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Cudrania tricuspidata leaf extract attenuates dexamethasone-induced
muscle atrophy by modulating the glucocorticoid receptor pathway
to regulate protein homeostasis

SEITSE|TO0IE £2H 4= AHNE

=290| HIAMHELE SF O9E A5} _aJ-}

Yuri Jeong'?,

Joo-Yeon Leel’z,

Choon Young Kim'?**

12 12 =q1,2
Q27 - 02 - 2E1%

ﬁ OPEN ACCESS

Citation: Jeong Y, Lee JY, Kim
CY. Cudrania tricuspidata leaf
extract attenuates dexamethasone-
induced muscle atrophy by
modulating the glucocorticoid
receptor pathway to regulate
protein homeostasis. Food Sci.
Preserv., 33(2), 314-328 (2026)

Received: November 20, 2025
Revised: November 28, 2025
Accepted: December 01, 2025

*Corresponding author
Choon Young Kim
Tel: +82-53-810-2871
E-mail: cykim@yu.ac.kr

Copyright © 2026 The Korean
Society of Food Preservation.
This is an Open Access article
distributed under the terms of the
Creative Commons Attribution
Non-Commercial License
(http://creativecommons.org/license
s/by-nc/4.0) which permits
unrestricted non-commercial use,
distribution, and reproduction in
any medium, provided the
original work is properly cited.

!Department of Food and Nutrition, Yeungnam University, Gyeongsan 38541, Korea

“Research Institute of Human Ecology, Yeungnam University, Gyeongsan 38541, Korea

gLt MBS PGt Yo

Abstract Sarcopenia, characterized by declines in skeletal muscle mass, strength, and physical
function, is driven by elevated oxidative stress, chronic inflammation, and imbalances in protein
homeostasis. Effective therapeutic interventions without side effects targeting these factors are
crucial for older adults. Since Cudrania tricuspidata leaf extract (CTE) exhibits antioxidant and anti-
inflammatory activities, this study aimed to investigate the effects of CTE on dexamethasone
(Dex)-induced muscle atrophy in C2C12 myotubes. CTE exhibited strong antioxidant capacity, as
evidenced by its DPPH and ABTS radical scavenging activities, along with high total phenolic and
flavonoid contents. HPLC analysis identified chlorogenic acid,
3-glucoside as its major bioactive polyphenols. Dex reduced myotube length and diameter, whereas
CTE treatment recovered them, as demonstrated by Jenner-Giemsa and immunofluorescence staining.

isoquercetin, and kaempferol-

CTE improved protein homeostasis by increasing the protein synthesis markers p-mTOR and p-Akt
and decreasing the protein degradation marker MuRF1, compared with the Dex-treated group,
indicating that it promotes synthesis while inhibiting breakdown. Molecular docking analysis
suggested stable binding of chlorogenic acid and kaempferol-3-glucoside to glucocorticoid receptor
(GR). This was further corroborated by downstream gene expression analysis of Redd! and KIf15, which
are transcriptional targets of GR. While Dex upregulated these genes, CTE significantly suppressed
their expression, indicating mitigation of muscle atrophy via GR modulation. These findings suggest
CTE may serve as a natural therapeutic agent for skeletal muscle health.

Keywords Cudrania tricuspidata leaf extract, sarcopenia, protein homeostasis, glucocorticoid

receptor, C2C12 myotube
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ghto] FAT 2183} ALS] R YT wret, wedtol] 7|Q1%E L34S (sarcopenia)©] 583 &
A= rHTFh ULt %7}5741£E‘(KOSIS)0H w2, 2025%1 712 AA A7 <k 20%7} 654 ©]
ol e A== i Fotglom, o3t ol W3k BAos 9 BX] AA At

o & &S AL W}(KOSIS 2025). 117 °H‘L~ E}O ot TS iy iFe] o,

314 The former name of Food Science and Preservation was Korean J. Food Preserv. (ISSN: 1738-7248, eISSN: 2287-7428).


https://crossmark.crossref.org/dialog/?doi=10.11002/fsp.2026.33.2.314&domain=pdf&date_stamp=2026-4-30

Food Sci. Preserv., 33(2) (2026)

1 FAAME AT 202199 AYIEr} Fojd S8
Lol dgtog FENY Qlv} IHASE 8%, 49 9
A 7o) A o] WA= HFko R HolEH, 2 654 °]
Aol A G Eo] =obATtHChen 5, 2020; Cruz-Jentoft 5.,
2019). o]t AT ORE Qg AA| &5 AL k19
AL A 58S AstAZ Bt ofyet YA & ZA9] 9

(R

& El
3] - BAA g2 7AIXItH(Antunes -5, 2017; Bruyére 5,
2019; Veronese 5, 2019). ot G, H|4, MA@ A3t 5
g AeO] FHEES w0, Tt k3 d4E dol 35REA
SHoME Fag B o Ao 2 Q1A% Qltk(Beaudart
S, 2014; Beaudart 5, 2025). WehA 274A%9] outy} o
£ ojg W vle 2SI ARERE AT 9
2v) 2ue gse] g B A TeET otk

2AZ0] WAL ARG AE | A(oxidative stress)2] S7T,
970 3} Bole] B3, W 9% Sol BPHOT A
I Aog gejA] QIthKim 5, 2023b). =3}7}F o] ut
A AkAZ(reactive oxygen species, ROS)S] &0 & At
AEHATE F7I5H, ol &5 U A5 S7HIA did
33 (protein homeostasis) B8-S 2 STHKim 5, 20233;
Lopez-Otin 5, 2023). S8 P4 A% 1 o] 3
4, AR (olding), 28 3750] HelA 2A=E el 79
A0S ojjssl, BAE TRAToIME el gyt
2ok 9 ool ALE W whal PA4o] SAHCKTan
5, 2020). 2 w3t AR A0 22 9 Ao <l
o] FHo| BUA A%, B Wy 9 o] HAso]l 24
$ THe) 242 ofol Tk Larsson 5, 2019). o] 28
AE] Tl 4 BR0] $EE 99, B4 2R
E] Z0]=(glucocorticoid)l I AFH E}(dexamethasone, Dex)
o] g AMG-EtH(Wang 5, 2023).

