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Extended Abstract

Background and Purpose

The liver is a vital organ with essential roles in metabolism, energy storage, and detoxification.
Oxidative stress and inflammation are critical factors that can severely compromise liver health.
Oxidative stress occurs when the production of reactive oxygen species (ROS) exceeds the body's
capacity to neutralize them with its antioxidant defenses. This imbalance can activate various
transcription factors, which in turn regulate the expression of genes involved in inflammatory
pathways. Inflammatory markers, which are part of the body's response to injury and infection,
are closely linked to liver tissue damage.Key genes involved in these processes include HMOX1
(heme oxygenase 1), NFE2L2 (nuclear factor erythroid 2—related factor 2, or Nrf2), and NOS2
(inducible nitric oxide synthase). HMOX1 is a protective enzyme that counteracts oxidative
damage and helps control inflammation. NFE2L2 is a master regulator of the antioxidant response
and also helps reduce inflammation. The expression of NOS2 is induced by inflammatory stimuli
like cytokines and microbial products, leading to nitric oxide production during inflammation.
The dysregulated expression of these genes is a common feature of liver diseases, highlighting
their role in pathogenesis and progression.High-fat diets (HFD) are known to exacerbate oxidative
stress and activate inflammatory pathways, contributing to conditions such as non-alcoholic fatty
liver disease (NAFLD), fibrosis, cirrhosis, hepatocellular carcinoma, diabetes, and cardiovascular
disorders, although the precise mechanisms are not fully understood. Conversely, high-intensity
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interval training (HIIT) has gained recognition for its cardiovascular and metabolic benefits,
including the ability to reduce oxidative stress by improving oxygen consumption and enhancing
antioxidant defenses.This study investigates the combined effects of HIIT and a high-fat diet on
hepatic oxidative stress and the expression of inflammatory genes in C57BL/6J mice.

Materials and Methods

Of course. Here is the native and polished version of your text:Forty male C57BL/6 mice
(approximately one month old, weighing 14 + 1 g) were housed under controlled conditions,
including a 12-hour light/dark cycle, 50-60% humidity, and a temperature of 24°C, with free
access to food and water. The mice were randomly divided into four experimental groups for a
10-week period: 1) normal diet (50% carbohydrate, 30% protein, 20% fat) without exercise; 2)
normal diet with HIIT; 3) high-fat diet (60% fat, 20% protein, 20% carbohydrate) without
exercise; and 4) high-fat diet combined with HIIT.The HIIT protocol was performed on a
treadmill. Following a one-week acclimation period with incremental speeds, the formal training
began. The protocol consisted of five 40-minute sessions per week, each including a 3-minute
warm-up, 35 minutes of interval running, and a 2-minute cooldown. The training intensity started
at 15 m/min and was increased by 2 m/min every two weeks, reaching a final speed of 23 m/min
in the last week.To evaluate molecular outcomes, mRNA expression levels of the HMOX1,
NFE2L2, and NOS2 genes were gquantified using real-time PCR, while NOS2 protein expression
was analyzed by Western blotting. All data were analyzed using ANOVA, with a significance
threshold of P < 0.05.

Results
After 10 weeks, mice fed a high-fat diet demonstrated significant metabolic and hepatic

alterations compared to those on a normal diet. We observed pronounced increases in fasting
blood glucose (73.34%, P=0.0001), liver weight (22.67%, P=0.0001), and liver enzymes, with
AST rising by 101% and ALT by 58.46% (P=0.0001 for both).At the molecular level, the high-
fat diet markedly upregulated hepatic gene expression of HMOX1 and NOS2 by 173.62%
(P=0.0001) and 125.30% (P=0.0003), respectively. Conversely, NFE2L2 gene expression was
significantly suppressed, decreasing by 50.52% (P=0.0008). This change was consistent with a
130.52% increase in NOS2 protein expression (P=0.0002).The addition of exercise to the high-
fat diet regimen elicited a significant restorative effect. Compared to the sedentary high-fat diet
group, the exercise group showed increased expression of NFE2L.2 (21.66%, P=0.0008), HMOX1
(7.63%, P=0.0001), and the NOS2 gene (13.90%, P=0.0003), along with a 12.32% rise in NOS2
protein levels (P=0.0002).

Conclusion

High-intensity interval training (HI1T) demonstrates a capacity to mitigate hepatic oxidative stress
and inflammation, independent of weight loss. The underlying mechanisms involve HIIT's role
in enhancing hepatic lipid and carbohydrate metabolism, which reduces fat accumulation and
improves insulin sensitivity. Furthermore, HIIT suppresses hepatic lipogenesis and adipose tissue
lipolysis, while modulating key signaling pathways such as TLR4/NF-«kB, leading to decreased
production of pro-inflammatory cytokines like TNF-a and IL-6. These collective actions reduce
inflammatory cytokine production and limit hepatocyte necrosis, thereby promoting overall liver
health. As a result, integrating HIIT with a balanced diet presents a promising non-
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pharmacological strategy to counter high-fat diet-induced hepatic dysfunction. These findings
highlight the essential synergy between nutrition and physical activity in preventing chronic
diseases and point toward valuable directions for future research.

Key Words: High-Intensity Interval Training, High-Fat Diet, Oxidative Stress, Inflammatory
Markers

Article Message

A high-fat diet promotes hepatic oxidative stress and inflammation, leading to tissue damage and
functional impairment. High-intensity interval training (HIIT) represents an effective strategy to
counteract these adverse effects.

Ethical Considerations

This study was conducted in strict accordance with ethical guidelines and received approval from
the Research Ethics Committee of Isfahan University (Approval code : IR.UI.LREC.1403.151).
No funding was received from public, commercial, or nonprofit sources.

Authors’ Contributions
All authors equally contributed to the study’s design, execution, and manuscript
preparation.

