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Abstract

Skeletal muscle is an organ that regulates biological metabolic energy. Its dysfunction causes decline of body functions and
disability, thus deteriorating the overall quality of life. Various materials are being developed with an anti-sarcolytic effect. However,
anti-sarcolytic effect of Sinomenium acutum rhizomes extract (SAE) remains unclear. Therefore, this study aimed to investigate
anti-muscle atrophy effects of SAE and its alkaloids, including sinomenine (SIN), magnoflorine (MF), acutumine (ACU), and
N-ferultyramine (NFT) isolated from SAE, on dexamethasone (Dex)-induced myotubules. C2C12 myogenic cells differentiated for
6 days were treated with 1 mM Dex for 24 hours. Induction of muscular atrophy was confirmed by a decrease in myogenin expression.
We found that Dex increased expression levels of muscle-specific ubiquitin ligases MuRF1 and MAFbx/atrogin-1. However, mRNA
and protein levels of these muscle-specific ubiquitin ligases were significantly reduced by cotreatment with SIN, MF, and NFT in
myotubes. Glucose uptake reduced by Dex in myotubules were also restored by SIN, MF, and NFT treatments. These results suggest
that SIN, MF, and NFT can reduce muscle wasting and enhance glucose uptake in Dex-treated myotubes, highlighting their potential
as therapeutic agents to prevent muscle atrophy.
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N B X E8e B gkl 340] 2AEE 548 ZEn
(Hasselgren 5 2005). TSt 7| 2 YAFS TFAAA H|9t) &
TR EolA 45 9 A-S HASH B A 201] A AASTTS EX5H: e ol FolH &
o] 7t Ze=g BT oA BikE fIRE ofH| Al F- = 952 A BE &5 7P Y dH S2E <l 49
dogA Fa3 TS Ttk L5 S (muscle atrOphy)~ e a7 2RHor $HE dEAE £
Z717+9] 5, =3}, 7)o}, glucocorticoidd] &, LZE A, (Rosenberg TH 1997; Faulkner 5 2007; Jeong 5 2017).
ABA 715 oV, Al2d Bir¥ &2 THd Ao At 55|, 2EY A 2RO R AP YlY SFIFEH
Clobeh APACIAN WA S+ ATk 2K HHES £24 70| (gucocorticoids, GCs) Ao olaf WA 2% 94
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A Ath(Hasselgren PO 1999; Sartori 5 2021). TJEZ O
2 34 GC AR = 319l dAM EFE(dexamethasone, Dex)
< Ao g 54 A E ArPH Y Aol A AW E
U T Bl A0l dAeke At Aad AT
2 Z7A0A ZEg 49 @ 0]88 olAalel ERERo}
Vs Aol L 2% A%E UTHe AR BIHHKuo 5
2013; Ochi 5 2015). 2915 7182 7eHs] Ao, 2913
ATE 24T AR §4)98 wbiquitn) $2-& Z71417
2AZ gy Belot BAE o AT BHSE &
L 31cH(Bonaldo & Sandri 2013). ©] T4 L= AL
22 4R muscle atrophy F-box(MAFbx/atrogin-1)2} muscle
RING-finger protein-1(MuRF1)0] 713ttt MAFbx/atrogin-12
429 vt (hypertrophy)2t HaiE g3} ¥E MyoD
oF cIF3fe} 2+ o v AARIAe] Balg 2Asto] 2913S
YA 71, MuRF12 &4 FAISk= troponin I, myosin
heavy chain, myosin binding protein C “L2]1 myosin light
chain®] Y71 E AAA7]= A0 E AHA Uk(Clarke &
2007; Cohen 5 2009; Csibi -5 2010). w2FA MAFbx/atrogin-1
3 MRF-1S 291%:0] 71 283 A 914151 glo]
THAFY 71AT oFE a5 H7E A7l U014 Dex R
2915 58 2Y, AZRY 58 083t 25 959 A
< A4 A& Frjjo] & 9ulE Adohal F7FeeH(Won HS
1991; Bodine & 2001; Bodine & Bachr 2014).

