koe AMPK (5L Jlsd )il S o oSS
S obr g Splie iy e i S &b
65 Selglie WS o pae slp o g5l
ol Slallas ppizman (F) WS aalyd corello b Lo e
PIBK LS Y-

5 j9—imlga 5 a5 a2y

AoNio @

S a8 59,00 Lot 4 (S 5l oy I
bl oo Gl o 5o 0 b s e Sidgulie sl s Lo
Sfkee (ZELD (o peadgilie J7US 0 08 G 4 ax g
AMP L g oo Jled 5LS (g aiile (olapetis
S oleie a0 (AMPK) (AMPactivated protein kinase)
oo lo 4 Ml s Sy gl jo 4 B o ol
begre Rl (T) Can | i Gy 5o 0 b das o 08
Reactive oxygen ) ROS 5 ST Jld slaaiss iolsdl
aile Salie glo piigy o Sles o P! (species


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.3.10.4
https://nsft.sbmu.ac.ir/article-1-3471-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.17357756.1401.17.3.10.4 ]

Oher 5 95 o [ 2 )05l Spae b olpon (5l5 (32505 il

Sl B, an aS wilosls sl die) ool yo (YY)
939555 Olies (R85 o (052 o S92 g0 @)U
OF) 00,5 o0 605 Coogomnn e oS 8L 5o jeiigl
P axile ol oyige olge 5 @b ey o)l—as (pizen
ol alS g 5595555l s 4 eSynephirine
A0 23,5 alme lagbse 0S5 28 55 glarns]

ot Ol L8559 Dl pad a5 s oo lis Slllas
syl Sslite slags, 53 5 2l Sorlie glo o ano
Sloygs Hlaie 4 el —w Ll b Jb ol b wssS o
Gl 53 SIlie OV &S 09, o0 Lo —20 005 9, Ay
SN SS9 WS (oo Glesl 1) o3 jled 59, 55k 4 Ll
4295 [l ds j oo 15 4 (nl oo amd o0 a5, L]
5 29)ld OalS jlesliil 4 (o559 41855 0j9> (bl
Lalpd 50 it (o5 3l glp (ol (slaplaan ST (5T
i aine ol 53 il o il gl Y
w02 Bzl e boolyen saglas Dl as aS wilosges oL
sl o (gl bse oS il 0 AMPK L, 38l
228l o 1 s caliil Bl o8 iz (V) 8o
slo Ghge dd—de C8L )3 (g S g 3BT Sene
Ol § saiex )l criran (VYY) Wihls il ol o
21 @b ke 5 o5 5 Slayed plojes oollae STAOTAY)
Wlod S 15 Bl Oy o E e

S olge 4 @)l ke OO it P A gL
Sleyen 1Ll 4o sgaone Sledbl g (598 yla—uST I
slag » B JoSe Gl b olpon staliinl Sl yo5 gyl
S 4 Wlgioo anllas oyl gl e iyl el
axelz 5 sl il sl lSal, 4ol o 2y eS|
@ 0)ls sad Sl 3iiod g, cnl 509t e el
Ol 2 @bk Sr—an bolren (9l (oS Sl ()
o gla ge 0uS 25l PIBK 3 AMPK la 5
2318 50 ool wielles
Bty g9lge o

Ol O 2 &5 s 026 dalllae S, pd > gl
b el 03y B lis 2 S b Jelse J S
anlllas ol 5o ol J5555 09,5 b 305l g €99 51 B
5 olo VA atallw oole ool o pge yw T sloas
Sy sla il @ STV (JIYY- o3g0ome 13 (059 (Sl
el ol o8 iils a8 ool Slilgu 2355 5 oy9,
whs Sy Do 4 )5l Suz g 5yl B Sl 9950 9
&S5 allails axly cnl (555 (STl olKialasl o

5 o 5l sleslsil> (Phosphoinositide 3-kinase - PI3K)
09,0 S LK ;0 oS i LS (259
sl 5l slos S glgll oty o 5 wis 5 e S
PIBK «(B) w,ls s Johw o oo o5l (S0 560 50
oud S lid Cl gl SIS 50 (G3lS 59z Olgrets
o aans fg 1) (555005 5w ((Brae SIS (Rl

(F) and oo Lial33 AKUPKB (55l Jlsd {GSK3B

e sl Saly sl pre i 4z g b (9

S lon (loyo b g S don )0 oxlid puf g 29,0
Slsie 42 o35 slaalled sl o SKslie Dl
Oliells Cods )3 (69,15 g wsllas sla g 51 (S
2 e Jole o (89 Sdlad (V) cul oat (3158
S P g Sdgbin slo g )lor o jo 5 (S
Ol a8 ais )5 (5 158 (VYA) )L § Cew oS L]
oIl 4 mie Jeads 5595 99 Silgr Dy e atin
b s sk 3 gl o Lu> s AKTL/ PIBK oLy
M) o550 Bl Sy 3l5 gl o Gla s s0S
ey s aS wisly HLa (YY) oK o Yi, puion
@hr—e s ise ;5 635 AMPK jolie (2alil e
38l ooy (Y- V+) o), g Bao (1) o 5 cobo
odalin|) e slaige 15 5ls0 G yed 5 oy 1PISK
(YY) o )Kan g Machrina glis o Jl>cul L.V )58 5
MRNA 5 5lo o pod Dol 5 95 4 a5 b aS ols las

05 9 d—wgie Do b ool 1 yad 05,5 ,0JAMPKal

Elgil g YL a8 (103 09,5 ,omRNA AMPKa2

4 s (5559 Sl pel Sl (Gugh by, (29l Sl e
P SN eSS st p ol dede S Sl b 3,158
Sole Glgie s o ySel ys Sguga 9 (V) il Lyl
S hge )0 9S50 ol S g Figm il Jkd 1y
Soal )5 (L5555 (nl (Jsse ok pesilSe
oo—id aisli i os5 4 590 PISK g AMPK jg5e 0 YL
I R R

