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Abstract

Background and Purpose: Fat tissue, frequently the largest organ in humans, is at the nexus of mecha-
nisms involved in longevity and age-related metabolic dysfunction. Fat distribution and function change
dramatically throughout life. Obesity is a major risk factor for development of comorbidities such as type-2
diabetes, neurological disorders, osteoarthritis, cancer, cardiovascular and renal diseases, which is associ-
ated with increased senescent cell and heart disorders. Exercise training and natural supplements constitute
an indispensable, tool in the management of obesity and obesity-related disorders and can have a positive
effect on longevity. However, interactive effects of aerobic training (AT) and royal jelly (RJ) is still not
well understood in cellular senescence markers of cardiomyocytes in high fat diet (HFD) rats. Therefore,
this study aimed to investigate the protective effect of AT and RJ on pl6 and p2lof cardiomyocytes in
obese rats.

Materials and Methods: In this experimental study, 45 male Wistar rats were randomly divided into five
groups (n=9): Normal Diet (ND), High Fat Diet (HFD), High Fat Diet-Training (HFDT), High Fat Di-
et-Royal Jelly (HFDRIJ) and High Fat Diet-Training-Royal Jelly (HFDTRJ). HFD induction was performed
using a high-fat diet containing 17% protein, 43% carbohydrate and 40% fat. The supplement groups re-
ceived 100 mg of royal jelly (per kg of body weight) diluted in distilled water orally during the intervention
period. Aerobic exercise program including running on the treadmill with an intensity of 50-60% maximal
oxygen consumption (VO2max), was performed five days a week for eight weeks. 48 hours after the last
training session, rats were anesthetized with a combination ketamine and xylazine, and after extraction, the
heart tissue was placed in a nitrogen tank and sent to the laboratory to measure p16 and p21 gene expression
levels. pl6 and p21 gene expression levels were measured by real-time PCR. Data were analyzed by two-
way analysis of variance and Tukey post hoc test at the P < 0.05.

Results: HFD significantly increased the expression of p16 (P = 0.000) and p21 (P = 0.000). Data analysis
using two-way analysis of variance showed that AT and RJ significantly reduced the expression of p16 (P =
0.000 and P = 0.000, respectively) and p21 (P =0.000 and P = 0.000, respectively) cardiomyocytes in HFD
rats. However, the interaction of AT with RJ had no significant effect on the expression of p16 (P = 0.989)
and p21 (P = 0.870) cardiomyocytes in HFD rats.

Conclusion: HFD in rats increased p16 and p2land AT and RJ improved the expression of aging-related
genes in cardiomyocytes of HFD rats; however, the interaction of AT and RJ had no effect on cellular aging
markers. These data indicate that obesity is associated with increased of cellular senescence markers, and
AT and RJ as an appropriate therapeutic intervention in HFD animals, it can delay cellular aging. Further
investigation is needed for the interactive effect of the AT and RJ.

Keywords: Exercise, Royal Jelly, p16 and p21.

How to cite this article: Hoseinzade I, Abdi A, Abbassi Daloii A. Protective Effect of Aerobic Training
and Royal Jelly on Cellular senescence Markers of Cardiomyocytes in Obese Rats. Journal of Sport and
Exercise Physiology. 2022;15(3):91-101.

*Corresponding Author; E-mail: a.abdi58@gmail.com
DOI: 10.52547/joeppa.15.3.91

Received: 25/10/2021 Revised:10/12/2021 Accepted: 25/12/2021

)



4 S E P S Salled g (5559 (Sig g id Ayl
e\w 10121 (Loazmiuo /T o yloud /10 6y93 /1Fe) jusls

8 S Jokw Sy S, S5LES 1 Jbgy J5 9 Sila (o ped (idablma i1
Sl slagige
T SO P VO P VER VS PR ROE Y 8]
el e Jol ¢ godlasl ol o8ilo ol aihol oy ¢ o555 (505038 03,5
R i oS>

Slglie DYl g o Job 1 a8 2l Byl L i <8l oS lsisas ooz <l idub g dd)
S (SN Job 50 (Kot jabay o> Bl o, Sles g auigs - owl Loy 0yl 13U e 2ol 51 Lol
Ol ‘)'5)_'5)“5.@; WS Y go5 cobs asle sla gyl slol Sl pte o Joole ( Bl> . 0S o
Sl yed . Cowl olyar 8 sla Pl g o sl Jolow iolBI L aS cowl 655 g By - 8 sl slow
Job = 5lgien g ol O L oo sla Platl g (Bl copie 13 (65972 )il (crmb Lo JoSo 5 (359
ed_")JL..: ewl oocis as Ly LT’?‘U ] (HFD) Lr)‘..\.c f"_’)) l_$ o.x_.\ut\.’.\u 6L®u,u9.n)o L';‘b QSLQJﬁl—“’
o83 plowl Bl slaige (8 slo Jslop21 P16 o R GAT (ubiblone )51 S L 5 1o

