Journal of Life Science 2023 Vol. 33. No. 12. 1036~1045

ISSN (Online) 2287-3406
DOl : hitps://doi.org/10.5352/JL5.2023.33.12.1036

Ameliorative Effects of Soybean Leaf Extract on Dexamethasone-Induced
Muscle Atrophy in C2C12 Myotubes and a C57BL/6 Mouse Model

Hye Young Choi1,
Dong Yeol Lee®,

Young-Sool Hah2, Yeong Ho Ji3,
Won Min Jeong®, Dong Kyu Jeong®, Jun-II Yoo® and Sang Gon Kim**

Jun Young Ha* Hwan Hee Bae4,

]Department of Radiology, Gyeongsang National University Hospital and Institute of Medical Science, College of Medicine, Gyeongsang

National University, Jinju 52727, Korea

’Biomedical Research Institute, Gyeongsang National University Hospital and Institute of Medical Science, Jinju 52727, Korea
*Department of Orthopaedic Surgery, Inha University Hospital, Incheon 22332, Korea
*Department of Central Area Crop Science, National Institute of Crop Science, Rural Development Administration, Suwon 16429, Korea

Gyeongnam Anti-Aging Research Institute, Sancheong 52215, Korea

Received November 23, 2023 /Revised December 14, 2023 /Accepted December 18, 2023

Sarcopenia, a condition characterized by the insidious loss of skeletal muscle mass and strength, repre-
sents a significant and growing healthcare challenge, impacting the mobility and quality of life of
aging populations worldwide. This study investigated the therapeutic potential of soybean leaf extract
(SL) for dexamethasone (Dexa)-induced muscle atrophy in vitro and in an in vivo model. In vitro
experiments showed that SL significantly alleviated Dexa-induced atrophy in C2C12 myotube cells,
as evidenced by preserved myotube morphology, density, and size. Moreover, SL treatment sig-
nificantly reduced the mRNA and protein levels of muscle RING-finger protein-1 (MuRF1) and muscle
atrophy F-box (MAFDbx), key factors regulating muscle atrophy. In a Dexa-induced atrophy mouse
model, SL administration significantly inhibited Dexa-induced weight loss and muscle wasting, preserv-
ing the mass of the gastrocnemius and tibialis anterior muscles. Furthermore, mice treated with SL
exhibited significant improvements in muscle function compared to their counterparts suffering from
Dexa-induced muscle atrophy, as evidenced by a notable increase in grip strength and extended endur-
ance on treadmill tests. Moreover, SL suppressed the expression of muscle atrophy-related proteins
in skeletal muscle, highlighting its protective role against Dexa-induced muscle atrophy. These results
suggest that SL has potential as a natural treatment for muscle-wasting conditions, such as sarcopenia.

Key words : Dexamethasone, muscle atrophy, muscle atrophy F-box (MAFbx), muscle RING-finger

protein-1 (MuRF1), soybean leaf
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29 FEE(Soybean leaf extracts, SL) M=

=)

F9% FZE(Soybean Leaf Extracts, SL)% wE3tE
ol u}a} zﬂ&ﬂmu} Axg FY 200 g& AASG 5 Lol
A71ska, o] EFES 95-100C oA 60 52t 7FE ke
FE39T FEEL ’5301]/‘1 1’§7L5] <, 200“1]1’] 7]

o o= S Az om, o
I A= 5,000 x rpmoﬂ/ﬂ 1023F %4‘—} B H o &5
He B3 5% 7](EYELA,

ME i, Z2ME 23 3 2215 (atrophy) FE

o2 F8 ZolAl E(myoblast)?] C2C12 Al EZF+=
American Type Culture Collection (ATCC, CRL-1772;
Manassas, VA, USA) S 2HE F35te] ARSI T C2C12
M3 = Dulbecco's modified Eagle's medium (DMEM; Thermo
Fisher Scientific, Inc., Waltham, MA, USA)°l 10%(v/v)
Fetal Bovine Serum (FBS; Thermo Fisher Scientific, Inc.)3}
1% penicillin—streptomycin (Thermo Fisher Scientific, Inc.)
S 713k A4 vl A (growth medium, GM)o A vl =] S}
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th AlZE F& ddlelH A 37C, 5% COE A=
Atk Alxz= 2 et} AAg B A2 2 A = 1AL, 80~90%
confluent e 7} H ™ Al v Fste] Aol AHESFA T

