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Keywords: The present study aimed to investigate the effect of eight weeks of aerobic training
combined with resveratrol on the expression of telomere repeat splicing factor 1 and 2,

Aerobic training and telomerase reverse transcriptase, in the liver tissue of rats with non-alcoholic fatty

NAFLD liver disease (NAFLD).

Resveratrol Methods: To conduct the present experimental study, 35 eight-week-old male Wistar rats

Telomeres 1 and 2 were randomly divided into two groups: non-alcoholic fatty liver and control. Rats in the
control group were fed a standard diet for 6 weeks, while rats in the experimental group

© 2025 Arak University of Medical were fed a high-fat diet for 6 weeks to induce NAFLD. The rats in the patient group were

Sciences again divided into four experimental subgroups: NAFLD, NAFLD-training, Non-alcoholic

fatty liver-resveratrol, and NAFLD-training-resveratrol. The rats in the exercise group
performed an eight-week (5 days a week) aerobic interval training program. Mice in the
supplement group were injected intraperitoneally with 20 mg/kg of resveratrol daily for
eight weeks. Forty-eight hours after the completion of the research protocol, gene
expression levels in liver tissue were measured using Real-time PCR. Finally, to compare
the mean changes of the research variables, one-way analysis of variance and Tukey's
post hoc test were used at a significance level of P<0.05.

Results: The results showed a significant increase in the rate of changes in telomeric
repeat binding factor 1 and telomerase reverse transcriptase expression in NAFLD
groups (P=0.0001) and a significant decrease in the rate of changes in telomeric repeat
binding factor 2 expression in NAFLD groups (P=0.0001) compared to the control group.
Moreover, a significant decrease in the rate of changes in telomeric repeat binding
factor 1 expression was observed in the NAFLDT (P=0.042) and NAFLDTRSV (P=0.0001)
groups compared to NAFLD. A significant increase in the rate of changes in telomeric
repeat binding factor 2 expression was observed in the NAFLDT (P=0.030), NAFLDRSV
(P=0.020), and NAFLDTRSV (P=0.0001) groups compared to the NAFLD group.
Furthermore, a significant decrease in telomerase reverse transcriptase expression was
observed in the NAFLDT (P=0.040), NAFLDRSV (P=0.049), and NAFLDTRSV (P=0.0001)
groups compared to the NAFLD group.

Conclusion: Considering the role of shelterins and telomerases in cellular function, it
seems that changing the levels of these indicators following physical activity and the use
of resveratrol supplementation can partially prevent the occurrence of many liver
diseases caused by NAFLD.

Copyright © 2025 The Author(s); Published by Complementary Medicine Journal. This is an open access article, distributed under the terms of the Creative
Commons Attribution-NonCommercial 4.0 International License (http.//creativecommons.org/licenses /by-nc/4.0/) which permits others to copy and
redistribute material just in noncommercial usages, provided the original work is properly cited.


http://creativecommons.org/licenses
https://orcid.org/0009-0005-5020-7696
https://orcid.org/0000-0002-9411-8549
https://orcid.org/0000-0003-1234-0187
mailto:Y.nazari53@gmail.com
http://doi.org/10.22034/cmja.15.3.192
http://doi.org/10.22034/cmja.15.3.192

Falahati Shahabodini et al.

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is
becoming one of the most common chronic
liver diseases worldwide, but there is
currently no treatment approved by the U.S.
Food and Drug Administration. Previous
studies have shown that telomeres and
telomerase play a role in the initiation and
progression of NAFLD (1). The association
between telomerase mutations and the
progression of chronic liver disease to
cirrhosis may be due to decreased
telomerase activity, resulting in impaired
maintenance of telomere length (3). In
advanced liver injury, telomere function is
impaired, and mutations in telomerase
complexes (including hTERT and hTERC) have
been observed in patients with liver cirrhosis
(4). TRF2-interacting protein (TRF2IP) s
associated with TRF1 (7). It has been reported
that the rate of telomere shortening is
affected by psychological stress and exercise
training (8).

Evidence suggests that antioxidants and anti-
inflammatories can also slow the rate of
telomere shortening during aging (13).
Resveratrol may be effective in patients with
liver disorders (15). It could also potentially
prevent and improve NAFLD (16,17).
However, whether resveratrol consistently
shows effects on NAFLD in vivo and in
randomized clinical trials, as well as its
precise mechanism of action, are critical
questions that require confirmation and
further research for its development.
Regarding the effect of physical exercise on
NAFLD, research showed that aerobic
training improved liver structural damage,
pathological changes, and fat deposition in
NAFLD rats (18,19).

Few studies have investigated the effects of
exercise and resveratrol on factors that
influence telomere changes. Although
exercise and certain foods appear to increase
telomere length, the mechanisms by which
these factors occur are unknown.
Understanding the effects of aerobic exercise
and supplements, such as resveratrol, on
telomeres  could provide a  better
understanding of the cellular mechanisms
that affect diseases caused by NAFLD and be
useful in preventing and developing diseases
in these conditions.

Therefore, the present study aimed to
investigate the effect of aerobic training and
resveratrol on the expression of TRF1, TRF2,
and TERT in liver tissue in rats with NAFLD.
METHODS

To conduct the present experimental study,
35 eight-week-old male Wistar rats were
selected as samples and transferred to the
research center. After the rats were
transferred to the laboratory, induced

NAFLD, and familiarized with exercise on a
treadmill for rodents, they were randomly
divided into two groups: NAFLD patients and
healthy controls.

The rats in the patient group were further divided
into four experimental subgroups: NAFLD: non-
alcoholic fatty liver, NAFLDT: non-alcoholic fatty
liver-exercise, NAFLDRSV: non-alcoholic fatty
liver-resveratrol, and NAFLDTRSV: non-alcoholic
fatty liver-exercise-resveratrol. The rats in the
exercise group performed an eight-week (five
days a week) aerobic exercise program, while the
other rats did not participate in any exercise
program (21).

For resveratrol supplementation, 1 g of
resveratrol powder (Nutrabio, USA, with
pharmacological grade and purity of 99.87%) was
prepared as a stock at a concentration of 10
mg/mL (22).

Moreover, 48 hours after the last training session,
and 12 to 14 hours of fasting, all animals were
anesthetized with an intraperitoneal injection of
a combination of ketamine (30-50 mg/kg body
weight) and xylazine (3-5 mg/kg body weight).
Immediately after isolation and washing with
saline, the tissue was immediately placed in tubes
containing  RNA later to prevent RNA
degradation, transferred to liquid nitrogen, and
then stored in a refrigerator at -80°C until
measurement.

Finally, descriptive statistics (mean and standard
deviation) and inferential statistics (Shapiro-Wilk,
Levine, one-way analysis of variance, and Tukey's
post hoc test) were used to statistically analyze
the data using SPSS statistical software version 26
at a significance level of P<0.05.