5o lgi o iy slos B3l olmy!l jolaieay gl LS
ol 2l G2 (garallas 55 (gloy SS9 (6 Sy
Slaadgigdld &5 wibos (295l HlalS abox sl )bl a5

S o0 Sdglie sloatl b sgr cxgo o 50 99290


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.3.10.4
https://nsft.sbmu.ac.ir/article-1-3471-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.17357756.1401.17.3.10.4 ]

S5lgp (9l Gy sloog S 1S Sae s ST el
Vo Y Jolee a5 VOomax oo ,0 VY B AD oS5 L
O JW colul g aids e VY Ce g ol 4l
GUED ;O ABBS p e VO Sy g WP L b Iy
15 Aids e ¥ das g il b ey s a5 0 el 4l
g adds e FO ey, Wl gladBo ) IV - atan
b (b Iyl o) ol diigds Vo A L Jled ol
(V2) sy plin (g athn 0 a8 8s p 2o VY e pu
e W yein 5 So3IN 1y Ol (65T 905 g,
oy ogmi b olis T g olBislosl oo b ladigad (ol 55l
slo pite Jlosl rizmen 9 (05 Jle 55 G99 9 )
al Lyls g ali s Sl Lylys b baaiges alad i
el VF BOVY 5@),034,“1?&):}le o el TA)
Lo (i J515 G035 b (oo 6 5] o (b5l
9P kS S (e O 593 b5 s o) eliS
TV pSokS pp)S (hoo Ve 590 b gaoyo ¥ bl
3l pmaasie bugi (chsten 5l plebl 5l (a0l oo
e lagbae (oS8 0y )3 Slacend (o) n Gisb
A8 Bl dslol yo wyo S o Cdo as oS bl g ad aslss
o 1) 2 T 588 Lo oS il Aoy 4
Voo plade (BLogla piie (o sl g 08 0
5088 5l paiges e lagtee w5 2L Sl e S e
VA Slocsis)Soe > Suislsnsed prw 5 giiond 5l
03385 jgabbge o0 Ve cos L RNAlaterTM mbe s>
ool Jaul ol —iulejl 4 Ly slo ool ploil cg 4
0S5 28l e PIBK s AMPK 55 by (s 5 ojls | o
oS 3l o 9 sem—w Real time-PCR SuSG al—wga
g 08 YA Jou b slooli ol b o5 oo polie (55l
ool a8 23l ol slabge 5l 805 s e
2 RNA glpze 1) alnil goem 513 0loy b g 0l 1>
=ort 8l O3] o od o AT Az o A iis 5 8
g S 3l ool 1 latd el 5 351 slocss ol
FavorPrep™ Tissue Total RNA Mini ) RNA #! 5.
JS (S5 Sin g5 el (Kit- Cat No: FATRKO01
Oeds) ozl (total RNA) Jsl o RNA &lgie
OO Om e Slse sla sk 51 RNA gl el gl al> e
RB ol a4 oatiS 5 3l 5 SaS L o Jbw (50,1320
C9—w,) dige 4 RB Buffer ;1 350ul .a—xb .. Buffer
Vool e B8 5wl adla] Gy ile Sl ol (Joke

@ @l—e slaise ) 090 (b 5l a2
() «Sh) m,6 ;s Plo/e—s (V) «(C) J5 (V) slaog 5
@) 5 () 5315 3l 2505 (F) LCA) g5 lgs b —ao
ol W0l e 85 (THCA) &b ke + 5192 (295 02 305
s 2 e Pl olyie 4 Sh o5 o el 55 L5 i
e ay Blas G900 Syge wojlas G5 sl eien
il bl Grioren 0B a8 5 e o atie i
Coy Lab 4295 b bl (55, 2 aslllae o (S b
wigas Jilo axllas ol 4 ¢ lEtylos] Sllgem gLl
i3S g piY s o (55 Azl 5 2l Cex &S
Adn el byl b dalllas o (b js e 0l
(S Selo VY g o8 Celo VY) (SO0 oy, 45 2
o, le ax 0 YYEY &l im ax )0 g 0o )0 POED Cugbs,
Cole, pogdle b Cule; 13e g Ol s alolyl oo
Slogile a5 cwlin 4085 5 ()l (J& 5 Jor L], 3
ol JBlas a5 (B Jgo | cole, 6l s | oo
(L 5 el Joloe canlin 550 Cule) (pod lge> 5o
W8S O jyge paaie 38 by (g Gy

@)l e ojlas and Caz iU le B pan g 4y 09
Lgi a5 5 50 oLS oo j0g diged 5l 8,5 B0 lade lazyl
B v ol Glbar g cnjes o8 o) B0 b Jlzms sl
2yl Jae b ol islS & Lt oo o 2 s
algdy 0a i 5 5l il g ploul celn ¥ v 4
b onds angs il | g 0l (S 0Tl 90 s DMy
Al (6,105 ol T ilw a0 =Y 508 s sl il )
a (Y- -mg/kg/day ) z, ke o,lac dsdlas cpl o.(YA)
OA DY) 0 G5 Blao S5 & g0

L o3l LT sl ol 255198 (29U (2 03 SS9
5 a8 D calie Sy D 4y @lyx—o sl ige )5l
OS5 69y 259y de SlpeaddS p e A e g,
Qi C s 50,8] Sty (gl dalol jo laais, ol
P e A e b agds O ow gl bl oo slo Sige
Sy 4y o 93 4B Y 0 (Sl Ay e (305 0,5 4R
O oy ARB0 1 e YA @ ey Bl aBlsl o )8 e
Gl jige e pw a8 p S Y aado ¥ e il a ol 5l
i g (Silely 4 oo slatge b ad 03933l ol e
@ oo Gl ise o Sailely a5 casl S5 LB @SS oyl
S L ) o sla e 45 3,5 bl
Sbdw adds SO alold jo g ani b and o aues dslol lgs