Dexte 2EFFZ2E|F0|E 8| (glucocorticoid receptor,
GR)Z 53] BLAZL G5 ofZolth. Dex= GRO| 2%
5o} o]E &AlskelH, Regulated in development and DNA
damage response 1 (Redd1)¥} Kriippel-like factor 15 (KIf15)
o] Weo] RrEo] o oM BE= AAEHL B 2=
Z2=0] 29Zo0] vr¥3ITH(Tsuchida 5, 2017). Redd19]] 2]
ot chlA kA AR9] A=, Reddlo] tuberous sclerosis
(TSC)1/2 E3HA|E &A4J3)51AT ras homolog enriched in brain
(Rheb)& 2JA|5}9] mammalian target of rapamycin complex
1 (mTORC1) &4& AFHor At} FAlo], protein
phosphatase 2A (PP2A)E &A4J3}51aL protein kinase B (Akt)E
geltslEowA BUASAA Akl 519] 71212] mTORCI
AT AgS A0 ' AaA7]E olF 718E S Dol
CHDennis 5, 2014). KIf150] o3t g B H=of £
2, KIf157} forkhead box O3a (FoxO3a)9] &S =0 fH]

U of

¢

ofr

B
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FAE-ZZHlol& A AH|(ubiquitin-proteasome  system)2] 4]
F4-0]H E3 ubiquitin ligaseQ] Muscle RING-finger protein-1
(MuRF1)Z} muscle atrophy F-box (Atrogin-1)9] HAANS &4
o2 Qojurth(Permpoon 5, 2025). o]2f3t Wk 2%
o e e SN 28 T 2AS SN0, 3
W40 TG 9% U 28 4AS 2k Braun} Marks
2015; Lee 5, 2021). ESE Dex A& QI ROSS &1}
GAESE WA Al (superoxide dismutase, SOD; catalase, CAT;
glutathione peroxidase, GPx 52| AIst G44)9 715 Ash=
AlSF AEZAE #0|11, o] & QIS Thld Heff At B
EXIEo] Tl A &4o] 7153k t(Ulla 5, 2021; Zeng
5, 2024).

ojzet WA 7| RALE I IHASTS WS
= 85 7H Bt HAEo gt At7F 2s] e
Tt DexZ T9&S FEAIZl C2C12 A& 2 C57BL/6 1t
QA BHEo| A LEZ(Chrysanthemum zawadskii Herbich) 3
220 78 24T 7% ASE GOl A= Ao B
= ATHLee 5, 2021). o]23t FE %29 ATH= GRY H
49 AS BN dnrogin-1 L MuRFI S7} SRS 244
7)1, AKUNTOR 415 45HE $3 Bl P44 243}
Hao] T 23} © SERE o} 7] og lAsh: o
71918}, $tH, ZAxZ(Valeriana fauriei) &% T3t 5Y
BEoA 2952 Alstglon, ROS B4 AAE &) Alst
AEHYAE WSO 2N Atrogin-1, MuRFI, myostatin 52
GAR FAS ZAA7]2, GR 9 Fox03a2] 3 U] A A4
£ 53 2915 &8 25 UEtH(Kim 5, 2022). 3L &
£ (Peucedanum japonicum Thunb) &5 HA| in vitro%} in
vivo HEOfA Dexo 93t Z9&Z AYsIAtHKim 5,
2024). B& =282 GRI} Fox03ad & Y AYS A5t
MuRFI13} Atrogin-19] AR Ao =N thald B 714
< AAsk3ith §hE 25 £3F ¥ A #2] myogenin (Myog),
myogenic differentiation 1 (Myodl)Q] S-AA &S Z7}A|
713 Akt/mTOR A5 @ 7 519 4152l ribosomal S6 kinase
(S6K)&} eukaryotic translation initiation factor 4E binding
protein | (4EBP1)?] B3-S £3] T g PHL ko] 4
o 952 239

HAZO) B 40| GR 457188 B9 2H4% 83}
238 Belte A s Bt At §
Ao F8 B4 AEd 42 M kAte] =(ginsenoside)=
DexZ |3 Z95 C2C12 AIE ¥ C5S7BL/6N vpg-A 2l
o4 ROS 4 W HEZE o}t 75 /MAS BIES ARSE &
EFA A, 1Al G5 Al E7IRIF A3t B Aokl
Transforming Growth Factor-B (TGF-p) A% A 59 d=
U AaE 59 45 A52 E9kAtHKim 5, 2025). &
St in silico molecular docking £-4 A3}, ZA|1AlC]=7F GR

-
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of ZAACc® Ao GR 4% M-S Adfste 2oz &
Q= ict. s, AA HEfo] =l 72 k-Al(carnosine) = Dex
2 95E 293 C57BL6) TReA HEoA ROSE ZH4A]
A Al AEd A0 WZ%H ubiquitin ligaseQl casitas B-
lineage lymphoma proto-oncogene-b (Chl-b)2} GR T Tl
4 2ol A9 HEdS JAReEN 2857 262 B
Z5l= 332 HJrtH(Rahman 5, 2025). A& &8 SetEL
o]=0] X &(morin) Fof FA] Y WA Kifl5, FoxO3a,
MuRFI 5 GR 319 A5 & %435}, Chl-b, nuclear factor
erythroid 2-related factor 2, SODI} 7+ Atslt AEH A g
ARE 2T RN 25 il &3 75 AsHE oAt
AtHUlla 5, 2022). o]AY Byt AAEC|Y F8 w0l
GR 7} MA} 282 245l HF5A ARIEZI] HEE 9
AstAY AlSh AEHAS FAAHORN I8 A9 &4
4 715 Aokg Aot ZHa4aF gl 34AA I 1l
2 & Aok

FABIEY] SHL Cudrania tricuspidata®|™] “5OFA|of
@, B, 2 5)0l BEohs dHUERE, 1842 9
I gy, g 5ol AF 2 vzeHE g Z8EFo] gttt
(Xin &, 2017). TR B UEQlofl+= kaempferol, quercimeritrin,
cycloartocarpesin 5 TF¥st Z8] & (polyphenol) ¥ ZetH
o] =(flavonoid) AE SRelEo] FHSH el o,
ol 2 AL FY5 € ¥k B4 5 U AYE
g 2= Zor BuEAtHLee &, 2011; Lee 5, 2024;
Xin 5, 2017). £3], Jo 5(2021)2 FAFUFQIO)A et
xanthone ¥ Ee}H 10|t FEA7} =3t ARG} S/d7t -
E| 2 A nti-tyrosinase) 48 eS8 aalol, A%
Uglo] Alakd 4 olAlo] Flofat % 9e-g AT
=, 2021a). E3}, kaempferole ROSE &40 & AAs},
H4asl @491 SOD, CAT, GPx9| Bl S7IA#H Al U]
Aleha &S d3bshe Aom A Qltk(Speisky 5,
2023). SHA, A EUEY 252 lipopolysaccharide (LPS)
E =g GSAIZEA nitric oxide (NO) R S/ ARIE7}
Q19] tumor necrosis factor-alpha (TNF-0)2} interleukin-6
(IL-6) 59 AAS JAISIIHKo &, 2023). °]+= nuclear
factor kappa-light-chain-enhancer of activated B cells (NF-kB)
9l mitogen-activated protein kinase (MAPK) AlSAY HAZ2E
ZAFo =N FIT AIE YEHITE HUFHQH HE,
HABUTRoA E2ld X3} o]4EStH rolExs -
glucosidase A 9 Tl g3} Ao e B3 99 24
I A 75 A aE Uetdie 2o EiuEto 5,
2021b). o]t A AHEZ FAFUFSIo] AFeF AEH A
2 F5oR e e AstAY A skt 7]og
125 AARIE wEhA] 2 AFolAs i) 95 5
e Ad FATUFAL] 295 o avtet 3 24