v+71 (Sinomenium acutumy= ME= B=2IH(Menispermaceae)
o 4ok IR0l B7] % $2lE oo A8
L Aog BHuEKLee 5 2013). W7 RIzka¥og A7
5, LR A (arthritis) 5O LR YE= £F
(arthredema), T8 4Z(hydrarthrosis) 5= A &ol=U| A&
& o] gtk(Yamasaki H 1976). 2B o| A= QA A G uiy],
255, 9g8% e, %, $5, 471E WA na
714 = o] Ut} ERt 2 A Aol e FRY A&
4 FA5 A-&(Liu 5 1996; Kim 5 2000) ¥} @F=4d 4
TAEZ(Ghee & Lee 2005), &9t 2 W 7] 5(Kim S 2004;
Lee H 2004) 59 37} HI=Qleh. 43zl 7|9 8

X E O 2= sinomenine, magnoflorine, acutumine, sinacutine,

N-ferultyramine 5-2] alkaloid?} lignan 4J3-Q1 syringaresinol 5
o] e SLoviZhuo 5 2005), 22 9] 8] 5006 ok
FEE 4 O 9 R 739 IS A BEaEg]
of(ung 5 2023) 2 WAV ZHT A /WS L
22| ATt o] A W= TRt FEAES 7= 7]
S48 BRI 1 &l Aol e 295 B V1A
Er 4v] ARE 2o 28 I2E Y & YA
Sof ot AT Btk e 2 ATE 28 913 A

EH A o]gste] 7] He e dud dERo|=

0l

Y 450 2915 2Y TS AL BT 2912H

2 5o 28 952 oIT 4 Y ARATA FAGL

1. MZ
Dexamethasone+=Sigma-aldrich(St. Louis, MO, USA)o||A|
3-(4,5-Dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide(MTT)
& Duchefa(Haarlem, Netherlands) A& U5} T Fetal
bovine serum(FBS)= Gibco(Paisley, UK)o[|A] 5},
Dulbecco Modified Eagle Medium(DMEM), horse serum(HS),
Penicillin/streptomycin, Trypsin-EDTAL} Dulbecco’s phosphate-
buffered saline(DPBS)~= WELGENE(Daegu, Korea)O & 5-E]
AR FAH = AME-H anti-myogenin, anti-a-tubulin Cell
Signaling Technology(Beverly, MA, USA)OJ|A4|, anti-MAFbx
(F-9)2 Santa Cruz Biotechnology (Dallas, TX, USA)oJA],
horseradish peroxidase(HRP)-conjugated secondary antibodies
(anti-rabbit, anti-mouse}x= PeproTech(Seoul, Korea)ol| 4] 75}
Act.

V| 58 2 0 BY NE 45 55

(

2

E AYof AR ®7] FEE(Sinomenium acutum thizome,
SAB) 9 0|9 BHERuE Isi Agzols AHEol
Sinomenine(SIN, C;9Hz3NO;4), Magnoflorine(MF, CyoHxNOy),
Acutumine(ACU, C9HpCINOg), N-trans-feruloyltyramine(NTF,
CisHigNOy)> SHFiohal ofsttjsl 4 wad Hdds
FE AUt SAE AlZe= 100 mgmLe| sE=, SIN,
MF, ACU, NFT+= 1.0 mM 5= % DMSOof 83510 ™ A
= 2] Alofli= DMSOS] FF X7} 0.1%(vv) BlTto] =T
= Hrbshrt.

