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Abbreviation table

Akt : protein kinase B

AMPK : adenosine monophosphate-activated protein kinase

APS: Ammonium persulfate

CDK1 : Cyclin-dependent kinase 1

CDK?2 : Cyclin-dependent kinase 2

CDK4 : Cyclin-dependent kinase 4

CDKG6 : Cyclin-dependent kinase 6

E2F : Transcription factor E2F

FBS : Fetal Bovine Serum

FIL : Filbertone

FoxO : Forkhead box O

HS : Horse Serum

MAFbx/Atrogin-1 : a muscle-specific F-box protein

mTOR : mammalian target of rapamycin
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MuRF1 : muscle RING finger protein-1

PBS : Phosphate buffered saline

PI3K : phosphoinositide 3-kinase

RB : Retinoblastoma

ROS : reactive oxygen species

SASP : Senescence-Associated Secretory Phenotype

SDS: Sodium dodecyl sulfate

T-TBS : Tween 20 — Tris buffered saline
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Hazelmut, Corylus avellana L.

Filbertone (5-Methyl-2-hepten-4-one, CsH;40)

Figure 1. Hazelnut (Corylus avellana L.)

and Chemical structure of Filbertone



. Z8Z (Skeletal muscle)

1. 34<

=4 (Skeletal muscle)& A1 oA 7H¢ @& vHlFS A8k 24
O & AF] 40-50%5 A sk AA el e] 50~75%E e}, (Frotera
et al., 2015) =29 H& (Skeltal muscle mass)S Tl o] Az H
afe] ol wet 2dEn. ol w3 B, Xl oste] B S of]
& 4 Ak, (Musaro.,2020)

2. 2F2 AA

T B EE 9 2A2E AN & F e vEE RIY. 25714
¥= w24 28t myoblast® e} ™, myoblaste] A3+
myogenin, myoD¢} 22 A @A E9o] WHS T myotubeE 9| 3HE

# =3}, (Jang, Baik., 2013)

Proliferation
Determination O Withdrawsl
\ of cell cycle Fuston Maturauon

MyoD, Myf5 Myogenin, MRF4

MHC, MCK, a-Actin

Figure 2. The steps of Myogenic differentiation

I

Myoblasts Myocytes Myotubes Myofiber

Jang, Y.-N. and E. Baik (2013). "JAK-STAT pathway and myogenic differentiation." JAK-STAT

2: e23282.
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1. A|Ex3} (Celluler Senescence)
Azol w3ttt 77 Mz dhdE EAlTEoR 3t Aoz AXE
o] STy = AElZ Hayflick® Moorfieldol 2]&f 1961 Al-frolAl £ 2]
WFS Bl AE A9 157 feshs Glstn AP Tl AT
(Di micco et al.,2021) AIZ =3}o] 1oz A=Rwjo]e] Hol7t #olH,
DNA &7, mEZ =g ol 7] Ast 59 WF-al3t stetary, 4tsh4 ~E
g T o4 8o Stk kst m A= ofe] 7HA] dF F shue 4
o] 7+4-olt}. (Sherr et al., 2015) p53-pRb F &2+ =3} Al o 249l
Zbol T, pb3e FYAAFHAARE MEF7]o Toste] A EZAA = FAE
2 gAY AAAFEAME AFES =347tk Rb el A o] Qlaksl= HAA}
1AFQ1 E2F 9] WS Fdte] A2 F7]15 FXIAXIth. Rb @z o] 14ks}
2Fo] B SE friesto] DNA 3 Al F715 G1 Al7]ellA A

E fxgt). Rb @A o) 4ksl hats Qlakel As) gl A<l pled FUY
A2 ph3S 3 AANEE p2lel 93 cyclin® cyclin-dependent
kinase (CDK) H3HAl &< s S3 o] Fofxltt. (Park., 2003) o]+&=
oA EA A FAAERS] E3IHFE A steo] LEAAAEE] Ve A=

doA 59 w3t W AT S 4o}, (Kang et al., 2020)
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Fig. 3 Cellular senescence mechanism mediated by p53
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ROSO] HAHL &0 d5S doA F7es #Aa A 4 Ak (Lian et
al.,2022) PEZ=gold sHFAAIE oldliste Aol F8stH, 53
A nEIZEo7l FRG v@oer nEZE=Zole] 7F Ashe
ROS FA& 7F&ststn <5 =3t B =004 SHAaTSs e 5 4

(Park.,2003; Daina et al.,2019).

3. @8 ¥4 R 239 =43

S5e AA W P WS wMAe 4gsts sleltt, 28 o] B

I G giabe] fae 5] gaskeE A H5S 2 s,
(Kawk et al.,2020) o]#3F o]fF- = < 9FL Ttz tjaLe] o]Ao 2 chulZ

A
A S7MNA FAT A5S 2. B9 pl3K / Akt 9] 24d3H2 nTORe]
Aol = Al S6K, 4E-BP1e] <l4ksl A48-5 Ff v diAbE Sxld. 4
o ANz AT A5 AxUAL, AEAE, AEAY T 9TE

3tt}k. (Kang et al.,2020)
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Atoginl | ( MuRF1 ) e ) sek1 )
Protein degradation Protein synthesis

Fig 4. Mechanism of muscle atrophy mediated by MuRF1 and Atrogin-1



1. 54544l (Doxorubicin)

