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ABSTRACT

Objectives : In this study, we investigated the synergistic protective effects of medicinal herbal mixture (HME) including
Mori Ramulus (MR), Acanthopanacis Cortex (AC), Eucommiae Cortex (EC), and Black soybean (BS) in C2C12 cells,
mouse myoblasts,

Methods : Effects of HME on cell viability of C2C12 myoblasts were monitored by MTT assay. Anti—atrophic activity
of HME was determined in myoblasts and myotubes under oxidative stress by HoOq2. C2C12 myoblasts were differentiated
into myotubes in a medium containing 2% horse serum for 6 days. After that, we measured that expression of MyoD
and myogenine, the myogenic regulatory factors, to identify the mechanism of inhibiting muscle atophy after HME
treatment, In addition, suppression of phosphorylation of Akt, FoxO3a and MARF-1, transcription factors of
degradation proteins were analyzed via western blotting,

Results : As a result of MTT, HME there was no show cytotoxicity up to a concentration of 1 mg/ml. The cytoprotective
effects on oxidative stressed myoblast and myotube was better in HME extract than those of MR, AC, EU, and BS,
respectively, HME treatment in Myotube induced by oxidative stress after H2O2 treatment increased Myo D, Myogenine
activation, and Akt, FoxO3a phosphorylation and decreased expression of MuRF—1, As the results, HME has synergistic
effects on protection against proteolysis of C2C12 myotubes through activation of the Akt signaling pathway under
oxidative stress.

Conclusions : These results suggest that HME may also be useful as a preventing and treating material for skeletal
muscle atrophy caused by age—related diseases,

Key words : Sarcopenia, C2C12 cells, Medicinal herbal mixture (HME), Oxidative stress

*Corresponding author : Mi Ryeo Kim, Department of Herbal Pharmacology, College of Korean Medicine, Daegu Haany University,
Korea,

el : +82—53-770—-2361 - E—mail : mrkim@dhu,ac. kr
#First author : So Young Kim, Department of Herbal Pharmacology, College of Korean Medicine, Daegu Haany University, Korea,
- Tel : +82—-53-770—-2241 - E—mail : un7849@naver,com

- Received : 14 June 2022 - Revised : 19 July 2022 - Accepted : 25 July 2022



32 K # A BB @ 3 — Vol. 37 No. 4, 2022

1.4 &

aRaze 2AZL 29 U 7159 HHH £4L E
Aoz st A Wate, AF Aol 4o A Ast @ =9
Aol 2o floltt? A7 Aol A9 T8 A9
oF 4992 AR BT Yo, w2l AL ok 97%2 IA Ak
sop) arazel gHEe A gt 604 ol4elA 5%
ol A 50%71] chakstAl Wy gt IHaZe I W)
A, AA Aol D AT 91 =Y Bk ofe} Qe AR,
Sy 9 AP sk AgaA st ok gEA oY,
o7 74 wEa 7d) fo] Soje uet A AAHos

=917}t FH3] F748kT §
o)z ulg-2 Hzhsl] 9
g BAlo] FEatx ik,

Absh AEH AL 27HAS W] 29 7|dol, T
Ba) 27}, ol §4 @A, nEZSEol 7% Ao @ A
ZAbET Bol . B4 AaE (ROS)S AE At
BaEas gAEE, B 520 ROSE 4T S8 A% <
2, ®9) AR A @ ad Ze oy AT Ag A% <
A2 gAstets o 24Foz Zgats wtY Fw
ROSS AL A= 44, T2 9 7159 2L %
2 gureith TABeA (H00)E

Falo, 9]l AFslA] A 2= AbgE o]
o mRoA 2 gl S

o

w, olof 4o} A& AMet
Atk =7 8 kS A

=

T

ry
N

ul
B
olN

rl o ot

IEHE IAIG A RS Y
7 e,

EHEY 74 TR 47HA F s A (S8, Mori
Ramulus, MR)& BUE (Morus alba. 1)&] 7}A1H| d =
e FHEE  BEd, Y, G, @5 AdEE 2H
237} Qe Aoz A glon' sorztis A2
gofo g 1o S017F S5HlE, AT, BEE AR
g 7)o ot Mg ATEE JFY 9%t &
T g, ks 34 4 ABAE BE 5% 5ol
w3Eof Yok,