) 10=9) 09,5 g o (ol jolods ) lmng ol 15 (Sl ge YO« (0,25 3o (12 0 1L g 9 Olgee
Ji=2rzp 2188 o2y «HEDT) (opei-yzp (2188 o0y «(HFD) 20 (213 03y «(ND) (0le (ol
slie sl ool LHFD gl 5ot g HFDTRI) Jbog) J5-cpmpod=yz 2 23 0oy 9 HFDRI) Lo,
3)3¢ (5|a ‘J.o.ia 6[—@05;\.&9;‘5[2"‘5—’)} )0 \c°3 ubMy;M)Q vy ‘g.«.f.’j)q Sy WY J.ALM.» P!
30,8 2dlys (Sl ooty ke Ol o 00 38, (O 033 p58kS 0 Sl ) RT o5 e Voo il dls-lue
gz (VO MaX) dipiog (Bpan GiamS | dooyd Fo-00 an b ()18,5 155 (59, ags Jols (55lg (i yei daliyy
5 0molS oS5 L Do slayhge ¢ coyed danda STl o el FA 090 dtie ctia oe 4 Atan g,
Tobw rSo3lwil jplaneds g o 00l 518 (9,00 SSB 5o hduwl 5l e o8 2Bl g was (hgs o ikl
SSoylaslreal - time PCR yvg, 4up21 9pl6 5 ol zobans - ol 00lo Jlausl oSiulesl aup21 4pl6 5 ole
0 Jedoigayy =i P<o /o) (g loline gl ;o (So¥  oniind Osel g ad,log0 uilyyly Judoes gy ao Laosls o
oalatwl b laools Jdoigasios .o (P<e/oe))p2l g (P e/00))pl6 Lo ;o (gyloline iolidl o HFD sl
(P<o/o0) gP<e/00) L3 pl6 Lo yo (g lobine yialS >0 RT gAT aS ols yLis dalygo uslly Jods 5l
RJ L’AT J.Al:u ¢u_a| 399 l_; .o HFD 5:‘/..7:.& Lngwye L_,,_J.‘) 6L®le.w P< °/°°\5PS o/o0) u.»..»).ad..»)le 9
S 42 boaye Lot Ol S5t 4RI AT 921 9pl6 ol 4o (olio slaige ;o HFD 1§ S oz
RIGAT 5 el oot Jolow (5 (sl Slis 2ol L Sl a8 aas oo slias Laosls ol - cslas 13
gt o Jelw (5 dld o lasl ma b an cocw HFD @Ulge> 58 el Sloys dlslow s
31858 i Sl oy ORI GAT (lolss

P21 9pl6 ¢ iyy9 cdled b, J5:s9alS sasily

a.abdi58@gmail .com 1ol 1 Jotume odiungs

VFoo/Vo/oF 1 oy i) Voo /00 /18 1 il g o)l Voo /oA /oY 1 28lys gyl
ay



¥ oylos /10 0y93 /VFo) 5l

S cadlad g 45559 (S590gurd i

Slgiee i calie slacdl jo slhesls cJlad
9o Yo b (S Sl 5 sl oy 2L
Sliaeste . (7) 3)ld50 slo sl 03 (g pmas wl Sl
0y90 S aS WSS ol (1YA0) ol 5 (gaSolis
|y S Sy 3155 oo 3lyals o ;S L (S35 e
by slag)bon 0l s ol g g oS 8
ouzte Sl 8 ezl (V) 99 yomte (s i3I L
S Ysb (o el a5 0,5 ol (ke o
S 92hd L 3y 50 LnpgigagsS 1o s 5osbo
ssls LS 35 (Yeod) OhSeon 5 5555 -(A) a2lsan
Chk2 53 ol 2ealS 3oybo 5l ()9 ©lipyes a5
8 b ey (5 9l Lo ge 55T pI6
Oilidl Sblos a9 Calad 1938l () a0
5% gk g nS alage slacudle sladgse
=on sLaoleys 3,5 (ol slacyS 89>
O )l A5 el 4Bl (g pton coenl 39,405,
ool (238 o)) Dol o Blysoe Laghs) (!
595 oLl (S S ol g (nnl slalid
Loygy ol S8 9 @l o 00 by RY) Jlog,
A5 50 Sl (S 2l DS RT 090 g0 0 lgs
aSLe (5Ley5e3) 9,515 5Ly gy glbie cigipun 4 45
s RT A5 09 5 0 yomie (LS (sl sl b
o= Job 9,555 0o Jes y5-3 Ao a8 355 o0
Oz - (V0) aib axsls L o cus i
C3H/He) slo oge pos Job R a5 cowlous (o5
Job wlen RT 09, oo ;L] (1) aes o iolidl ],
0315 )Lt |y« 0 st 5 oLl y3 |y @l yae
ol asle salisee Lo lIORT a8 covl oais
Slras pin (Sasas (Sopudlas s Job
Ol izeed 9 (Slge> Lo Joe ,o szl g
el il gl i 33LoRT < oyalyplis - (V)
9 Bl w2 oo plis wlidon . cowl s Sasy 4
b Jolw 51 o)l 53 (7 Syt gm 50 (olii o
Crrizead 5 90 5 (olySol el Bl asile
laSlas o ole G2lBl comw JLbigasl sla Jslw
AOY ) 09 o0 P53 g p21 pl9 pl6 alex 31 (5w
Ol o HED 5l (o0l (Bl Sl c ol 092 b
e b o lb el s g sl
sleanld palf aase bccwl sois anslis