1o A u
30 o
O 0

il
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71AE Dex2 9= §E3F C2C12 A= ZdloA #1835}
1A} 5k

2. M2 ¥ WY

2.1. &gz

Dulbecco’s modified Eagle’s medium (DMEM), penicillin-
streptomycin, fetal bovine serum (FBS), horse serum (HS),
phosphate-buffered saline (PBS), Dulbecco’s phosphate-buffered
saline (DPBS) % 0.25% trypsin-ethylenediaminetetraacetic
acid (EDTA)= WELGENE (Daegu, Korea)ollA -3t}
12} 3491 Myosin heavy chain (MyHC), HSC70, MuRF1<
Santa Cruz Biotechnology Inc. (Dallas, TX, USA)O|A +Y
5} 1, p-mTORI} p-Akt= Cell Signaling Technology
(Beverly, MA, USA)oJA 91531t} Horseradish peroxidase
(HRP)-conjugated 2x} A+ Jackson Immuno Research
Laboratories (West Grove, PA, USA)°|A 9513t
Dexamethasone (Dex), dimethyl sulfoxide (DMSO), chlorogenic
acid (295.0%), isoquercetin (>90%), gallic acid, catechin,
2,2-diphenyl-1-picrylhydrazyl (DPPH), 6-hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid (Trolox), aluminum
chloride hexahydrate @ Folin-Ciocalteu 292 Sigma-
Aldrich (St. Louis, MO, USA)OA F¢5}ith. Kaempferol
3-O-glucoside (100%)= = A AEIST|&A T4 (Anseong,
Korea)ol|A] 2IIT}. Acetonitrile (ACN)Z} methanol (MeOH)y
Fisher Scientific Inc. (Cleveland, OH, USA)oJA] S-5}3ict.
opAFT ZH X Kascorbic acid)} 2,2’-azino-bis (3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS)+= Z+ZF TCI (Tokyo, Japan), Kanto
Chemical (Tokyo, Japan)olA] +J5}3it}. Potassium persulfate
2 Junsei (Tokyo, Japan)o]A], sodium carbonate:= Samchun
Pure Chemical Co., Ltd. (Seoul, Korea)o]|4], sodium nitrite
solution ¥ sodium hydroxide:= Duksan Pure Chemicals Co.,
Ltd. (Jincheon, Korea)o| 4] G-J5lo] AR&5}SiT.

2.2 PAHELIFY F=5 H-

2 Ao AFRE HABUHFAL AARE FHA] 914
e FAIAHY @ FEof oA Fuistict. Fuigh A=
= FAI5E & AF5ZAAZ7](Model FD8508, ilShinBioBase
Co., Ltd., Dongducheon, Korea)& AR&5}9] -80°C, 5 mTorr
9] et XAoNA FEAAZRS & EUslsto], 70% ofghEo]
10% wiv SEE SFotal Ao 4 24417 52t F&0191tt
FZ50 WA oA Z § WA o3t I rotary vacuum
evaporator (EYELA, Tokyo, Japan)E 0]-&3) 53t 7 tHA] &
2 AzI9Ict. F4el0] 20°Co] BT, ALE 7 DMSO

Y
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o =0 1,0008) &2 stock &S A £33

2.3 el SEE
2.3.1. DPPH radical AHs =4

C. tricuspidata leaf extract (CTE)®] DPPH radical &7 &
A& Brand-Williams9] #H-S WHEsto] =%5}%ch(Brand-
Williams, 1995). Z} well ¥ CTEZ 50 uLA, 0.02% DPPH
gk -GA2 100 uLA @1 Egsto] FaoA 3087 ¥
ANZt}. SpectraMax® ID3 (Molecular Devices, San Jose, CA,
USA)Z ol-&3to] 510 nmolA FF=E A5kl 7129
Gl FASHAQL ascorbic acidE EEEZE ARSI ¥
HFILHL 22 AFESte] CTEQ DPPH radical &7 &
A& ol o, 39+ milligram ascorbic acid equivalent
(mg AAE)YmLE AME-51%Tt.

2.3.2. ABTS radical 215 &3

CTES] ABTS radical &7 &4 Biglari9] H'HS W5}
o] 27435}9ichBiglari 5, 2008). ABTS £ 892 7.4 mM
ABTS®} 2.6 mM potassium persulfates 1:12 &9t & ¢
Ao A 1647t B9t ¥ESA7] 3 SpectraMax”® ID3S AH&-3]
734 nmol|A12] FB%E Zho] 0.70+0.027} HEE ZHSE 54
sto] ABTS 885 A|£5}5it) o], CTE 10 uLe} ABTS &
H 190 uLE EFsto] A4 AH 2 A2o|A 627t §HAI
& 732 nmof|A FBEE SIS TroloxE EEEHE A
|3t0] 2 BEEAAS 2T OE ARESIo] CTEQ ABTS
radical 27 A& F5190H, T+ uM Trolox equivalent
(uM TE)/mLE A543

2.3.3. ZELH=E Y =4

CTEY] =39+ T2 Folin-Ciocalteu B2 ¥ g5}
29519tk Singleton 5, 1999). ZF 5%9] CTE 15 Lo 30
uL9] 10% Folin-Ciocalteu &8-S g3t & FAloA 587+
HEEAIFHTE 1 & 120 ul® 700 mM sodium carbonateE 3
7¥sto] 2ol A 1A17F 53t FA A ¥HGAIZT £ 765 nmoj]
A FBEE o9t BEEAR 95% HghEo] 9l
gallic acidE AMgSto] A2 EEFLAE RO E ARSI
CTES] FEHHE TFE Fot¥oH, @9l milligram
gallic acid equivalent (mg GAE)mLE AR5}

2.3.4. EE8HL0|C &2k £H

CTES] FE2HH 0] 318F2 aluminum chloride colorimetric
methodS W g5to] BA45}9IcH(Zhishen 5, 1999). 7} =9
CTE 25 pLof| £54 125 uL9} 5% sodium nitrite solution
10 pLE E96te] 687k 42004 ¥HSAIZ] &, 10% aluminum

https://www.ekosfop.or.kr

chloride hexahydrate 15 pLE $7}510] A0 A 5E7F ¥
AT} 71 1 M sodium hydroxide 50 pLe} S5 125
£ EFot9] 510 nmoj|A FFEE ST B8R
Frol A4S cateching ARESHY] A2 BEFACEZTE
CTES] SE7HEeo|E gfe oo, @9l milligram
catechin equivalent (mg CE)/mLE A}&-3}%ch