Conflict of Interest
No conflicts of interest are declared.

Acknowledgments

This work is based on a dissertation submitted in partial fulfillment of the requirements for a
Professional Doctorate in Sport Physiology at Isfahan University. The authors extend their sincere
gratitude to all those who contributed to the successful completion of this research.

Sport Physiology, Volume 17, No 67, 2025


https://ethics.research.ac.ir/EthicsProposalView.php?id=515963

DOI: 10.22089/5D.2025.17788.2357 $+-FY o SV 05lass IV 095 AF+F juls ccsdi g 65092 jud

339 S8
Nttps://SP].SSIC.AC.IT :dy i olKsg

gy Al
W 39 Sled (51 55 slo g guitumST (v gl 39 3 2 93 (SIS 2 5 5 g W (gL (9 503 I

C57BL/6 5 sbubse
" (5% 50 oo s 151 T il st dougd ¢ il g

Ol ipledal plaol oSl (23555 psle aaSiils (23555 Sislsed (5250 semtils )
Olnl cleal leaal olKails (L3559 pole 0uSiils « 3359 (55505058 Hlils Al
Ol eoleiol olodol slKails ( 35,9 pole 0aSKtils ¢ o559 (55592 b sliwl T

VEeRIe AN oSBT HLa b | VEFIVY sbpdy st | VERNIYIVA sl e b

f.esfarjani@spr.ui.ac.ir : ool ¢ Sl sl dargd 1 Jgtas oot gist

ool Oy 2l w5y 9 WAl ool el S1LOVFF) Lesredin (g e tdangd (Sl yal (lgy (ol 1 BOE L, 0gx
FoEVIEVNY (o35 59950508 COTBLIG 55 slapge oS 0 ool slo )5 Ls g guilonS]

ons>

392 4 e g WK Wl S 0 Sles p a2 g e 50 ek 4 Wilg e LA S5l o guilasT il b
Sogige &S 50 Jolge (nl » @iy 2108 w3y 9 Wl (9ld o g Ol 4 gl cpl 5o Wigd (oo o slew
& ausls yy C57BL/6

of yo 3 5y (2 09,5 1ol el 09,5 o 41 (BT H9b 1 ()5 IFEY (59 b alocSQ) 5 e Fr slua il (g g 3lg0
I8 023, CBL S ol o &) I (02 09,5 102 1 w3y 8l olped w wad (gld (p el 09,8ty ]y 8L,
PR 9 43R 53 59, g (Sl cathn Ve Jold (p pod ST o0l (2IAE 025y B 50 ol ped 4y s (LS (2 ped 09,5 tg0le
Real-time b, 3l NFE2L2 3 NOS2 HMOXL (slacyj oyl oyt 6l 092 dgod (29l (0 yoi ailds Fr (g yoi dunals
T 53 9 (iliyly Judo 51 eoliiwl b Laidly . solisuwl W (yywg 51 NOS2 (g y by s mSojluil sl s PCR
o Juloxi P<e [ g ylobize

NFE2I2 (v 5T uals (P=+/ses¥) NOS2 g (P=+/s++)) HMOXL glaps 5T Gisl3dl o oy I0E p35y o axdly
HMOXL NFE2L2 341ty o dyiis (529U ¢ 305 45 (Jlo 3 1o (P=e oo+ Y) NOS2 (5uig 1 o5kt ial381 g (P=+/+++A)
i NOS2 (a9 5 b 9 NOS2

Wi (29U5 o yed Lol 09 o0 Ly hge S 50 Q! g guilumnST o il (Al o 2 (2I0E 025 15 S A
W gl 1y e Ol J1 el wlgs o0

! S 35 Lo gl oyl oy 3y (RIS 0155 e (29U (2 pod S5olS G319

Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms
and conditions of the Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0/ ).



http://www.doi.org/10.22089/spj.2025.17788.2357
https://creativecommons.org/licenses/by/4.0/
https://spj.ssrc.ac.ir/
https://orcid.org/0000-0003-3877-870X
https://orcid.org/0000-0001-8132-8419
https://orcid.org/0000-0003-3877-870X

) 9 gl oyl 0 yz i QI8 w35 9 W (29l o e S
Aodio

S oo Ll (2l je— 5 6551 Gilme B qedilie 0 Gl 2B (o Sl slaplail Sl (S Gl oS
WS (o0 w0 Cdlw (6 Kotz sb 4 65wt alse ol Dl sla S Lo 5 silan ST o il
i Ul 51V (ROS) b yiuST laaisS odgs o] jo 4 cul sunog gulow ST oyl (V)
il Jolse 0155 o 50T il rizran (V) Sl iy o] (g5l el 0 (a1 51
bS5l (1) 35300 2l slo e ;0 15,0 S5 5l (F i S Olo & e &S 0S5 L3 ) (sl
(F) Wi g0 G5 C8l ey P85 e go 45 i Laighe 5 bl (oo 2ol lagely oaimo i (e
0,15 i lg] (6l peano 5 o3l aST oyl 40 a5 0t olay; Sen NOS2 5 NFE2L2 (HMOX1
sk wile oo JsSTsa 5 03,5 Jae ol 5T S olgzear HO-L L () 5l Tom) HMOXL .(0)
3 sl 5 cbiblre 5 Sloall J S sl 5 035 o adgi 1, (CO) (S aaSgise s TBR) (g ke (BV)
L V(Y gyl b o po (sl ,53518) NFE212 oLy .(5-A) 0,5 o 1,5 baite il ST glacewl il
o gy o Sl s ST Sy ,205) NOS2 (2) il o ol oS 5T o s iz sz N2
13 IS () +) s9so ol 0aiiS e olge 1530 b (g, Sae ¥ game daaS sl aiile o] lacs e
5 b T s ssamoylits a8 El oot sunliie (suS (slas Lo ;3 NOS2 3 NFE2L2 . HMOXL,: L.
55 ool Ot ez alady oIS 5,5 (gl (6 i Sl plo 4y 4l sl Ll el 28, iy 5 355550
OV el 5L S slas lows

e 308 oy (21 low); o)l Sledlnd g Sledl loyeS L p (Golite DISL C 2 (13 3,
S aile ol b g e iliseo slags logs 4 45 wisds gl 6l pes (53es Jlab 5 uiloacST o yiasl il
a5 e yie (Bgpe ol lacslon 5 Subo S ol s s P98 S(NAFLD) (M1 2
“SglieS| ol 4 Lo pe sla)s Gl 2 4557 © 2 n @l m)) &S S (ande 585 55 4 join