3. B E(myotube) 22| 2312 28 I RE

=5 C2C12 Lo}A| EF(myoblastsy= American Type Culture
Collection(ATCC) (CRL-1772; Manassas, VA, USA)o]| A <]
o1 2™ 10% FBS ¥ 1% penicillin streptomycing -5 11
X ZE DMEMO=E AE A R(GM)o| 4] 48417k
HjFSklth. C2C12 LoFA| Z(myotube) 23} FE=E 15l
2.0x10° cell®] HEZ 6 wello]] £33 GM B A2 24A|7¢
Ul & 2% T BH(horse serum)E o-F-5h= DMEMC &
4 BolADME 244700t S BESHAA Bo
f(myoube)® A7 F ARo] o §34ATt. £t oA
Y= FE H3l= v @ 1] (Nikon, Tokyo, Japan)yS:
S BESAOS ALE WS T AR PRAS 229}
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of woledlos FESHEE sttt 6% C2C12
myotube 29} LIS A & L5 F=F F5H0] Dex
£ 10 mM 5 E2 DMSO°| &54171 &

7+ &Qt AFSle W7 Aol did FES S
(anti-atrophy) B35 #ESH7] 9Jsto] AR 522 W7
A&E 1 mM Dex®t §HA SAl A2 sttt

4. MZ=HEI}t

C2C12 myoblasto]] Tt A|529] B4 F=& &9ls)7] ¢
5o 96 well plateo]] 1.0x10* cells/well®] =& B33 & 24
AIZF 5F3T}. SAE2 30, 100, 300, 1,000 mg/mLE *|2]s}al
4%9] dZEolE g AE<I SIN, MF, ACU, NFT2 1, 10,
100, 1,000 nM9] FL& /gguixof 3]Agt & A&kl
T18]31 Dex9] C2C12 myoblastof| Al o= AR H=
£ RI57] 95k 0.1, 0.5, 1.0, 5.0, 10 mM2] FE 2 #]2]
shich. 24417 HHE & HiAE E5F AASHL 1.0 mg/mL
MTT AJ2FZ ZF wello]l 100 mL4 Z 2j5}0] 2417k 52t CO,
incubatorof| 4] BjFSFtE. MTT AT & wellof| 2-propanol
< 100 mL¥ AHZstHor 8&4H formazans -8-5[A]7]7]
Aol A-2ofA 1087+ WHIAIZ] & microplate reader(Tecan,
San Jose, CA, USA)E o]-8&5}0] 540 nmoj| 4] 4= E =75}
Aot A ZPEEE 2ol tigt HEEE UE i

5. Z9I5 REAt &S

Z+9=0] FE=5H C2C12 myotube A|EZE AT & total
RNA F&& 93 Trizol Reagent(Invitrogen, Carlsbad, CA,
USA)E ©]-&35to] R stal FEFstiltt. 55 59T 49
RNAX Primescript™ 1’st strand cDNA synthesis kit(Takara Bio
Inc., Shiga, Japan)Z cDNAZS $H4J5}% 2™ SYBR Premix Ex
Taq 1I, ROX plus(Takara Bio Inc., Shiga, Japan?} HH-3-A]H
ABI real-time PCR system from applied biosystem Inc.(Forster
City, CA)Z ©|-&5to] MURF1, MAFbx +-31412] & wielS
B A3} ). Real time PCR R AL 90 Col A 105, 95T
ol A 15%, 60Co|lA] 6022 F 40572 kAt ZF 74
] AL 22 YR 2722 AREE cyclophilin®] ZHA}
207 A7 HE36 . Oligonuclotide primer sequences
o231 Zth MURFlI 2 5-TGTCTGGAGGTCGTTTCCG-3'
(forward)?} 5-GTGCCGGTCCATGATCAC TT-3'(reverse); MAFbx
£ 5-ATGCACACTGGTGCAGAGA-3'(forward)2} 5'-TGTAAGC
ACACAGGCAGGTC-3'(reverse); Cyclophilin> 5'-TGGAGAGC
ACCAAGACAGACA-3'(forward)2} 5-TGCCGGAGTCGACAA
TGAT-3'(reverse)©] T}