N VPPSURPIUTIR PO NOWIPITE RO SN A

Ao o

(o slepll i Sl (o Aoy oz <8l
Spbie sla sl pae Job 1 S50 o) gL L
oot Lo g5loe 51 6yl g9, L (Sl - 3ls LLS)|
Jole (3l aizmon () 3,10 13l e Jobo 2 5 ol
JormdS Giolidly (Blo el (Bgye -8 (ol >
S S oz 90 ol L2z o L o5l 2
ol aS ol o plis Slidss () Wi 0
DNA Gy plas Gl (Bl g oo (o2 Olyre
pos 4S5 sbas oyls LUyl tnlusTLas dalsay
oanlaSlos 5 u3l sanlosT Jelse o Jolss
b pilye wdrin 5o Gbple cnl S
9 = slag)lon (ol wiles S L
Gl Sy o 4 ()l et olby
slaanld ol ey Jstr (Bl )3 pgs5 oS
Lz o8l )0 (g Jloel b o ooty Slslis
sla o)y ades ioldl 4 wilg e aS asl
(09 A8 ol (V) 058 ;e g a5 g ]
gL coliS pue o Lo oy ol il
J=else o adox 5l e Cleall g (ioluSToz
el sleda Bla o810 posy oy sas Ll
Bl Gl tlidl a5 wlools lis wliios s
OBl ez ge ali oo (2 3L Bl 5 5 S
e S5 40 318 9y il 098 (ol Slagly
g 30 S a5 59 0 PS3 )g0g5 SALSgS yuw
WSlg5 o0 45 (5yab s 1) 99y o0 slomtvds 15 (Spdd
D90 yoie pas Job g 095 e Ll o
9 Jobw Sy 89Sg OlpS o b (Sl olle
a5 o ol lad  ceils 5l s YN
e DNA ol g (g0 GgrmslanS Ty ¥ g ams
SelliS Slye mdiss )3 Pl crge g oas
(F) 052 0o P53 9 p21 pl6 dile gy 4o bogoye
2 nlaSTas glis coaii L i) slacalld
2l Bl sl g )0 |y St Cloadl 0o
)9 Sedlad a5 o ools L Ligh ;0 a0
ERVRSVEN UL OV PNV PSR E ORI
9 &S1-(0) 093 o0 Sy SLAI B im0
o b o9 cdlid as aso S oo (1Y49) ol e
Jsb et 5 5lmosl el il 4 Lasgis
il Bl sl (S clad g 058 oo yomie 5legls

qy



u‘)&o& 9 oo‘}w

Sl G sl S5Lis 1 Jbey J5 9 e il

e Ll b (8L 5| oy -l ST canyiand
o5 0955 58 40 Lo bge ((axin G 3l ) oo
M=YF) Oy (I8 0y 9 ND in=A) sole lde
Sadee 4o ND 04,5 (sla ige 50 s (HFD
PO ymiSgym duo)d YY) ojlaslenl Llde b s i
39 A AudiS (2> oy I g Dl S us)o
Sz 2158 125 S HED 09,5 sla g0 e (pren
gy duoyd VY ol oy o (slde L aso S oolaul
Gle Logs (ayz oy Fo g whug S ao)s FY
S5l dnie  Simloa L oy (glde g 5 laile!
T o Lo yhge dad dan it 1 o (V0) O 4
-~z «HFD) 0y «(ND) sole (2138 025 09,5
-2 s HFDR)) Jbg) J5-or2 0 «(HEDT) (e
893 31 gz - 2398 ot HEDTRI) JLog, J5 - o5
oS OashgB g (nped 890 £953 50 9 (Sl Ll
Pl i g0l (IS o) 4 e (2NE o)
kol oo 905l i s B9 Sl )
S dlmgas cdlad (S8 L (olsl jplaiess
S do el o b asin SO o le g ls,S
o i L a3o 1o pe Voo A ey L 4l B
Jols 3l (s cdlad Al aunsls e lad
Olslelapel S 50 533) OIS le3 59y 09
S Ao deoyd yhio o b (¥ Vo ol ol e Lw
Lo bge Jol da )5 092 ain 3 59; iy 5 asid Ce
Sas b 018,555 55, |y 00l (glan (ciyed daliy
3 e - a0ls plowil adBo Yo chae 4 4880 50,20 10
A8 50 e VO du diBs 18,2010 5l cdlad as o
B Fo a5 cdlad Oloj g du) e duba o
Lo g Sy polaneds . (0F) () Jgizr) 3l (2l
0105195 8)l520 40 40)0) (Sge Sy sl a9 Sl
Sy 5l e Jgl wld> ;0 a5 &g st ool
- oolarl Jgo Syme b olies o5 5Ly b (S
(Sye 93 O35 ooy Lo g 00,5 byt sl e g
L (S oS cnls) jolaiaay bl b o
2o ooliel g Syoe 5l lads « alBisles] g

56 RIS slaculed awy o pliias b
Slr slaaiged jo o l8 5, Sles 9y 1 G
2y cdled Jsbw la)lg5Ls (2l 9925 Lo ooyl
ooboly e L ccwloais olwlis 95 RT
9 SN 7 Bl Hebied sy oo flaie walys
Silop Loty elosl (Bgpe -8 9)Sas 29
5 wglie Sloyed iz e (el pmwlbio o]
Lol 35800 aposi 35 Yo wad (sjlg ol
5 o=l JeS «SpoinS B3l 5e a0 p LS
o ol 0o 9ol 0F) sab See]) ol
9 Slg (rmped (e Sl pleyen conl oud (an
B sl s sl 6 slo Sl 1 S, 5