Shom aelol jo wislad 05 5 10,5 )l el a4 Jlge


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.3.10.4
https://nsft.sbmu.ac.ir/article-1-3471-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.17357756.1401.17.3.10.4 ]

Oher 5 95 o [ 2 )05l Spae b olpon (5l5 (32505 il

3 RNA 6,540 YO g CDNA 5,54l YO 5| o555 DNA
58081 J5 5 605,54 9 PCR (155 5l ailflaz slocogs
3,50 Wb oadlio g CONA iS5 .ob oolai_wl s ,0 /0
o Ml o0 50555 DNA 0S5 pae [ SLles PCR STy
GDL}.A 9 Ls)jo)‘d.:‘ PCR ‘5>|)l5 Lﬁb).o..)‘).' )‘ & ® 6‘))
ooL&.‘L...:‘Q)B.A le.lb)mlf ‘;‘3.7 A.:J)f (o) Lﬁbu—‘ 6‘); Q)LAJL».MJ‘
Lol 00 ;0\ Jsd} o
&bl bs;

033l 5l e e @i Gog sk 5l Ol el sl
&35 o509 b a5l 5l o ol eolain | Sy g,
Oy 5 Ske dlie g 3 Sz 0,5 (astine bosld
@l 48,y iyl el 3031 51 oy S )5 )l el
—on Sl S i 0505l 5 (2955 09, Sl
3 lg0 dar 15 (5 lo S phaw ol oolaiul oy )8 o iglas
oy g 5yle] Sldee adS os as 5 L S P<+/+0
l,>! 4, GraphPad Prism 8.3.2 s jl38ls 5 L b loges

ol yo

a8ls |80 4y mercaptoethanol B ;idg e Ve id Lo
300 ool 18 U1 glos ;0 4aBs O e 4 g (Cewl 0nls
<é,5 1,8 Collection Tube ,q,s Filter Column as al> o
490 b g o eols Jlaml Filter Column & diges bglse
3l ams 00,5 0l w4380 ¥ Sow 4 14000 rpm
<o S5« Collection Tube 5l &g, Jelore §eu8 il
= Ol oz o w2l JUEl o 5o il 5 S0
0SS yg (295 Ay s 90,5 a8l 14y Ve el 3500l
8,8 IV les j0 daBo B Soe as ol cuS 5ok
Al e s S 3 FY gles yo 4B £ Soe a4 ol 5l o
e a |y (S1y slacses  RT e 3T (ob31 IS 5 jslaie o
Fiew ol LB 8IS Sl s ax o Ve gles j0 ad B0 O
(K1621) jliie,d CuS o Sezge Lol siws 5LCDNA
Real-time 3l oolawl b o)y slo (ow)yp Sz 00,5 4
>,k Allele IDV7.8 158 6 la g b youlyy slas PCR
olexe 4 (TATA box-binding protein) TBP 5 5l g o
&gty b ol plad (V) 0,5 esliwl L5l s
2S5 pael Glebl Sy b (b 9551 - 0981 JLas]

JrsS o5 olyed 4 PIBK 5 AMPK (sl yeul,y Jlss ) Jgur

Genes Primer Sequences GeneID Tm(°C) Sizes (Bp)
TBP Forward: 5’-GCGGGGTCATGAAATCCAGT -3’ 117526 60 147
Reverse: 5’-AGTGATGTGGGGACAAAACGA -3’
AMPK  Forward: 5’- ACTATCAAAGACATACGAGAGCA -3’ 78975 60 181

Reverse: 5°- CTTGAGGGTCACCACTGTATAA -3’

PI3K Forward: 5’-AGAGTTTCCTGGGCATCAATAA -3’ 298947 60 127
Reverse: 5’-CTAACGCAGACATCCTGGAAT-3’

ks = Siler (9lid (npeS 09,8 9 (P=2100Y) (s5lem
Bl (6l S il 7S 09 4 Somad (P2 /00 )
O S Bl AMPK 5 b ol 50 (6l gime Dglis
@93 s 9 S3lse (9l T et @il sler sl og)S
O JS8) 055 onlin 5,0l - s5lsn
— 65lsn s Oyl 05,5 45 S L PIBK oL
&bk P=e1e o)) J S slwog S 4 o 75,0 ke
Sl =1 VY) ilsn sl Cuyed g (P=e/e e )
O ol Ol 50 Gyl g gl a il (g)ls S
(¥ JS5) 0t oalice Wog,5 Lo iy g0uS” il AMPK

basl e

5 09031t 50 e o hge 035 zal ]
b dalsl jo cwloa Ball Y Jgus )0 ey )5 995l
u\)...uu u.j;l.uo O als QL.;‘;.Z 4.&7|) S5 u“'l-f.)‘ﬁ ).Jlj Qyo)‘—‘
PIBK «(F=\Y/#AY ¢ p=-/-++)) AMPK 5 ol—
e o 09,5 0 g5 AL (F=VYF/AY p=-/- -2 ))
315 3925 (5,18 Fre gl 1y yod

8l AMPK Lo ols lid ( Se5 (ohind (yg05] gl

LS’SL"J u.i)..o.) 09; 4(p:’/’ \f) @)U)Le‘.g (_Q‘LQOB; 5O ‘_g..\.AS


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.3.10.4
https://nsft.sbmu.ac.ir/article-1-3471-fa.html

Wog 5 (3305l e 3 0905] G 10 e Slaise 039 Tobaw ¥ Jgu

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.17357756.1401.17.3.10.4 ]

(£5) 35 059 5 O3 e
03,5
oreilom o953l

Vo/Y-F £ -/AQ YAVAY £ YV/VY YOV/VE £ YPNY Jys
AOYY £ Y/Y- YEVIFO £ \V/PY YEOIFO £ \V/PY o
MNgEE £ -/a8 YAAOY £ Y-V YAMSA £ Y</AD E—s)t‘)l'ﬁe‘
AIAYS £ \[.8 YYAIVA £ YV/- A YSYIAY 2 VYIAD S3lsp sl yed
AV £111Y YSOIFA £ YO/FF YASIYF £ YV/OF T PP P TR

s

‘& 4

w

D

= Fokk

S 3

B

= .