A
A

HI

o= R F% 275

6. TS AH| =H

6U7F C2C12 myotube 2 9] E3}HFE A%l & L5
5l9] DexE 10 mM 5= & DMSOO] &8A]71 & &
] (serum-free media)of] 1 pMO] B =7} L& 3|45}
F 20412 B9 Afsioch. W] AR0] et e
(anti-atrophy) E3+= 1 mM Dex%} $HA4| SA] A 2|5}
A5 F=d AlZoA vix] f AH]E 2l ke
F7] Aol ¥hs S5 & WX E AT & 22 g
kit(Asan Pharmaceutical Co., Seoul, Korea)S A}-8-5}0] =
o AY AEet X HEENS 20 mLA FHl &
oF 3.0 mLe} 37 37T 587t ¥hSAIZ] £ 500 nmO]
FrE St 2 BEFAE 0|85t A
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protease inhibitor cocktail(Sigma Chemical Co., St. Louis, MO.
USA)Z} phenyl methane sulfonyl fluoride(Sigma)7} &7}
mammalian protein extraction buffer (Sigma)= F&3%t & 4T
oflA 12,000 pmO & 204 5+ Y5t 45U A
ottt =X WA SRS Protein assay dye reagent
concentrate(Bio-Rad Laboratories, Hercules, CA, USA)S 0]-8-5]
Fom =9 halF L SDS-PAGE®] A 7]5F1L nitrocellulose
membrane(Amersharm, GE Healthcare Life science, Germany)©]|
=7 T FURA ¥ AARE F ELC(Millipore, USA)&
SehE FEoF o™ ATTO WSE-6200 LuminoGraph
II(ATTO Corporation, Japan)© & Z}X]5}1l Image AL E ¢ o]
(C.S. analyzer 4, ATTO Corporation, Japan)S- ©|-&-5}0] i
Hahic

8. SHAzZ

3719 BE A9 23 33 o] W Adsilon &
E A gr2 meantstandard deviation(SD)Z e AT 54|
EH2 SPSS 20.0 AZEFo|(IBM SPSS ver. 20.0.0 for
Windows; IBM Co., Armonk, NY, USAYE AME5H4th 15
7t Z}ol9] G942 LSD comparisons testsZ 4] %] ) O o
BAHA 79792 p<0.052 7G5kt

M

o} 9

kKl
]

1. ZEMZZO| 231 =2 =8| I HAMHERS(Dex) X
20f 28t ME WES W3}

THA|E = FOoPA| E(myoblast)ofl Al A ZE(myotube) =
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myogenesis IH8-S 50 23FT}. T5AE= MyoD, myogenic
regulatory factors(MRFs), MHC 53} Z2 Z4dQIx}9] Wrazk
o] F7tol ofsf &E3t=H, &3} 27| F57Fsk= MyoD= Al
% 7] 2Esa A% FAL RS BalE 25,
£3} Z7]9] myogenin(MyoG)2 32| AL FE51 Al
Z F71E SAAZIH, v 4l 4 @ d F 5hQl MHC
oF &2 Rk AT A Edo] Sk A oE dEA
QI H(Hasty 5 1993; Ferri 5 2009; Jeong 5 2011; Bentzinger
T 2012). 295 AZRF] 15 fIsto] C2C12 A&
G oE ZopA|xoA IHTAEES o] IR
MyoD ZdAF QIAF AEe] 44U MyoGo= BHRISHRIH.
C2C12 FoHNRE o= HFHAGME ©]&5to]
80~90% confluentdt FEj 2 vFst o} A2 E3} HjA|
(OME g wotet 23, B3t f5 1YAFE MyoGY| #
ofulgt T F7Hp<0.057F YetgtoH, 3} 3UA|FE
MyoG9] ¥3h= 4.7H] o] (p<0.001)9] F7H5 H AL =3}
SUAZIA MoyGe] WL RAEE A0 HehgriFig
1A). ZHA| 2R E3}sh= oA S7Fsh= MyoGe| Td
o Bolxo] wEE V& A742 52 st £3} 6
Qo] H=9] APZAUS BASAkHe 5 2023 ung 5
2023). 95 FEE Ioh ARHERE Dexo] C2C12 A E =
goll owet JFE H|XE=A] FRlstr]| fJsto] MTT assayE
o]-gsto] % JA| A= SIS}l Fig 1BO] A|A|1E Bf
9} Z+o] 0.5, 1.0, 5.0, 10, 100 mM9] 52 DexS 24A|7F A
5t 7% >10 uM Dex 5 (p<0.001)0 4 FE& L
& AAZE et 6247 23t C2C12 FEA| Z(DM)°]