(1) A=A SALFHA

S AFH) A4S anthracycline Al e AR 54 HEH, H=ZF
5o 235 T F¢Alelth. (Park et al.,2003) $HAllzEo] =3}

g 9o AEE FEsE WHe sdawon FUARE Wk, e

S

(2) AXE =35 o= 71A
EZ2F 8] A1 (Dox)+= AXE o] DNA &4, A3} ~Eg A~ dZno]o]
= S o7 HFEo AEYAE doA FFHOR w3l o]ZA ). (Hong

et al.,1992) HAFHA Fof SR AN FAgt & a7 BHoS d3H
o 3 HavF Qo™ (Bonifati et al.,2000) ©]& CuCp =24 A E
A BRI O ZE e AT mEH HAFHL] a|EZEg o) Yt &2

A3t & 7HA, ol mEZE=golrt FH-g A 9@ =42 A ROSE T
THAA olEs Abst A7t o= 2 @l 3 1AF<] Atrogin-1/MAFbx
o} MuRF1& A1 tkal Bardkeh, (Gilliam et al.,2012) SHAFH] Al <]
gk 25 ol 2] AR ASAE2 95 (Muscle atrophy)S Y oA

agbaol 7le] @rha ApRE o}
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Doxorubicin

SS31

atrogin1/MAFbx caspase 3

l

Myotube Atrophy

( 1 widith, lm}fc}ﬁ.famenr proteins)

Fig 5. Doxorubicin-induced mechanism of Myotube atrophy

Gilliam LA et al. Doxorubicin acts via mitochondrial ROS to stimulate catabolism in C,C;

myotubes. Am J Physiol Cell Physiol. 2012 Jan 1;302(1):C195-202.

_'I'I_



2. Hy0; (Hydrogen peroxide)

(D AE =31E ol 71d
N0, AES O F95 &3 AIX ol ROSE F7HAXH. ROSE A4
ARl A W &gl s, B3 AAY kst wkge] Bty o
AE el X F7F Al MEE EFAIA AIES wmshh dw el a4l edle]
o). (Kang et al.,2020) Fenton Wk-g-oll ¢]&f H0, H(Fe)o] vhpH F4tstetr
7S («0H) FA3HA F=d (Rawi et al.,2020), 53] F729 v Fzw
I mEZEol Woll= A1A W He| 10~15%5 EFshH, 0,71 F4kstett]

e gAslrlo &olsltl. (Dargelos et al.,2015) RIAFHo2 F7}
ROS= HAIE] 7s FollE frdste] &, Ad 5o AEAte] &4

S Yo A Mz APE7EA] o]2 A ). (Choi.,2015)

=

Oxidative
stress that
causes cellular
damage.

Fe** + OH + OH"
(ROS)

Fe?* + H,0,

Fig 6. Illustration of Fenton reaction

Al-Rawi, N., B. Anwer, A. Uthman, I. Saad, N. Al-Rawi and N. Al-Rawi (2020). "Magnetism in
drug delivery: The marvels of iron oxides and substituted ferrites nanoparticles." Saudi
Pharmaceutical Journal.
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A.

B.

I1I. 43 As

Aot

Aol A AR F
Filbertone(5-Methyl-2-hepten-4-one,98%) (#W376108), Ammonium
Persulfate(#246814) ,N,N,N,N-Tetramethylethylenediamine
(TEMED) (#T9281) ,PonceauS(#81462),TWEEN20(#P1379),
Proteaseinhibitor (#P3840) ,Phosphataseinhibitor (#P0044)+
Sigma-Aldrich(Burlington,MA,USA)ol A <138} t). High glucose-Dulbecco
Modified Eagle’ s Medium (DMEM), Fetal bovine serum (FBS),
Penicililin-Streptomycin (P/S) Horse serum (HS), DPBS2 Welgene
(Gyungsan, Korea)oll Al st t). B-galctosidase staining kit (#9860S)
Cell signalling (Danvers, MA, USA)ollA T+43}3ith. Thiazolyl blue
tetrazolium bromide (MTT)(#L11939.03), BCA protein assay kit (#23227),
RIPA lysis buffer(#89900)+% Thermo Fisher Scientific (Waltham, MA, USA)

rr

o A Y3 TE. 30% Acrylamide-bis solution(#1610156)%= Bio-rad (Hercules,
CA, USA)ell A +4akdtt.  Skim milk powder (#232100) BD Difco™ (Franklin, NJ,
USA)oll A F-9)3F3itk. ECL Cyanagen (Bologna BO, Italy)ellA] Westar Antares
(#XLS142)5 +<43t3th. Dimethyl surfoxide(DMSO), 99.8% Ethanol-> Samchun
(Seoul, Korea)oll A F43tAth. Trizol< Invitrogen (Witham, MA, USA)ol
A FAEFE . 10X M-MLV buffer 2 M-MLV Reverse Transcriptase
(#M1705), dNTP Mix (#U1515), RNAse inhibitor, Random primer (#C1181)+
Promega (Madison, WI, USA)ollA F+Y43+S . TB Green® Premix Ex Tag™
[T (#RR820)+= Takara (Shiga, Janpan)oll A Y3k t}.