OVF15) 0,58 o 3G Sl 6l s § 2alS
Selslio 5 (Boe ol Codlw S5ee 1 e (39 Slsrear THIT) wass (sl Sl ya el sla L 5o
G 3155 o oo (SIS )b S50 § OFeeST Bymae Gl b iy e 58 Gl e S 518 Lo

. Reactive Oxygen Species

. Biliverdin

. Bilirubin

. Nuclear Factor (Erythroid-Derived2)-Like2
. Nitric Oxide Synthase2 (Inducible)

. Non-Alcoholic Fatty Liver Disease

. Fibrosis

. Cirrhosis

. High Intensity Interval Training

O©oO~NO O WNPEF

144 G)Lb.«:a Y 0399 ¢ \f.f )&b ‘@b})’ ‘5)919:).03



ol)Kon g culi oy

C57BL/B (slaige oS 5o oled! slo S )lo g gl a1 ol 02y (GBE 255 9 s (9lis (2 o5
a0 &l S sl lo by 9 6K Sln s sla)Sal) g WS S8 wS Sl

GR9 3 B9

CSTBLIE ol 51 5 (ge s ¥o dlani 09 (1505l g 409 Stz Sj9m0 s 60 )5 (20 €93 51 ol (ioy
& g 00 6, h B Oledesl Bl eaStaghy 5| lay SIS (Ss (slacuulin b (o5 VFEY 35 L anlecs))
S g Wo,S C8l s gole Sl o, aman Ve Dol 4 aS 29,5 ) oD e 09,5 Lo 4 Bolay job
H8 ol el Cm gole ol i, Bas Ldlan Vr Sos araS 29,8 Y s 18 ol disSae
W8 S5 18 Sy b BoSme Cod g Ws S by Oy ol0E @, dlie Ve Sde 4 aS 29,5 Y s T
3 tee (olod () Jguz) wiid S )18 ol 0 ped oS iz @l ) Bae L) Dae 4y aS o2y S Y
Folb0r o sugb, g ol,8 il az 5 VY slos ( SH,U g 5o atelw VY sloas > Jolis a5 o laibul byl i
ol a ailolil b ysge ( tagh ol plosl (b il (6,105 Hladol by, caSimgsy s olliule;] 10 e duo o
VD) aile JI8 o> 0o Ve 5 iy n do 0 Ve (Olhaues S ao )0 0 ol sole 5 Ol jaums S oo o

Table 1- Research Groups | iwg oy, -V Jguz
W 09,5 sLass|

Condition | cussg
Abbreviation of the groups

Normal diet | sole 13 o3, ND

Normal diet with exercise | ;o5 b sole 13 o3, ND.Ex
High-fat diet | <>, ol o5, HD

High-fat diet with exercise | o, b o,z 28& o235, HD.EXx

CSloimre Sdgn &S00 Al Jaes s 69) wad (gl (nped e Ve Juld raghy cnl (o ped SS9
(e (nl 50 2390 Leed s (g5, dils, b Sy Do 4« Jeed 5 (595 g0 b labge (olib] jliiea 0g )
e VP ol g gy g, 50 4B Ve ol 4y g duoyd Hho ol b aBSs e e Sad b aS lag T gl g 03
S Sa 51 oy syl b o igs (6,8l (sl pilor gy 5 il ial53l akds Fe lajone o aigds 4
Blae Ssb lime ol S Jos 5o S yme lsieds Byo b ol solitul olsS lejae 5 el die V ot b
alin ,o aS 6 eb a tad Ll e el RIS D sad by oyl dloul o g sl o laibinl SS9, L
43S 95 5 (23l (S ARSI VO (03,5 0,5 Ads dw I KAl (20 ped Az 2 g (laiBs Froanl> my Jold

OO Jgaz) 292 53,5 0 s

FY oylods AV 0590 VFF ol ¢ 2959 59092 38



oy e g oo IS oyl 1 gz (IS (0155 g Mol (9l o pd ]

Table 2- Exercise Protocol | oy yoi SS9y Y Jouz

(4280) b Cgls (yw col il (42.80) gl p» Wuw Cgldslaxy  (aads p jo) Ce pw Olds Slaxy PUET
Rest intervals (min) Duration of each interval (min) Intervals Speed (m/min) Sessions Week