&

= 2

[«B)

X

©

E 14

o

=

X

= O0-

< C Sh CA T CA+T

Gz slaog,S 5o osle wralls ol o slaige 08 S8l AMPK 5 olo &l esis uSiles ) JS

@)U )'4@*&)“5‘” gs‘?u RS CA+T “_g)‘lyb GBL;: RS T ‘@)U )LGA 05; CA o 05; Sh ‘J).J 05; C
Sh 5 C 05,5 ay s o (ime oglas (P<e /e + Vs g (P<- /- 0)*

3 — Kokk
HAH
$
2 —

[
]

o
l

PI3K (Normalized Relative expression)

C Sh CA T CA+T

iz 6&’"5; 5o oole wiadl ‘_d‘)"“’ 6&’&:’9" S eéb PIBK 05 OL.J. g_;lr..x u.,.i;h,o A gl o

B ke 6519 (9l (e CART ((s3lon (5l 303 T oyl e 09,5 CA (o 05,5 Sh 5 05,5 C
Sh 5 C 05,5 a4 o o re glas (P<+/- + )

CA 055 &) G Jlo mo iglis P/ o V) ##
T 09,5 a0 o o imo oglis (P<+/-0) §


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.3.10.4
https://nsft.sbmu.ac.ir/article-1-3471-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.17357756.1401.17.3.10.4 ]

Oher 5 95 o [ 2 )05l Spae b olpon (5l5 (32505 il

et (V0) L0020 o (2ol | YU i )0 jg0g8 0
Wl Lz 55,9 L AMPK e gioli8l o a8 (6,500
Gusb 51 (Ca2 ) sl ,5 e lS slyine 15
il SLeS Ge9 5 gDl jsind Wl i el o
AMPK &lg5 o a5 Cws | (CAMKK) 190905 /g IS 1
Al il () pogde (YY) S Jlad g aly 90 |,
Jd 4 e a5 s o G381 (ROS) Jled y5—ST]
50 Sl e 35 Lo 1al581 (YY) 058 oo CAMKK o
(YY) ool asls mds o el > ;0 AMPK (g5l Jled
3 JEns AMP (e 4 (3359 & Gl 5 AMPK (50
AMP 5 (ial38lols (K 55 oyl SOl g Do
it Yol 09— o plomil (S b 5,9 45 o5
el YU s b ol (503 po b Gaio jo (YF) Cu !

e | ez s oS 8L AMPK (L (581 cnl el wd
3550 AMPK 05 glar o pes SIST (655 2 Sy a2 ST
s AMPK Ly S5 com Lol il 55 0o aiallos slo sige
(Sl alae wile Spbie slodl ulo s Cute gbs
il g ogde 3,18 3929 ol g g poslisuil (o2 3L
Gl Lol nl 55 (e OMSlae 4y (izen AMPK
Cote LB b ) AMPK s ol b (YO-YY) as oo
5 Sl 515 Slison 5 ots sl ((Bran SO 0 )]
50 gl 51 i s e gl 4 aisly 6l e 50
anllls Ky 45 el anlllas sl azdly b Wlbie 0,35 o
5 & 0B 00,5 pped B BEI (Y. ) ol LS 4 Coffey
Ogw Dy 8 a5 aisls L g 030, cw o |y eldin |
(S8 03,5 (n o3 09,5 55 5 lg—wa 29 5| L AMPK

et (Galh il 00,5 (pyed 09,8 o Ll b Sl
s (_gl.ﬁu;;\)yo)’] B9t 3225 0 (YA) ol &) (55l sine
BB e Sl (S 45 W) 13 (o) 23590 03,5
5 peilin oA 5 sage L PIBK aaly gl
2 55 Gl S8 (pga > 50 0 G e slacdl,
IGF-1 (slooui 5u5 Vb ol 45 oy o, PIBK &l pois
oui o5 45 oS S o Jlsd |, PI3K (p110a) GF |
1, (IRS) (yedgmnil 05,8 (6] yim sy cigds oo Jlad (yadgmncs
9 $gd oo Jate PIBK (g n dr (s 9S00 aby j90ud
s 30mb JiSew 98990 9 AKEPKC (u Jlad cely
Y eg S5 B abmlr col Jos (nl 055 oAS160

B ams e o5l] Dhae sloshe a5 553 o (GLUT4)