D9 sy Bl slashge

CR93 9)
Sl (225 £ 5| G B9y Sl diged
@ daz>g L ollgs 4 base cla jiolesl dos g
o098 9.8 )T aloul (S 010,38 slo iolas
SUlg (gl 50 cwdlw (o dwie slounl,
S ol e -l oo cole; ool
ool ol o8zl aomgi jo 3T doneS aub L
IRIAU.M.REC.1400.020 oS L cesogye ol
= (;:‘)7:.@ 0GRy o .ol 0w gl Ao
o iolojl 4 g g Horal dwinio 51,5 VAV /D)
) 02)5 20 g;Lel Bls5 5 (sl 55 sLaz) dayo
A) Medcale 18.2.1 438105 51 oolawl L g (p9o g9
Gl 050 Ul 0t pad (09,5 y2 )0 s
SloeSS sl S slauid ;o aillas o)g0a,
A5y g ol S ol doyo YY£Y/F e sleo . abais
00/72F cogb) g celw \WVY SO0 4 ol

o 8309 (lie g Ol o Slilgu  oled 090 doyd

Oyed Oyl ) Jgu

olde dzin  ouhe dzie i dien empdie e)lp> duie

pow dian  sgodzin  Joldian

Yo Yo Yy Al Yo

So So A o o

A V¢ 0 (o) o

¥o Yo Yo (A880) O

aF



¥ oylos /10 0y93 /VFo) 5l

S cadlad g 45559 (S590gurd i

Ojarid 4o 9 09 0315 51,8 RNA o5 51 (6 =S5l
doyo —Ae glos o Jlowsy 1o (w5 J-iiie pole
She s 5lagS g Seslasl ey LoolS sl
el il s pStigas s sig it Saal 51 (6,55l
Ay plaodl s VYo g o 5Lel A

Silaolel g (b Loy ol Sl s,
Gieles | ST oS Y sz el Lol
RNA i 9 <35 plooil jnl o b lacolaes oo
s -9 505 CDNA a3 el Lol 51 S
slagj ole i 5l g oad ;2SSPCR (39 40 cDNA
O oy 00D SO

J5509= :Jbgy Jj S ran  AEslol gla by,
Bulk Supplements Co, Ltd (Henderson, Sy 31 JLg,
J5 prSishen Voo alyg ¢ JroSia 09,50 (5 lay> (USA
5o 00s 33 (0 Gis pSskS o Bl 4o) Jlos,
(V) 9585 < Bbys (Shhg wygod |, ylade
e Jloel 3l o scdB 8L 51 (6, S w905 b
Lol )5 g Lo Sals Laslos U Lnasigos plos o e
VLAY g oped dod 3151 o el $A) a0l
ool 5l (o5 (Blao S5 305 L (sl el
AN Ghed o (0 kg/mg) oLl g (Pe kg/mg)
509 9 (S5l 5l Guy alolddy ;23390 =3l
sokateds RNA later s9l> slocgs o dlw UL

J5S 55 olyoaasp21 516 (sbayasly) S ST JIgs ¥ Jgur

Genes Primer Sequences
B-Actin Forward: 5'- AGGAGTACGATGAGTCCGGC -3’
Reverse: 5'-CGCAGCTCAGTAACAGTCCG -3’
P\¢ Forward: 5’- CGTACCCCGATACAGGTGATG -3’
Reverse: 5'- ATACCGCAAATACCGCACGA -3’
PY\ Forward: 5'- GTCTTGCACTCTGGTGTCTC -3’

Reverse

: 5= ATAGAAATCTGTTAGGCTGGTCTG -3’

olsyl,3 . 28,5 oLl SYBR Green qPCR Master Mix
JoLsRealtime-PCR oolawl s)90 J)ly> sloas >
Slasl Yoo 150 YO ()] o 50 5 4B Yo hae 40 A0°
Al g£e%,0 a il Ve S il d>)0 A0 &)l > o
SLod )0 s 350 315 ils A0 VY sles jo
i (6,10 aaBo Yo ae 4 oS il Ao VY
L casdllae (2l 5o (spp 990 sLogy Ol comad
(Thereshold Cycle: CT) a5lbwl d5,> slyuolio o,
Js=8 5l 05 ol Gilwemmb Sl oo L)
31 v -oed oolawl Act = ot (Buw) - ct (J,=aS)
035 (=5 sl Act b Lo ol ol 4wl
Jsey8 50 00 oyl dladigaiot &l i 5l Jol> des
A duplie Loog S o Jol> molis 5 0,19 274
L Laoosls b asjer a3l e 05y Lol Judoss
Lo ilyly (Kot 5 Shig- gpmlis o903l 51 00liz]
o35l ylel Jadois 255 sl g ool Lo
oalinl (S5 (onsdsS il 5 493 Luilyly Jolos ot
d50i SPSS (g, Lel 5315 51 o lisal b cliwlone o

L el 5l p5 Jus Yo Real time-PCR plocl

0l Cgig e Olg g 0, ISl 5l solaul
1o Jsls JSRNA - 55 Jyone 3 oslisal Uy g
(obadl e 5L5) RNeasy S 5l oolawl U g zl P!
clie cdale 51 oliabl g biteds ot (g5l 2l
3heslacul b Ladigad s connzlsnwl RNA
ND-1000 NANODROP 385 spec-) wly04-L oS
dobogis b cDNA .o ousles (trophotometer
9 04 jiw (Thermo Scientific, USA) oasjluw &Sy
e oolinl gSas (mngig) 1Sy ploslplaiedy
SYBR Green master ;| ooliw! L oo ipuw cDNA
00,53 ‘_ng)f)‘ls’:T 9 (Thermo Scientific, USA) mix
31 oolaw! L Real -time PCR .o , iSO Y Jgaz o
Roche LightCycler 480 Real Time PCR De- o5ws
«mMRNA (5, 5o3lail gl . 285 slocltection System
RQI RNAse free pupl b 8LRNA S5l 0,55 Sa
,Lews (RT) retro-transcribed ¢ (Promega) DNAse-I
olws 3l eolawl L Real-time PCR STy .o