RESULTS

Data analysis indicated that there was a
significant increase in the rate of changes in TRF1
expression in the NAFLD groups (P=0.0001)
compared to the control group. Moreover, a
significant decrease was observed in the NAFLDT

(P=0.042) and NAFLDTRSV (P=0.0001) groups
compared to NAFLD.
The results further demonstrated that a

significant decrease in the amount of changes in
TRF2 expression was observed in the NAFLD
groups (P=0.0001) compared to CN. A significant
increase was also observed in the NAFLDT
(p=0.030), NAFLDRSV (p=0.020), and NAFLDTRSV
(p=0.0001) groups compared to NAFLD; and
NAFLDTRSV compared to the NAFLDT (p=0.029)
and NAFLDRSV (p=0.042) groups.

The results also showed that there was a
significant increase in the rate of changes in TERT
expression in the NAFLD (P=0.0001), NAFLDT
(P=0.0001), and NAFLDRSV (P=0.0001) groups
compared to the control group. A significant
decrease was observed in the NAFLDT (P=0.040),
NAFLDRSV (P=0.049), and NAFLDTRSV (P=0.0001)
groups compared to NAFLD; and in NAFLDTRSV
compared to the NAFLDT (P=0.047) and
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NAFLDRSV (P=0.038) groups.

CONCLUSION

Considering the roles of TRF1, TRF2, and TERT
in cellular function, it appears that altering
the levels of these markers following physical
activity and resveratrol supplementation can
partially prevent the development of various
liver diseases associated with NAFLD.

Ethical Considerations

Compliance with ethical guidelines

This study obtained ethical approval from the
Faculty of Medical Sciences, Islamic Azad
University, Sari Branch, Iran, with the ethics
code IR.IAU.SARI.REC.1404.155.

Funding

There was no funding support.

Authors' Contributions

All authors participated in the design,
implementation, data analysis, and writing of all
parts of the research.

Conflict of Interest

The authors declare that there is no conflict of
interest.

Acknowledgments

This work was extracted from the master's thesis
in the field of exercise physiology, Islamic Azad
University, Qaemshahr Branch, Iran. The authors
would like to express their sincere gratitude to all
those who contributed to the conduct of this
research.

194



\f.f }gﬂb“ & D)M Ad 0499

https://cmja.arakmu.ac.ir/

g 3 dlio

9Y 91 505l 51555 Jlail Jolgs ol 3 Jg 5315955 pa0 b of yo (53190 (3 p05 ik Cuiid 5
SIS gt 0 32 A 4 Wino SOy 30 A Bl S jliw 3 il 5 3 yo ol

"l e )Lz, Ll P g S Lol Y nalloled (oM dese

'Q‘)"l ‘)‘ef“‘“f"jb “Sa)L.:l Ql)T olKisls ‘).Q,wp.‘al_‘) A.>‘5 “5..4))5 ra9l.c 9 LSJJ;.) w).) 05; A

Ja.o.a‘ Q‘J‘»’“ 4).9(..:9.‘:[5 “SAM.AA,‘ é‘)] olim.:‘é ‘)‘Q""W“’G ..\>‘5 4‘5.»))5 ‘091.9 9 ‘5».\.1 w).\ 05; ad)im.c uLw‘saLx :J,M OM,} *
b.askari.1359@jiau.ac.ir

ol VESOFIYY edl o oyl

cabad

Slsdigo) b yosls apid (u50lisS g 039 olyan oligS L (o yosli b (68 g ybont sisle) cyos b Laiyo (gl s slons sdonklie_ VP ¥OTY Gy st

Sl ol ol 1 sy b elad csilyn coped atin i S gy polo Al i Caud jae b (si0lS Hsaals 5
ol IS8 e 1S 2 Mica (gl 53 48 Sl ogSinn Slig S il Jlyagls 5 ¥ 5\ gl ()15 S50 ool

c Rl . . . . R AR s . Js5lss

55 09)5 9 &y (Bl ysbody sl S5 Slaincain 3 glio (ge o YO 23l (28 3 el ln 1B o9 Yo ;;j
Odo &y S 09,5 53 oo sl yige LS pawds (Control) Jyus o (Non-alcoholic fatty liver) JSUle oy NAFLD

dy Cod dtan £ Ole 4 Sllges da yise 0 Gy LS d@l Caa &S Jbyd i )S )8 o lliwl olie by cod an & SIS sl 155 sy

G S 5l Bl )l &S BAD pendS 0)55 05,8 ) ¥ A basme e 05,5 olro (slaise MBS 1B Gy Sl el By ST S sk
Non-alcoholic fatty liver ) s - Se o uS (Non-alcoholic fatty liver disease) ISU.e
- e Cp» S 4 (Non-alcoholic fatty liver-resveratrol) Js,ilys5, - (Syé oo A8 (disease-training
(s 09)5 olymo sla ybse (Non-alcoholic fatty liver disease- training-resveratrol) Jgylys5, — cpyed
2 sl p 5k T+ sy JaSo 09,5 cslosign 1 35 Ly (oo (gls copeT (4 g, 0) cslatimein Ay o5,
&5 ol gohaw 385 S5 5l e Sl YA LS 35 atin A Gte 4y (Blioyg s ©ygor Jg e o 0ig P59
I e sl yite Sl 56S0ke duilie g2 sl «aleyd b gy S0jlul Real-time PCR g, & a8 <dly
23S o0litd P< /10 (g ol gl > (S5 (bl 9051 5 460 ilyly o
5o B il Spnsl 5 ) yools (S5 Ml Jolge ol s clizm 13 o sine i oo ol sl b idly
Sloos,S ¥ posli (6,5 il Jelye ol ets o 3 (s faisine 2818 5 (p=+/+++)) NAFLD (sloos )5 53
G55 Y yaghs 51,55 Il Jolge ol St olisn 12 ompad 205 3525 JHS 09,5 4 Ca (pP=+/+++)) NAFLD
» b edalie NAFLD & cows (p=+/+++)) NAFLDTRSV 4 (p=-/-¥Y) NAFLDT (clos,S 15 (sl sne
NAFLDRSV (p=:/-¥+) NAFLDT (slaog,5 )3 ()l cze (il 31 ¥ pooli (6)1,S5 Jlasl Jolge olo lyuss o e
il jlyesli lo i )3 copmizmon A odnlie NAFLD 095 & cous (p=+/+++V) NAFLDTRSV 4 (p=-/-Y+)
NAFLDTRSV , (p=+/-¥2) NAFLDRSV (p=-/-¥+) NAFLDT (slaog,5 ;> (5 I3 sz LinlS ¢ posSxo jlin,S
A5 oalie NAFLD 645 4 coaws (P=+/+++))
Joty o asls cul g el Sy 5 4 oo 35S0as 53 Wajhosh 5 lopgig 15 & dag b 206 S donsd
S (xSl NAFLD jl (56 608 slacs)lon 5l 5)lems jo 3l 520U Sl oo Jgyilh95) JoSte Sl oolisul § (Snrcalled

Copyright © 2025 The Author(s); Published by Complementary Medicine Journal. This is an open access article, distributed under the terms of the Creative
Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses /by-nc/4.0/) which permits others to copy and
redistribute material just in noncommercial usages, provided the original work is properly cited.