- e
8L AMPK Ly das oo ol—ii Lo jupgh slaassl
S 9 S3ler (9lad Gyl @)l sler sloog S 0 oS
Ol U5 eg 8 A Co i bl - lee (asle
oo 05,5 30 (guS CBL PIBK Loy .ol (g)ls cxe
Rl 09,5 plw o 5,6k - il sl
sl il adlas gloaidl ol s g)ls s
aS ol 5 A=Y YY) ool e lgteen (LB Sliiss
Oszed Sdailie SWWST L lodises (55, 1 d Sladllas
oS S po0 5l a4 e load bl Vogg (ks 5 (Bl
@ Mie ladiges o SInlie Slaas Lt Sgnge 4 Wlgi oo
e adllls s @l ol a5 WS S8 Sgbie (sl Lo
Wioo) pl 50w lodds Jo b 0wl sladiges 59,
o9 Gy S ol plis polo dalllas b aslllas o iS00
230,5 AMPK (iol58l o o 90 5,0 Jlos Sp—an g
et SBy—an g (o5l G yad 09,8 )0 LS PIBK (pizran
a5 il ol aglio 1o Lol 1) 53,5 oanlis i
F1&3lem (9l yed 45 2500 cdald s g o0 )l (Stne
Ol 9 @l iyl g5 W sl sl (g ity (o2
éﬁ_‘ij ..”n . l)‘ L‘° .." . . M:’.Li‘ )o ‘593‘& O_.}.)_QJ AJ. - A 3
(5)‘9.03 SRS U"‘ » 05)‘[.9 | O g 0 U‘)M 9 GA)'LMJY‘
s NFB JL-18 TNF-0 _2alS comgo jub Soe dily
5 Sl al__ae AMPK 5 PGC-1a SIRT-1 i3l
@ azgi bgy Gl L) o F il o slogise
sl 35 Gbiss omtl  (Selalio s sanalles il
el oami ST ol o idlw (el (sl (S5
o2 Jled Gl Sl il e (n peS o 1B L (TVF)
Pige 4 g 0ol AMPK cdled polidl el plaie 559
3585 el glie 9 Suome 0o (65,3l 5l gan o5 S e

MRNA PPARG ;s Lisl53l cely AMPK a8 o oS
bl HgrslanST JoSgo polais 4y jmie 5 05200
S Er—an S35 %) y0 plassly banl den &5 Wb (o
LSy 5l loslgls (YA) o)l o ganil KIS 5,k
o us.o.c 9 MBS 0 Hl) ou.o_w‘ O SestrinS'oL} L®)
9 ygind 1y 35 DSl oS Al poanilSa
Lo e (2l B Sialon (Y2) .S oo alaws Iy AMPK



https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.3.10.4
https://nsft.sbmu.ac.ir/article-1-3471-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.17357756.1401.17.3.10.4 ]

Grizpe (F) 908 US55y (2yme yo (Ataloj]
b b e SIplie e 352 w90 @)U ko2 Sy—an
ob—is olallas g, ool 51 (FY) @ s, PPARY AAMPKa
ol (3l Jlad (6l s 31 525 @)U Jle 45 o o0
AMPK (g o g0 CAMP 201530 5 53—
ol yor L yo (SIgilte oy S5ete L ol (l 5 W50 5 o0
AAD W
e Sl ams oo i ol aslllas s eimen
G S S (5 Gl 2 (29l 2 ye oo 4 Ul
el al3dled cel wS cdl o s il oWl
anlllas aiilon 53 DVl G anlllas 457 (5 5bo 45 095 oo

Oezze ((VF) ol lias ) 5,6 e g (el 2581 02 ST L
5 ool |y o3 a8 wiols L bz 35 (gl asdllas ;o
St 9 $3851 3k Jbd 5o a8l we Sl ke S pan
3,5 0 @l slagise alas by Gutisy i
03,5 3 %S 039 0o YL arzgs ,o (nl oegde .OY)
G gl sy oo Sl o 09,5 b a4y Cand 58S
Gxiallos byl 5o Lol «(FY) 00,5 oo oS (55 il 38l o ge
e P9 Ll 4Bl a5 e @b e S —ae
3L 9 90 aiey (nl 53 (65 330 (—wbid S8l 5 S35k
] S P &l i Olallas T VT P .
S b Ol 2 6k 655 JoSe 3l slo, gL
53 90 Gaiellw (b oS il o Sdgbe slaasli

PR e R IO TR B R SEEPICISIREY
iy 5 Sl ol aallas sloyssins Sl 32 o
B Sl 050 Crbizme by ST Slalllas j0 005 e
Ol & iz 09 pol Guiods 58 bl Sl (g5lgn (el S
4 S Falite Glag, Bl 5 biz—uly o3 g5
yol> Gaiod (0 50 olacosgase (ubly i ladsli
Oliee S oslail pae a4y lgi oo alas 3l a5 Cils 04>
el o silio S0, 5 (g5 3,Shes (slapa 3]
b oS b Sdglie il bLS I 4 azgi 0,570, Li
b A 53 355 gn Slgi ey il oS Ll
anelles sla ogesl 08 il 4o Sl ST T slaasls
35 @bk (e 93 i b Geizred 39-d (o) 0 S
e cdbows 6503, @S 4 gl el (S