C2C12 TOMIEE 80-90%2] L= =E3lH GMS
2% horse serum (HS; Thermo Fisher Scientific, Inc.)2. =
TAE B3} vl A (differentiation medium, DM)Z 14| 3}
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DAY 643t TIBA E(myotube) 2 35 F =39 T
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MAFbx&] &3S 9| ~El % F,IJJr A eFzA oﬂ;q/k]. =3ty

HE MEg =8

C2C12 M ZE 24-well ZH 0] E0] 5x10* cell/welle] I
=2 Btk A7 $-3E F, SLE 0, 50, 100, 200,
500, 1,000 pg/mle] F=2 A stEcth. 44 Az A
% Cell Counting Kit-8 (CCK-8; Dojindo Laboratories,
Kumamoto, Japan)S AHE-3le] M X &S HI7ISHATH
Zk dof] CCK-8 & 10 g F71e &, 37ColA 1437
S F71E v sl a, A E formazan®] FFE=E 450
nmol| 4] microplate reader (VersaMax; Molecular Devices,
Sunnyvale, CA, USA)E Al&3ld] ZA3AY. &=L
Aol FFEE 2T FFEE tar ghell 100
Fahel Mg eyt

May-Grunwald % Giemsa &4

E3lE SR AEE 4 S5 AEFPBY)E AFH
Shal 100% WRHE 2 A TE AlZe QI kS
mM NaH,PO4+H,0O ¥ 1 mM Na,HPO,, pH 6.0)°l] 1:32.2
3] 443k May-Grunwald &< 0.2 58 F<F "ﬁ WAtk 5
FrE A A3 3, AExes S/ 1 okl
Giemsa &% 22 10 5 G5 03@"% HNEE
Y= 47l 8= L]’TO'] e Ao o i = B Al B
2 o|u|RE AATh(Eclipse 80i; Nikon, Tokyo, Japan). NIS
Elements software (NIS-Elements Advanced Research,
Melville, NY, USA)E At&3te] 2t 99| A|xE F-2+9
2 Addste 23 £& SASATH

RNA 22| & N2 AFAl Setgd A HE(qRT-
PCR)

C2C12 SH/AHNETE AVEe PBSE F ¥ AFHstx
TRIzol A ¥(Invitrogen, Carlsbad, CA, USA)S A3} F
RNAZE £33t} 323 RNAE iScript cDNA T4 7]
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E(Bio-Rad Laboratories, Hercules, CA, USA)E A}-&3}]
A HASFATE. mRNA HE-2 TagMan 48 A}-§-34
ViiATM7 Real-Time PCR 4] 2=®l(Applied Biosystems Inc.,
Waltham, MA, USA)2.2 H7}8l9 . 52 442 U334
2k 7] AL 95CollA] 10% St 33 5, 95Tl
A 15%, 60Col A 60x2] 405712 PCRS 33Tt
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@l E 5% = BCA Protein Assay Kit (Pierce, Rockford,
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4x laemmli sample buffer (Bio-Rad Laboratories)2} & 33}
of 22l U, 10% SDS polyacrylamide geloll Al A 719 &
31 UERAERZS~ wrog AT 5% skim milk
(Difco, Detroit, MI, USA)7} #7}& Tris-buffered saline
with 0.05% Tween 20 (TBST) 5 H o2 [AIZF A 204
blocking 3}3l, MuRF1 (Santa Cruz Biotechnology Inc.),
MAFbx (Santa Cruz Biotechnology Inc.) % p-actin
(Sigma-Adrich, St Louis, MO, USA)% Z3e dap A o
A v Fstd Tt SR Wi oF ¥, 22 TBSTE Al & star
HEA oA A o)t A&k FHA v Fatith B

22 & 9 9% Ads
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Fig. 1. Mitigating effects of Soybean Leaf Extracts (SL) on Dexamethasone (Dexa)-induced atrophy in C2C12 myotubes. (A)
Phase-contrast microscopy captured the morphology of undifferentiated C2C12 myoblasts 24 hr after treatment with varying
concentrations of SL (0, 50, 100, 200, 500, and 1,000 pg/ml) at 100x magnification. (B) Cell viability was assessed
quantitatively using the CCK-8 assay. (C) Differentiated C2C12 myotubes were treated with SL in the presence or absence
of 1 uM Dexa, followed by Giemsa and May-Grunwald staining to evaluate myotube morphology and density. (D) The
diameter of myotubes was measured, and the results were graphically presented, highlighting the influence of SL on
myotube size and differentiation. Statistical significance is denoted by **p<0.01 and ****p<0.0001 vs. the control group;