http://creativecommons.org/licenses
https://orcid.org/0009-0005-5020-7696
https://orcid.org/0000-0002-9411-8549
https://orcid.org/0000-0003-1234-0187

ol 5o g ‘;uo."ulw @:NS

(V) 95800 Jaito ACD b Jolss a5k 5l (slais y90
b esls aiolisS Cay wlosls olas by s,
Sl 255 oo I8 (85,5 Slused s Sy, el
S Iy (M) osg oo ool @ GaBolisS b (Sl
S Galitul plate (285 slacdld s a5 ol
5SS 09,5 4 S S35 Sy (slopushs wio
(VYY) Gl 5 gyl o g oo 5o () W)l JLd e
slagise ;o TRE-1 5 185 L o850 cudlad wisls oles
() a5 oo S8 B (g5lsl @ (High fat diet/HFD)
oy sloyosl Jsb 0as ools ol 355 R slaalllas 3
Yoo 5l Qi oo o)l ol cldled ol L (Soop bl
JUbyes” oldl 4 Cad jegli Aml 0 Ti wdedlSy
Jsb 2 $5e sladsSse 5l g)ls a2 51.00)) ad oaline
sty pasls Jsb L 5o il (25 coas €51 jagh
R R S ) R
w25 b olmn 5 olasiar b Salled wlools a5 hagsy

) ol 2315 b pagls Jsbo (6,3l 132

o boldlas 5 bplawst ool aes o olis aaled
Gl (JlainS 5o 1) ool Jobo (aBolisS S s aiiles o
ols o a8 cwl Jebh o Jspley, (OF) waes
Polygonum 4 Cassia tora (Vitis vinifera ale alisxe
G dbile Ol sl el e <8l cuspidatum
5 7 sl 3 1) ool azgs NAFLD s Js 5,55,
0 Nlgiee Jorles, OF) cul 005 > 055 a4 b
zan (10) a3l ge 508 SIS & s ey
3501y Ol 5 00,5 5555k NAFLD Slogily j5boay wlss oo
2 26 Sl Jsles, LT aSal (Jenll (170 Y) ais
b sl s s s ga U3, NAFLD
Pl 330 il (izmen g > bl ouli g 5le Bolas
)l Giags g anl @l o aties Sl ool ]
Ut 0y uS Gilen p S Slosed b 5Ly
ol oS Cel ler e wilesls ol Slads
Slagise 30 (27 2oy 9 6 Selgil Dl WS )L
(VA)4) 25 NAFLD

Syo Jelge » 586 b Wliice Js e, 5 obyyy Sodlad
il ansls b lajesl aelisS ey lbjesli
OB M gd (2,8 . Cowl 0uls odaline i sabline ol v e
JoSe Bran Lol e (sjloa (25555 Cudlad plnil a5l
2 Srie b lsa e 4 cens Jssils,
A Sl lagiagy sl ails jesli 5 Hse slo axls

o p Bpedls Ol s o S5e Jelse 1) Joyl,05, 9 (nped

145

dodio
Non-alcoholic fatty ) Il e o > oS 5l

S 4 s bas J,e diver disease/NAFLD
sl Sloz ulp 58 505 (o3 lags )l (Sl
olosle bawgi gloadanl loys e yol> b U
iy Sladllae o ,lad 8429 ouzxie VLI (gg,ls 4 a2
Séyiay g Eart 5o sl g bl Ceul esly i
mRNA hTERT L. o NAFLD
messenger RNA encoding human telomerase )
sl Jsb L NAFLD & S ) lews o (reverse
Ly Splie SWLS L ol (Sas 5 35 bL3)|
NAFLD ) )los )lgn 3l sloansl3s olass 5o (1) asly
&S Jebe pre)5 @
sl o> (HCC) (Carcinoma
ates L Solgls oS slags o L hTERT
Sz 5 ol e 55 sloyesli (e bLS)
(V) Cesl oais oluls NAFLD-HCC 4 TERT b

55l

Hepatocellular )
gl co i

oo Sobem Syt 5 slesl Sbaier G bLS))
3lesli Codlad alS Ldods sl S jg e 4 (g0
(V) aib yogls Jobo Laa> jo S camsys

9 59r b ool (adolisS g yegli (pilig Al i
el 50 rizmes Sl e a5 e S
@Bz 5 9dos St pogli 0 Shee gaS A iy
5 (ATERC 4 hTERT _Jals) 3l 05k (sla puSleaS o
3 el pegdle ol ssmlive (a5 gy 4 Mie (Lo
lilrs 51 50k 45 o eols i )25 sl ke
Syso s 4 (F) ojls (guuS e b Céyiy plp)o
Cbdlre pgjsli pb 4 eign 0 1) sl (S LY
Telomere ) ¥ 5\ josl (5,1,58 Jlasl Jolge .S o
s o JuSi | b yelogen ‘(Repeat Factors/TRF
Wgbos Jate glaiiygs (sye9li DNA & Loz 5 g
a>lgpn; a4 TRF1 0SS puSep p langs ,e50
Adrenocortical ) pg33 3 TRFI/TRF2 uSloS
«(®) (ACD) jl 05l i 9251 5 (dysplasia/ACD
Jate 2,5 boyasli 4 jlegli Gz )5 cege 25 &S
TRF2 el (ni59n ((F) oS oo Julad g 05000
Ll wulis oo bls,) TR L (TRF2IP)
(Protector of Telomeres 1/POT1) \ (sl oqls

Slojyesli g (I, S peoli DNA @ v joboas



ol 5o g ‘;uo."ulw @:NS

e & Sllge> daige ;5 NAFLD sl ol a5 > o
100 woyz YV Joll) 0y 213 w5, Cov atan £
WS 13 (lge ple TY g nen IYY Slaeg S
@ 0s s B oa Jlem 09 oo Glagise (V)
Non-) ISUeé oy oS 5l wlole a5 Wud qeendss
- S o> o5 «alcoholic fatty liver disease
«(Non-alcoholic fatty liver disease-training) iy o5
Non-alcoholic fatty ) Jgslys5, - MSlue o, oS
- e - S o> wS 5 «(liver-resveratrol
Non-alcoholic fatty liver disease- ) Js,l,9;,
S5 iyl 09,5 olyme sl jbse (training-resveratrol
53,5 Ll 1y (g5len 0y yed (4280 59, O) slaanciin dob,
Slisred &by g 50 lpme Glaghye Koo &S Jyo

IR ALA S

o IS x

5 kel ooped E9r8 5l G 5 G2 SS9 el sl
Slagbge (Jredp bwg colad (SigSx b sl jslates,
T b wn o 0 (el - JoSe 09,5 9 yeT sloog S
Loaads p yie A=V Ceopn b aado my Sow 4l
e Do 4y ol g ged Ael el cdled as ol
Oley A8 e VO Caep b e &t o a5 54 atin
4880 i yua YoV ol pus &y alhn 0 g g0 £9p5 450 O
poler &de o a5 (g sbay 03938l 485 VY 5 by 4y s
5 O e, 4880 P 4y ley g a8y S Ve 4 g
2585 gy wizmen (V) wile 2ol 21 & U o8 oo
A s Sl (9,50 5 )5 Sln aped ) m g G
O Jgaz)as a8 5