2loe 5L 90 diney (il o (6 b i

el 1) 55 9lS e s 9)0nlil WS Qe (6 SIS
L3I PIBK Sl om0 50 Sl ecnlpli 005 (o0
s slom 5 cabo  (IR) Gyl 4y Cuoglin b Suo35
sl 59031 (59, L Sllllas (S (FA) 0, Sdglia
SIS sl Sl i e Slaite PIBK ol Jlseo
KB 5 C gy S i A (et o oS
5,5 55 55y 55lsd pped diim # 45 ol l_ti (1YA9)
sledshe o elsadl Sl 9 PIBK Gl 2al38l 4 p2eie
CA) 0 Gl by Sl o o hge 0 2L
Oly 1) 398 axdly b B cnl b SlyPen pac Yot
SIS S (gm0 2 9 )90 Sladiges (6 5len il d o
O 9 2l @)k By—as Sl aslllas o
05 Ol g (2l L @ byl Br—ae olen 4 (ol
Uil b g ol o atalls (gla_ign 1o (505 il AMPK
4 (95 (ryed 098 0 LS PIBK 0f (e ylogine (2l
o 5l S b ol A oanlive z,,lgs G yao ol yan
2,65 By g gl e al e Yool a5 E
S8l Sgbie lapazls () Olo Slds Sgue 4 Wl o
25,5, 45 o 150 S oS el (slaige o S
Lol b ogp ceel o dbisgts @bl sloos gl 5 L
@ el 8,55 )13 3850 590 JolS el 990 o0 STl
JW bS5 51 (A0 bk Sl SIS oy o0 Sl
237 45 Sl e s 5 umia B e p et ezl ]
oy Ol et 4 e o5 Wi Bl oo Pl A
Ll oguge @ mie 4zl 50 5 Slplie loax L
5l 534S jsblen (Fr) Wisd o 0 il Ssibio
~ e S e ) Gy 2 5,6l 50 95250 (slAS5iS
SFOY L) (5,6 5 (O (S y0em 550N ¥
b anlllas mls b plssen il oo (O (S50
Ol I czge @)L 50 97 ae Lo adedl
oty 45 sl 00 15 50 o Slplie sl as L
e (1¥)368 (o AMPK (59003 j5hun 8 ]3] sl
9 295 rped Jolad &5 s oo s Sl Gudod andly
2 Jlesl & Cos 8 0 Gblie Sl oo @0k Sra e
ol Al b yon ol 4l Sl bayT 5l S
y S 0 alyg, wols las Ve F Jlo e o) ¢ Choi
S Gl | o5t czrge @b Sl 0% 0s 5l e S0k
Gl Lbge S a3l o NRF-2 5 AMPK 1o o 350 5


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.3.10.4
https://nsft.sbmu.ac.ir/article-1-3471-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.17357756.1401.17.3.10.4 ]

Oher 5 95 o [ 2 )05l Spae b olpon (5l5 (32505 il

S5 ool

olois L Ml a s oS L Ged=y o
a1y oSl ol3T olS_ils 4o IR.IAU.M.REC.1399.032
58S 638 gals sl alwginay o 8 Ll o By e
9 5= dilaseo Wil dls (o) San ,ol> Guix ol
O sl o @lhe (o)led & S g Bise (SIS
S rSo e Oyn o gy el AL S92 g Giogh
el sy plamil 4y g3l 5 Glejles (o mlie

o References

1. Hardie DG. AMP-activated/SNF1 protein kinases:
conserved guardians of cellular energy. Nature reviews
Molecular cell biology. 2007;8(10):774-85.

2. Guy J, Peters MG. Liver disease in women: the
influence of gender on epidemiology, natural history,
and patient outcomes. Gastroenterology & hepatology.
2013;9(10):633.

3. Entezari M, Hashemi D, Taheriazam A, Zabolian A,
Mohammadi S, Fakhri F, et al. AMPK signaling in
diabetes mellitus, insulin resistance and diabetic
complications: A pre-clinical and clinical investigation.
Biomedicine & Pharmacotherapy. 2022;146:112563.

4. Mulligan JD, Gonzalez AA, Kumar R, Davis AJ, Saupe
KW. Aging elevates basal adenosine monophosphate-
activated protein kinase (AMPK) activity and
eliminates hypoxic activation of AMPK in mouse liver.
The Journals of Gerontology Series A: Biological
Sciences and Medical Sciences. 2005;60(1):21-7.

5. Ghigo A, Laffargue M, Li M, Hirsch E. PI3K and
calcium signaling in cardiovascular disease.
Circulation research. 2017;121(3):282-92.

6. Oudit GY, Sun H, Kerfant B-G, Crackower MA,
Penninger JM, Backx PH. The role of
phosphoinositide-3 kinase and PTEN in cardiovascular
physiology and disease. Journal of molecular and
cellular cardiology. 2004;37(2):449-71.

7. Hosseini SA, Salehi O, Keikhosravi F, Hassanpour G,
Ardakani HD, Farkhaie F, et al. Mental health benefits
of exercise and genistein in elderly rats. Experimental
aging research. 2021:1-16.

8. Kasb Parast M AS, Sohaili SH, Banaeifar AA. The
Effect of Aerobic Exercises on AKT1l/ PI3K
Expression and Insulin Sensitivity in liver Hepatocyte
of Obese Vistar Rats. Sports Science Quarterly.
2021;14(39):105-18.

9. Yi X, Cao S, Chang B, Zhao D, Gao H, Wan Y, et al.
Effects of acute exercise and chronic exercise on the

s 45 A0 oo ol Lo 3udioss @L.a Ao jgbay

sk 4 e 2l 4 e wlle Br—ae 5 Sl (9lS
ozl a8 w0 lots gl ol s andlow sl oge
ol (b wS <8l sl (ol Wl oo 2l alSlas
ol yor 45 (55len ol 1y yad cpl b sa il A ils of o &
Sonte Sl (oo Lo B0, g 4y Wl 0 25 ,U) ke S pae
S8 a8 0590 uiedlw (b oS cdl gl byl

=

S5

liver leptin-AMPK-ACC signaling pathway in rats with
type 2 diabetes. Journal of diabetes research.
2013;2013.

10. Bao C, Yang Z, Li Q, Cai Q, Li H, Shu B. Aerobic
endurance exercise ameliorates renal vascular sclerosis
in aged mice by regulating PI3K/AKT/mTOR signaling
pathway. DNA and cell biology. 2020;39(2):310-20.

11. Machrina Y, Pane YS, Lindarto D. The Expression of
Liver Metabolic Enzymes AMPKal, AMPKoa2, and
PGC-1a due to Exercise in Type-2 Diabetes Mellitus
Rat Model. Open Access Macedonian Journal of
Medical Sciences. 2020;8(A):629-32.