6



u‘)&o& 9 oo‘}w

Sl G sl S5Lis 1 Jbey J5 9 e il

S0 0=0/00 Laygesl (6loline gl g b S plouil Y&

5 Sl lall 8y50 50 5 o Laeg)S (59 eSike

cCewl oo

Sl L1890 30 9 s rog 5 039 puSiles . ¥ Jgu

S sl Sl el 0)99
pin dzin pibdiie ez die pgddue Joldue  ganesS  slom ot e
&Gk Slazin
Y PES 0w 035lg0 o33b 0o &4 RN (482) Cyow
YVo/MEYV/00  YAV/YY£YY/AY  #)$/0)  £\V/$8  £\3/Yf  ND £\S/YS £//YY loog,S
YEO/YY  YIE/YY VWYY @=d) Yoo/D)  VAV/O)
YO /AY £F1/0)  YNe/OAEYV/FA  £Y\/Ye £\¥/%  +YY/YY  HFD
YVI/AQ O YYY/0F  Yed/8) =Y
Sl Sl 3oz Wog 5 039 (il - F Jguzr
Js o Jlos!
i dxie s du polez dude pyo duio Jsldude 9,5
BRI 999 Cemr - odxa odan (4288) yus
Ve /ANEYA/AD  YAV/AA£YS/e5  YAV/D02YY/AE  YAV/YA£YENY  YVo/MN£YV/00 ND (n=9)
FE/MNEYY/AE  FYO/MEAV/AS  Fl/FFEV/80  YAF/YY £YY/0F  YEY/85+00/% HFD (n=4)
F\F/00 £ F4/00  FVW/OO£YV/DF  YAR/VVEEY/¥Y  YYE/YY£YY/YA  YOY/AA:EY/YY  HFDT =3 g
EYY/VV£FA/0 DVO/AA£OV/FA YAA/AAEOV/SA YYY/WEYY/\Y  YFA/FY:YV/AA  HFDRJ =4 \
YA/00£Fe /WY YAV/YY £0e/Y)  YYA/ES £ F0/FY  YSA/FFEYV/FA  YOA/YY:Y$F/4Y HEDTRJ n=9)
(0 Jgaz) 09 ND - p21 g (PSo/00))pl6 Lo (ljme a5 0lo L gl
09,3 3|y (5)lolizs yobods HFD 09,5 )0 (P< o/ 00))
HFD gND 09,5 93 ;0 Jitimn t (39050 gl .0 Jou
t p-value JUeTos
-5/ AVY o/e00) P16
-5/Y\Y o P21

‘_gLa:u;’bg,o GJ.S Gl‘bJBJ-MPZI QLg)b Lg)bb.m uw.alf

obyly Jedoes 3l oolawl L Laosls Jdosgasyos

LAT Sy ailos oyl 0925 b .o HFD e
sletge (8 Jsbwp2] Ol ;2 )loline LRI
Mg e d slo Jgaz) P=e/VAe) el HFD

a5

ol sl Jsap16 oL lyee 45 sl Lt aalygs
5 (PS o/00)) (AT) 03,503 HFD 05,5 sla ,5se
L2 og)S ol 43 o (P o/00)) RY) Jogy J5 L s Le
gy G)lslins jobooy
obyly Jedoes 3l oolawl L Laosls Jododgasy=s
oo (PSo/00))RI g P<o/00)) AT aS sls ylis anlygo



¥ oylos /10 0y93 /VFo) 5l

S cadlad g 45559 (S590gurd i

8 cBLP16 o5 Ol 2 Jbay J5 9 crped 0)93 S0 Il 1y anlygs (wibyyly Julodigansad gl .7 Joua

olgs GEluh blygdome  pvalie  F o olgdoe S0le golildzye Olgdome g gaze &
AT o/YY o/oo0) 1B/ o/3¥) ) o/af) AT
0/55 o/YYY o/oo0)  \O/YoY o/AFY ) o/AFY R
o/obe o/000 YAV U AN ) AN ATxRJ
o/oFY Yy V/39¥ las

AT Jole sl W oge B cBLP16 5§ by 450 lusliio Sl (S3gits 0905l gl . ¥ Jgua

p-value Slaslew! slaz Oeolee glas Y sleog S \ sloog)S
o/000) o/oAY —o/YYY AT G ATL

RJ Jole sl b Siigo cadd cdLp16 ¢5f ol 43550 olulio sl g5k 090l gl - A Jauzr

p-value Olslew! slaz oeolee wglas Y sloog S \ sloog,S
o/000) o/oAY —o/YY¥ RJ (9 RIL

8 cBbp21 5 ol 2 Jbgy J5 9 2y 0399 S2 Il sl anlygo uibyly Julodiganiod gils .4 Jgue

Olg (3l 8lash bl j9dee  p-value F ohgdore ke 6~>|)'T dops ligdone Egoe &
o/AAY o/YSA ofoss)  A/EYD o/N¥F ) o/Af5 AT
AN o/YOA ofoss)  \V/AYF o/ Ao \ o/A\e RJ
o/o04 o/00Y o/YAo  o/oVA o/0o¥ \ o/oof ATxRJ
o/o¥0 vy V/fOf las

AT Jole sl W go odB cBbp21 o5f ol 40 Sluslin Sl (S9 ks 0903l gl Ve Jauzr

p-value S lslewl glas Sl gl Y sleog S \ sloogS

o/ 000\ /oY YA AT g0 ATL

RT Jole slys b sign cald cdbp21 ¢5f ol 45550 bl sl 95k o903l gl ) Jgu

p-value S llew! glaz oeolee gl Y sleog S \ sloog)S
o/000) o/oYY —o/Yoo RJ o990 RIL