St iz oS M ol e slagise @l 5lse (el SS9 ) Jeue

Fr 9y Sl sy Y 4 ez ST ales S
psle ol baypesls Jsb Al el (plis olge
o el ABLAL wmo e ¢, olse ol oy aS
2 Joihesy Jed 5l oladeSe 5 silsn oye il
oo lapile 5l 55588 oBups Wl oo boyesls
1o 5 amo &I NAFLD §l 56 clogs,lon 5 50
Sebe halyd Gz )0 b len 35S 9 oS5l
5 &olee aped Slols Sl s fagl al calplo ol
&5 <él, TERT 4 TRF2 TRF1 olo 51, Jssiles,

S oy e i A M oo o

FLITIY)

@lme Ghge po YO pol> gy 3edod plonl 6l
4 5 Sl dged plgisay jls oI5 5l Glaiaciis
Pl alllas Bges oz b Jiie iagh e
IN nglosum éja...u 30 ¢y Dl @L,.; okl
las) woyo A gyll Bl g (Jgl g9 slbs) weoys
3 Uige yw V) Medcale 18.2.1 |l58le 5 L g (pgo g4
Jolts polo ddlllae 4y 5555 Jlone ol (sl (05,5 50
3o SSesliinl 5 dahse JolS Cdles dojbge (13925
OO pan (S yed JSSgn (03,2l 09 g)lo 4555 52
5o sl e el pontde (oS
g Badow ey sla )l

oz s Sl ale Glaise 5N sl
Gl b ool Pl colls b Blas ol s L
g a3l 5l lapl (o)) 5 Sl gsdas 5 0l i
Ol 5o 59y So b ool byl oz slaons
3 oesr sladly g ud plxl s (gedglund
b Yo Sllg 6,085 ol wollas glos s aygns
FO L OO dgu> oewd Cugb, ¢ ol 5 il A0 YY

ik piad el ey ek pew g Jol adn . . e e s

se pe e s s £ Yo @ (432) e 2 5 S - gl Bz b e 5 SRS wey

ey s g Sl 3ot i b 383 ooty LSy el VY
(CERN

A Caley aBilesl Slls> (5,05 o o5

wl . n oS el
Jaxilye)y & e FEAES

Jorilssy s e85 e 55 Joilies) JeSe Spae sl
s 5 55l i L U0 Nutrabio o5,2)

Olsieds il deo 5 oS dee Vo CE L (aojs AYAY 295 55 & Hlai ygbar ((Bsr ppare Joedy
Voo Jodhey re b lp s asle Senl W s (CND ll — J 55 NAFLD e
Gl o )3 0oy Ve DMSO L asys Vgl 2y See S e P oo & J55S 09 0 sl slagtse
WOV myr Y el sjailiel ol

Wiz S 18 (0l5e plas 1Y 5 0rtiny TYA WDl amss S

sl ‘cLi:‘:.iLoﬂ 4 olpre sl ige Jsl 5l
S9) iy Sdld b «5’L““T 9 Nl oz oS

5 03,5 Gl ol o 1y Jsyliess 5 as 2o Lhge o
\4qY



ol 5o g ‘;u-ﬂlulw @:Ns

45 S5 Jslnansn! owien S L RNA (551> Jolxe
0 )l Jslome « s 0B dssST —A+ glod ;5 i Sy Ske
S 29y Jele 4wl Sl 29y Jelome 5 0B 98 5l
oo s A 352850 5 ad ABLol oy Vo IS g
LSS CagSae I 5 oS alsS Jhew L) (29)
axyo P ke OUIWY Yo (i 4 RNA (05 >
0 5 3t oo s b (005 e i) 259,500 (9,
ozl Sl RNA as ool 1,8 a0 £+ dxan (g9, aido
| oleb! gy cd, 15 A glos 4o oolil sloj b
oo b lrdiges iz wadizlsesl RNA ol ciale
ND-1000  NANODROP 385 )
3ep p3 Jolie cpl eled .ol suilys (spectrophotometer
o 09 UV g8 5000 VO JSII L oot oyl Ll 5o
oS4 Sy eb CDNA 52 Jol,e RNA gl sl |l
STy bl (gl 5 s CDNA s 5 23,5 plonil ol
3l eolatwl b oo i CDNA s solatwl wgSase (5259,
SYBR Green master mix (Thermo Scientific, USA)
Real-time .oo 855 ¥ Jgam ,0 oal 53 slo 5561 4
Roche LightCycler 480 Real Time o%iws L PCR
srSoslal gl s plxl PCR Detection System
RQI @yl b 23k RNA S I 055,50 S, mRNA
retro- 4 RNAse-free DNAse-I
Sl &> US55, a8 s transcribed (RT)
Sae 4 09 Jels Real time-PCR sasoslu!
o adl ¥ A% Sl s lagbY e S Fr T Jlisay
oo yo adl 0r 4 £:°

<lyogl

(Promega)
4885 V-

slagy ol Comd g VYO
alin] 8> llie iy, b aallas ol 53 sid oy
Silwdley slp o b, (Thereshold Cycle/CT)
solazwl Act = ct (Gue) - Ct (JsS5) Jgo,8 5
Slyp Act L layys olo Olss dalbe 51 G 020,5
095 oS
o aglie bog 5 ey ol s g 9l CLA-Y Jga 3

a3l Julowi a2 jox

Sl g Glredlonl 5 5:Sile) heog Lol I waleiyo
oiad 9 @8y bSy il ly Julod ingl «Shig g mld (ol
S sre ghaw 40 YF &3 SPSS bl JI8le s L S
A ooliiwl aools (g Lol Jdoga o5 gl P<e/+ 0

o5 ol

5o dae (ol dadiged C Olss 5l ol dzs

basl

Ol 5o gylo sme Cglay ols lias bools Judoxigay o
TRF2 (F=9AYY p=-/--+V) TRFl Lo ol

VaA

pSokS o shila o5 e Yo 350 L TRSUPNAF
a Blaoyse Oyt (e 4 celo ol G 03

.(ﬁ) Al B,y aes A Doe

P b3l slabs s
VEBY 5 yed deds 3T 5 e sl FA
oSl oS5 Blaogge GF b @bal cels
8-Y) idkly 5 (O 0js S okSTp S (hee O0-Y4)
D u“é}‘w Sllga> don (G 039 p5 ohSTp 5 oo
ot ALoldl L 5 9e il
6‘;—.' RNA later L55l_—> 6““.)5:—'" 2 sd odle
&le G395 4 g b 03ls I3 RNA o 55 5l (6 5 ol
oL gl Ay —Ar glos po Jlaxdy 50 e 5 Jie
A5 65l slp b S Tolul ey b
g ob 5T A cele )l S dige (gj9,als Sual
oS 50 by gl (owyp sl 28l OLL VYT
>k laml as eslanul PCR Real Time SosS
sl 5 US RNA s 5 (F Jsoz) 05 alil eyl

a1, cDNA s 0l by cDNA o 5 25!
oy o255 oy by Sl 5l g 355 PCR oy,
w.:o)f

odl ‘thuoél.oi 9 ‘$'>|).b
3o Ghaled |y youlyy 6o5INY 6 )las Jgur

ol @S Jguar

Reverse primers Forward primers Genes
5'- 5'-
ATCTGGCCTATCCTT  CATGGACTACACAGA TRF1
AGACG-3' CTTAC-3'
5'- 5'-
GCTGGAAGACCTCA  TGTCTGTCGCGCATTG TRF2
TAGGAA-3' AAGA-3’
5'- 5'-
GTGGTGTCTGTGATG TGATGTGGAGGGTGA TERT
TAGAAGA-3' AAGTGG-3'
5'- 5'-
TCCACCACCCTGTTG ACCACAGTCCATGCCA GAPDH
CTGTA-3' TCAC-3'