2 4 10 16 5 1-2

2 4 10 18 5 3-4

2 4 10 20 5 5-6

2 4 10 22 5 7-8

2 4 10 24 5 9-10

g o i Bl b ige 1o 55 ol e 50T sl NOS2 s NFE2L2 HMOXL ol s 551 s
oole (Blaoyg;s B3 b g wad (s ise (olal cele (25 51 g Guped ande )3T ) ey el
GRS 5 (shamis 9l Sl g WS s (O-F MOTKG e Dhls 5 (0«1 MIKG) (5oeleS 5l (a5 5 S50
@le 0395 4 oS S8l s a8 S ojlul (Jlzmd G935 bawg 0 S5 (59 9 wb Tz auS 2L dabgs
SIS Jelows gz ab IS SlS (il az s cAs 58 00 g n s MRNA &l sl 6l 5w Jaee
56 oy Sl 35 & 90 (Parsippany, Zoetisus, TRAK) jiesS sl olSiws 5l solitul b (FBS) Lt g5
5w yle Sl o5 lgreas 185 RNA 5 .o osliwl Real-time PCR o, 5 1953 lagys lo p odslas
oS fasgs RNA il l5ee s 8 08liisl Jginlys Jsles 51 0 il 51 RNA sl ol cd,
Biotechrabbit ) co,SSelb cuS ;5 oolazwl L CDNA iman 0l oo (NANO Drop) jiegidg il
s 5 eSore b ¥ Usor 6loyasly 5l 55 ol 4 byye @,y sl &l s 1] (GmbH
Syl 5 laz 50 slls (Corbett w5 ,4) Real-time PCR b,k sle w559,5 5 (Amplicon, Brighton)

A eolaw!

Table 3- Design of primers | & yosly >1b -Y Jou

Primer | yosly ob Primer sequence | yosly Jlo¥
18s F CGGACACGGACAGGATTG
R TCGCTCCACCAACTAAGAAC
NFE2L2 F TTCACTAAACACAAGTCCCAGT
R CAGGGGCACTATCTAGCTCT
HMOX1 F GCCAGAAGAGGCTAAGACCG
R AGCTCCTGCAACTCCTCAAA
NOS2 F GCTCTACACCTCCAATGTGACC
R CTGCCGAGATTTGAGCCTCATG

F= Forward; R= Reverse

0555 0,5l g gl N sl alse Loz gy Gal b g RSeslal OO ey (g, L NOZ g ol
gy oS Sl JWS] Y coaiiSTo 6500 5,889 2SIl 5 L (gdloglS )o) Lmoi ojlasl 4y azgi b (gilwlas .Y ¢ usig 5
ool 3l eoliiwl b s g yanidS el 4y g olulil F PVDF glalic b Jolug s mdaw 4y J5 55,0

144 G)Lb.«:a Y 0399 ¢ \f.f )&b ‘@b})’ ‘5)919:).03



ol Kes g <ol of
OSoe 1y (et pgal 4 g 09 oo Jhate adgl ol 4y aS Glagl (ol g 0gdse Wgn (uiign 4 a5 4y
&S o

Slp ol oo dil)l ladiged (2 0le Sj50 4 5SS 9 G ()9 S 8L jg  bgre LS (g cnl o
L sslel Jelon 5 4528 1o da o ool ol a5 Sy iyl el (051 51 el )bl Julows g 4325
O s P00 Oy 4 (6 loliae e g ol ploeil V- Y YF Y ass GraphPad Prism l5sle 5 5l eslal
Sy olgiol olEzils B aeS 0l 4 (IR.ULREC.1403.151) oS o lets b oy o

P ™)
el oals ools HLas B Jgaz ;0 SIS 45 09,5 ez la hge (59 polde

Table 4- Weight values (g) of mice | b (igo (p,5) 39 yolie —F Jauz

& HD.Ex HD ND.Ex ND o
Total Variable
14514048 15202045  13.902043  14.71#62  14.24%0.36 093l S 039

Weight pre
28524149  2655+1.35  30.68+1.52  27.95+1.76  28.92+1.28 093l o 03
Weight post

ND (5 0uisS Bruae S o0 o Gl ige ,0 oo, VoV A Giolislonias lis b Jige (59 (555 o)l b
cdl,ye lo hge 10 oo, Aele Lioli8l HD (6 0aisS G pme o0 o sl g 48 Gouo,0 VYV il
Ol pss a0 o i Sl HDLEX (6 00isS™ 2l 0 slo (ge ;0 (s9o,0 YFIFY iol3dl s NDLEX (g oouss
25,8 Spas HD oS 09 (525 o lo (oge 53 (39

ND 45 5,56 0 slosbso b dmlio 15 wio,S Gy as HD a5 S i csloban , co s ol laazily
wWao,3 1+ ) AAST) suuS sl 3T g (00,0 YY/FY) S il 59 (a0 YYITF) Lisl oyg5aud wss S el o
S o5 o sle ge b HDLEX 6aisS il o slo e 5 dumlie cymizman 2l Lial3l (Ao OAFS ALT
UNY 5 08 il o5 samayd ARY L5 g5 A (o, VITY o9 s oo olois HDodisS o6, ae
G HD sas o lias o og)5 s (6 dslio 0 ALT (g0l 3351 (5000,0 YEIVE g AST suuS w5 (g0o 0
2 keogus 536 HIT 5055 oo guuS sl w3l 5 0 <l (55 bbb (5 i Gl s (5l0kine 5500
() JSB)0,ls 155 ie (sl pmicie ialS

HMOXI (slaps 51 o)liue 58,5 il 0 ND a5 slojige b awolio j0 55,5 By ao HD a5 sla jige o
g ol g canls (mals (auo,0 0+/0Y) NFE2L2 o 51 ¢ iol38 (auo,0 VYO/Y'+) NOS2 4 (s, VVYIFY)
(Y JSis) .l il (aoyo VY- /0Y) NOS2

FY oylods AV 0590 VFF ol ¢ 2959 59092 38


https://ethics.research.ac.ir/EthicsProposalView.php?id=515963

0 e g oo IS oyl 1 gz (IS (0155 g Mol (9l o pd ]

09,5 Jlz 30 S S 3T 9 95 (339 Ll (595 355 (aSilae - S
Figure 1- Average of fasting blood glucose, liver weight, and liver enzymes