##p<0.01 and ####p<0.0001 vs. the Dexa-only group.
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Fig. 2. SL-mediated attenuation of muscle atrophy regulatory proteins. (A-B) The expression levels of MuRF1 and MAFbx,
key ubiquitin ligases involved in muscle atrophy, were quantified by qPCR in C2C12 myotubes treated with SL in the
presence of Dexa. Results were normalized to a reference gene and are shown relative to the untreated control. (C)
Western blot analysis presents the protein expressions of MuRF1 and MAFbx following treatment with SL and Dexa.
(D) Densitometric quantification of the Western blot signals is depicted in bar graph format, indicating changes in protein
levels after treatments. Statistical annotations are as follows: ****p<(0.0001 compared to control group (CTL); #p<0.05,

HHH#

p<0.0001 compared to the Dexa-alone treated group.
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A B Gastrocnemius C Tibialis Anterior
26 -e- Control 0.20 0.08+
% Dexa
— 25 D+ SL 250
] ~¥- D+SL500 0.15- it 0.06
S # g S
= St ” it
Fo.10- 50.04- ==
o ® anne
= = =
0.05+ 0.024
0.00- T 0.00~ T T
N \
6:‘0 ’D‘P '§ &‘o o ""’0 ‘PQ
Days < B °® ¢ & 2
0 0 0! Ql

Fig. 3. SL attenuates Dexa-induced weight loss and muscle wasting in a mouse model. (A) Graphical representation of body
weight alterations in mice experiencing Dexa-induced weight loss, treated with SL at concentrations of 250 and 500
pg/ml. The results depict SL's capacity to alleviate Dexa's impact on weight reduction throughout the course of the
study. (B) The gastrocnemius muscle (GA) weight measured at study completion suggests that SL conserved muscle
mass in contrast to the Dexa-only treated group. (C) Similarly, the tibialis anterior muscle (TA) mass evaluation demon-
strates SL's protective effect on muscle mass, analogous to that observed in the GA. Statistical significance is denoted

as **p<0.01, ****p<0.0001 vs. control group (CTL); "p<0.05, *p<0.01,

####p<0 0001 vs. the Dexa-only treated group.
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Fig. 4. SL prevents Dexa-induced muscle atrophy in mice. (A) Immunofluorescence staining of GA muscle fiber cross sections
using fluorescence microscopy. Images were taken at 100x magnification. The graph on the right shows the cross-sectional
area (CSA) distribution of GA muscle fibers. (B) Similar immunofluorescence staining of TA muscle fiber cross sections.
The graph on the right presents CSA measurements of TA muscle showing changes in muscle fiber size under various
treatment conditions.
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Fig. 5. Enhancement of muscular strength and endurance by SL in an atrophy mouse model. (A) Results of the grip strength
test in mice conducted to evaluate muscle function after SL treatment. Bars represent the average maximum force produced
by mice in each group. (B) Results of a treadmill endurance test measuring physical stamina of SL-treated mice. Bars
show the total time (in minutes) the mouse ran before reaching fatigue. Statistical significance is indicated as follows:
#xp<(.01, ***%p<0.0001 vs. CTL; *p<0.05, #p<0.01 vs. Dexa alone group.
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Fig. 6. Inhibition of MAFbx expression by SL in skeletal muscle atrophy. (A) Representative western blot bands for MuRF1
and MAFbx proteins in gastrocnemius muscle, with densitometric analysis shown on the right. Treatment with SL demon-
strates decreased expression levels of MAFbx. (B) Similar western blot analysis for tibialis anterior muscle, with densito-
metric quantification to the right. Across both muscle types, SL treatment is associated with a reduction in atrophy-asso-
ciated protein expression, indicating its potential protective effect against Dexa-induced muscle atrophy. Data are normal-
ized to a loading control. Statistical significance is indicated as follows: **p<0.01 vs. CTL; #p<0.05 vs. the Dexa-only

group.
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