12. Davari F, Alimanesh Z, Alimanesh Z, Salehi O,
Hosseini  SA. Effect of training and crocin
supplementation on mitochondrial biogenesis and
redox-sensitive transcription factors in liver tissue of
type 2 diabetic rats. Archives of physiology and
biochemistry. 2020:1-6.

13. Afra HS, Zangooei M, Meshkani R, Ghahremani MH,
llbeigi D, Khedri A, et al. Hesperetin is a potent
bioactivator that activates SIRT1-AMPK signaling
pathway in HepG2 cells. Journal of physiology and
biochemistry. 2019;75(2):125-33.

14.Shu Y, He D, Li W, Wang M, Zhao S, Liu L, et al.
Hepatoprotective effect of Citrus aurantium L. against
APAP-induced liver injury by regulating liver lipid
metabolism and apoptosis. International journal of
biological sciences. 2020;16(5):752.

15. Peixoto JS, Comar JF, Moreira CT, Soares AA, De
Oliveira AL, Bracht A, et al. Effects of Citrus
aurantium (bitter orange) fruit extracts and p-
synephrine on metabolic fluxes in the rat liver.
Molecules. 2012;17(5):5854-69.

16. Shykholeslami Z, Abdi A, Hosseini SA, Barari A.
Effect of Continuous Aerobic Training with Citrus
Aurantium L. on Mitogen-Activated Protein Kinase
and Phosphatidylinositol 3-Kinases Gene Expression in
the Liver Tissue of the Elderly Rats. Journal of llam
University of Medical Sciences: Volume. 2022;29(6).


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.3.10.4
https://nsft.sbmu.ac.ir/article-1-3471-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.17357756.1401.17.3.10.4 ]

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Hosseinpour Delavar S, Safikhani H, Azizi M. The
Effect of Eight Weeks of Continuous and Interval
Training with Citrus Aurantium Consumption on
Autophagy Markers and MyoD Activation in the
Muscle Tissue of Elderly Rats. Elderly Health Journal.
2021;7(2):71-8.

He W, LiY, LiuM, YuH, ChenQ, ChenY,etal. Citrus
aurantium L. and its flavonoids regulate TNBS-induced
inflammatory bowel disease through anti-inflammation
and suppressing isolated jejunum contraction.
International ~ journal of molecular  sciences.
2018;19(10):3057.

Azadbakht M, Khoori V, Nayeb Pour S, Pourabook M,
Fazelinejad S. The role of adrenoceptors in the
electrophysiological effects of hydroalcoholic extract
of Citrus bigaradia in experimental model of atrial
fibrilation of isolated atrioventricular node of rabbits.
Journal of Mazandaran University of Medical Sciences.
2009;18(68):1-10.

Yazdanparast Chaharmahali B, Azarbayjani MA, Peeri
M, Farzanegi Arkhazloo P. The Effect of Moderate and
High Intensity Interval Trainings on Cardiac Apoptosis
in the Old Female Rats. Report of Health Care.
2018;4(1):26-35.

Asadbegy M, Mirazi N, Vatanchian M. Comparative
study of Lotus corniculatus L. hydroethanolic extract
and phenytoin ointment effects on rat skin wound
healing: Morphometrical and histopathological studies.
2011.

Azarbayjani MA, Banaeifar A, Arshadi S. Effects of
Aerobic Interval Training and Adenosine on the
Expression of AMPK, PPARYy and A2B Receptor in the
Liver of Rats Fed a High-Fat Diet. Journal of Fasa
University of Medical Sciences. 2020;10(3):2655-64.

Oliveira NR, Marques SO, Luciano TF, Pauli JR,
Moura LP, Caperuto E, et al. Treadmill training
increases SIRT-1 and PGC-lo protein levels and
AMPK phosphorylation in quadriceps of middle-aged
rats in an intensity-dependent manner. Mediators of
inflammation. 2014;2014.

Cartee GD, Hepple RT, Bamman MM, Zierath JR.
Exercise promotes healthy aging of skeletal muscle.
Cell metabolism. 2016;23(6):1034-47.

Wang H, Sharma N, Arias EB, Cartee GD. Insulin
signaling and glucose uptake in the soleus muscle of
30-month-old rats after calorie restriction with or
without acute exercise. Journals of Gerontology Series
A: Biomedical Sciences and Medical Sciences.
2016;71(3):323-32.

da Silva Coqueiro R, de Jesus Soares T, Pereira R,
Correia TML, Coqueiro DSO, Oliveira MV, et al.
Therapeutic and preventive effects of exercise on
cardiometabolic parameters in aging and obese rats.
Clinical nutrition ESPEN. 2019;29:203-12.

Lee WJ, Kim M, Park H-S, Kim HS, Jeon MJ, Oh KS,
et al. AMPK activation increases fatty acid oxidation in
skeletal muscle by activating PPARa and PGC-1.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Biochemical and biophysical research

communications. 2006;340(1):291-5.

Basu R, Breda E, Oberg AL, Powell CC, Dalla Man C,
Basu A, et al. Mechanisms of the age-associated
deterioration in glucose tolerance: contribution of
alterations in insulin secretion, action, and clearance.
Diabetes. 2003;52(7):1738-48.

Lee JH, Budanov AV, Karin M. Sestrins orchestrate
cellular metabolism to attenuate aging. Cell
metabolism. 2013;18(6):792-801.

Salminen A, Kaarniranta K. AMP-activated protein
kinase (AMPK) controls the aging process via an
integrated signaling network. Ageing research reviews.
2012;11(2):230-41.

Jeon S-M. Regulation and function of AMPK in
physiology and diseases. Experimental & molecular
medicine. 2016;48(7):e245-e.

Feng N, Wang B, Cai P, Zheng W, Zou H, Gu J, et al.
ZEA-induced autophagy in TM4 cells was mediated by
the release of Ca2+ activates CaMKKB-AMPK
signaling pathway in the endoplasmic reticulum.
Toxicology letters. 2020;323:1-9.