(A) - - (B)

0 1 2 3 4 5 [} i 8 days

MyoG | — e ———— s ———
i e ——————

2,0 3120
< E 100
3 15 3
= 5 80
aé 1.0 £ w0
S = 40
£ 05 2 g

>

0.0 3 0

001 2 3 4 5 6 7 8
Differentiation (day)

0

1 mM Dex& 3 2](DM+Dex) & MyoGo.& 3ol
3k 23t )220 Bla) 25.5%(p<0.001 vs. DM)2] o] o
olg B3} FYH 223} St AL
& % 9ekFig. 10). T 915 A7l A8 Dexzt
o Je /LA 0 AEEHo] g 2ddA 2
o

9

A 2l 647t 23HE Hlxzo AEE 9 g & 9=
m] X A] 9 =0l 1 mM Dex9] 24417 H2E AF 2710
2 d7sto] e APsticth

HI

2. 221F 7 DTMIZOM WI[FES0 O TN
Azlof elst ME MEE Bi5}

C2C12 myoblastso]] T3t SAE @ ] JE 4% SIN, MF,
ACU, NFT9| Al 254 &Rlst7] Sl AlgE AT 5=
HE 2417 5t A2jotal MIT assays B0l MESES
B7 okt Bae 5(1992)9] A-ATtol| WEH A5 WIS+
A1 L1210°] B7] WgtS 5252 A2 23, thE 40
o7}9] jtebA FEET H|asto] A|liZEAdo] ALY mlof
shotal st th 2 AFoA= SAEE 30, 100, 300, 1,000
mg/mL2] L2 24417k Z9F Halat A}, 30, 100 mgmL)
TEoAe= 542 HolA ¢t oy 300 mg/mL(p<0.001),
1,000 mg/mL(p<0.001)° A= ME5FE Yetdth &Y 4
E2] SIN(p<0.001), MF(p<0.001), ACU(p<0.001), NFT(p<0.05)
1,000 M FEofA] HF 5/4E Ho|n MF(p<0.001)9] 73
100 nMo| A &= 5/3E B ot whabA AlE=/do] yeht
A A2 FEE AHEOIY] Dex-fk 95 A ZR oA |

R
1
-
o
n

GM DM
Dex (1uM) -_ - +
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Fig. 1. Establishment of conditions for differentiation of C2C12 myoblasts into myotubes and induction of muscle atrophy
by treatment with dexamethasone. (A) Myogenin (MyoG) protein was compared over time to determine the timing of
induction of differentiation. (B) Effects of dexamethasone (Dex) on the cell growth in C2C12 myotubes. (C) C2C12 myotubes
were treated with 1 pM Dex for 24h, MyoG levels were examined by Western blot analysis. Alpha-tubulin was used as

an internal standard. The results are presented as the mean+S.D. of three independent experiments. ‘p<0.05, “~p<0.01, and

seokoke

p<0.001 vs. the corresponding control group.
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7] A& Agof wE C2CI2 myotubes®] A|ZH S FIE =
J5F3AtH(Fig. 2A). 1| mM Dex®} 37| SAES A2t A3} 30
mg/mL2] 5o A H]u|SEA|TE 8% (p<0.05)2] Al S48 7t
£ B3om 4719 & H& Foll MF= 1 nM3} 10 nM&]
oA ZHE 15%(p<0.01), 17% (p<0.001)E A|ZAJZ LS
Z7HNZ I NFT= 1 nM, 10 nM, 100 nM9] o4 Z+zt
10%(p<0.05), 20%(p<0.001), 22% (p<0.001)Z Dex A Z|¥
C2C12 & NxE9 Al FEHE FostA S7HIHRH
(Fig. 2B).