=

olN

2.4, ME g I AlZ A/

H Agof A% C2C12 myotube (CRL-1772, American
Type Culture Collection, VA, USA)= uf-A S8 ZZ42L A
IZZ 10% FBS-DMEMS ARE3}o] 37°C, 5% CO, 2740
= 90 mm cell culture dish (SPL Life-Sciences, Pocheon,
Korea)ol| A vjoFsl3itt 23 G =& Q5] A EZE 6-well =
24-well plateo]] Ald] HjIRE &, Al D7} oF 90%0] =go}
™ 2% HS-DMEMC. & BjA|& wAst] 6U7t 23+ F=of
At &35} 6o 100 uM Dex@} ThFSH 5=(100, 200, 300
ng/mL)®] CTEE 2447t ¥-& A2stqlet

25 HME Y=5 T

CTEQ] AE =XL skolsly] 9lste] 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) E4H& AL
sto] A2 QELS =73 C2C12 AIZE 96-well cell
culture plate (SPL Life Science)ol] 0.1x10° cells/well9] 5=
2 EBFS 5, 37°C, 5% CO, Z7NA 24417t sty Al
E %7} 9F 80-90%0] =25td CTE (100, 200, 300 pg/mL)
£ =02 AI3IAY 100 uM Dex?} & A5ttt 24
AlZE AP & 58S AASEL, 10% FBS-DMEM H{Z|o] 5
mg/mL2 MTT &N& 10%(v/v)7} B E 34510 Z well
o A7K3t H, 37°C, 5% CO, ZZANA 3A7F HoF vhSA|A
o ¥ T8 & A5 AASHL, BAE FA formazan 2
J= DMSO=E 45| &3fAXl tha 570 nmo|A FBEE &
Aottt 49 S+ % of control2 F AT

2.6. Jenner-Giemsa &4

24A17F A= gk C2C12 A|X= PBSE 23] Alet &,
100% MeOH 117 9 At 4 £5}]th. 0] F Jenner G4 &4
(Electron Microscopy Sciences, Hatfield, PA, USA)Z} PBSE
1:3 H|E&ZE 3)Aslo] 587 734171 &, Giemsa stain (Sigma-
Aldrich) ¥} Z555 1:20 W& 3]A4510] 1087t HHSAIA &
Astltt. AME A= B @R|7(Eclipse TS2-LS, Nikon,
Tokyo, Japan)S o]&3dlo] #5132, NIS-Element 4]
AT E 9o](Version 5.30.03, Nikon, Japan)©.& myotube ZO]
o 4742 ZHstel B,
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2.7, PYEE gy

A& AR C2C12 AZE DPBSE AT & 3%
paraformaldehyde (Samchun Pure Chemical Co., Ltd.)Z 15%&
7t 33X FHY. 1A H AlZE0] 0.1% saponin (Sigma-Aldrich)E
EF510] 1087 E3FA|Z] & 1% bovine serum albumin (BSA;
Bovogen, Australia)Z AF20] A 1A]7F &2 7] (blocking)SFG L}
0]% MyHC 1A} &4|(1:500)F 4°Col|A] 515 (overnight) WF
SA|Z1 F Alexa Fluor 488-conjugated anti-mouse IgG
(1:1,000; Cell Signaling Technology)Z A-20]A 147t ¥
AFTE 2o 2 1 ug/mL 4',6-diamidino-2-phenylindole
(DAPI; Roche, CA, USAYE 587+ A2]otoict. G4 N2=
3G duldS ol8st] MyHC g S35 EYsHH-

2.8. RNA == 2 Z&t% qRT-PCR 24/

ZRNAE RNAiso Plus (Takara, Kyoto, Japan)E ©]-8-5}0]
F&319 0™, chloroform (99%, Extra Pure, Duksan Pure
Chemicals) 2] & 4 E2|5to] FFHZ 3451300t 45A
o] iso-propyl alcohol (Duksan Pure Chemicals)S #7}5}o] tf
Al G4 Bk 9, BAE pellet 75% olehE= AlAste] A4
5F9th RNA 5% 9 <%= NanoDrop Lite spectrophotometer
(UL 61010-1, Thermo Fisher Scientific, Waltham, MA, USA)
£ 0|83 260/280 nme A S7G3FF 21, A260/A280 H|E0]
1.8-2.091 RNAYF cDNA QMo ARE-SIRIEE cDNA e
AMPIGENE® ¢DNA Synthesis Kit (Enzo Life Sciences,
Farmingdale, NY, USA)E A|XAM AXlo] ozt sttt
qRT-PCR AMPIGENE® gPCR Green Mix Hi-ROX (Enzo
Life Sciences, Farmingdale, NY, USA)S AR&35}o] 20 pL &t
S GFoE Y. FH 2L 95°CoA 102(H4),
60°Coll A 152(AF), 72°CollA 152(A%) 7EZ 403] ¥HE
SkSITh. 188 rRNAE 7|& FAAE ARGSH oW, A #4
2 e oM o g Astelgict AFo] ARgE o]
H(primer)] F7|A DL Redd] (forward, 5-CCT AGC CTC
TGG GAT CGT TTC-3'; reverse, 5'-ATC AGC GGC CGG
AGT TC-3"), Kifl5 (forward, 5'-TGG TAC CAT CCT CCA
ACT TGA A-3'; reverse, 5'-CAA TAG GTT TGG CGG CAA
TG-3")°o]™, BIONEER (Dagjeon, Korea)ol|4] 3}+AJ5}3it.

2.9. BYE == & HIER &4

C2C12 AM|%E+= DPBSE A& & 3]4=5}9] lysis buffer (100
mM Tris-HCI, 100 mM NaCl, 0.5% Triton X-100, 1 mM
sodium orthovanadate, 10 mM sodium fluoride, protease
inhibitor cocktail)@ &35t YA Ealsto] I A=
9] T4 == Bradford solution (Bio-Rad Laboratories,

Hercules, CA, USA)S 0]-23}9] Bradford assay® Z35}9th.