2.5 -
2.0 A
=
g 15 -
<
o
g
~
o
o 10 4
=z
0.5 -
00 N
ND ND.EX HD HD.EX
25 - 3.0
2.5 4
2.0 A
. £ 201
© 4 =3
g 15 ]
2 <15
~ ~
Wi w
g 1.0 - =]
= 1.0
051 0.5
0.0 - 0.0 4
ND ND.EX HD HD.EX ND ND.EX HD HD.EX

WS Bl 53 a3 50 Ga) Ol i -F S
Figure 2- changes in the studied genes in liver tissue

144 O)Ln-;d Y 0399 ¢ \F.F )&b\ ﬁ‘ﬂ.‘.})’ 6)5]5.1)@



ol)Kon g culi b#
as ‘:Lmu.u}a 45;.4)5_.0 u.:‘ L EMOGA UL...Q ‘) l.@os)f O d_mJLa.a 9 Lﬁ;)Lo UL"‘)" HD 9 H“T )J‘ Y JLMJ
YYIPY 3 NOS2 (oo VW3- HMOXL (a0 VISY NFE2L2 (a0 YVIFF (s39m0 caiiils HD.EX

2ols plad wis,S Byae HD Lais a5 sl ige b avslio ;.0 NOS2 (559, (5000

S 4 g S

Slosigs 15 50 et oS ke g gilaaaS] oyl 25595 50 Sldl HD wls L il anlllas gl
o5 loses 2 (S5 Soms Al lote Sl 6,00 45 ool SKilatsas (5350 anlllan b ol () ,ls C57BL/G
el golow 2 HD @l ase; j0 a5 oS 5 Sl aslllas 5 (F) 2515508 slacs Lo 5o geilanST (ol
ol 99 lapaS T e b ials 3 ROS g il 4 pxie Wl co HD vgaan (3) o alouil 0,
50 Bil g5t (gm0, VYTTE nl38l (V2) 90d oloall (il 5 (Jolw ol czrgo cl (San Cin i
Codles 2 p25y 02l s sl ooy Lid ND saiiS' el jo slosige b dugliio o HD saisedly o glajsge
a5 Cenglio o ge wilgi o 45 Ceasl ol yod gLl sloa iz 5 6 M1 By LinlEl b Yoane HD ol Sgplie
Tl 42,0 45 35800 (595 5 IS @ o sl o1y 28l cow (gl Cuoglie 09t (o]
ol @l Jalse 51 (S a8 050 50 68 Cubid o crge Cul (Sas Cumdg (nl il oo (a3l LA (g5l
S8l 35 69— )3 VYIFY Gl 4y zeie HD wols lts mlis (b 51 (7)) el (B9 0 ol slags Lo 12
Olisds a5 055 WS 0 oz g coge Wlgi o HD o SYob (8 ae 05-i o 5 ND b g lin jo oS
4 Salgipo 5 00t oS sl 5 Sl czge Wl oo Sty (al 5 pe ABLS 0y AT L S il
Wlgi oo a5 Gl <Ll 5o Cledl g o)z aezs saupolis WS il e ldl ogal o NAFLD (gl
o slans sl (glapiss Colos 45 Son 5 Koo Jproler dalllas b gl ol (YY) 025 Jisea |, 05 o Slhos
Solbom Cupe 5 Sty 5 @8 w3, Dbl A8 59050 ()Sen 5 S5 aslllas 9 (VF) 0,5 (2], 0S5
S HD wls gl mls (oS lops 3l sla w0 5, Slssean (V) S gilie SIS L Lo o oy oS
aile oS laas 3T 05— 0 ALT (s0—0,0 OAITF s AST (coo,0 )V VIFA Lilidl 4y e ND b aslie
055 5 el ol s Gl g5 e ool 08 ol la, St lgicas Ygane AST 5 ALT
@ 7o 45 050 S sla ol 4 ol Sledl s Wil oo HD ol 605 (sla Jolaw a4y s oaimo L
5 S joyed wile 50z lacs lons 9 e Sl (S Cupndg (nl 095 o0 Lo T (nl s 2138
VY YYF) 00l 59

oiali8l g NFE2L2 (so0,0 0+/0Y als ¢ NOS2 su0,0 \YO/¥: s HMOXL 00,0 \YY/EY ol
ND 601555, ae gloige b dmslio ;o HD saiiSil o slobge ,o NOS2 1aigs ol (gdo, VY +/OY
el HD saizS il 1o sloign 55 il 5 su5lonasST ool b Lo yo JsSTgo (6l poms s Jlnb oaimo L

( L’\ su’;l.ea.” b\ o u;‘l.ﬁ;;sa 9 o)lo ..\...Q.A d_la_...."j uj.:. uwﬁ.: Ui 6@4).'] U""‘Slj UYM LI.O‘).Q—Q HMOX].