HI

3. Z9IE R ZEMIENIM YY|FES0 O BN
ol ot 2= & *XX Y EHEE S

Bodine 5-(2001)> #-&38}, 417 AA, Rrhe] Fs} siA),
g A ERE X & D Interleukin-1 F-= cachexia 5] ThFgH
A& 2HNA FAH MPEE fFAXE 2714 A=E

140 4 o3 =30 a1 o10
120 o100 @30 0100 81000

100 4 Tanx

Cell viability
(% of control)

i 1
CON SAE (ug/mL)  SIN (nM) MF (nM) ACU (nM) NFT (nM)

Cell viability

[]
Dex (1uM)
Conc. = 3/30/100 1710/ 100 1/10/ 100 1/10/ 100 1/10/ 100
SAE (ug/imL)  SIN (nM) MF (nM)  ACU(nM)  NFT (nM)

Fig. 2. Cytotoxicity evaluation of Sinomenium acutum
extract (SAE) and its alkaloid components in C2C12
myoblasts and heir cytoprotective effect in Dex-treated
C2C12 myotubes. (A) C2C12 myoblasts were treated with
3, 30, 100, and 300 pg/mL SAE and four alkaloid
components at concentrations of 1, 10, 100, and 1,000 nM
for 24h (B) C2C12 myotubes were co-treated with 1 uM
Dex containing 3, 30, and 100 pg/mL SAE or 1, 10, and
100 nM of four alkaloid components for 24h. Cell viability
were determined by MTT assay. The results are presented
as the meantS.D. of three independent experiments.
p<0.05, “p<0.01, and ""p<0.001 vs. the control (CON)
group or 1 mM Dex treated only group. SAE, Sinomenium
acutum extract; SIN, Sinomenine; MF, Magnoflorine; ACU,
Acutumine; NFT, N-trans-feruloyltyramine.
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=8 Eo|& E3 ubiquitin ligases MuRF1(Trim63)¥} MAFbx
(FBX032) A4S 5o F f4A = 2% 74 24
oA HnA @2 $£E0Z WdEo] iyt LYUEHE
ZoA Z7Fel= Ao2 HIFPTHGomes 5 2001). MuRF1
I} MAFbxo]| gk thegt 915 2704 F 5442 mRNA
U A9 Tl MY = Bl &of tfst ofsf ¢
o2 Tl v wgokA] o AEE gA19) VM8 5
of thgt vlojg 259 EAIMS 7ML YA T F [FHA
e 2Fo] 2915 TY oFE fEe 140 € £ o=
Fs/3& dol& F83 HHolgt & 4 UtkBodine &
2001). whEbA] -E= DexE At o3 A2 L9155 &
AR TEe] B7FEEC] vA= FFE goth 7] fsty
MURF1, MAFbx/atrogin-12] 3-A%} @ MAFbx THil 2] Wgd 4
F= Z7J5IelH Fig 30 AA[E BRe} Zo] DexE @502
A2et Ml ZE g ZFH(CON) Al Zof| H|3] MuRF12] mRNA
uhe 2. 2 7H}|(p<0.001), MAFbx/atrogin-12] &2 3.08f(p<
0.00)E oot S7FeHE ERlstairtt. 181l Dex A=
27kt MuRF19] mRNA 4252 30 pg/mL SAE A #]of 25
41.2%(p<0.01), ZZ0o|= AJE<] SIN, MF, NFT9] 10 nM %]
gof QlajAs ZHzF 47.1%(p<0.001), 41.2%(p<0.01), 52.9%
(<0.001) ZTAES & 4 ATt TS MAFbx/ atrogin-1
mRNA2] &S SAE A zlof| 2J3A] 40.0%(p<0.01), SIN}