ESE @719 (B, Acanthopanacis Cortex, AC)= 2
ZoUR (Acanthopanax sessiliflorum Seeman)® Z7]
Ad Be RYE7|EA, AFSEAIEILE T E AF9
So7t Ak, F, BEE0H AA T, FF 18 T,
FolE a4 BAE AR 5o 98 AgET Ao, ey
ATRE kst 2 A ALY, de 9 P, Atet
g% Gol Rugo] grt,

a3 F% (P, Eucommiae Cortex, EC)S T
(Eucommia ulmoides Oliver)?] $3& AXR3F HofoFo
23 18 welo] 72, A 9 AU Aol stk

2957, 2eE” 59 A Bat A7t maEo] ik,

npReto 2 HLeFl T%F (£F, Black soybean, BS)=
grojstol|A] AEH o7 Friaz o] Argatgon, a2,
Ak a9 a5 S mko] B ol
Si=

olof B AFoHE gtejste] o2 F ARE (i) ol
A8 7+ F 280 £%50] UE 97HA] TFAE A5
Hy0.2 A3t AEHAE %3 C2C12 myoblastol A &

Sdg B AT, AN, 2obN, £ 9 G5 AL
52 29t (data not shown). o] 4% (MR), £7}5
(AC), 5% (EO), &% (BS)E &8sy, = & (HME,
herbal mixture extract)E AHR3}HSH, mouse
myoblast®] C2C12 AZoj|A ZH=5 o i) s
FHOE A3t AEH A g3t FEEY AEZ BI 55
M =

I As 9 AE 9d
1. A=

1) AIRS| M=

2 Ao A8F MR, AC, EC, BSE E&A A oFx
e 2EHU(FH, dFU)olA AR Tt =&
gtk &= & A] MRL 500 goll 875 2 kg 715+
110CoA 1AE &8t en, AR 285 U
(5§ 2.74%), ACE 200 gol SF5 2 kg& 7H3}o]
110°ColA 4A17F &3t FAAXRSI BLS AUHES
£ 5.25%). E3t EC= A2 200 goll 274 2 kg 7514
110°CoA 4AZF FEstgom, SAAZ st BT A4
oH($58! 5.4%), BS= 1 kgoll 7% 10 kg 75t
24M7 B & B9 T HA X Yol oA S/ 10 kg
7kt 110Ce 4X7 &% §F 52 Axste] S &
AHEEE: 18.44%). 7t B FEEL2 3% SFl 100
mg/ml X2 &9 stock solutione A|Z35tF o, AFH
A A A FER HiX| o] A5t ARt HME:
MR 2 kg, AC, EC ¥ BS Z} 0.4 kgoll AAl5 100 kg 7}
skl 110T oAl 4AZE 2389 40T7HA] AAdztste o
FA 7 F FAARSIY BEUE AAHES5L: 3.84%).
HMES] vig v&-2 o2 uigu] 9] a5 AES Fdto] A9
Hjge| S AAstg 2™ (data not shown), =
FE2E FEHI YA AU o] o]
32 549 100 mg/ml =2 £9 stock solutionS Al
stlon, Age] AMg Al A FEE iAo 345t A8
shct,

=il
dojz

o
2
1 &

(=R

o BN rlo me

=
T
F ;

2) A<k

C2C12 A2 vige Yd A= wixlE= FBS (fetal
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Figure 1. Effect of HME on cell viability in C2C12 myoblasts.
Cell were treated with the various concentrations of HME for 24h,
The Results are values are mean+S.D.(n=3), Different letters
indicated a significant difference by Duncan’s multiple range test
at p<0.05.
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Figure 2. Cell protective effects of HME on H2O2>—induced in C2C12 myoblasts.

(a) : Protective effects of HME in C2C12 myoblast against H.O.—induced cytotoxicity.

(b) : Comparison of the cytoprotective effect of candidate substances in H.O,—induced C2C12 myoblast. The Results are values are mean=+
S.D.(n=3), Different letters indicated a significant difference by Duncan’s multiple range test at p{0.05.
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Figure 3. Cell protective effects of HME on H>O>—induced in C2C12 myotubes.

(a) : Protective effects of HME in C2C12 myotube against H.0>—induced cytotoxicity.