717]
Fusion Solo S (VILVER, France)

PowerPacTM 300 (Bio-rad, Hercules, CA, USA)

Refrigerated centrifuge (Labogene,Korea)

_13_



Sonicator (Sonics, Newtown, CT, USA)

Synergy HTX Multi-Mode Microplate Readerv (Biotek, Winooski, VT, USA)
Takara Thermal Cycler Dice(TaKaRa Bio Inc, Shiga, Japan)

Thermal Cycler Dice® TP 850 (TAKARA, Shiga, Janpan)

_14_



IV. A% "

A. CCp AIE W% 2 Filbertone * &

1. Al Wi 2 #3
Ao AFg¥ CCo Myoblast+= DMEM (WELGENE, Gyeongsan, Korea) %]l
100 g dishell Al 10%  FBS(WELCENE,  Gyeongsan, Korea) % 1%
Penicillin/Streptomycin (WELGENE, Gyeongsan, Korea)Z H7}3F Al ujA
5 Abgske] 37 Colld 5% €0, ZASR 3 Aoz A wjdkstadct. 2

S 935 12 well plated] 1.0 * 10°/wellS seeding 8Fo] A EZE n] s}

52
+

CsCi2 MyoblastZ Myotube® #3FA1717] Y3l ZF well W22 90-100%= A}
S ol 2% horse serum ¥ 1% Penicillin/Streptomycin (WELGENE,
Gyeongsan, Korea) ©] #7}¢ DMEM #3pujA| & A stA . E3hujA]+= 2¥

npth wAEte] 3-49 7 B3E Gt

A

2. ¥ E Ag
Myotubet®l Filbertone(Sigma-Aldrich, Burlington, MA, USA)S Z} 5%
2 (25pM, 50uM, 100pM) 37CeolA 24h HsAet. AlEzel A3
Filbetone> DMSO® 1000 X Stock (25mM, 50mM, 100mM) o 2 A2} & -20TCo
A YR skl ARRSESITE

==

3. =AEHXE FE
Filbertones A *12] %t Myotubetol] HAFH]21(Dox) 1uM 6h, H0, 750 uM
2he] 2E# A E2AS Ayste] A¥Ee w35 FEaAT. AEd At
L 2 F 0412 DMSOol 1000 X Stock(ImM) o2 A& F -20TColA Y5813}
o A-g-3Fitt.
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(a)

Day 0 Day 4
Myoblast | |
Differentiation | |
Seeding DM Complete
Change

! Day 0 Day 4
Filbertone 240 o
Prevention & | |
Senescence l l
Induction Seeding DM Filbertone Doxorubicin Harvest
Change Treatment
Day 0 Day 4
24h
l l -
Seeding DM Filbertone Hz02 Harvest
Change Treatment

*DM :Differentiation Media

Fig 7. Myoblast Differentiation,

Filbertone Prevention and Senescence Induction process
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B. ¥ ES AEAEY (Cell viability) 3

1. Methylthiazol Tetrazolium Assay (MIT assay)
CoCi2 MyoblastE Myotube® #3}A1Z1 3 25uM, 50uM, 100uM
A E(Sigma-Aldrich, Burlington, MA, USA)E A @&} 2447 Hot
sttt MIT  solution (Thermo fisher, Waltham, USA)E 100
uL#7Fsto] 1AIZF wieF = AJokE A7skaL DMSOE 100 ul FH7Fste] 53T
o 1

shaking®. = Formazan<=

USA)E o]&3te] 570 mmoll A 33 =(0D)= 43S},

¢l &  \Microplate reader (Biotek, Winooski,

C. NEAEE 5& 2K=3 o & AA7A A+

1. Western blot ©+¥}& A=
CsCro MyoblastE Myotube® #3}A1Z1 % 25uM, 50puM, 100uM E¥WHE
(Burlington, MA, USA)E A &lsle] 24417 <t wi&kstit. 7+ 155 whef
1 uM 54F1A 6A1%F, HOp 750 uM (JUNSEI, Tokyo,Japan) 2417+ A
3+ & DPBS (WELGENE, Gyeongsan, Korea)® 23] A& 3t t}2 Ice Aol Alg 1%
protease inhibitor ¥ 1% phosphatase inhibitor”} 33+ ¥ RIPA buffer
(Pierce, Wilthem, MA, USA) Well & 200 uL® &3ttt &3 3 CellS

Sonication dFe] A|ZoA Tl AS =319},

SRR

o2

S Pierce™ BCA Protein Assay Kits (Thermofisher, Wilthem,
MA, USA) & A}-&3}e] BCA assays A sFSltt. Well & 20 - 40 pg®] o9
A& 10% SDS-PAGE gelollA #7]99& ¥ (100V, 2h) Nitro Cellulose
membrane®. = 27| 32(100V, 90min), 0.05% T-TBSel] 23]A3F 5% skim milk
(BD, Franklin Lakes, USA)& 1A%t &<F 24 blocking - 153+ Al ¥
Al# STt 12k FAlE 0.05% T-TBSO #]438ke] 4° C oA Overnight ®Hs-
AlZL F0.05% T-TBSZ 53 7+ 33] AlHet3itt. ARE g 12k A 2 3]4H]
&2 <Table 1> A&ttt 12} @Al digh 22k A& 0.05% T-TBSO] 3]
A%k 5% Skim milkel 2000:1 W& = 3|4 sfo] Aol 1AZF &<t W A7)
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S ThA] 0.05% T-TBS= 15% 2+ 33] A& 3}e] 3Fe] Westar Antares

5
(Cyanagen,Bologna, Itary)e} 13#3F  HESA]Z]3L Evolution—Capt  Edge
softweres ©o|&3sle] A & owd Wy WIE F48}%t. Loading

control< beta-actin (Sigma-Aldrich, Burlington, MA, USA)& AF&3}$iT).