Real time-PCR sl
S0 JSSan leln Jokeo RNA 25l ol
b 5l e85 Lo Yo RNeasy ooS' by oldl = 5L
Jslote G 108 555,800 85 5 3,5 ISl b 0
A sles jo cele YF g oS bl T a |, Jgsks
o 9 0 8,5 slezmilaas cl> 4o o1l eeols 13
coS Sy el Gl S oo Sholia
Joloxe ol ddlsl Joloe 4 aido K e 4 o ol
W d..’l.»i)‘s)).g RNA 6519 9 J}l?bo 9 odw)}».o.s).».wa



gb&m 9 ‘;u-\"ulw ‘;oy.s

Dl 3gg JS 098 4 Cuws (P=+/+++)) NAFLD
NAFLDT  (sleeg S 0 gylocne oS opiren
& Caws (p=+/-++V) NAFLDTRSV 4 (p=:/-fYV)

(0 Jea= ) leged)  ui eselin  NAFLD

Ui iz slaeg 5 0 S il TRFT Lo &8,bSy il )ly Julow (yg05] gl ¥ Jgus

p=+/-++1) TERT 5 (F=\Y/Y p=-/-+-))
5,08 Sy cilizs clrog,S e S il (F=V£/0Y]

(' Jgo)

Sl Sl L b el @S s
eg,S 0 TRF1 Lo ol ol j0 g lo sime

oo b F jlaie lay yo (aKilo oI5l Az o ©layyo £ 900 e
- I#YA ¥ YVAY og,5 oy
Jon o) YATY <[54 ) YIEIY laog 5 J5lo TRFI (ng/mL)
Ya ONYF Egoxa
51740 ¥ Yo/ave og,5 oy
c s TRF2
Jo+ N VY/0AY NINYe iy VAL-OY o s
97 &= (ng/mL)
¥ FE/- Y Egas
-V ¥ Y/AQ4 og,S ot
[oee) VPIOYA -[-¥¥ o VOYD laog 5 J51s TERT (ng/mL)
Y4 A7ARRE Egoa
LY O+ a
A

s
1

:( ‘-6 "h
| ! -

(P10 s 53) 48,15y il s 56T g3l b cilisee sloog,S o S il TRET ol ol psis ) loges
NAFLD 05; L Qijb CN °9)f L Oglas @
51533 — iy = AUt 2 1S NAFLDTRSV s 51,5, - S, oz 05 NAFLDRSV 505 - IS 5é 0,2 8 NAFLDT . I) .2 <> w8 NAFLD . Lo CN

(TRFL (o) Woog 5 oy gl ooy 2 50 (ol 903 b F Jgur

&I S g 0 gy Lo 09,5
floo oy NAFLD CN
of-fYE NAFLDT
. NAFLD
[eee NAFLDTRSV

| )bk;'_u P<./-0 &‘a‘a)é ES
NAFLDTRSV ~ , «p=+/-Y-) NAFLDRSV 2 6 osinn Gl ol sl i ge] gl
s NAFLDTRSV 3 NAFLD & oo (p=+/+ - 1) NAFLD (slaos,S ;o TRF2 slo olisis olies
NAFLDRSV 5 (p=-/-Y2) NAFLDT o535
O Jgaz ¥ logel) o csalie (p=+/+¥Y)

il 38l im0 15 3525 CN b s (P=+/++ 4 )
c(p:o/OY‘O) NAFLDT ‘SLQOB; )\) 6)‘0(5;*‘

144



gb&m 9 L;a..h.\.“ud.@.m w}ls

~ 9 & x 4
L \-} ?3\) D QQ&' &Q"ﬁ'

Ys\f
- gg\’ &
oF
(P10 eaw 1) 48,1y il ly LT ygesl b ciliseo (slaog 5 53 08 il TRF2 oLy &l i3 ¥ loges
NAFLDTRSV L, cglis ¢ NAFLD 65,5 L coslis b CN 0,5 L cglis a

5515353 = 02705 = SV 2 15 NAFLDTRSV s 51,55, - i ooz 0.5 NAFLDRSV 5505 - IS > 05 NAFLDT . IS0 ¢ o> w5 NAFLD L. CN

(TREF2 () baog S s S5l (o2 8l (ol 09051 s O Jgr

515 o el oigihtun o 09,5
offo oo NAFLD CN
eyt NAFLDT
eYeE NAFLDRSV NAFLD
feeen® NAFLDTRSV
ol NAFLDT
NAFLDTRSV
offoSFY NAFLDRSV
| )loo.;,u P<./-0 c_‘a..a)a %
3 (p=-/-¥9) NAFLDRSV (p=-+/-%+) ol ol las wBe eey] mls alslye
3 NAFLD « cwws (p=-+/--+\) NAFLDTRSV sog,S ;o TERT (Lo wlyoss ol jo g lo gine
9 (p=+/-¥Y) NAFLDT 44,5 & ceus NAFLDTRSV s «p=+/+++Y) NAFLDT «(p=-/---Y) NAFLD
(F Jgaz o loges) o ssmliwe (p=+/-YA) NAFLDRSV Sl 5925 CN & s (p=+/+ -+ V) NAFLDRSV

NAFLDT slaog,§ 5 (g losine lS cpizmon

TERT o ke
= - 3 - -6
|_
=
—

_|_
Il
C-é‘ | >
\‘?S \;33\/ QV

(D<A s 1) 43,50y il s 5UT (g3 b cilises sloog,§ po S il TERT oy olpsis ¥ jloges
NAFLDTRSV L, &i5 ¢ NAFLD 65,5 L coglis b ON 65,5 L cglis @
J35555 = o105 - A2 oz 05 NAFLDTRSV (s 5lss, - ol oz 0.5 NAFLDRSV (505 _ JSI2 0z 0.5 NAFLDT IS¢ 0> 0.5 NAFLD oy CN



ol 5o g ‘;u-ﬂlulw @:Ns

(TERT (o) bog 5 oo 9l (oo 2 st oreind 0905 b # Jguir

oo gl oigiidums o 09,5
[o+oN® NAFLD
floo o) NAFLDT CN
flooo ™ NAFLDRSV
f-feF NAFLDT
-/ fa* NAFLDRSV NAFLD
[o+N® NAFLDTRSV
offo S NAFLDT
- NAFLDTRSV
[-YA NAFLDRSV

