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ABSTRACT

Objectives : This study is to effect of improving muscle atrophy through water extract on the solid-phase fermentation
extraction with Phellinus linteus of discarded Schisandra chinensis in an atorvastatin-induced atrophy C2C12 cell.
Methods : C2C12 myoblast were differentiated into myotube by 2% horse serum medium for 6 days, and then
treated solid-phase fermentation(S-P) extract at different concentrations for 24h. To investigate the effect of S-P
extract on the induction of muscle atrophy and expression of atrophy-related genes and apoptosis in differentiated
C2C12 myotubes using a GSH, ROS, real-time PCR, western blots analysis.
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Results : As a result of treatment with atorvastatin at concentrations of 5, 10, and 20 uM on the 6th day of differentiation
in C2C12 myotube cells, it was confirmed that the cell morphology was damaged in a concentration-dependent
manner, and the length and thickness of the myotube also decreased in a concentration-dependent manner.
Treatment with S-P extract (50, 100 and 200 ug/m¢) increased of GSH and inhibited ROS in the atorvastatin-induced
muscle atrophy cell model at a concentration that did not induce toxicity. In addition, it was confirmed that it has
an effect on muscle reduction by inhibiting apoptosis of muscle cells as well as being involved in protein production

and degradation of muscle cells.

Conclusions : Atorvastatin-induced atrophy C2C12 cell, S-P extract activates related to differentiation/generation and
proteolysis, and inhibits cell death of atrophy in C2C12 cell. Based on this, it is necessary to prove its effectiveness
through animal models and human application test, but it is considered to be discarded Schisandra chinensis can
present the potential for development as a recycling industrial material.

Key words : Phellinus linteus, Schisandra chinensis, C2C12 myotubes, solid-phase fermentation, anti-atrophic effect.
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3~(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT))+= Sigma (St. Louis, MO, USA)9JA|
TASHAL, ZHAE FEoH] SR statin AFO] oF
=<9 Atorvastatin2 (calcium salt hydrate, Cayman,
MO, USA) caymanollA 9ottt Total RNA &2
£ 913t RNeasy® mini kitE Aiagen (Aiagen, Hilden,
Gerbany)ollAl  F9lstden, PCRE 3 Maxima
frist strand cDNA synthesis kit for RT-qPCR= Thermo
oM (Thermo scientific, Waltham, USA), Western blotting
o AHE?F antibody®Z Bax, Bcl-2& Novus (Novus
Biologicals, USA)OlAl AL, cleaved caspase—3,
capase-3, B-actine Cell Signaling (Beverly, MS, USA)
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penicillin(100  U/mf)e] 347FE  Dulbecco's Modified
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F55k] 9ote] statinA|€Q] Atorvastatin (calcium  salt
hydrate, Cayman, MO, USA))= 5, 10, 20 uM 5%
2 AEste] T 952 Grslgon, Yeh 509 A
e Faste] 2 &R tiste] myotubed] 4
olet FAE 35tdn]H(Olympus CKX41; Olympus)
745t atorvastatinof] it & A5 &4 AEE

st

AN
&A1

2ol
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5, C2C12 cell] Z+z+ 25, 50, 100, 200, 400, 800,
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incubatoro|A] 1AI17F HEGA1Z1 5 A Ak L
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4) Quantitative RT-PCR

C2C12 cellZ 3%x10° cells/well2 6-well culture dishell
B0l 24417 B widsER AL, o]F 6 T BIE
frstgor, 248 fLotr] 2447 A S-P &
=2 50, 100, 200 ug/ml FE=2 AHsHAct & &40 &
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Slo] RNAE FE5I3ith. &3 RNAE Spectrophotometer
(Nanodrop)& &5t A, 1 ug RNAE Maxima
frist strand cDNA synthesis kit for RT-qPCR(Thermo
scientific, Waltham, USA)E ©]85}%] complementary
DNA(DNA)E 4dstdt. PCR bio syGreen blue
Mix(PCR Biosystems, Pennsylvania, USA) 10 wl<}t
primer 2 w7} EZ&H S3HE 19 wet cDNA 1 WlE
polymerase chain reaction (PCR) Ate]22 403] 43
sttt S 84 §gof 292 primer®] FEE Table

LoflA Lep lTt.