318

=3t Fo] thlES sodium dodecyl sulfate-polyacrylamide
gel© 2 E2|5}0] polyvinylidene difluoride membraneZ % 0]
St T 5% BSAZ EZ75F 12} 3A|(1:1,000)5 4°CofA]
overnight ¥-3-A]Zt}. 71 & 1x Tris-buffered saline-Tween 20
(10 mM Tris-HCI, 150 mM NaCl, 0.05% Tween-20)°.Z Al
2Z]5}3l HPR-conjugated anti-mouse W= anti-rabbit 22} 34|
(1:5,000)5 A20fA 2417t BESA|H L T HiE= enhanced
chemiluminescence (ECL) detection reagent (Thermo Fisher
Scientific Inc.) 22 FHZ3}al ChemiDoc imaging system (Model
300; Azure Biosystems, Dublin, CA, USA)C.& A|Z15}61%
o} ¥i= 73T+ Imagel software (NIH, Bethesda, MD, USA)
= YA

2.10. HPLC-DAD #4

CTE+= Diode Array Detector”} A2 HPLC A]AE](1200
series, Agilent Technologies, California, USAYS AR&-510o] 4=
|}t A= 27°Co|A] Eclipse XDB-C18 A (250%4.6
mm, 5 pm)g 0]-§5to] £}t 0]F/d=Z 0.1% phosphoric
acid(&H A)2} 100% ACN(EH B)Z =AUt 71&7] &
Z(gradient elution)2 Tht 22 AJI7H L2 o] wet 2
E9lth: 032, 8u B 5-12%; 3-85., 1] B 12-14%; 8255,
LU B 1420%; 25-355, 80 B 20-35%; 35-45%, v B
35-60%; 45-60%, €1 B 60-100%; 60-65%, €1 B 100-5%.

£ A2 045 pm WEAS) B2 ofh ¥, 10 LS 7
3t 942 0.8 mL/minE 473} T} Chlorogenic acid2] &
= 320 nmO|A], isoquercetini} kaempferol-3-glucoside2]
F8=E 360 nmol A S45I5IT 7 StEY] AR EEFE
O ARt AFFAS 7|HeE Si3loH, AT ug/g of
extract &Y= 7|5tk

2.11. Molecular docking 24

GRO] ZAFLZ(PDB ID:1M2Z)%= PDB H|o]E{#]o]A (https:
//www.rcsb.org/)o| A =51t} Ligand®2 AE-E CTE W 3
29] Z7] 9= (chlorogenic acid, isoquercetin, kaempferol-3-gl
ucoside)?] 321 38+ 3= PubChem H]o]E{H]o]| A(https:/pu
bchem.ncbi.nlm.nih.gov/)ol|A] &1kt GR ¥ ligand= A}
2% Z2H&E OpenBabel ALEH0|(v2.4.1)S AMR3}o] P
DB @204 o] A3ket PDBQT U= Wgksltt. 4
=72 AutoDock Vina (v1.5.7)& ARE3f 33519 0oH, =7
2508 A st B7Iskeih CTE W E2H=E 35 5
2% ATt 7MY w2 239 =7 22 E5 A% st BIOVI
A Discovery Studio Client (2024)E 539f 349 & 9@ 22}
U HTRE Tfolol THOR Az
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212 EH4 xf2/

A8 A7}= SPSS 25 Statistics (IBM, Chicago, IL, USA)E
8310l B4 B4, 2t BT 2 Aol Duncand) o}
F49l 7792 B9 BAH sol4e Aot RE Age
33 W 2slol Ae) ARES HHAKCH(p<0.05).

3. Zat ¢ nz

3.1. CTES gHtsf 24

CTEQ] 5=8 48Hs(DPPH 2tH 2 475, ABTS 2t
Z AA%), EE2 & (total phenolic contents, TPC)Z} ZEz}
H 10|t 3l=K(total flavonoid contents, TFC)S =73t A&
Table 19| A|A15+59Tt}. CTEQ] DPPH 2 ABTS @ &A%
< Bk YEA 0 R FUKINeH, 7 2 FkQl 5 mg/mL
oA Z}Z} 0.050+0.001 mg AA/mL % 994.94+17.20 uM
TE/mLO| 245 Yetdlth. TPCSF TFCO| 23} E3T 0|9
AR S OEH AFS HSKHOH, 22t AT w9 5
mg/mLOJA] 0.194£0.001 mg GAE/mL ¥ 0.184+0.000 mg
CE/mL & ®E9th.

s} R4S A2 TPC % TRCS} Uet 4UBAZ 2
+ A2 4¥A Ut} Dai® Mumper (2010)= BT A&
FEEY AE RS LR & A+olA TPCet TFCT} &=
<55 DPPH % ABTS &7 &7%5 59 At A#7} 1
oJeHA F7RIt= £34 - APA ZAE RS, 59
B 9 Behuicol= SeHEo] AT A7 34 of
2 Aelo] AL 3l At EA4of 7]ofst= AA IAelE B
3t tH(Dai¥}t Mumper, 2010). E3F, Muflihah 5(2021)2
12% QQ&U|Afo} 51H F&&9] TPCL} TFC %to| DPPH 2t
ZF 7% 9 FRAP &4 7to] 0.92-0.979] w%- =2 oA
S Ueho e, ofF 4ol B} 2L djEa: 2 A
HYE BAALE A5Gtk (Muflihah 5, 2021). & A

A ol2fgt A8 ATet YX|oHA|, CTE 5&7}F 2245 TPC
o} TFC7} A S7Fote AdFS ERlstth. wehs, CTEY]
Akl L8 TPCY} TFCO] 7|98k Aoz AlmHt)

~

3.2. CTES Z5ll= =felZ F5f &4

CTEY] fR/ES gRlstizt HPLC &4 35t
F24 A1}, CTE9+= chlorogenic acid, isoquercetin, 12|31l
kaempferol-3-glucoside”} E§tE|o] Ql= Aoz E9lE Tt
(Table 2). 2 chlorogenic acid’} 326.25 ng/gl & 7 &
Skl 11 oS 49 F isoquercetine 41.36 pg/g, kaempferol-
3-glucoside= 30.19 pg/g&C 2 FHOIE|QIh

oleig Rage HuTolA R CTEY 78 Az
B4 3 AR AFL BT Seo 5(2022)S CTESA
isoquercetin ¥ kaempferol-3-glucosideE 8 RO 2 &9l
o} 2. (Seo 5, 2022), Song 5(2017) chlorogenic acid2}t
kaempferolZ HPLC £4& &3 A& vF 9ItHSong 5.,
2017). ¥, Choi 5(2023)2 protocatechuic acid, catechin,
cryptochlorogenic acid, caffeic acid, epicatechin § &2 A+ A
g2oXE AEEHA F2 AES HISHATHChoi 5, 2023).
ol & Aot APAFoA AMER 5 27 I HPLC &4
Z79] Ao] wiEo® Wk HAES AF A E A7)0
uteh Zpol7h EAE & Qlo] Alg #E3HE AsiA FF vk
o AF A L A7 FAEFAO] it A2 2 I £
A 47t F7HHoR FQa% Zo= AlRHL.