L ool ol s wols flas gy 0 (VF)) oK
» ae TREL gl )lssne 56 oaly 5 Yo Sas
5o Jlisas TRF2 Lo g0l «,las C57/BI6 la jbge
o olazel .(ﬂ) clls gyl g Gialidl L5, codlad £45 g0
b aS a3l - 5liesls cudlad (2l L Gy cudlad ol
rosl5 Bl b yasli slenil 4wy slaweisilS s (o358l
Sl 5| (YA oS o bai> 1) jegls Job iS o ablis
Ole mels sl jlhesl cldled aie bousSdas TRFI
Cawl SKew (TERT) 3105l coled jisl38l b ol o TRF1
Codlad Jlosas byegli alolisS L ablie glp (ojilSo
ol oty ol 35 (L3 laimgh Lawss a5 il 35,4
JLisay a5” a eols plas Koo ladllae jo uizmen (YY)
dlac ;0 TRF1 (s ole @owelisS oo, colled

(T aloe G0l o hge (Sl

Srae Jlisay o5 o5 ol ;o lagh @l K
s TRF2 .l o il TERT § TRF2 Ly Jssles,
oyosli Job I cdadlne sly moe slapgieli 51 TERT
Jolge g (laST jLad Loyl ol » S3e Jalge 5l astwn
Jsihssy Spae edls ol oldlhe (F0) el el
<l o 1) (oialaST)Lad 5 el slaasls zolaw Wlg oo
TRE2 Ly Lial3dl b b sl ol (ials ams ials cuS
Loools flid s Sladlas (M) Zewl ol e TERT
Sbse GRlB b ise wMae ;3 TRET zolaw (oo 21531
JLed 2l 51 b Sl Ko TRFT ol (253l (Y9)
W Jwlidl b as Sles Ollllas Sy jo il iolls]
G5 sine Ligl3dl TR gl wg; ol yan gl Lo yins
Jsrhey) Grae yolo Al )3 wezgcnll (YY) coils
A o yhge ;0 TRFL Liolidl aigy o ywsSae sl

3509 S By e g Jorhesy Sl S s
S sl o Jsle rm Cunse Gln g
S 55 Jsshes, bl oS oo 4] NAFLD sbewes
2 Py Seke bl LS50 Geual sy s slesl colled
sba Sl See glanST oyl 5 S ed e

Y.

\

sl o gixe P/ lans jo 5

-

csly NAFLD il ols olis jols iags bs
s TERT 4 TRF2 Ll polie o (o)l cxe als
Ab o gaS cdb TRED by jo gyl gime ol
Lis ly olaly degorne 5l ool o3> o TRE2
Ol b )l55 el (5558 o5l o Sas 5 (S LSS
e g &S oo Ji5e |y pesli L TRE2 Hlgs wilosls
9o Gbyw slodske 1o jsnnl s Jsho rm @
ol 4 TRF2 el aes o olis wlidss (YY)
sl Coli 5 05 o SaS guilienT oyl
by slodshs diospo ohga ) emnl 4 Slb
P TRF2 ol coge (2 yal cpl 000 co Siol38l oo
Ol glidial ;o Jshos gy S5l )5 e
o9k 0 (VA) Gl Bes 5 098 (TT) weo oo Las
opgish oy el 5> DS L Sl wls ol
(o g TRED ooldl o cely g sl ol o
29,5 Gl (eizme (nl osdoe (alaST jlad ]38
» el Job waal Sl a M Yo 5 o
2 oz (VH) b 20l ole 013l L anslie
Jeb a5 ol ools (Las (YY) ) Ken g 9>l g
L G g,y 9 el yiolisS Gl (YIS )5 )0 Lo yesls
(V0) a5 (0 gy

TRF2 ol il el (o855 collad wgzrginl b
S o,Sles guge b obj,9 ol yes .ol TERT
e 0z oS Golew @ Mw lhles ;o ohga
s awd oo ol waled cwl kg (NAFLD)
ol 1 eaS s pedale Wlgie S8559
SISl w5l a9 (2l S 559855 o1
KVL OOV KOV § VPR SV Rtor L S VRN VR | I
O Cwglie Cul Sew g Bl ol S SWS
Olple sy Sse 1) w8 wlindl 5 s
bees |, saS sbedl o Jobo pm slaaul s
Cowgolad ol agh b Cuzpe (T7) wias oo )8



ol 5o g ‘;u-\"ulw ‘;oﬁls

3,lee ,o TERT 4 TRF2 TRF1  i& 4 a>g L

Juisa lagasls cpl zobaw sl vy o0 B 4 (Jolo
Sl Wlgseo Joyilhe5) JeSe jloslaiul 5 (Suy collad
&35 9kr NAFLD 5l 3 oS slaslom 51 gk

)97
KLY

‘55"3)-’«55 [y

al, abyl el 5 Abnbl 5l a8, adlas oyl

ol b aly o oMol 3T olSiils (B39 (S59Me b
o Gl e dleen a5 colxil led I GBags

IESL PP AIR TIPS SR PRV S L OV Y5

P NEUFERTEANR
SRl o K3y pole BuSsls 5l M oS Lol dalllas
IR.IAU.SARLREC.1404.155 (5 Ls asls o ool oI5

RPN

S

&8l )l
sl b ol o)l dlie cpl Bass 51 Soge
3,5 allas

OB W 95 e
U g ooty o dal o sLb s By e
sl &8 Lie aio (alises sla s

References

1. Laish I, Mannasse-Green B, Hadary R, Biron-Shental T,
Konikoff FM, Amiel A, et al. Telomete dysfunction in
nonalcoholic fatty liver disease and cryptogenic cirrhosis
Cytogenet  Genome  Res.  2016;150(2):93-9.  doi:
10.1159/000454654 pmid

2. Donati B, Pietrelli A, Pingitore P, Dongiovanni P, Caddeo
A, Walker L, et all. Telomerase reverse transcriptase
germline mutations and hepatocellular carcinoma in
patients with nonalcoholic fatty liver disease. Cancer Med.
2017;6(8):1930-40. doi: 10.1002/cam4.1078. pmid

3. Carulli L, Anzivino C. Telomere and telomerase in chronic
liver disease and hepatocarcinoma. World J Gastroenterol.
2014;20(20):6287-92. doi: 10.3748 /wjg.v20.i20.6287. pmid

4. Donati B, Valenti L. Telomeres, NAFLD and chronic liver
disease. int j mol 2016;17(3):383.  doi:
10.3390/ijms17030383. pmid

5. O'Connor MS, Safari A, Xin H, Liu D, Songyang Z. A
critical role for TPP1 and TIN2 interaction in high-order
telomeric complex assembly. Proc Natl Acad Sci USA.
2006;103(32):11874-9.  doi:  10.1073/pnas.0605303103.
pmid

6. Schmidt JC, Dalby AB, Cech TR. Identification of human

sci.

Yo¥

10.