Table 1.Antibody information for Western blot

Manufacturer, Catalog

Protein target Name of antibody N Dilution
0.
53 53 bod Cell signalling, 2000-1
antibo :
P P Y # 9282S
M . N . bod eBioscience, 2000:1
ogenin ogenin antibo :
YO8 Yos Y # 14-5643-82
Santacrux,
MuRF1 Murfl antibody 2000:1
# sc-514767
Sigma aldrich,
5000:1

-actin -actin antibod
Ba Bractin antibody # As441
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2. RT-qPCR

(1

(2)

(3)

CsCro MyoblastE Myotube@® H3FA1Z1 3~ 25uM, 50 uM, 100 uM ZH
% (Sigma-Aldrich, Burlington, MA, USA)E *]2]3}o] 2447t &<t Hj
Fatgltt. 7k 1Eol wek 1uM 545841 (Burlington, MA, USA) 6
AlZF, HoQp 750 uM (JUNSEI, Tokyo, Japan) 2A1%FS 23+ % DPBS
(WELGENE, Gyeongsan, Korea)= A]&3F t}S Trizol (Invitrogen,
Waltham, MA, USA)S o]&3te] &af & %, S==XF(Chloroform,
CHCD)% 5:1 Hl& = 3]Aste] 1 3t Voltexing s3I, Iceoll A 5
tel gt &2
3ol o] ofolAx g F 2= (Isopropyl alcohol, CsHyp)S Ho] 2
0ColA Overnight 3} t}. 4T, 12000 rpmoll A 2057+ &2 3+
5 ofelaz e IS A7 sk shepet> RNA IR kit
] E RNA L 70% RS = AA EQlon, 4T, 12000 rpmell A
S5E7F YAl S, 70% ol vFe Al A F 5~10% FF Air-dry 3o

Oft

ZF incubation ¥ 12000 rpmell A 5% 7+ AAlEg

Em 3]z RNA 215 Rnase-Free Waterol]l o] 58CoA] 10& 7t

cDNA+ 150 pg/ nL Random primer, MMLV-reverse transcriptase,
10X MMLV-buffer, Rnasse inhibitor, 10mM dNTP (Promega, Wisconsin,
USA)E o]&3}o] 1pg® RNAS Takara Thermal Cycler Dice(TaKaRa
Bio Inc, Shiga, Japan) & ©]-83}o] 37ColA 1A%, 72TC 1083 ¢
A e,

PCR %5 9% primer seti= <Table 2>l A|ABFATE. AL g
cDNA®]| TaKaRa Ex Taq (TaKaRa Bio Inc, Shiga, Japan)E #H7}3t H,
TaKaRa Real-Time PCR 7]7](TaKaRa Bio Inc, Shiga, Japan)< ©]-83}
o] 3step PCR 45 cycles &8t (95T 5sec, 57C 10sec, 72T
20sec) TEAIX & HER ATd AF softwareE o]-&ato] A5}
Stt. Real time PCRE
(Ct) W= ol&3ato] A st om 242te] Al Riploe] TAYo =
A,

Z ¥ A& Comparative cycle threshold
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Table 2. Mouse Primer sequence used for RT-qPCR analysis.

Primer sequence

Primer sequence

Gene , ,
Forward (5°- 3) Reverse (5- 3)
Trp53 CTCCGAAGACTGGATGACTG ACAGATCGTCCATGCAGTGAG
p21 TGTCTTGCACTCTGGTGTCTG CAATCTGCGCTTGGAGTGAT
Myogenin TGCCCAGTGAATGCAACTCC TCCACCGTGATGCTGTCCA
MuRF1 TGTCTCACGTGTGAGGTGCCTA CACCAGCATGGAGATGCAGTTAC
Rplp0 TGTGTGTCTGCAGATCGGGTAC CTTTGGCGGGATTAGTCGAAG

3. Senescence associated B-galactosidase staining

MyoblastZ Myotube® #3FA1Z1 % 100 uM B E (Burlington, MA, USA)
= At 24417F b vkt lvk. Zb 1ol whet 1 pM SAFH[AS 24
AIZE, B0, 4AIEA gkl Al Ulol w315 f2skelth. 1X PBS(Elpis,
Daejeon, Korea)® 13] A& 3t t}L Senescence B- Galactosidase Staining
Kit (Cell signalling, #9860S) W *¥3t T oj9J+ Fixative Solutione 2}
well @ 500pu1 53 & 1587F 2204 incubation 3} AXEE LA A
Ao 17 5 1X PBSE 23] Al# 3 th Kit W] protocolol wheh x5 3
B-galactostaining solutione 2} well % 500pul #5F 5 37TCelA
overnight?} incubation &FAtt. A4 H MEE= dAn| oA 1008 = o s

o ¥ shaltt.
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79 A3 Datas= Al W Mdsto] FAA H3lew, SD gror A}
S iAo, A 242 F A o] Blale t-testE ARESIAT. Al A Y
w 7Fe] H]alE= one-way ANOVA(analysis of variance)ZE %3l Graphpad
prism 5 (San Diego, CA, USA)E o]&3le] FAIAE &), 72k A2 3
AR FolahA @& Ades NS 2 FA sklon, frofdk Axe] p

valuer T-&3} 2T}, #P<0.05, #+P<0.01, **+P<0.005 ©]t},
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A.

1.