FY oylods AV 0590 VFF ol ¢ 2959 59092 38



oy 9 il o sl 3 0 (108 w235 9 Mo (9l oS
a1 5T lsieas BV BR aiile ey ¥ gammms S o ail)] S o) 5| 6 0oy 5 oy 5o sl
&l als asile Sl glaanl b wilg e CO (1 K0 adys ot o Jas pyw 3 sl o 553
Al S ol gzean e Lyl j0 a5 WS S o | 5lg Sle aleidlg slapeS sles 0 g Lo Jedsigs
BaCh-1 iy Lot 50,00 41,5 NFE2L2 L Lt o Jule pulsiscons HMOXL plo aisS o bl __iliblons
los Lo 51 6 ylems 53 NOS2 ssiiinssis b a5l iy ol (YD) 05 co LyosSins palis ot s Al 900 4
Jolge 2l ) gl 4y outays NO i g pRoiar e oIy (2593 glgl 5 by 1055 Congone dloz]
9> 5l G Soclale g9 5l El (Gl (el i Sl Esly sl ;0 g 0SS (0 ST s Lo
AlF g0 cudlad ol by ol ails cows O3 Wlgs co w2l INOS suisonlas b o> 5l Gias ol 51 56 a5 NO
oy odgs o NOS2 yiman (Y5) coul cdale 4 alinly Goiias (e plp 4o 9uie) INOS L Lo o NO
1 510eST NADP sl §1saeSTNADP gl 35T solgils gLl 5 55 45 ol Liis (NOXL) Y jties S|
ko lasnlp 5o 5w Jae Jslow JuSims S Glsiear wlgs oo NOXL o 5T cal iy 0000 (285 ROS wlgs
2 Ease5an 5 s n S—jlae (RS A NOXT jlpe a8 cllss ol 5 cnl slog—oly wsile
wle g5 slags Lo S (o0 S (05 b s JST 0 il D) Y skl Slogia )5 (0285 la e
Oy Slalllas b laadly ol (VY VA) siies olyon Qloall g gesloeansT o sl (Ral81 b el g 50 g coilon
51T oyl 2alS 5 S 50 NFE2L2 (sl yoao oss 2 1, 30,9555y 5145 o, Sas g 52 anlllas 4 (V cA)
OglieST 4y 2200 ROS oz 5 0985 0 ROS sl oo HD cosgaan (0) 35 (o 2 el slogsly
w2330 5 Gl NOS2 s HMOXT ()L 50 coleill s essly )0 05 g ol el 5 oads s 5 (eig
105 95500 gl ol Gal38l 5 (GlaT il codyb (2alS s ol nl il oo 20l NFE2L2
Ol A e 5 0,0 i WS90, sliwged 10 (Ghuglas 5 SlowST sl Sldlas olss s 4 HMOX1
1 oS5l by« isiny 55551 S plgisay NFE2L2 (V) 055 00 (Il il ool jiSaiir
05 Ol pela 03 oo W)l guilan ST o il 2l o casiS cliblane (Jolw (Lo s 9 23S 0 ulats
3 e 3 NOS2 a0y o ploct NFE2L2 Lo gs utee 1y oyl Jelge 4 esly o HMOX1

Cy—e Sl y (ol (5l Jlad )3 salS (il plgreas 5 0jls (Sledl laal b )0 (coge 2 ais Lo

(P -YY) 55 o
Syas HD ks a5 olaise b auslin jo o, cdl,o HDLEX a5 sla jige jo wls Lis aslllas ol gl
W0, VIFY wa0,0 YV/PF 554 NOS2 559, Lo s NOS2 HMOX1 NFE2L2 slays ols wis,S

148 5 em 5 il Lo asllas (V8 ) ey Sledllae b gl )l Sgegs doyd VYIFY 5 oo ys VWA

(gl Sl S o7 Bl RS S Dhaees S5 (s SlestS e SRl L s el e

144 G)Lb.«:a Y 0399 ¢ \f.f )&b ‘@b})’ ‘5)919:).03



oo 3 culi aA
6l o 5 05 g0 Dlell 5 gl ST oyl halS o lacwgol (0 Sdsd 5 auS o Si5ed alS
6l S5l ads alS Crge ol il aF w5 e Jd |, TLRANF-KB/TNF-0/IL6 wile Sollfe

VY XF) 05800 05 Cuodlos S5 422050 5 55,55 5 (ko]
by Sl el gl S5 0l plpreds Wlg oo cslio (2188 5, b wad (9l (2 pe8 S 5 cnlnle
oSt o1y (s ohod 9 (SN S il 4 dx gl Coonl Al (pl g sy oz slaeed, b

Ao oly

o 2155 g0 QL g 5lannST oyl 358 WS 50 el g gelaenST ol (il 4 e wilgi oo HD
S Ghels gl fge (oB9) Glaiedr plgige |y ol ol (o yed igd 0S 0 Slee jo Pl 5 (2L o]
255 L s HD Ggllasl

S olbsde

i o, a4 g oSl U5 apa s IR.ULREC.1403.151 5551 oS b g3, ol

O@M‘ “9.; C«S)um
axils 8 b aalllas pl slagide ples (5, 5 Ll (olyb 50 Bt s 4on

&8l (e
)5 ilin o a5 alie ol (i el ol

‘s;‘o)ass s:...

25550 (5wl WAL (i gy ol plrdl o o5 Sline soles |

&bo

1. Kalra A, Yetiskul E, Wehrle CJ, Tuma F. Physiology, liver. In: StatPearls [Internet]. Treasure Island
(FL): StatPearls Publishing; 2025. Available at: https://pubmed.ncbi.nlm.nih.gov/30571059/

2. Singh AK, Rana HK, Pandey AK. The oxidative stress: causes, free radicals, targets, mechanisms,
affected organs, effects, indicators. Antioxidants Effects in Health. 2022:33-42.
https://doi.org/10.1016/B978-0-12-819096-8.00012-4

3. Jomova K, Raptova R, Alomar SY, Alwasel SH, Nepovimova E, Kuca K, Valko M. Reactive oxygen
species, toxicity, oxidative stress, and antioxidants: chronic diseases and aging. Archives of
Toxicology. 2023;97(10):2499-574. https://doi.org/10.1007/s00204-023-03562-9

4. Husain S, Hillmann K ,Hengst K, Englert H. Effects of a lifestyle intervention on the biomarkers of
oxidative stress in non-communicable diseases: a systematic review. Frontiers in Aging.
2023;4:1085511. http://doi.org/10.3389/fragi.2023.1085511

5.Hu P, LiuY, Li S, Zhao Y, Gu H, Zong Q, et al. Lactoferrin relieves Deoxynivalenol-induced oxidative
stress and inflammatory response by modulating the Nrf2/MAPK pathways in the liver. Journal of
Agricultural and Food Chemistry. 2023;71(21):8182-91._https://doi.org/10.1021/acs.jafc.3c01035