3.3. CTEY ME =& 2fo/

CTES] AZ =42 B7FP] f8] MTT 242 533t
o}, C2C12 A E0| DexE A @l5HA] e AE|ojA] CTES
Pt BE(100, 200, 300 pg/mL)Z FH= A3t A3}, 7H
2 FEG00 pgmL)AE AE BEE2 q27T fARH]
SR 50| CTEZ} AR EAS UsHd 8 Folsiqint

38,

L

Table 1. Total antioxidant capacity of Cudrania tricuspidata leaf extract at different concentrations

Conc."” DPPH radical scavenging ABTS radical scavenging Total phenolic contents Total flavonoid contents
(mg/mL) activity (mg AAE/mL) activity (uM TE/mL) (mg GAE/mL) (mg CE/mL)
0.1 0.006+0.0012®) 20.139+8.42° 0.000:£0.000" 0.000:£0.000*
0.5 0.015+0.001° 121.500+8.03° 0.019+0.000° 0.006+0.001°
1.0 0.023+0.001° 289.667+11.34° 0.049+0.001° 0.027+0.001°
15 0.033+0.001¢ 437.917+13.94¢ 0.075+0.001¢ 0.049+0.002¢
2.0 0.039+0.001° 530.806+28.75° 0.098+0.001° 0.0710.002°
5.0 0.050+0.001 994.944+17.20" 0.194+0.001° 0.184+0.000"

YConc., concentration; AAE, ascorbic acid equivalent; TE, Trolox equivalent; GAE, gallic acid equivalent; CE, catechin equivalent.

PAll values are meantSD (n=3).

*Different superscript letters (**) within a column indicate significant differences by one-way ANOVA with Duncan’s multiple range test (p<0.05).
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Table 2. Quantification of phenolic compounds in ethanol extract of Cudrania tricuspidata using HPLC-DAD analysis

Compound HPLC-DAD absorption (nm) Retention time (min) Quantity (mg/g of extract)
Chlorogenic acid 320 10.997 326.25+0.45"2
Isoquercetin 360 25.431 41.36£0.07°
Kaempferol-3-glucoside 360 32.119 30.19+0.42°

YValues are meantSD (n=3).

IDifferent superscript letters (*°) within a column indicate significant differences by one-way ANOVA with Duncan’s multiple range test (p<0.05).

(Fig. 1A). 519
e o Al ’%‘f%ﬂ £t tiE] 80% olst=
o, TY% 59| Dex® CTES & A3t ZoM = Al
B Dex AL $A 202 $AH AT Fig. 1B)
A Dex®t CTES & A2|eh 2ol T Alx BEE
A4 Dex Ao 23t gFolH CTEY F7H4Q] AlZ=4
< fle Aor wdHn.

Dex+ C2C12 NJZ9] BEE&E A= kR gt
A Ut} Dexd & Z¥(125, 250, 500, 1,000 uM)E C2C12
Aol 4AZE St A%t A, 7P W2 AP s=l 125
UMOJA R A2 BEEo] thRt TiH] 80% olst= f-olstA
ZAEALS 25t tHChen 5, 2020). E3H NZ B=8
2 5k & o7 ZAsto], |1 5EQl 1,000 M Dex *
2o A= 50% ofstz Wobfth. Dex A|2]= ROS A& &
513l BCL2-associated X protein (Bax)/B-cell lymphoma 2
(Bel-2) ¥18& Z7H7E ofiz nleREole] ot Ehgg %
7FXA cytochrome ¢ (Cyt ¢) &2 x5}, HEH Cyt c=
apoptotic peptidase activating factor 1 (Apaf-1)1} ZA3lslo]

, C2C12 A|xof 100 uM2] DexE ©= A5}
A3t 0

(A)

120

100 —

o]
o

S
o

Cell viability (% of control)
[} [*2]
o o

0
CTE (ug/mL) : - 100 200 300

FAJ3tc) 2 Z£2 07 o] apoptosome caspase-9
o8 ZYSHA7|H YA apoptosis 73
25 5o AZAES feshs Ao Bt 2 oquoﬂ
A A3 Dex %% (100 pM)OJA & 0|9k SAFSE A2 A=
247} 91E]0], Chen S(2020)0l14] E173F Dex X go] 7]<Q1 o1
3t N mAPE T} SAFSE opAto 2 wohElth whebA] o] 3 AlFd]
A= 100, 200, 300 ng/mLe] CTE & A85l0] Dex 4%
292 mdolA CTEY B3E ans HEsi3th

apoptosomes &

o /\
9l caspase-3& $AH O

34. CTE X2[of L}= HIAHHERL S
Hizf
Dex2 ¥ &3 Y=o digt CTES] IJA| a3E Hrist
7] 99, B3lh SEE C2C12 AR Fejsty wsls
ﬂrﬂ%} T} A ZE Dex 100 uM &= EE= Dex®} CTEE %
(100, 200, 300 pg/mL)ZE 24A)17F B9t HE A3t &,
Jenner-Giemsa @S AA|sto] 230] 2 A3} ZdolE = }

4
ATHFig. 2A). 1 B3, Dex AZ|ZoMe 22| 2743 Lo

Z28jZ=0/ SEf5IX

oll

B) 120 .
g 10 |2
8 o i 1
=
E. 60
s
s 40
i
© 2
0 ]
DEX(100uM): - + + + +
CTE (pg/mL) : - 0 100 200 300

Fig. 1. Cell viability of C2C12 cells treated with Cudrania tricuspidata leaf extract under dexamethasone (Dex)-treated and untreated
conditions. (A), C2C12 cells were treated with CTE alone at concentrations of 100, 200, and 300 pg/mL for 24 h to evaluate
cytotoxicity. (B), Cells were co-treated with 100 uM Dex and CTE (100, 200, and 300 pg/mL) for 24 h to assess the protective effect
of CTE against Dex-induced cytotoxicity. Cell viability was determined using the 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide (MTT) assay. Values are mean+SD (n=9). Different letters on the bar (*") indicate significant differences (p<0.05) by Duncan’s

multiple range test.
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7} i Z3(control)of| ¥]3} Z}27} OF 55.45%, 35.15% Z45to] Azolstr] 9Jsto] MyHC 9F4 23] HHy 2228 Fgoia
T950] FRokA Uttt B, CTES 8 A2jgt LojlA] ¥ o2 WrlgckFig. 2B). thF20] B|3] Dex AHjZo]A]l &
+ Dexo] ofgt & 950 Tk ooz ABFH U 53] W A3} MyHC @% 9Hdo] 2% 7hasks Ao olg|g)
300 pg/mL CTE AZFo A= Dex A tie] &9 2|7 t}. E3} Dex g2y} vlwsta] CTE M2 Dex A&
o] 136.61%, Aol7} 36%& ZHZF FO5HA F71stgitt. o8 QIS HAWYE MyHCO 4 289 ¥d 58 TTHIRS
(A) Dex (100 pM) : + + + +
CTE (ug/mL) :
1600 ¢ _
P — —— b E o
1400 |
€ b o 2 s | ¢ )
= 1200 =
£ g 40
S 1000 t o .
S goo S 30
] T
S 600 | 2 .
S 400 | E .
= 200 t 2
0 - 0 |
DEX (100 uM) : - + + + + DEX (100 uM) : - + + + "
CTE(ug/mL): o 0 100 200 300 CTE (gmL): ¢ 0 10 200 300
MyHC Nuclei Merge