1

—_

Kol 9 5 Joke s 8 Sl 2lBlen
Gl b aUS S S pebplen (V7)) WS Jes oS
5 ol sloasls sibeos wlg o oada b asls
o 2Pl ST wls oS 8 cllst jles
el galeSTLad 5 bl 1 5505, oo 5 550
on Slp e Slinde Wik oad (S iz o
oy ol oly Ll sloaay 5 oalss ol
o oS cdb s 5 TERT g TRE2 pols)l30e
il Ol ol el (gy550 NAFLD (ol lecy

&5 ol deyys (Jobe 9 oo, (B
Sy slasly JJoas NAFLD) Sl,e o>
Sldllas .Cawl 00,5 Cd> 095 w0 |y (ol azgi ] 59all
as ANO-1401 4 INO-1400 wsile slacyleyo b 5]

ol sbaely Sl o 1y pakSl g ol

T PSRN NN VTR IRV JOveVY
San b alagpliwl sas o plas cpl (YY) wles S
WJorlhess JoSo 5 (cB5y9 Crped alezsl egls (3,0lS
59 ©lo yei aies (malS 1) NAFLD 54, aules oo
5 Splie Ceadls S5 4 5 Wl gz bl

Sy B2k I NAFLD oo 5540 05dlly j5bay
Sladlas ‘UJ‘)JGBB'LC (ﬁ) A.J‘se SoS ol J}ijyo

et BB 0 edddiwz p slacudgame 4 Wb ST
9 FEsRe BAISCSL laterer 4 5L alex )l

4295 Soeail @l ol sl alog slasls,
5 peen BB boamil WS e S 3,Sys, ol oS
S ol ansl il glacamaz G 4o 0yl
Ot @ Wlgige (S S DNl digSy 4l
F5e ysbas ki ye Ll i s NAFLD Loj)le (sl JS

.(E) A o ildl ) 0ed )b

TERT elements necessary for telomerase recruitment to
telomeres. Elife. 2014;3:03563. doi: 10.7554/eLife.03563. pmid
Sfeir A, De Lange T. Removal of shelterin reveals the telomere
end-protection  problem. Sci.  2012;336(6081):593-7.  doi:
10.1126/science.1218498. pmid

Steptoe A, Hamer M, Lin J, Blackburn EH, Erusalimsky JD. The
longitudinal relationship between cortisol responses to mental
stress and leukocyte telomete attrition. ] Clin Endoctinol Metab.
2017;102(3):962-9. doi: 10.1210/§¢.2016-3035. pmid

Denham ], O’Brien BJ, Charchar FJ. Telomere length
maintenance and cardio-metabolic disease prevention through
exercise training. Sports Med. 2016;46(9):1213-37. doi:
10.1007/540279-016-0482-4. pmid

Semeraro MD, Beltrami AP, Kharrat F, Almer G, Sedej S,
Renner W, et al. The impact of moderate endurance exercise on
cardiac telomeres and cardiovascular remodeling in obese rats.
Front Cardiovasc Med. 2023;9:1080077. doi:
10.3389/fcvm.2022.1080077. pmid

. Cherkas LF, Hunkin JL, Kato BS, Richards JB, Gardner JP,
Surdulescu GL, et al. The association between physical activity in
leisure time and leukocyte telomere length. Arch Intern Med.

2008;168(2):154-8. doi: 10.1001 /archinternmed.2007.39. pmid



https://doi.org/10.1159/000454654
https://doi.org/10.1159/000454654
https://pubmed.ncbi.nlm.nih.gov/28006764/
https://doi.org/10.1002/cam4.1078
https://pubmed.ncbi.nlm.nih.gov/28677271/
https://doi.org/10.3748/wjg.v20.i20.6287
https://pubmed.ncbi.nlm.nih.gov/24876749/
https://doi.org/10.3390/ijms17030383
https://doi.org/10.3390/ijms17030383
https://pubmed.ncbi.nlm.nih.gov/26999107/
https://doi.org/10.1073/pnas.0605303103
https://pubmed.ncbi.nlm.nih.gov/16880378/
https://pubmed.ncbi.nlm.nih.gov/16880378/
https://doi.org/10.7554/elife.03563
https://pubmed.ncbi.nlm.nih.gov/25271372/
https://doi.org/10.1126/science.1218498
https://doi.org/10.1126/science.1218498
https://pubmed.ncbi.nlm.nih.gov/22556254/
https://doi.org/10.1210/jc.2016-3035
https://pubmed.ncbi.nlm.nih.gov/27967317/
https://doi.org/10.1007/s40279-016-0482-4
https://doi.org/10.1007/s40279-016-0482-4
https://pubmed.ncbi.nlm.nih.gov/26914269/
https://doi.org/10.3389/fcvm.2022.1080077
https://doi.org/10.3389/fcvm.2022.1080077
https://pubmed.ncbi.nlm.nih.gov/36684585/
https://doi.org/10.1001/archinternmed.2007.39
https://pubmed.ncbi.nlm.nih.gov/18227361/

"_,bm 9 ‘:uu\ﬂulpa ‘5.9313

12. Friedenreich CM, Wang Q, Ting NS, Brenner DR, Conroy
SM, Mclntyre JB, et al. Effect of a 12-month exercise
intervention on leukocyte telomere length: Results from
the ALPHA Trial. Cancer Epidemiol. 2018;56:67-74. doi:
10.1016/j.canep.2018.07.012 pmid

13. Canudas S, Becerra-Tomas N, Hernandez-Alonso P, Galié
S, Leung C, Crous-Bou M, et al. Mediterranean diet and
telomere length: a systematic review and meta-analysis.
Adv Nutr. 2020;11(6):1544-54. doi:
10.1093 /advances/nmaa079. pmid

14. Chaplin A, Carpéné C, Mercader J. Resveratrol, metabolic
syndrome, and gut microbiota. Nutr. 2018;10(11):1651.
doi: 10.3390/nu10111651. pmid

15.Soltani S, Sharifi-Zahabi E, Sangsefidi ZS, Ahmadi
Vasmehjani A, Meshkini F, Clayton ZS, et all. The effect of
resveratrol supplementation on biomarkers of liver health:
A systematic review and meta-analysis of randomized
controlled trials. Phytother Res. 2023;37(3):1153-66. doi:
10.1002/ptr.7719. pmid

16.Ranneh Y, Bedir AS, Abu-Elsaoud AM, Al Raish S.

Polyphenol intervention ameliorates non-alcoholic fatty
liver disease: an updated comprehensive systematic review.
Nutr. 2024;16(23):4150. doi: 10.3390/nu16234150. pmid

.Mohammadhasani K, Vahedi Fard M, Mottaghi

Moghaddam Shahri A, Khorasanchi Z. Polyphenols
improve non-alcoholic fatty liver disease via gut
microbiota: A comprehensive review. Food Sci Nutr.
2024;12(8):5341-56. doi: 10.1002/fsn3.4178. pmid

18. Ge HU, Fei QI, Jianmin CA, Zhe JI, Qiyun ZH, Haitao

ZH. Curcumin combined with aerobic exercise improved
liver function in rats with non-alcoholic fatty liver disease.
Food Sci. 2025;46(10):178-87. Link

. Payekari S, Rahimi A, Aghaei F, Feizollahi F. Simultaneous

effect of mealworm supplement with aerobic exercise on

mitochondrial genes expression in the soleus muscle of rats
with non-alcoholic fatty liver. J Pract Stu Biosci Sport.

2025. doi: 10.22077/jpsbs.2025.8593.1933

Efati M, Khorrami M, Zarei Mahmmodabadi A, Raouf

Sarshoori J. Induction of an animal model of non-alcoholic

fatty liver disease using a formulated high-fat diet. ] Babol

Univ Med Sci. 2016;18(11):57-62. Link

. Linden MA, Fletcher JA, Mortis EM, Meers GM, Laughlin

MH, Booth FW, et all. Treating NAFLD in OLETF rats

with vigorous-intensity interval exercise training. Med Sci

Sports Exerc. 2015;47(3):556-67. doi:
10.1249/MSS.0000000000000430. pmid

22. Hajighasem A, Farzanegi P, Mazaheri Z. Effects of
combined therapy with resveratrol, continuous and interval
exercises on apoptosis, oxidative stress, and inflammatory
biomarkers in the liver of old rats with non-alcoholic fatty
liver disease. Arch Physiol Biochem. 2019;125(2):142-9.