Koshinaka K, Kawamoto E, Abe N, Toshinai K,
Nakazato M, Kawanaka K. Elevation of muscle
temperature stimulates muscle glucose uptake in vivo
and in vitro. The Journal of Physiological Sciences.
2013;63(6):409-18.

Morales-Alamo D, Calbet JA. AMPK signaling in
skeletal muscle during exercise: Role of reactive
oxygen and nitrogen species. Free Radical Biology and
Medicine. 2016;98:68-77.

Chen Z, Yu J, Fu M, Dong R, Yang Y, Luo J, et al.
Dipeptidyl peptidase-4 inhibition improves endothelial
senescence by activating AMPK/SIRT1/Nrf2 signaling
pathway. Biochemical pharmacology.
2020;177:113951.

Cao S, Li B, Yi X, Chang B, Zhu B, Lian Z, et al.
Effects of exercise on AMPK signaling and
downstream components to PI3K in rat with type 2
diabetes. PL0oS One. 2012;7(12):e51709.

Lin J-Y, Kuo W-W, Baskaran R, Kuo C-H, Chen Y-A,
Chen WS-T, et al. Swimming exercise stimulates
IGF1/PI3K/Akt and AMPK/SIRT1/PGClo survival
signaling to suppress apoptosis and inflammation in
aging  hippocampus.  Aging  (Albany  NY).
2020;12(8):6852.

Coffey VG, Zhong Z, Shield A, Canny BJ, Chibalin
AV, Zierath JR, et al. Early signaling responses to
divergent exercise stimuli in skeletal muscle from well-
trained humans. The FASEB journal. 2006;20(1):190-
2.

Hoeger KM, editor. Exercise therapy in polycystic
ovary syndrome. Seminars in reproductive medicine;
2008: © Thieme Medical Publishers.


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.3.10.4
https://nsft.sbmu.ac.ir/article-1-3471-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.17357756.1401.17.3.10.4 ]

Ohlen 5 (595 ot [ g @)0)lke Bpae b olyom (gl (505 3l

40. Choi BK, Kim TW, Lee DR, Jung WH, Lim JH, Jung
JY, et al. A polymethoxy flavonoids-rich Citrus
aurantium extract ameliorates ethanol-induced liver
injury through modulation of AMPK and Nrf2-related
signals in a binge drinking mouse model. Phytotherapy
Research. 2015;29(10):1577-84.

41. Park J, Kim H-L, Jung Y, Ahn KS, Kwak HJ, Um J-Y.
Bitter orange (Citrus aurantium Linné) improves

obesity by regulating adipogenesis and thermogenesis
through AMPK activation. Nutrients. 2019;11(9):1988.

42. Simon G, Heckmann V, Té6th D, Pauka D, Petrus K,
Molnar TF. The effect of hepatic steatosis and fibrosis
on liver weight and dimensions. Legal Medicine.
2020;47:101781.


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.3.10.4
https://nsft.sbmu.ac.ir/article-1-3471-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.17357756.1401.17.3.10.4 ]

Iranian Journal of Nutrition Sciences & Food Technology 11
Vol. 17, No. 3, Autumn 2022

Effects of Aerobic Interval Training with Citrus aurantium Consumption on Gene
Expression of AMPK and PI3K in Liver Tissues of Elderly Rats

Razavi S, Nazarali P™?, Alizadeh R®, Rezaeinezhad N*

1-  M.Sc. Department of Exercise Physiology, Faculty of Sports Sciences, Alzahra University, Tehran, Iran

2-  *Corresponding author: Professor, Department of Exercise Physiology, Faculty of Sports Sciences, Alzahra University,
Tehran, Iran. Email: p.nazarali@alzahra.ac.ir

3- Associate professor, Department of Sports Science, School of Literature and Humanities, llam University, llam, Iran
4-  PhD of Exercise Physiology, Tehran Education Office, Tehran, Iran

Received 10 Apr, 2022 Accepted 27 Jul, 2022

Background and Objectives: Aging is a major risk factor for several diseases, including liver-related metabolic
disorders. The aim of this study was to assess effects of aerobic interval training with Citrus aurantium consumption on
gene expression of AMPK and PI3K in liver tissues of elderly rats.

Materials & Methods: In this experimental study, 30 elderly female rats (16—18 months old) were divided to five equal

groups of (1) control, (2) sham (normal saline), (3) Citrus aurantium, (4) aerobic interval training and (5) aerobic interval
training and Citrus aurantium. Aerobic interval training was carried out for eight weeks with the intensity of 85-110%
VOz,max and speed of 25-15 m per min. Citrus aurantium extract (300 mg/kg/day) was injected to the animals
intraperitoneally. Expression of AMPK and PI3K genes in liver tissues were assessed using real-time PCR. For data
analysis, one-way analysis of variance followed by Bonferroni post-hoc test was used at p < 0.05.

Results: Results showed significant differences between the groups in expression of AMPK in liver tissues (F = 14.614,
p = 0.0001); significant increases in Citrus aurantium group (p = 0.014), aerobic interval training group (p = 0.0001) and
aerobic interval training and Citrus aurantium group (p = 0.0001) were seen, compared to the control group. Similarly,
expressions of PI3K in liver tissues of different groups were significantly different with (F = 18.151, p = .0001).
Specifically, significant increases were seen in the aerobic interval training and Citrus aurantium group, compared to the
control group (p = 0.001), Citrus aurantium group (p =0.001) and aerobic interval training group (p = 0.013).

Conclusion: It seems that aerobic interval training with Citrus aurantium consumption could help improve gene
expression of the metabolic markers in liver tissues during the elderly.

Keywords: Aging, High-intensity interval training, Citrus aurantium, Liver
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