5) Western blot

C2C12 cell2®E Est 9
WS Western bloto 2
cello] =70l gl F=HLlA
100, 200 wg/ml sE2 AT &
QI5}o] atorvastatin = 24417 AF

Table 1. Specific primer sequences for PCR

1x PBSZ 33] AlE ¥ lysis buffer(50 mM HEPES,
pH 7.4, 150 mM NaCl, 1% deoxycholate, 1 mM
EDTA, 1 mM PMSF, 1 wg/ml aprotinin) 0.1 m(Z
lysisAIX1 & 12,000 rpmeflA] 20 & LAt o=H
S Fefetalnt. 2elE 72 Thldo] FEE protein
assay solution®2 A&t th; 30 yg THAE 5xsample
buffere} 410 8-15% SDS-PAGEE S Ha|stict.
EH gelde] dA-S NC membrane© 2 transferA|
7121 Zt membrane> 5% BSAZ A2l 1AZF blocking
Sklth. membraneo] w3 9 AlEAME, Z&4d -
UARFAE Yol 4TCelA obzd ¥RgAXl & 0.05%
Tween©] 5°J7F TBSE 33] AlZst5tt. Membrane®]|
THA] anti-IgG conjugated HRP A& Y2 & 1A7T
¢ A2elA "EEAZIEL 0.05% Tweeno] 39
TBS(UXTTBS)Z 33] A&t ECLE&HS ©]&3f
ChemiDocTM touch imaging system (BioRad, California,
USA)e 2 EXstart.

(o)
e

Target Primer Sequences
MyoD Forward 5 ,—GATGGCATGATGGATTACAG— ?’
Reverse 5 -CTCCACTATGCTGGACAGG-3
Myogenin Forward 5: -AGTACATTGAGCGCCTACAG- 3:
Reverse 5 -GACGTAAGGGAGTGCAGATT-3
MEF2 Forward 5 -TCCATCAGCCATTTCAACAA-3
Reverse 5 -GTTACAGAGCCGAGGTGGAG-3
Mvf5 Forward 5 -TGAGGGAACAGGTGGAGAAC-3’
Y Reverse 5 -AGCTGGACACGGAGCTTTTA-3
Myf6 Forward 5”—ATTCTTGCGGGTGCGGATTT— 3
Reverse 5 -ACGTTTGCTCCTCCTTCCTT-3
Atrogin-1 Forward 5: -CTGCCTGTGTGCTTACAACT- 3:
Reverse 5 -TGCTCTCTTCTTGGGTAACA-3
FoxO3a Forward 5-ACAAACGGCTCACTTTGTCC-3
Reverse 5 -GTGCCGGATGGAGTTCTTC-3
. Forward 5 -CTGTAACCTTCCCAGGACCA-3
Myostatin Reverse 5'~-GCAGTCAAGCCCAAAGTCTC-3
MuRF1 Forward 5 —TGCCTACTTGCTCCTTGTGC—T’
Reverse 5 -CACCAGCATGGAGATGCAGT-3
3 Forward 5 -TGGTGATGAAGGGGTCATTT-3
Caspase Reverse 5~AGCCTCCACCGGTATCTTCT-3'
Bax Forward 5 -CCTTTTTGCTACAGGGTTTC-3
Reverse 5-TCCATATTGCTGTCCAGTTC-3
Bol-2 Forward 5-GATTTCTCCTGCTGTCTCT-3
Reverse 5 -TGTGTGTGTGTGTTCTGCTT-3
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6) FAAE

= A¥ A= GraphPadprism 5.0 54 =273
(GraphPad Software, La Jolla, CA, USA)& o]&s}o]
7 AEe] Bk EEHAHmean+SD)E AKX
o Zt & 7F H2E 98] one-way ANOVAZR E4
SR, A AR LSDE Fall AsstaeH, pc0.05
FEollA ZF AT 7] Fode Brskh

m. Zx}

L 2542 23t 9 284 Azrd 7%
WA, S-p FEEQ 2Rl U avE duET]

A 0 2

x100

Myotube lengh (pm)
.