V. 23

=BT AZRDNA w3 3 45 £F

2204 Ag 2l A¥ w3FE F£F &9

Myotube® 3% CoCp A E] 1pMe] ZAFH A (Dox), 2pMe] HAF
H|A1& Oh, 1h, 2h, 4h, 6he] AIZPHE 747} A2t § w3t #d QIAE &
2e A= Fig.49F 72t} Doxorubicin #glol] & w=3a#H 2=} p5s39]
Dox 1pMel A+ control (Oh) 7]1538ke] Oh, 1h, 2h, 4h, 6h <=0 2 1.51H],
4.02v0, 6.82w, 8.20M) F7FE A& &1E 4 Atk Dox 2upMelAE
control (Oh) 7]¥3ked Oh, 1h, 2h, 4h, 6h <=o= 1.59%, 3.654), 6.74

W, 8510 F7He A BT 5 ek,
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(a)

Dox 1uM Dox Zu

Oh 1th 2h 4n 6h Oh 1h 2n 4h 6h

o — . —
p53
4z
B fi T W T W —— N — —
—actin
(b) (c)
104 - 104 -
] 1
2 8 o H B —_—
c £ = =
D ] s 8 ]
8% ¢ . g °©
aQ ac
= = 4] ai ﬁ 4 e
z8& 28
L [} wk
] 24 © 24
T — | I @ I—l
0 T T T 0 T T T
Oh 1h 2h 4h 6h Oh 1h 2h 4h 6h
Dox 1umM Dox 2puM

Fig 8. Doxorubicin-induced Cellular senescence in C,C;, Myotubes.

(a) Western blot analysis of senescence-related protein, (b) Protein expression
was normalized to the [3-actin level in each sample (n=3 per group) (c) Protein
expression was normalized to the [3-actin level in each sample (n=3 per group)
Results are means = SD. *P<0.05, **P<0.01, ***P<(.005 compared to Oh by

one-way ANOVA with Tukey multiple comparison post-hoc test
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2. H0, A8l 2o AE =3F% 5 39l

N

Myotube@ E3FH CCpp AIEC 750 pM] Hy0p, 1.5mM H:0.Z Oh, 1h, 2h,
4h, 6he] A|ZFEE 747 AEek § w3 B QRS EA4% A= Fig.5%
2ok 0. Aol ofa] =3t ##A; ps3e]  H0, 750 uM A & LF ol A=
Veh(Oh) 7]53&}o] Oh, 1h, 2h, 4h, 6h o2 1.52uf, 2.289), 1.964H,
2.01) S7F3E A& At 4= Qlth. 1.5mM oA Veh(Oh) 7153k  Oh,
1h, 2h, 4h, 6h ==o= 1.2, 1.2790, 1.629), 1.419) Z7}s AL geld
I Atk 53] 750 puMe] H0: 2h, 4h A 1FolA & A 17 E v
FrolaA Ee dds B,

1

Jm
ol

Hir

_24_



(a)

(b)
2.5+
T
3 2.0
cf
2 T 151
5 %‘ 1.0
Q -0
g2
- 0.5
[
0.0

H,0, 750pM

H,0, 1mh

oh 1h 2n  4h

oh

il

2h

4h  Bh

63

c - — e E— —

p53

B —actin

C— R e —— —— S—

*x
T T T i_l
Oh 1h Zh 4h 6h

Ha07 750uM

~
o
~

Relative protein level
(pB3IR -actin)

2.5-
2.04 NS
1.5
1.0 y
11
0.0l - :
Oh 1h 2h 4h 6h
H20; 750pM

Fig 9. H,0;-induced Cellular senescence in C,C;, Myotubes.

(a) Western blot analysis of senescence-related protein (b) Protein expression

was normalized to the [3-actin level in each sample (n=3 per group). (c) Protein

expression was normalized to the [3-actin level in each sample(n=3 per group).

Results are means * SD, *P<0.05, **P<0.01, ***P<0.005 compared with Oh

by one-way ANOVA with Tukey multiple comparison post-hoc test
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B. ¥ ES AEAEY (Cell viability) 3

2. Methylthiazol Tetrazolium Assay (MIT assay)

Myotube® #3}¥ CCro Al3ES] DMSOE A &3k Vehwt, 25uMe] I E, 50
%% A A

uMe IWE, 100uMe IH

24X 7F A28k & NIT assay HS ©]
B3t AEZA

oS Fig.7¥ Y. DMSO

100% 7o 2, IWE 25 uMol A 108%, ZHE 50 p Mol A 105%,
u Mol Al 91%2] 2=

=

e 15
I E 100

Helo g Veh ¥} AWE A 1] AEAEH
zpol7F gl Aow
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(a)

2004

= 1504 NS
-
i ‘g o
8 3 100{ /=
=%
3

=

< 501

0 T T
Veh 25 50 100

FIL(uM)

Fig 10. Cytotoxic effects of Filbertone on C,C;; Myotubes.

(a) Cell viability was determined by MTT assay after treatment with Filbertone
(25, 50, 100uM) for 24h (n=3 per group). Results are means * SD, *P<0.05,

**P<(.01, ***P<0.005 compared with Veh by one-way ANOVA with Tukey

multiple comparison post-hoc test
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C. =3k AlZTEDA B ES AERxst A% 53
1. B22u4

(1) Protein level

Myotube® 3} CoCo AZES] 25uM, 50uM, 100uM, o] THESL 2447+
e A A F 1uMe H4&FH A (Dox)E 6A17F AEste] =31 w7 <l
3% A¥= Fig. 113 #2t}. ps3 @iz =50 A= control 1&<
Veholl H]&}] Dox Lol A p53 &A|7F 13.68) 571 e IHES 25uM A8
789, 50 uM A7 ZZEolA 0,72¥), 100 M= A7 3 ZFANA

st 4= o}, (Fig 11).

s

5y

{1

O

e
(&)}
ol
=)
fru
o
B o
ot
S,
o
r <
=
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(a)

Fil (uM) = Z 25 50 100
Dox 1uM & 25 * + +
63—
p53 - - - - - -

pra
B—actin | M E— G —

(b)

6 #HE
°
E i e
c = 4
58 4 .
T
Sa
S &
25 2
=
)
[1]
[+
0 T T T
Fil (uM) - - 25 50 100
Dox 1uM - + + + *

Fig 11. Effect of filbertone on Cellular Senescence related protein level in

doxorubicin treated C,C;, Myotubes.