L 50.0%(p<0.001), NFTX:= 35.0%(p<0.01)& -S-olu]st 7+
A5 Btk ACUE APA] = 32 Edlo] aste 4
F= Hoy EAF fFox= UEUA skt EE,
MAFbx9] Tl d e ¥shs TSt Adk(Fig. 4), MAFby/
atrogin-1 mRNA Z3}e} F5A35HA SAE A 2] oA MAFbx
o] T d WHAFS Dex A2} Bl Sko] T (p<0.05)5}
9137, SIN(p<0.01), MF(p<0.01), NFT(p<0.01)Q] X & Zol| A=
MAFbx 9] T2 a2 hAstgint. o] AitE A&
o 7] FEET 1L EE|E JERI SIN, MF, NFT7} Dex
Ao 9sto] GE THES ARt AL S 5 9L
™ 3-H] 7 €l-I 2 Bj| o}Z(ubiquitin-proteasome) 7F = 2] X}Ho]|
8% 9L of= Ao Azt

N

4. 2915 R ZEMZ0M WI|FES0} O BUME
Azlof est Z=E Es Hst

Glucoscorticoids(GCs) AJ&-9] SFEA = thFst A}
Ao A et Aulof w9 B34 JFS n|A | A
AU WA EEF 491 ook o wat)
(Gwag 5 2013; Kuo 5 2013; Jiang 5 2019). w&FA] Dex A
7t £ U 2T AHE AR ERIT 23,
C2C12 ZHA|ZONA | mM Dex A &= dijZto] vls) 2=
F &HE 9F 33%(p<0.001) ZHAA|Z T ¥HHE Dex A2}



278

oY
o,
fo
do
i
Eﬂoﬁ
nd
i
of
OO
1ok
B
Y

(A) (B)
4.0 - T 4.0 4
> dodkdk
E Fkk 2
2= 3.0 - g 3.0 1 ## #H#
20 Z2=
<E AT ## Hitth 2 #h #ER
Z5 EE
S 20 ~8S 20
Eg £w
Lz B
g g 1.0 - g -§ 1.0 -
= = =
0.0 - % 0.0 -
& o & & O & = P P
(9 D * L o~ < O K2 * W X 2
F o 7 F F oo F &
o 9 & < o 9 ¢ 9

Fig. 3. Effects of SAE and its alkaloids on the expression of atrophy-associated genes in Dex-induced C2C12 myotube.
The gene expression of ubiquitin E3 ligases (A) MuRFland (B) MAFbx/atrogin-1 were detected using qRT-PCR following
co-treatment with 1 pM Dex and experimental samples. The relative expression of genes was quantified by cyclophilin. The
respective concentrations of the samples are as follows. SAE was used at 30 mg/mL, and each of the four alkaloid components
was used at 10 nM. Data are expressed as the meantS.D. (n=3); ~p<0.01 and ""p<0.001 compared to the CON; *p<0.01
and "p<0.001 compared to the Dex treated only. CON, control; Dex, dexamethasone; MAFbx, muscle atrophy F-box;

MuRF1, muscle Ring finger 1.
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Fig. 5. Effect of SAE and its alkaloids on glucose
consumption in Dex-induced C2C12 myotube atrophy. To
estimate the glucose content consumed, the medium was
measured with a glucose assay kit after the end of the
reaction. The respective concentrations of the samples are
as follows. SAE was used at 30 mg/mL, and each of the
four alkaloid components was used at 10 nM. Data are
expressed as the mean+S.D. (n=3); ~ p<0.001 compared to
the CON; p<0.05, #p<0.01, and "p<0.001 compared to

the Dex treated only.
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Fig. 6. Scheme of the anti-muscle atrophy effects of SAE
and its alkaloids components; sinomenine (SIN), magnoflorine
(MF), acutumine (ACU), and N-ferultyramine (NFT) isolated
from SAE on dexamethasone (DEX)-induced myotubules.
Red lines indicates that SAE, SIN, MF, and NFT inhibits
the pathways induced by DEX.
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