995 PSSl e w8l 0 o slagh e
Sz s HED 45 (6,551 . (Y 1)) 995 0 4l
a5y ol 4o (7 Sl gm0 (el o5 (Sl g
I 5 ¢yl s nglio g Bl 0 S8
alS'y ooz wb alex 5l un slacidl o o ol
oilydl aS oais ools lid yiored L 09l yoxie (VA)
laSHLed 02 OgmslinnS T« Jo oS olan
v

SySazal 9 S

o (Bl gLl asols ol jol> tagh mols
L8 sl Jolw p21 9p16 ol yo (s)loline aoliél
S ey e )0 0 HED (oo sla g
oy ol ol (Bl as assls las (Ye)d) oS 4
4alS ol Gy o Loy )0 oz (IS
9 4S5, Shoe 5 058 00 p21 516 Gl yo i3l Ly
oized (W) 0SS e Juse |y ;28 Sl (S
B> g HFD a5 cewl ool lis wligss



u‘)&o& 9 oo‘}w

Sl G sl S5Lis 1 Jbey J5 9 e il

s SIS e Sl e (539 ol a5
o aS oot ools Hlis La gylaws B0 50 053 1
AuS o dlol aas v cewl ( Saw o o ol
)9 Sedlid aS oui ools Hlid oyl ogmg L (YF)
Sy oo (Bl bl (2,3 p16 Ol il o
ozl o byoe wlyoe cde Gragw (YY)
Sz 5o Jelse 2l )0 (y9 cdlad bl
9 bl 31l e g ol sl Syl
3 el L2 lagls 2olis DNA el
asls b Jolow glail o (65005500 8, Sac jo s
O Bkl (g bl s an (YY) sl
DS oo §pSaler 8 e Bb ol (67 5] e
Ol ylolins (foal8 fol poagh mols ;500 5l
HFD (oo sloige (8 sloJolw p21 5 p16
53 (Vo)) OhBees 5 (S5iss 992 RI Brae (o )0
7 CbeSi g g RI aS a0 S ol (aegh
5oy cils Slogzge 8 yae Jsbo sl ol o
3 Sl gLl o5l 6 Tel 40,018 (e
OhSen § STl iz (YA) Conl Jolw oS
Sl cdogrd slaJobw (59) (o )3 (YeIA)
MRIPS) JLss, J5 bl sLoyuiisym 45 ol oL
caw MRIPs g oyl )0 0010 (g pmas codled
V= 3Bgamnd deanS g ol ki 5 L jaglt 2l
ymnlell) bl Gas ol g ais (SODI)
osye 9 (CTNNBI) V-Liy a4ty 55 (mTOR)
s 4S5 Cowl oo o (YY) ols S |, POY
Gy il Gla s (Gpmds (i Sl
(o) auos 0 )8 Bua [;mTOR-SOK §IGF-1 wile
gl ol 0310 1,8 Bua L 5 RT a0y L5
o RY (ol 008l oo oo GiliBl ]y jae Jobo
L g 99 oo i a4 o JLissl g FoxO o JLsd
HCF-1 SIR-2.1 aile nsis; Lo puiion o5
Ol JoSis an ol (ol S g0 51,80 LLS)IFTT-2
o g e Job (il )0 S5 slainten
ool 1 Bpae) e wdlys Gluyply polass
i (i 105095 0 ;oo MTOR g (420 o
Sl slaan EmMTOR 5 el slaows,.S ol
<533 DNA (e s aiile yoe Jobo (AlBIL Lasye
55 Cnglie  lptlas codls . caoloSTas el
(YA) sz o By ol o255 5 il ol

Srm slaSme 59 Sge 0Ses o Pt
Sl o,k 5l ailes s ROS) (5T Jlad sloaiss
Gk 51 p16INK4a (40,5 Jlad L p53 dlawls Lp21
p38-MAPK dlawls L (5,385 8, Shas yo Pl
o=l o9l (V) Wes (ol Gy cu
o ambie Gl (Blr (250 45 eyl
ol (YoV) oo 9 90« yal 0929 L (V) Qg
G S, 55025 1 6,5L L e ,o HFD a5 aals
z=lisyo wglas (YY) oylas dB < 8lip53 9p21 Jslow
Ll yogy casd, Sa; <3l 90 51 b conl Ko
dg>9 L ool cacseslawwl &u@oyj L, HFD
aS aoole Hlas (YelV) o) Sen 5 5o de) yod )0
Ol Qo (g S o Al o0 (839 (peS
8L, SASP 4 B-galactosidase EGFP pl6 ol
0 OYY) Oher 5 65 we (YY) 050 o)
slovge ;0 wlgs so (59 cdlad aS asols las
Ol A8l s 0555 5y IGF-1 a5 (oo
OhBees 9 (romg) (rizma (V) 3520 JUS)6l5S pS3
P21 P33 1 Sl L 283y9 collad a5 0588 Lo (YY)
(V) gty g 1,81 50 39y clablone rg0pl6
RG] e Job 1o ()9 el s IS0
J=b)sbas ol swny a3l « Jlo ol L s
e A5 0SS, o b Lo (slaasily . el oais o
S ol ol ol o wlgi o0 (Slon (359
Sl e Jolow Gy sy s, S0 Lis loolarl L e ol
Sr 3l Slo (9 rped 45 prols L, (sl
A QS 0 (5Sele B 8L o HFD 31 ol Jolo
20 Fobe s slalas ol (il sl s
o Lol sy edled JLisas s sLolis
oilS Sledl ams 53 9 99 0 SS9 xS
G2 L ol 2alS ) o p i 0 e loy
Sl ool pgo Jdo sl ol e pl6 9p21 p53 (L

aA



¥ oylos /10 0y93 /VFo) 5l

S cadlad g 45559 (S590gurd i

S sleels / o>

Sl olisls yo (58s Alw, B yo iagp ol

OBty S5l
Ol 8 Lie allie ol (g5lwoslal o oy Biiwsgs plos

Laslasls

&8bn (p)lei
..>)L,\.3 S99 Jlas Q.g‘

@‘é)a\é 9 M 3

o=l 09 (1,08 g Sis Buinss calwg o
Al o el o isls amlg

&b

1. Tchkonia T, Morbeck DE, Von Zglinicki T, Van
Deursen J, Lustgarten J, Scrable H, et al. Fat tis-
sue, aging, and cellular senescence. Aging cell.
2010;9(5):667-84.