C,Ci; Myotubes was treated with doxorubicin 1UM(Gh) in the presence of
filbertone (25,50,100uM). (a) Western blot analysis of senescence-related protein
(b) Protein expression was normalized to the [3-actin level in each sample (n =
3 per group) were analyzed by 10% SDS-PAGE and western blotting. Results
are means * SD, #P<0.05, ##P<0.01, ###P<0.005 compared to Veh.
*P<0.05, **P<0.01, ***P<0.005 compared to Dox by one-way ANOVA with

Tukey multiple comparison post-hoc test.
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(2) mRNA level

Myotube® 3} CoCip AlES 100 pMe] FHES 24417 FoF A 23
F- 1uMe] ZAFH A (Dox)E 6417F A glste] =31 #& Fd2F Trpb3, Cdknla®]
mRNA S A% A= Fig 12 #F 2o, Trpb3 mRNA FFFell A= control
151 Vehob HlaLaske] Dox “LolAl Trps3e] 8.13vf &7} s, W ES
100uM gk 1gelA 1.22v) 7FAg o= #F Ak Trps39] k9]
Al 5 2] Cdknla mRNA <=9l A4 += Control I55<% Veh®} W] us}lo] Dox Lol A
Trp530] 2.64¥] Z7F 3, IWHES 100 uM A2 st 15l 2.96u) A3

Aoz A& =AY, (Fig. 12)
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(a) Trp53

15+

P value:
o 0.2793
H NS
<2 104
2 =
X
EQ |
g
5E 5
BT
°
x
o T T
Fil (uM) . & 100
Dox 1M - T +
(b) Cdknla
54
P value:
° 0.3044
iz 4
ca
g = 34 —_— NS —
£2
22
=0
s 4 I__I__| —
m
0 T T
Fil {uM) = = 100
DoX 1M z * i

Fig 12. Effect of Filbertone on Cellular Senescence related gene expression

in doxorubicin treated C,C;» Myotubes.

C,Ci; Myotubes was treated with doxorubicin 1UM(Gh) in the presence of
filbertone (100UM). (A) Trp53 and (B) Cdknla gene expression was normalized to the
RIplO level in each sample (n = 3 per group). Results are means * SD, #P<(.05,
##P<0.01, ###P<0.005 compared to Veh. *P<0.05, **P<0.01, ***P<0.005

compared to Veh by one-way ANOVA with Tukey multiple comparison post-hoc

test.
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(83) B-galactosidase staining

Myotube® 38} C.Co Aol 100 pMe] FWES 24417 B2t 4 A3t
< 1uMe =54F12(Dox)E 24413 Aglste] =3} F% ¥ C.Cp Myotube©l
A =3} &+ B-galactosidase (Senescence associated B-galactosidase)
& BA8 A= Fig.13 3 2ok 12well S 100u) gdjste] w23 F-32

ol 4 control “L& <! Veh®} H]L3}e] Dox 1F oA B-galactosidase’} &

e

3 A3 A7) Veh L& 4] 9870, Dox L&A 65271, Fil L&A 20471
2 DoxE A s 1FoA Veh 1Fo| H|s] ¢F 6.68] =3} THB-

galactosidase ®do] &7} 3912 ™ | Filbertoned AA 7 = DoxE =g 3t
PN

2l

Fil Z2&o] A% Dox 28] H]3)] 3.198] 7438k 728 8o & 4= 9t} o] &
Z Area &= 9 ¥ FET ¢ ko2 ZEAZ %Area FHS Veh 15 0.2%, Dox
14 1.62%, Fil 2155 0.64%%= Dox 153 vl 3}31S w] Fil ZFolA =3}

#H B-galactosidase’} o]kl 4 & AS &< & 4 v}, (Fig. 13)
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(a)

Vehicle Dox Dox +Fil
(b) ©)
Cell count % Area
- 20.
o 10 g
8 50 fi 3 -
18w "
i1 7
= ~— 0.
% 20 3"
@ T
"] « 0.0
Fil (M) @ & 100 Fil (uM) . . 100
Dox 1M k + + Dox 1M + +

Fig 13. Effect of Filbertone on Senescence Associated [3- galactosidase in

doxorubicin treated C,C;>» Myotubes.

(a) Representative Morphologies of senescence-associated (3-galactosidase (SA-[3
-gal) stained (bluish-green color) C,C;; Myoblast with Veh, Doxorubicin 1u
M(24h), Doxorubicin 1uM + Filbertone 100uM (24h) (scale bar = 100 um), (b)
SA-3-gal quantification plots based on count of positive cells (c) SA-{3-gal
quantification plots based on %area (n=3 per group). Results are means = SD,
#P<0.05, ##P<0.01, ###P<0.005 compared to Veh. *P<0.05, **P<0.01,
*4*P<(0.005 compared to Dox by one-way ANOVA with Tukey multiple

comparison post-hoc test.
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2 . H202

(1) Protein level

Myotube® E3-% CCip AE] 25uM, 50uM, 100uM, o] AHELS 2447+
AIZE A ste] w=3) #Hd Q1A HE &