1

=]

1

o

2

=

2

—

Y-y

23.

24.

25.

26.

27.

28.

29.

30.

31

32

33.

doi: 10.1080/13813455.2018.1441872 pmid

Nault JC, Ningarhari M, Rebouissou S, Zucman-Rossi ]. The
role of telomeres and telomerase in cirrhosis and liver cancer.
Nat Rev Gastroenterol Hepatol. 2019;16(9):544-58.  doi:
10.1038/541575-019-0165-3. pmid

Grun LK, Da Rosa Teixeira JtN, von Mengden L, De Bastiani
MA, Parisi MM, Bortolin R, et all. TRF1 as a major contributor
for telomeres' shortening in the context of obesity. Free Radic
Biol Med. 2018;129:286-95. doi:
10.1016/j.freeradbiomed.2018.09.039. pmid

Njajou OT, Cawthon RM, Blackburn EH, Harris TB, Li R,
Sanders JL, et all. shorter telometes are associated with obesity
and weight gain in the elderly. Int ] Obes. 2012;36(9):1176-9. doi:
10.1038/ij0.2011.196 pmid

Takahashi H, Kotani K, Tanaka K, Egucih Y, Anzai K.
Therapeutic apptroaches to nonalcoholic fatty liver disease:
exercise intervention and related mechanisms. Front Endocrinol.
2018;9:588. doi: 10.3389/fendo.2018.00588 pmid

Khodadoost M, Shakeryan S, Arjmand S, Nikbakht M. The
Effect of High and Low-Intensity Interval Training on TRF1
and TRF2 Gene Expression in Slow and Fast-Twitch Skeletal
Muscles of C57BL/6 Mice: An Experimental Study. ] Rafsanjan
Univ Med Sci. 2022;21(1):49-70. [Persian] Link

Werner CM, Hecksteden A, Morsch A, Zundler J, Wegmann M,
Kratzsch |, et all. Differential effects of endurance, interval, and
resistance training on telomerase activity and telomere length in
a randomized, controlled study. Eur Heart J. 2019;40(1):34-46.
doi: 10.1093/eurheartj/ehy585. pmid

Ludlow AT, Lima LC, Wang ], Hanson ED, Guth LM,
Spangenburg EE, et all. Exercise alters mRNA expression of
telomere-repeat binding factor 1 in skeletal muscle via p38
MAPK. ] Appl Physiol. 2012;113(11):1737-46.  doi:
10.1152/japplphysiol.00200.2012 pmid

Liu Y, Bloom SI, Donato AJ. The role of senescence, telomere
dysfunction and shelterin in vascular aging. Microcirculation.
2019;26(2):12487. doi: 10.1111/micc.12487 pmid

Wu L, Fidan K, Um JY, Ahn KS. Telomerase: key regulator of
inflaimmation and cancer. Pharmacol Res. 2020;155:104726. doi:

10.1016/j.phrs.2020.104726 pmid

.Petrillo S, Pelosi L, Piemonte F, Travaglini L, Forcina L,

Catteruccia M, et all. Oxidative stress in duchenne muscular
dystrophy: focus on the NRF2 redox pathway. Hum Mol Genet.
2017;26(14):2781-90. doi: 10.1093/hmg/ddx173. pmid
Varmazyar I, Monazzami AA, Moradi M, McAinch AJ. Effects
of 12-weeks resistance training and vitamin E supplementation
on aminotransferases, CTRP-2, and CTRP-9 levels in males with
nonalcoholic fatty liver disease: a double-blind, randomized trial.
BMC Sports Sci Med Rehabil.  2024;16(1):185.  doi:
10.1186/s13102-024-00972-9. pmid



https://doi.org/10.1016/j.canep.2018.07.012
https://doi.org/10.1016/j.canep.2018.07.012
https://pubmed.ncbi.nlm.nih.gov/30075329/
https://doi.org/10.1093/advances/nmaa079
https://doi.org/10.1093/advances/nmaa079
https://pubmed.ncbi.nlm.nih.gov/32730558/
https://doi.org/10.3390/nu10111651
https://pubmed.ncbi.nlm.nih.gov/30400297/
https://doi.org/10.1002/ptr.7719
https://doi.org/10.1002/ptr.7719
https://pubmed.ncbi.nlm.nih.gov/36642444/
https://doi.org/10.3390/nu16234150
https://pubmed.ncbi.nlm.nih.gov/39683546/
https://doi.org/10.1002/fsn3.4178
https://pubmed.ncbi.nlm.nih.gov/39139973/
https://www.sciopen.com/article/10.7506/spkx1002-6630-20240602-006
https://jpsbs.birjand.ac.ir/article_3403_en.html
https://www.sid.ir/paper/73132/en
https://doi.org/10.1249/mss.0000000000000430
https://doi.org/10.1249/mss.0000000000000430
https://pubmed.ncbi.nlm.nih.gov/24983336/
https://doi.org/10.1080/13813455.2018.1441872
https://pubmed.ncbi.nlm.nih.gov/29463133/
https://doi.org/10.1038/s41575-019-0165-3
https://doi.org/10.1038/s41575-019-0165-3
https://pubmed.ncbi.nlm.nih.gov/31253940/
https://doi.org/10.1016/j.freeradbiomed.2018.09.039
https://doi.org/10.1016/j.freeradbiomed.2018.09.039
https://pubmed.ncbi.nlm.nih.gov/30268887/
https://doi.org/10.1038/ijo.2011.196
https://doi.org/10.1038/ijo.2011.196
https://pubmed.ncbi.nlm.nih.gov/22005719/
https://doi.org/10.3389/fendo.2018.00588
https://pubmed.ncbi.nlm.nih.gov/30374329/
https://journal.rums.ac.ir/files/site1/user_files_e1c3fe/khodadust-A-10-5580-1-5bb2480.pdf
https://doi.org/10.1093/eurheartj/ehy585
https://pubmed.ncbi.nlm.nih.gov/30496493/
https://doi.org/10.1152/japplphysiol.00200.2012
https://doi.org/10.1152/japplphysiol.00200.2012
https://pubmed.ncbi.nlm.nih.gov/23042912/
https://doi.org/10.1111/micc.12487
https://pubmed.ncbi.nlm.nih.gov/29924435/
https://doi.org/10.1016/j.phrs.2020.104726
https://doi.org/10.1016/j.phrs.2020.104726
https://pubmed.ncbi.nlm.nih.gov/32109579/
https://doi.org/10.1093/hmg/ddx173
https://pubmed.ncbi.nlm.nih.gov/28472288/
https://doi.org/10.1186/s13102-024-00972-9
https://doi.org/10.1186/s13102-024-00972-9
https://pubmed.ncbi.nlm.nih.gov/39232815/