(b) : Comparison of the cytoprotective effect of candidate substances in H.0,—induced C2C12 myotube. The Results are values are mean+
S.D.(n=3). Different letters indicated a significant difference by Duncan’s multiple range test at p{0.05.
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Figure 4. Effects of HME on the protein expression levels of myogenin
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(a) : The relative expression of myogenin/S—actin was quantified by densitometry analyses.
(b) : The relative expression of myoD/B—actin was quantified by densitometry analyses. The Results are values are mean+S.D.(n=3),
Different letters indicated a significant difference by Duncan’s multiple range test at p{0.05.
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The relative expression of p—Akt/Akt was quantified by densitometry analyses.
The relative expression of p—FoxO3a/FoxO3a was quantified by densitometry analyses.
The relative expression of MuRF—1/8—actin was quantified by densitometry analyses. The Results are values are mean=+S.D.(n=3),

Different letters indicated a significant difference by Duncan’s multiple range test at p<0.05.
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o) 2" F2 Akto] oJsf A, meby Akt &
Ashe ZAIZA Tl B © oA g3 2 gHes
AL, &, Aktoll o8] o]5o] lAstE W B8A5E o
3 uro] N EZAZ olFsA Hi, Akt AL Zagd,
FOXO7} oA A3} = o] atrogin—13F MuRF—-19] &2
7N A adS Bttt Akt @EF 24 AI H.0p
A7 Al Akt THo] foFom HAaFon THFEE

A Al Ho02 Aol vl3] 8oz F715 AS &lst
At (Figure 5—a),

ZZ4 2o A @ilA Bs)= ubiquitin—proteasome 3 &9
X3S 3 o]Fo]X|H ubiquitin—proteasome BHZ+=
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A B A S fEHTH, 58] FH2A Solgor
3 E= E3 ligase?l MAFbx/atrogin—1 @ MuRF-1& &
945 Ut ot 2AGIA F7bske] AEFIE oA
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o] £012]7] ", H,0, Mol 2 FoxO3a W@ W
35 AR 23, Ho0, A2 Al Fox03a2) 1417} has
AL &2t (Figure 5-b), =3 HME A& A] HyOq
Ao Blsf FoF ez FoxO3a9 Q4telrt S7ket A&
I, wEhA HoO0l &J8f 2950l e C2C124| 2
oA HMEA gl Akt ¥ FoxO3a 14HsHE §3, MuRF-1
THE AAAHLZN, 295 B G52 el 2es
Atg Flr,

v.3 &

= =

2 AFolAE HME A7} 10,2 Astred 2 f5d
C2012 Az A AtAEd 20 gt TAE BE A% 9
THE oY BT S Ha e AFstgon, of

23 2 AL AU

1. C2C12 myoblastollA] HME A& A] A|Z EA& 1 mg/
ml BE7P) e e n, 0,2 Asasd 2
S5 C2C12 myoblastolA] HME HEA] = o9&
Ao A& BT &0 U

2. Ho0o2 ABIAEFA &% C2C12 myotubed A
HME A2 F= Q2HO2 A BE Fko| Ye
Uz ekgtont Aksta AEg A oF YEE A
AqAg e A& elsttt

3. C2C12 myoblast ¥ myotube T4 T F=
A2 Hrtt HME A oA Asty AEF 2] 9
Az B35 f5o] o 554 Ueeng 72t 2285
9 AR &0l Y= ALE ARHT

4, Hy0.2 ASAEF 2 F2E C2C12 myotubeol A HME
27k 2238 A< myogenin % myoD&] &0
H0; &5 A2 vlsf fol5oz Frstqrt.



C2C12 myotube®] AF8HA &/go] et & TFA FE2(HME)S Akt/Fox03 A& 28 §3 BT & 37

5. HoOo2 AIAE A S5 C2C12 myotubeoA] HME
A7t 25 QA E= 295 T AR Akt, p—Akt,
p—Fox0O3a, FoxO3a ¥ MuRF-1 ©lz "ty 3ol
Z3}, HME A& A] H202 T A2l v]3] p—Akt ¥
p—FoxO3a & FoF o= F7HF2H, MuRF-1
HHe FojFoz AR A F T

whaba] Hy000) oJ3f E$150] R C2C124| 2004 HME
AL Akt % Fox03a? Q4SS E38 MuRF-1 H3d<S
AR5t Tl RS AAAZCEHN, IS BS A5
Yelf= A2 Alg "ot

A 2

o] =E2 FAWAZIERE AIFHAASHALARED)
(No.52934141)3 Hshr| & HF AR QYo AT
Aol A QLS wol £S5 YTHNo, 2021R1A2C20147
1711).
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