A, C2C12 cell®] oM E(myoblast) AEjlA o]&
TEA|E(myotube) 2 E3HA|A THAE] FEiE T
sttt 2% HS(Horse Serum)© 2 LOIAN|EE TL3HA
22 F3el=d], 8U7HA] Alxe] FHIE A 2T,
297415 IEAMERE 2IEE RS BEE 5

1, 6t e Az e] HE

S & 4 QAUH(Fig. 1A). EIF 8¢A HE=
& 28H myotube®] Zolo] WSt 642t} H|
= o, & #H3ts glYAN, FAE AAste e ®

obFig. 1B)ZTHAIES] 2ot =72 6942tz 7gsta

o|% dde st

Myotube Width (um)

Fig. 1. Differentiation of C2C12 myoblasts into myotubes. (A) Differentiation of myoblasts was induced for 8
days in differentiation medium containing 2% HS, and differentiation medium was changed every 2
days (B) Myotube lengh and widths in C2C12 myotubes. Values are means SEM of two different
preparations with quadruplicate experiments. p<0.05, ~p<0.01 and ~""p<0.001 vs. CTL group.
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2] zZpol7t gzl & AFAE  atorvastatin 10
uMEZ A5t o]%, atorvastating 10 uM2 A
Stof 24A17F, 48AIZY MRS o, Aol ik 9
< AHEST O Adt 24X 48417 Aot dS
o myotube?] Zo] W T & W= §le AS=R
HolFig. 2CD) & AFA+&= atorvastatin 10 uM-E
24X7F Asto] & &4 Bdlg TESHQITh
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48h 48h

]

Myatube Width (jum)
w e e @
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2

cTL e 10

Atovastatm (M) Atovastatin (UM)

Fig. 2. Atorvastatin(ATV) treatment after differentiation induced myotube atrophy. (A) Change of cell morphology
C2C12 myotubes treated with 0, 5, 10, and 20 uM ATV after differentiation. (B) Measurement of
Myotube lengh and widths treated ATV in C2C12 myotubes. (C) Changes of cell morphology treated
with ATV for 24 h and 48 h in C2C12 cell. (D) Measurement of Myotube lengh and widths treated
ATV for 24 h and 48 h in C2C12 cell. Values are means SEM of two different preparations with

quadruplicate experiments. ~ p

2. $-P 3589 AX 5497 % AZ 34 B2
S-P =ZEo] i3t HE =4 9 HA o I:HH
2 gotry] 9ste] S-P FZES C2CI12 cellol 2

50, 100, 200, 400, 800, 1000 ug/ml FE= Z%ﬂ?l’
24A7F wfieFste] MTT assay WHO2 AMEEAHS

Astact. 1 Ay}, C2C12 ZobA|Ze] AEEo=

Fe ] gtom (Fig. 3A)

ol%

o Aol

ool .Il)l' ~I°l' $

<0.05, ""p<0.01 and
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p<0.001 vs. CTL group.

of 200 wg/m¢ 7FA] ARESFQTE ERE, C2C12 HAIE
o= S-PFEEEL 200 ug/mle At T, ZTAIELY
JelE W& gt AT} atorvastatin o Q5] & ATt
FEEISS SRIstYa, S-PEEES Ag I&
A& myotube®] Zo] W FAT} FUlols A 21T
= A3t (Fig. 3 B,O).
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g
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80
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0

CTL 25 50 100 200 400 800 1000
5P (ug/'mL)

150

100

g

Myatube lengh (m)
g

2

S-P 200 ug/mL

ok

Myotabe Widih (gm)

CTL

T
CTL ATV

Atovastatm (10 pM)

P 200 ughul

ATV 5-P 200 ug/mL

Atovastatin (10 yM)

Fig. 3. Cell viability of C2C12 cells treated S—P extract. (A) Cytotoxic effects of S-P extract in C2C12 cell. (B)
Change of cell morphology in C2C12 myotubes treated with 10 uM ATV and 200 ug/m¢ S-P extract
after differentiation. (C) Measurement of Myotube lengh and widths treated ATV for 24 h and 48 h in
C2C12 cell. C2C12 cells were treated with ATV (10 uM) with S—P extract (200 ug/ml) for 24h. Values

are means SEM of two different preparations with quadruplicate experiments. *#p<0.001 vs. CTL ;

"'p<0.01 vs. ATV group.