2.Vincent HK, Taylor AG. Biomarkers and poten-
tial mechanisms of obesity-induced oxidant stress
in humans. Int J Obes (Lond). 2006;30(3):400-18.

3.Du Plessis SS, Cabler S, McAlister DA, Sa-
banegh E, Agarwal A. The effect of obesity on
sperm disorders and male infertility. Nat Rev
Urol.  2010;7(3):153-61.

4.Wang MJ, Chen F, Li JX, Liu CC, Zhang HB, Xia
Y, et al. Reversal of hepatocyte senescence after
continuous in vivo cell proliferation. Hepatology.
2014;60(1):349-61.

5. Wasityastuti W, Habib NA, Sari DC, Arfian N.
Effects of low and moderate treadmill exercise
on liver of d-galactose-exposed aging rat model.
Physiol Rep. 2019;7(21):e14279.

6. Akbari Boukani H, Ravasi AA, Kordi MR. The
effect of a endurance training period with cellular
Anti-aging purpose on telomerase enzyme con-
tent in cardiac tissue and peripheral blood lym-
phocytes in rats. Sport Phys & Management In-
vesti. 2017;9(3):127-40. (In Persian).

7.Mohammadnajad y, matinhomaee h, Azarbibi-
jani Ma. The effect 8 weeks concurrent training
on telomere length, telomerase activity and TRF2
in sedentary young men. J Sport Exe Physiol.
2019;12(2):93-105. (In Persian).

AT Juolss a8 ols olis ol gy gols
ol 5 LSt 1o (5 loline ;3B RT olonna
Sla,Silas o RI 5 AT olsjen ;b poce .ccslas
3 mSleon flas sl wbs (B8 Gla sl 0
cdld U olapan tsloSTos sle JaSe 5l osliiul
Sran b a5 Selsnnd g ladie (i aBb (2359
il g el e cisdl o 3L ol
= Sololoe ,3b g (YY) 0t iulSTLid conog
aS)eblen caal acslas Jolw b, lis
ok Sl 1 5 Jelse 5l (Seas ol
ROS s g cewla Joho aoluSTlas coJlad o s
Hge ol (B sl By sl (20
OSoe ol -l ()90 (29 Sdlad 5l 2L
SalS L nlaSTas sle JoSe Gyas ol
z=ls (YY) ppY olie 5l Sl 4 LaROS ckale
29 95bige dog (lpl 05l 952 1y (casSns
Blo slodiges 51, R AT 51 lojen dolazwl ;Lo
4z b pizmen 090 Jloel (gt plas el
L olyon —oluSTas Lo foSe 8yae 45y 36
Sl BRI SS00 jolie 098 o0 dragd (289 Sllad
g sy ()9 Sadlad L (Aolad 5l yolo (L
&S oley o ol Giagh slacpdgas
Sl 5 30 )0 ASlgs sed AS dgu (dsin i)
s plas SYeb o )0 [ RI g (5ilg (yyed
s 50 0 (e ileS |, Lad ol ol (55051l
50 Cnlgi g0 P21 P16 Gl o JmaSo 5 (myed
s gmSelal Jbe Pl Jodoas a5 asl
Sl g ,0 oy (2l a4 slo L s
b I 5 slaSSlas 2l e (2o
B sl 2 53 g 09l Sk 5 995 0
2l 8 G LRI g AT L leyo wo)ls
3Skes 5 wo5 o0 ABBHFD (i sl g
SR 005 3l ol -t 0 09t |y (8
o San R G AT 5l osliul b Jslow 5, sla,S3L25
0 bgupe (il il 050 (61 (5550 0y
Gl gl iz AL Vb (2 b (238 )
o Sl 1y 6, BRT S AT Juolas aS sls Lt ol

oS Grien slajtagi s as . o)las B g0
rel 5L A

a4



u‘)&o& 9 oo‘}w

Sl G sl S5Lis 1 Jbey J5 9 e il

apoptosis and senescence of human microvas-
cular endothelial cells. Cell Physiol Biochem.
2017;44(5):1842-55.

20. Freund A, Patil CK, Campisi J. p38MAPK is a
novel DNA damage response-independent regula-
tor of the senescence-associated secretory pheno-
type. EMBO J. 2011;30(8):1536-48.

21. Zhao X, Dong Y, Zhang J, Li D, Hu G, Yao J, et
al. Leptin changes differentiation fate and induces
senescence in chondrogenic progenitor cells. Cell
death Dis. 2016;7(4):e2188-¢.

22. Yu S, Kim SR, Jiang K, Ogrodnik M, Zhu XY,
Ferguson CM, et al. Quercetin Reverses Cardiac
Systolic Dysfunction in Mice Fed with a High-Fat
Diet: Role of Angiogenesis. Oxidative medicine
and cellular longevity. Oxid Med Cell Longev.
2021;2021:8875729.

23. Schafer MJ, White TA, Evans G, Tonne JM,
Verzosa GC, Stout MB, et al. Exercise prevents
diet-induced cellular senescence in adipose tissue.
Diabetes. 2016;65(6):1606-15.