6. Fanaei H, Mard SA, Sarkaki A, Goudarzi G, Khorsandi L. Gallic acid protects the liver against NAFLD
induced by dust exposure and high-fat diet through inhibiting oxidative stress and repressing the

FY oylods AV 0590 VFF ol ¢ 2959 59092 38


https://ethics.research.ac.ir/EthicsProposalView.php?id=515963
https://pubmed.ncbi.nlm.nih.gov/30571059/
https://doi.org/10.1016/B978-0-12-819096-8.00012-4
https://doi.org/10.1007/s00204-023-03562-9
http://doi.org/10.3389/fragi.2023.1085511
https://doi.org/10.1021/acs.jafc.3c01035

8 e g oo IS oyl 1 gz (IS (0155 g Mol (9l o pd ]

inflammatory signaling pathways NF-kB/TNF-o/IL-6 in Wistar rats. Avicenna Journal of
Phytomedicine. 2021;11(5):527. https://doi.org/10.3389/fphar.2024.1515172

7. Tsopmejio ISN, Yuan J, Diao Z, Fan W, Wei J, Zhao C, et al. Auricularia polytricha and Flammulina
velutipes reduce liver injury in DSS-induced Inflammatory Bowel Disease by improving
inflammation, oxidative stress, and apoptosis through the regulation of TLR4/NF-xB signaling
pathways. The Journal of Nutritional Biochemistry. 2023;111:109190.
https://doi.org/10.1016/j.fbi0.2021.101426

8. Zhang C-h, Xiao Q, Sheng J-q, Liu T-t, Cao Y-q, Xue Y-n, et al. Gegen Qinlian Decoction abates
nonalcoholic steatohepatitis associated liver injuries via anti-oxidative stress and anti-inflammatory
response involved inhibition of toll-like receptor 4 signaling pathways. Biomedicine &
Pharmacotherapy. 2020;126:110076. https://doi.org/10.3389/fcimb.2023.1066053

9. Dang Y, Ma C, Chen K, Chen Y, Jiang M, Hu K, et al. The effects of a high-fat diet on inflammatory
bowel disease. Biomolecules. 2023;13(6):905. https://doi.org/10.3390/biom13060905

10. Yoo W, Zieba JK, Foegeding NJ, Torres TP, Shelton CD, Shealy NG, et al. High-fat diet-induced
colonocyte dysfunction escalates microbiota-derived trimethylamine N-oxide. Science.
2021;373(6556):813-8. https://doi.org/10.1126/science.aba3683

11. EI-Emam SZ, Soubh AA, Al-Mokaddem AK, Abo EI-Ella DM. Geraniol activates Nrf-2/HO-1
signaling pathway mediating protection against oxidative stress-induced apoptosis in hepatic
ischemia-reperfusion injury. Naunyn-Schmiedeberg's archives of Pharmacology. 2020;3.58-
93:1849. https://doi.org/10.1007/s00210-020-01887-1

12. Huang J, Shen X-D, Yue S, Zhu J, Gao F, Zhai Y, et al. Adoptive transfer of heme oxygenase-1 (HO-
1)-modified macrophages rescues the nuclear factor erythroid 2-related factor (Nrf2)
antiinflammatory phenotype in liver ischemia/reperfusion injury. Molecular Medicine. 2014;20:448-
55. https://doi.org/10.2119/molmed.2014.00103

13. Zeng X-F, Varady KA, Wang X-D, Targher G, Byrne CD, Tayyem R, et al. The role of dietary
modification in the prevention and management of metabolic dysfunction-associated fatty liver
disease: An international multidisciplinary expert consensus. Metabolism. 2024;161:156028.
https://doi.org/10.1016/J.metabol.2024

14. Jamiot-Milc D, Gudan A, Kazmierczak-Siedlecka K, Hotlowko-Zidtek J, Maciejewska-Markiewicz D,
Janda-Milczarek K, Stachowska E. Nutritional support for liver diseases. Nutrients.
2023;15:3640(16)._https://doi.org/10.3390/nu15163640

15. Younossi ZM, Corey KE, Lim JK. AGA clinical practice update on lifestyle modification using diet
and exercise to achieve weight loss in the management of nonalcoholic fatty liver disease: expert
review. Gastroenterology. 2021;160(3):912-8. https://doi.org/10.1053/j.gastr0.2020.11.051

16. You Y, Li W, LiuJ, Li X, Fu Y, Ma X. Bibliometric review to explore emerging high-intensity interval
training in health promotion: a new century picture. Frontiers in Public Health. 2021;9:697633.
https://doi.org/10.3389/fpubh.2021.697633

17.Wu Z-J, Wang Z-Y, Gao H-E, Zhou X-F, Li F-H. Impact of high-intensity interval training on
cardiorespiratory fitness, body composition, physical fitness, and metabolic parameters in older
adults: A meta-analysis of randomized controlled trials. Experimental Gerontology.
2021;150:111345. https://doi.org/10.1016/j.exger.2021.111345

18. Martland R ,Mondelli V, Gaughran F, Stubbs B. Can high-intensity interval training improve physical
and mental health outcomes? A meta-review of 33 systematic reviews across the lifespan. Journal of
Sports Sciences. 2020;38(4):430-69._https://doi.org/10.1093/schbul/shaa029.707

19. Abdollahi M, Marandi SM, Ghaedi K, Safaeinejad Z, Kazeminasab F, Shirkhani S, et al. Insulin-related
liver pathways and the therapeutic effects of aerobic training, green coffee, and chlorogenic acid
supplementation in prediabetic mice. Oxidative Medicine and Cellular Longevity. 2022;2.
https://doi.org/10.4093/dmj.2022.0265