3. TEAEA S-P FEE2 Glutathione @ ROS

A7gol digk &t

S-PFEE] diste] ROS ¥ glutathion®] AJ-def
ot S AHHET] Q5te S-PEFEEE 50, 100, 200
ug/ml-& A ST} atorvastatin & A3 1FAA=
Controlet¥ H|W3st-S o], GSH &X7} 40% 43t
G=2 EIskalFg 24), FEE2 A IgANE
oot GSHE] F&7t 100 ug/mixtollM+ 67.60+2.32%,
200 wg/miTANAME 73.6714.59%2 SEEE AL T
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SIATHFig. 4A). TS ROSQ| AAEFRS atorvastatin

A2gt 1FolAE controlwtdt H|wSIHS i, ROSS]
27} 178.56+£5.1602 F7lot= A4S UL
H, FE=2 AT AFAAE 50 w/mdA=
140.28+2.82%, 100 ug/mixtollM+= 108.35+7.50%, 200
ug/miol A= 105.67+6.26%%2 FEE9 FLEF
oz fostA ROSY AdFS dAlst= Aoz Ue
woh(Fig. 4B).
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Fig. 4. The Effect of S—P extract on GSH(A) and ROS(B) levels in C2C12 myotubes. C2C12 cells were treated
with ATV (10 uM) with various concentration of S—P extracts (50, 100 and 200 ug/m{) for 24h. Values
are means SEM of two different preparations with quadruplicate experiments. *#p<0.001 vs. CTL :

* sk

"'p<0.01 and ""p<0.001 vs. ATV group.
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Fig. 5. Effect of S-P extract on the Atorvastatin induced muscle atrophy in C2C12 myotube. Total RNAs were
extracted using Trizol reagent and mRNA was measured using qRT-PCR. The fold changes relative to
the control were calculated using the 4 ACT method for mRNA expression levels of muscle—specific
transcription genes. Values are means SEM of two different preparations with quadruplicate experiments.
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p<0.001 vs. CTL : "p<0.05, "p<0.01 and "*p<0.001 vs. ATV group.
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drstA] "ok B AFA T atorvastatin 22 FH
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dof| mA= dFS dobr] fIste] AEANEY ¥
F F93%F 2AAXR] bax, bcl-2, caspase—3, cleaved—
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Fig. 6. Atrophy—related apoptosis in ATV treated C2C12 myotubes. The expression of Bax/Bcl2 and
cleaved—caspase—3/caspase-3 mRNA and proteins expression by qRT-PCR and western blot. Cells
treated with S—P extract (50, 100 and 200 wg/ml) in the absence or presence of 10uM ATV for 24 h.

The fold changes relative to the control were mRNA expression levels of apoptosis genes and the

intensity of the protein band was normalized against the internal control B -—actin. Values are means

SEM of two different preparations with quadruplicate experiments. ~

H15<0.001 vs. ATV group.

"p<0.001 vs. CTL : "p<0.01 and
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= =11 O = =1
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B2 Hglel 25 ~ 1000 ug/ml WSIOIA AEAEL]
Ag glsigion],

= =11
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effector caspase2 Z# AUt} cell membrane© 25 E
A|zAPEO] douA| E|Hpro—apoptosis factor] bax(bcl-
2-associated X protein) Aol F7oHA EH A
S =2 anti—apoptosis factor@]l Bcl-29] W& AA|H
oz nEZC o oute] Q1= cytochrome ¢ W
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