(B)

Control

Dex +

Dex +
CTE 300 pyg/mL CTE 200 yg/mL  Dex (100 uM )

Fig. 2. Effect of Cudrania tricuspidata leaf extract (CTE) on myotube morphology in dexamethasone (Dex)-induced muscle atrophy.
(A), Jenner-Giemsa staining was performed to evaluate morphological changes, and myotube diameter and length were quantified. (B),
Immunofluorescence staining for myosin heavy chain (MyHC) with DAPI counterstaining of nuclei was performed to assess myogenic
differentiation. Values are mean+SD (n=3). Different letters (“°) on the bar indicate significant differences (p<0.05) by Duncan’s

multiple range test.

https://www.ekosfop.or.kr

321



Efficacy of CTE against Dex-induced sarcopenia

=209 Falshit MyHCE 2%
5o #olsh, Mzg A FH8ET ot} 71& SR
9] 92 & Ao W4AQl L2 o] ti(Schiaffino, 2015).
WA MyHC 2H19) ek 29152 e duel A
2 48R Q. A& 59|, Xing 5(2021)2 Wistar ratsS
237 s HHE fAske] 2950l fed & ZE
chlorogenic acidg Fo3t A3, 4st AEHAE ASHAA
Af 27 F4AE JART Y Bt (Xing 5, 2021). E
3}, Mandal 5(2025) quercetin®} kaempferol®] T 9 &
& 2|7} lipopolysaccharide (LPS)Z =% C2C12 &9
% 2oy MyHCY] B A3 2 2] 47 A4S g}
Sthy B8t (Mandal &, 2025). ICR HR9-2 REof A 2
719 isoquercitrin Fol= BAIF R R 7L ¢
£ MyHC 29 A4S oot ddlste 20z HiuHg
TH(Shen 5, 2020). 3FH, p-coumaric acid®] Foj= TAH U
T3 Ao|2 291ES G CSTBLIGI vheA melo|A] 7+
2% MyHC SdS {25t S7HA 2915 g3t 7]ofet
Aoz HIEAHTruong 5, 2024).

3.5, CTES EE 44 =& &ilf

Fig. 204 W2 Z3o] Fefshy #sje} MyHCS] Wao]
gt CTES] o A3 AZs7] Y8, il a4 ol
A1) F@E ottt MyHC T d B Dex A2

(Fig. 3A). §HH CTE A7 100 pg/mLof A= Dex A2+
I o3t 2tolE Hox| 49O, 200 pg/mLoi|A] ok 1.67H
S7kote] dixd} AR B 58 355 1 v
Q1 300 pg/mLof|Al= Dex A2t iH] oF 2.1 F71sto] dix
T $ES A thgos thld g4 BEE F8 A
2l p-mTORS} p-Akt®] W& BRI5ISItt. p-mTORS] L&
& Dex AzjollA 2 oiH] oF 0.248 2 §-0J51A 24}
%O, CTE A LA = Dex AT ] & o&yoz
Z7}510] 100 pg/mLojA] 2k 1.958], 200 pg/mLoA] OF 2.4
Hll, 300 ug/mLol|l A Ok 3.598] = AeF 2 A= Uct. SHH, p-Akt
o] thii A W2 Dex A|oAl tiR oy oF 0468 74
3194215k, CTE #2204 Dex Al ¥ 100 pg/mLoj
Al SF 1724, 200 pg/mLoflA] <F 2.258] F7Fstgict. H 1 &
91 300 pg/mLo A= 9F 2.28 Z715FA gL 200 pg/mL A
22 BAH R Fofet Aol THE|A| gFoket. vhd, T
A Ba) 7149 8 A#2l MuRF19] T&-E Dex A2|ZofA
2 oim] oF 2.83d 7K A0E FRIFAUrkFig. 3B).
CTE #g] A] Dex Al tiH] & QL2 0= 7143}0], 100
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pg/mLof| A 2F 0.798), 200 pg/mLoJ A 2F 0.694H, 300 pg/mL
o4 oF 0399 402 folshl oAIsILk

S P BFYS TRaDY PR Yoz T ¥
217 SleHKim %5, 2023b). o}& 2T 8 42 F ot
2 AKUMTOR ALY Z29] BHse 28 thild g =
Wa BAT] 4 % ABS Al o] BHel Gng
ST (Morita 5, 2015). Zhang 5(2024)S C2C12 ZThA| L]
15%9] "4 9 B4 o}v]:-AKbranched chain amino acid)2]
U4 vlg THEL ALHe ) A} SHSIElo] mTOR 415
g 422 AT, olo] wet sk 459l SeKo] ket %
Jhetol gl ghol 25 SISITHZhang 5, 2024),
HhH, fH]FE-Z2HolkE Al AF(ubiquitin-proteasome system)
WOl MuRFIS] THEgh e el 2oje Sxsto] 29)
%2 Qs 39 71702 H1E 1 9tk Bodiney} Bachr,
2014). Park 5(2017)9] W21, C2C12 2% AZ Dex@}
hydrogen peroxideE A2 -& @ MuRF13} Atrogin-19] ¥d
o] <ol Hls| FolstA F7I5t o, ol= FHIFAYH-ZE
glolE AA" AR B4R 2950 FREHUZES AA
Srth(Park 5, 2017). o|AH @A ) EAFL L5
o] +8 HRlo & Z-gsiH, o]F BHlo R L9AES 7S in
vivo A% H11E B} QIth He S5(2024) 5/6 A A& gt
A AARZA 29)Z0] 85 Sprague-Dawley rato] caffeic
acidE 1037t A7 Folgt 27}, g g 2 H#el p-Akt
4 p-mTORS] o] 3|&E5|1, Tid Heff X2 Atrogin-1
I MuRF19] Tdo] ROIsHA AAIES SISkt He 5,
2024). o= Akt/mTOR 72 /3¢t fu|FAH-Z2HolE
AL A7 FAlof ool o mM LS| JAEE Al
Ay,

webq B qi7e] 29k CTEZ S 94 245k o
W BE JAFOCZH, DexZ Fd LA Tl 3
3 EAFE 50 2915 9 o S HojEth