=

ol A= control 1< Vehs}

Bl &
HES 25uM A

v =
I

A3 A9 Fig. 147 2o}, ph3

H] w8}l Dox Lol A p53 &HA| 7} 3.89¢
& 1804 3.448), 50 uM M7 & TE A 2,948, 100 uM g 1E

ok A Agsk = 750 pMe] H0,

S7F skdar,

A 19182 7ast Aoz A& Hrk. (Fig. 14)
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(a)

Fil (uM) 2 : 25 50 100
- +
H,0, 750uM ¥ * +
63—
p53 —
48
B - actin
)
4
'E HH
-
Eg
29
Ea 2
£
s 14
e
u-
Fil (u) . . 25 s 100
H,0, 750uM * * + *

Fig 14. Effect of Filbertone on Cellular Senescence related protein level in

H,0, treated C,C;» Myotubes.

C,Ci; Myotubes was treated with H,0, 750uM(2h) in the presence of
filbertone (25,50,100uM). (a) Western blot analysis of senescence-related protein
(b) Protein expression was normalized to the [3-actin level in each sample (n =
3 per group) were analyzed by 10% SDS-PAGE and western blotting. Results
are means * SD, #P<0.05, ##P<0.01, ###P<0.005 compared to Veh.
*P<0.05, **P<0.01, ***P<0.005 compared to H,O, by one-way ANOVA with

Tukey multiple comparison post-hoc test.
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(2) mRNA level

Myotube® 3Hel CoCiz Al 100 p M BHES 2443F Bt A A
T 750 u MY Ho0x 2 2A17F A glste] w=3F B 5% Trp53, Cdknla®] mRNA
S B A= Fig. 159 £ Th. Trpd3 mRNA =9l A& control 1<l
Veh®} H]nL3}e] Dox L&A Trp53e] 1,84w] &7F ¥, IB]ES 100uM
Al ZwolA 1.299 2 FolstAl sk Ao AF HArk. vt Trpb39
at9] A12Ql Cdknla mRNA =20l A= ol ok 22 AIAE 94 €+ o= a2

= At (Fig. 15)
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(a) Trp53

*

0.8

Relative mRNA level
(Trp53/Rplp0)
P

0.0 T —

Fil (uM) 2 . 100
H,0, 750 pM g * +
(b) Cdknla
1.5+
= — NS
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&g -T-
=2 104 |
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Fig 15. Effect of Filbertone on Cellular Senescence related genes

expression in H,O, treated C,C;, Myotubes.

C,Ci2 Myotubes was treated with H,O, 750uM(2h) in the presence of filbertone
(100uM). (A) Trp53 and (B) Cdknla gene expression was normalized to the Rlpl0 level
in each sample (n = 3 per group). Results are means * SD, #P<0.05, ##P<0.01,
###P<0.005 compared to Veh. *P<0.05, #*¥P<0.01, ***P<0.005 compared to

H,0, by one-way ANOVA with Tukey multiple comparison post-hoc test.

_37_



(83) B-galactosidase staining

Myotube® 3FE CoCp AES] 100 uMe] THES 2447F <k A A
E]-‘ﬂ’ i?: 75011M9] H.0,5 4/\121' ﬂﬁlé}cﬂ lti]’ +x = CoCrso Myotubeoﬂ /\1 ltﬂ'
B

#¥ B-galactosidase (Senescence associated [B-galactosidase) &S
=A% A3 Fig.16 3 2Tt 12wellS 1000 Foiste] 3zek F-LolA]

=

control 15 ¢l Veh®} v]alsle] H0p, 25 oA B-galactosidase’} HWH&l gk
S A7 Veh 23004 7670, Dox ZLEolA 75970, Fil Z1golA 1257)=
H0. 5 Azl 154 Veh 1ol #Hla] °F 9.90v] =3} #-AB-
galactosidase w&o] 571 92| Filbertones AAg] ¥ 0,2 =2l 3k
Fil 2ol A B0, 22350l vlal 6.06v) 723 A& gl & 4= Q). o] &
% Area T 9A B FET % o2 FAIS %Area #-> Veh 1% 0.14%, H0o
I8 0.96%, Fil 718 0.17%% W0, 1537 ¥)al 39S ] Fil 2804 =3}

4 B-galactosidase”} 2]t Al 74 gk A& &<l sk 4= ). (Fig. 16)
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(a)

Vehicle Dox Dox +Fil

(b) ©

Cell count % Area

£

[

#
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B &8 8 8
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e o o

o

Fil (uM) 100 Fil (M) ) } 100

H202750uM - + + H202750pM " * +

Fig 16. Effect of Filbertone on Senescence Associated [3- galactosidase in

H,0, treated C,C,, Myotubes.

(a) Representative Morphologies of senescence-associated [3-galactosidase (SA-[3
-gal) stained (bluish-green color) C,C;» Myoblast with Veh, H,O, 750uM(2h),
H,0, 750uM(2h) + Filbertone 100UM (24h) (scale bar = 100 um), (b) SA-[3-gal
quantification plots based on count of positive cells (c) SA-[3-gal quantification
plots based on %area (n=3 per group). Results are means = SD, #P<0.05,
##P<0.01, ###P<0.005 compared to Veh. *P<0.05, **P<0.01, ***P<(.005

compared to H,O, by one-way ANOVA with Tukey multiple comparison

post-hoc test.
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Fig 17. Effect of Filbertone on Myogenesis related protein level in

Doxorubicin treated C,C;; Myotubes.