144 O)Loa:: Y 0399 ¢ \f.f )&b “é)})’ 6)9]9:).03


https://doi.org/10.3389/fphar.2024.1515172
https://doi.org/10.1016/j.fbio.2021.101426
https://doi.org/10.3389/fcimb.2023.1066053
https://doi.org/10.3390/biom13060905
https://doi.org/10.1126/science.aba3683
https://doi.org/10.1007/s00210-020-01887-1
https://doi.org/10.2119/molmed.2014.00103
https://doi.org/10.1016/J.metabol.2024
https://doi.org/10.3390/nu15163640
https://doi.org/10.1053/j.gastro.2020.11.051
https://doi.org/10.3389/fpubh.2021.697633
https://doi.org/10.1016/j.exger.2021.111345
https://doi.org/10.1093/schbul/sbaa029.707
https://doi.org/10.4093/dmj.2022.0265

RULSEEE g

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Tan BL, Norhaizan ME. Effect of high-fat diets on oxidative stress, cellular inflammatory response and
cognitive function. Nutrients. 2019;11(11):2579. https://doi.org/10.3390/nu11112579

Sears B, Perry M. The role of fatty acids in insulin resistance. Lipids in health and disease.
2015;14(1):121.d0i:10.1186/512944-015-0123-1

Lian C-Y, Zhai Z-Z, Li Z-F, Wang L. High fat diet-triggered non-alcoholic fatty liver disease: A review
of proposed mechanisms. Chemico-Biological Interactions. 2020;330:109199.
https://doi.org/10.1016/j.cbi.2020.109199

Vancells Lujan P, Vinas Esmel E, Sacanella Meseguer E. Overview of non-alcoholic fatty liver disease
(NAFLD) and the role of sugary food consumption and other dietary components in its development.
Nutrients. 2021;13(5):1442. https://doi.org/10.3390/nu13051442

Consoli V, Sorrenti V, Grosso S, Vanella L. Heme oxygenase-1 signaling and redox homeostasis in
physiopathological conditions. Biomolecules. 2021;11(4):589.
https://doi.org/10.3390/biom11040589

Campbell NK, Fitzgerald HK, Dunne A. Regulation of inflammation by the antioxidant haem
oxygenase 1. Nature Reviews Immunology. 2021;21(7):411-25. https://doi.org/10.1038/s41577-
020-00491-x

Ryter SW. Heme oxygenase-1: an anti-inflammatory effector in cardiovascular, lung, and related
metabolic disorders. Antioxidants. 2022;11(3):555. https://doi.org/10.3390/antiox11030555

Minhas R, Bansal Y, Bansal G. Inducible nitric oxide synthase inhibitors: a comprehensive update.
Medicinal Research Reviews. 2020;40(3):823-55. https://doi.org/10.1002/med.21636

Cinelli MA, Do HT, Miley GP, Silverman RB. Inducible nitric oxide synthase: Regulation, structure,
and inhibition. Medicinal Research Reviews. 2020;40(1):158-89.
https://doi.org/10.1002/med.215599

Basu P, Averitt DL, Maier C, Basu A. The effects of nuclear factor erythroid 2 (NFE2)-related factor 2
(Nrf2) activation in preclinical models of peripheral neuropathic pain. Antioxidants. 2022;11(2):430.
https://doi.org/10.3390/antiox11020430

Francisqueti-Ferron FV, Ferron AJT, Garcia JL, Silva CCVdA, Costa MR, Gregolin CS, et al. Basic
concepts on the role of nuclear factor erythroid-derived 2-like 2 (Nrf2) in age-related diseases.
International Journal of Molecular Sciences. 2019;20(13):3208.
https://doi.org/10.3390/ijms20133208

Seminotti B, Grings M, Tucci P, Leipnitz G, Saso L. Nuclear factor erythroid-2-related factor 2
signaling in the neuropathophysiology of inherited metabolic disorders. Frontiers in Cellular
Neuroscience. 2021;15:785057 . https://doi.org/10.3389/fphar.2023.1264842

Smolkova K, Miko E, Kovacs T, Leguina-Ruzzi A, Sipos A, Bai P. Nuclear factor erythroid 2-related
factor 2 in regulating cancer metabolism. Antioxidants & Redox Signaling. 2020;33(13):966-97.
https://doi.org/10.1089/ars.2020.8024

MaY, Wu Z, Gao M, Loor J. Nuclear factor erythroid 2-related factor 2 antioxidant response element
pathways protect bovine mammary epithelial cells against H202-induced oxidative damage in vitro.
Journal of Dairy Science. 2018;101(6):5329-44. https://doi.org/10.31168/jds.2017-14128

Atakan MM, Li Y, Kosar SN, Turnag6l HH, Yan X. Evidence-based effects of high-intensity interval
training on exercise capacity and health: a review with historical perspective. International Journal
of Environmental Research and Public Health. 2021;18(13):7201.
https://doi.org/10.3390/ijerph18137201

14 O)Lo.:a Y 0399 ¢ \F.¥ ).Ub 5‘5&})5 639.’9)).03


https://doi.org/10.3390/nu11112579
https://doi.org/10.1016/j.cbi.2020.109199
https://doi.org/10.3390/nu13051442
https://doi.org/10.3390/biom11040589
https://doi.org/10.1038/s41577-020-00491-x
https://doi.org/10.1038/s41577-020-00491-x
https://doi.org/10.3390/antiox11030555
https://doi.org/10.1002/med.21636
https://doi.org/10.1002/med.215599
https://doi.org/10.3390/antiox11020430
https://doi.org/10.3390/ijms20133208
https://doi.org/10.3389/fphar.2023.1264842
https://doi.org/10.1089/ars.2020.8024
https://doi.org/10.31168/jds.2017-14128
https://doi.org/10.3390/ijerph18137201