3.6. CTES F2FT=EE[F0/E &84 £& &&
CTEOIA el 3 40| 295 A3jo] o5 ol
=2 I AL 714S 257 A8l molecular docking F-42
SIS HPLC 242 53 92lsl CTE W) 72 Sejils
3%3} GR 7H9] 2 23t=E H715t 23, chlorogenic acid”}
-7.17 keal/mol2 71 735t A%t XdeE H 1! kaempferol-
3-glucoside® -7.04 kcal/molQ] H| W4 =& A3 A& L}
EFATHFig. 4A). T3S, isoquercetin® -6.45 kcal/mol 2 QYA
QA A= FRlstr). 2 ZE FEAolA] chlorogenic
acide= GR 2% Z7 YollA Met604, Phe623, Arg611, GIn570,
Asn5642}9] AT 9 Leu566, Leu6087}+9] n-alkyl AFE 2+
&, 1231 van der Waals JF 55 F/dsto] o= A
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Fig. 3. Effect of Cudrania tricuspidata leaf extract (CTE) on protein homeostasis in dexamethasone (Dex)-induced muscle atrophy.
(A), Protein synthesis-related markers, including myosin heavy chain (MyHC), phosphorylated mammalian target of rapamycin
(p-mTOR), and phosphorylated protein kinase B (p-Akt), were analyzed by immunoblotting analysis. Representative band images and
their quantitative analyses are shown. (B), The expression of the muscle-specific E3 ubiquitin ligase Muscle RING-finger protein-1
(MuRF1), a marker of protein degradation, was detected by immunoblotting analysis, and representative band images and quantification
results are presented. Values are meantSD (n=3). Different letters (*) on the bar indicate significant differences (p<0.05) by Duncan’s
multiple range test.

313t} Kaempferol-3-glucoside GA] Arg614, GIn615, Glu537, 2% FFS B¥o. ok chlorogenic acid?} kaempferol-
Arg611, Trp610 % Pro5413}9] $£4AZAT}, Tyr6601}9] n-n 3-glucoside =5 unfavorable donor-donor 419 2-8-0] 2]
T-shaped stacking, Val5432}9] n-alkyl A28, 12|31 o i}, o|#H3t in silico B4 ZATE AZ5] Yt GR 5+
Z+71242] van der Waals 5 52 &3 A R4 Hg#<l ZAARIAS] A BRIt (Fig. 4B). CTEE o= Thilld &
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(A)
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Fig. 4. Effects of Cudrania tricuspidata leaf extract (CTE) on glucocorticoid receptor (GR) regulation in dexamethasone (Dex)-induced
muscle atrophy. (A), Molecular docking analysis was performed to predict the binding interaction between GR (PDB ID: 1M2Z) and
chlorogenic acid, kaempferol-3-glucoside a major polyphenol identified in CTE. (B), The mRNA expression levels of GR-related genes,
Redd] and KIf15, were analyzed by qPCR analysis in C2C12 cells with Dex and CTE. Values are mean+SD (n=3). Different letters
(*% on the bar indicate significant differences (p<0.05) by Duncan’s multiple range test.
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o]l 7]ofsl= GR Ale DT} THAE HARIA}; Redd 13} Kifl5
9] mRNA T&L Dex A2 tiH] 22} 9F 45.8%, 28.2% dF%F
Z4skinh

Tt Aol A HAES] FRAdEE0] GRY}F 2ol B
IEHAHY. 2 A9 molecular docking &4 A3}, CTE W F9.
E9HE50] GRO &4 7919t 23 7S HyloH, o=
oA tollA HarH thofet HHET} GR 7] A A &
AFS}EH(Sarmah, 2012). Kim 5(2025)2 molecular docking 4]
= &0 AT T4 8 B4 AREd 2] AA|ARel=
7} GR3} -9.4 keal/mol9] &2 A2 Age-S FRlol=
g|, o]+ Dex? 215} 9l -7.4 kcal/molEt} =2 4=X]o]L}. o]
2 5o AHeAO|=7t GRS W/IE Dex 282 AHHOE
oAsto] 8 $i%0] AT 78S AXSATHKIm 5,
2025). GR & @ d FE Fiedhs T8 AARIA 2
I {AAECI KIf15, Reddl, MuRFI, Atrogin-1 59 0@
& 24ske #4 2EAo|th(Permpoon 5, 2025). WA Fig
4014 SR CTE Hejo] O3t Redd it KifI5 WA AT,
CTE9]| 3Ht2 8 Ed5=E0] GROY| 2HE5te] GR Hj7) o]
SHA8 A AAE CARIORA 2915 95t BBE Ut
4 4 2L AJARSI. £3], molecular docking 24 A=
CTE 4:50] Dex} 452851 GRS 24 3:900] Zgtet
TH54& ANSIAGE ol SHelst] Sigk S7b4e] Aol
29kt AEHOE, Dexrt GRS 53] SEske 2§ Thijx
B3] Z7h @ B g4 e Q8 BAeE 2ase
CTE U] $-348E59] GR A4528-S 53] B Aol
3|2 5|0} &Sl th(Supplementary Fig. S1).

-

4. Q!

£ AFoA= DexE FEd 95 C2C12 A =Y
oA CTES] 2915 o4 B9} 1 7133 4514 stoick
CTE:= DPPH % ABTS 2t} 4753} TPC & TFC ZhS £3
255 A8 852 EAth HPLC 24 53| chlorogenic
acid, isoquercetin ¥ kaempferol-3-glucoside”} CTES] 384
U FRlotyltt. C2C12 LA gt Al =4 B
A CTES #1300 pgmLoHE AE BES AsfsHA] o
Utk Dex® FEH 295 ZEo| CTEE A2t A, Dex
A2l thB] AAastad 23 243 MyHC HEE F-9JsHA
S7HIAT E3L Dex A Al ZAFE oA 34 T 4
91 p-Akid} p-mTOR 2 o1x] 47 Z4elsion], wheo]
Dex A210] €3] Z7KHE T 2o} el 2|32 MuRFI2]
A2 FostA A= ST Molecular docking 41283},
CTE Y 8 & 5&9l chlorogenic acid®} kaempferol-3-
glucosidert GR T 2919} 9202 APHL Halstel
th. CTE A2 A Redd] % Kyf15 §207 ¥io] gaste 2
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Supplementary Fig 1. Potential mechanisms of Cudrania tricuspidata leaf
extract (CTE) against dexamethasone (Dex)-induced muscle atrophy.