C,C; Myotubes was treated with doxorubicin 1uM (6h) in the presence of
filbertone (25,50,100UM). (a)Western blot analysis of Myogenesis-related protein
(Myogenin), (b)Protein expression was normalized to the [3-actin level in each
sample (n = 3 per group). Results are means * SD, #P<0.05, ##P<0.01,
###P<0.005 compared to Veh. *P<0.05, **P<0.01, ***P<0.005 compared to

Dox by one-way ANOVA with Tukey multiple comparison post-hoc test.
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Fig 18. Effect of Filbertone on Muscle atrophy related protein level in

Doxorubicin treated C,C;, Myotubes.

C,C; Myotubes was treated with doxorubicin 1uM (6h) in the presence of
filbertone (25,50,100uM). (a) Western blot analysis of Muscle atrophy-related
protein (MuRF1), (b) Protein expression was normalized to the [3-actin level in
each sample (n = 3 per group). Results are means = SD, #P<0.05,
##P<0.01, ###P<0.005 compared to Veh. ¥*P<0.05, **P<0.01, ***P<(.005
compared to Dox by one-way ANOVA with Tukey multiple comparison post-hoc

test.
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Fig 19. Effect of Filbertone on Myogenesis and Muscle atrophy related

genes expression in Doxorubicin treated C,C;, Myotubes.

C,Ci; Myotubes was treated with doxorubicin 1uM(6h) in the presence of
filbertone (100uM). (A) Myogenin and (B) MuRF1 gene expression was normalized
to the RIpl0 level in each sample (n = 3 per group). Results are means * SD,
#P<0.05, ##P<0.01, ###P<0.005 compared to Veh. *P<0.05, *#*P<0.01,

#**¥¥P<0.005 compared to Dox by one-way ANOVA with Tukey multiple

comparison post-hoc test.
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Fig 20. Effect of Filbertone on Myogenesis related protein level in H,O,

treated C,C;, Myotubes.

C,Ci; Myotubes was treated with H,0, 750uM(2h) in the presence of
filbertone 100uM (24h). (a) Western blot analysis of myogenesis - related
protein (b) Protein expression was normalized to the [3-actin level in each
sample (n = 3 per group) were analyzed by 10% SDS-PAGE and western
blotting. Results are means = SD, #P<0.05, ##P<0.01, ###P<0.005
compared to Veh. *P<0.05, **P<(0.01, ***P<(0.005 compared to H,0, by

one-way ANOVA with Tukey multiple comparison post-hoc test.

_46_



(a)

Fil (uM) = : 100
H,0, 750pM * *
o — | — | ——
MuRF1

48—
B — actin

(b)

()
(=1
3
H

NS

_|

Relative protein level
(MURF1/p -actin)
5 =

=
=

Fil (M) - . 100
Hz02 750puM - + +

Fig 21. Effect of Filbertone on Muscle atrophy related protein level in

H,0, treated C,C;» Myotubes.

C,Ci2 Myotubes was treated with H;O, 750uM(2h) in the presence of
filbertone 100uM (24h). (a) Western blot analysis of muscle atrophy - related
protein (b) Protein expression was normalized to the [3-actin level in each
sample (n = 3 per group) were analyzed by 10% SDS-PAGE and western
blotting. Results are means = SD, #P<0.05, ##P<0.01, ###P<0.005
compared to Veh. *P<0.05, **P<0.01, ***P<(0.005 compared to H,0, by

one-way ANOVA with Tukey multiple comparison post-hoc test.
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Fig 22. Effect of Filbertone on Myogenesis and Muscle atrophy related

genes expression in H,0, treated C,C;, Myotubes.

C,Ci> Myotubes was treated with H,O, 750uM(2h) in the presence of filbertone
100uM (24h). (A) Myogenin and (B) MuRF1 gene expression was normalized to
the Rlpl0O level in each sample (n = 3 per group). Results are means = SD,
#P<0.05, ##P<0.01, ###P<0.005 compared to Veh. *P<0.05, **P<0.01,
#%P<(0.005 compared to H,O, by one-way ANOVA with Tukey multiple

comparison post-hoc test.
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Abstract

Due to the increasing elderly population, the incidence of aging-related diseases is
on the rise, with muscle loss in the elderly significantly hindering their independent
living. Muscle cell aging inhibits the differentiation from myoblasts to myotubes,
decreasing muscle mass and strength. It is often associated with decreased physical
activity and musculoskeletal disorders. It has also been linked to metabolic
conditions such as diabetes, hypertension, and cardiovascular diseases. While
Filbertone, a flavor component of hazelnuts, is known to have potential benefits in
improving obesity and metabolic diseases, its impact on aging and muscle function
has yet to be studied. In this study, we aimed to investigate the effects of Filbertone
on aging-related factors and muscle-related factors in senescence-induced C,Cy;
myotubes treated with Doxorubicin and H,0;, to assess its potential in preventing
muscle aging. C,C,; myoblasts were differentiated into myotubes and divided into
control, senescence-induced, and senescence-induced+Filbertone groups. Following
Filbertone treatment, cell viability was evaluated using MTT assays, senescence related
marker was measured using [3-galactosidase staining, Western blot and RT-qPCR
analysis of protein and mRNA in the cells to measure the expression of senescence
or muscle-related factors. Treatment with Filbertone did not exhibit toxicity in the
control and Filbertone groups. Moreover, in the senescence-induced group treated
with Filbertone, a reduction in the expression of the senescence-related factors and
improved of the muscle-related factor was observed. This result suggests that
Filbertone prevents cellular senescence and improves muscle function in

senescence-induced muscle cells.
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