24. Askari b, bijeh n, rashidlamir a. The effect of 8
weeks IGF-1 injection and resistance training on
Cox-2 and p53 expression in colorectal of male
Wistar rats. J Sport Exe Physiol. 2019;12(1):115-
27. (In Persian).

25. Rossman MJ, Kaplon RE, Hill SD, McNamara
MN, Santos-Parker JR, Pierce GL, et al. Endothe-
lial cell senescence with aging in healthy humans:
prevention by habitual exercise and relation to
vascular endothelial function. Am J Physiol Heart
Circ Physiol. 2017;313(5):H890-H5.

26. Michaloglou C, Vredeveld LC, Soengas MS,
Denoyelle C, Kuilman T, Van Der Horst CM,
et al. BRAF E600-associated senescence-like
cell cycle arrest of human naevi. Nature.
2005;436(7051):720-4.

27. Safdar A, Bourgeois JM, Ogborn DI, Little JP,
Hettinga BP, Akhtar M, et al. Endurance exercise
rescues progeroid aging and induces systemic mi-
tochondrial rejuvenation in mtDNA mutator mice.
Proc Natl Acad Sci. 2011;108(10):4135-40.

28. Kunugi H, Mohammed Ali A. Royal jelly and its
components promote healthy aging and longevi-
ty: from animal models to humans. Int J Mol Sci.
2019;20(19):4662.

29. Jiang C-m, Liu X, Li C-x, Qian H-c, Chen D,
Lai C-q, et al. Anti-senescence effect and molec-
ular mechanism of the major royal jelly proteins
on human embryonic lung fibroblast (HFL-I) cell
line. J Zhejiang Univ Sci B. 2018;19(12):960-72.

30. De Medina P. Deciphering the metabolic secret
of longevity through the analysis of metabolic re-
sponse to stress on long-lived species. Med Hy-
potheses. 2019;122:62-7.

31. Amirabadi F, Asadi MR, Tabrizi A. The effect of
endurance training and use of cinnamon supple-

8.Rae DE, Vignaud A, Butler-Browne GS, Thor-
nell L-E, Sinclair-Smith C, Derman EW, et al.
Skeletal muscle telomere length in healthy, expe-
rienced, endurance runners. Eur J Appl Physiol.
2010;109(2):323-30.

9. Werner C, Fiirster T, Widmann T, P6ss J, Roggia C,
Hanhoun M, et al. Physical exercise prevents cellu-
lar senescence in circulating leukocytes and in the
vessel wall. Circulation. 2009;120(24):2438-47.

10. Cornara L, Biagi M, Xiao J, Burlando B. Ther-
apeutic properties of bioactive compounds from
different honeybee products. Front Pharmacol.
2017;8:412.

11. Inoue S-i, Koya-Miyata S, Ushio S, Iwaki K, Tke-
da M, Kurimoto M. Royal Jelly prolongs the life
span of C3H/HeJ mice: correlation with reduced
DNA damage. Exp Gerontol. 2003;38(9):965-9.

12. Yoneshiro T, Kaede R, Nagaya K, Aoyama J,
Saito M, Okamatsu-Ogura Y, et al. Royal jel-
ly ameliorates diet-induced obesity and glucose
intolerance by promoting brown adipose tissue
thermogenesis in mice. Obes Res Clin Pract.
2018;12(1):127-37.

13. Zhang X, Zhou D, Strakovsky R, Zhang Y, Pan
Y-X. Hepatic cellular senescence pathway genes
are induced through histone modifications in a
diet-induced obese rat model. Am J Physiol Gas-
trointest Liver Physiol. 2012;302(5):G558-G64.

14. Alizadeh Z. A review of aerobic, strength and
topical exercise programs effective in reduc-
ing abdominal distance. J med council iran.
2014;32(4):348-58. (In Persian).

15. Mostafavian M, Abdi A, Mehrabani J, Barari
A. Effect of Eight Weeks of Aerobic Progressive
Training with Capsaicin on Changes in PGC-1a
and UPC-1 Expression in Visceral Adipose Tis-
sue of Obese Rats With Diet. complement Med J.
2020;10(2):106-17. (In Persian).

16. Rocha-Rodrigues S, Rodriguez A, Gouveia AM,
Gongalves 10, Becerril S, Ramirez B, et al. Ef-
fects of physical exercise on myokines expression
and brown adipose-like phenotype modulation in
rats fed a high-fat diet. Life Sci. 2016;165:100-8.

17. Mesri Alamdari N, Irandoost P, Roshanravan
N, Vafa M, Asghari Jafarabadi M, Alipour S, et
al. Effects of Royal Jelly and Tocotrienol Rich
Fraction in obesity treatment of calorie-restricted
obese rats: a focus on white fat browning prop-
erties and thermogenic capacity. Nutr & Metab.
2020;17:1-13.

18. Kim SR, Jiang K, Ogrodnik M, Chen X, Zhu
X-Y, Lohmeier H, et al. Increased renal cellu-
lar senescence in murine high-fat diet: effect
of the senolytic drug quercetin. Transl Res.
2019;213:112-23.

19. Liao P, Yang D, Liu D, Zheng Y. GLP-1 and
ghrelin attenuate high glucose/high lipid-induced



¥ oylos /10 0y93 /VFo) 5l

S cadlad g 45559 (S590gurd i

Vo)

ment on antioxidant index and lipid peroxidation
as additional care in middle-aged female diabetic
type II patients. J Diabetes Nurs. 2016;4(3):48-
59. (In Persian).



