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Effects of glucoraphanin in dexamethasone-induced skeletal muscle
atrophy in vitro model

Sang Kyu Jeon, Ok Hyeon Kim, Su Mi Park, Ju—Hee Lee®, Sun—Dong Park”
College of Korean Medicine, Dongguk University

ABSTRACT

Objectives : Glucoraphanin is one of the well-known natural glucosinolates found in cruciferous plants. In the present
study, we investigated the effects and molecular mechanism of glucoraphanin in dexamethasone-induced skeletal
muscle atrophy in vitro model.

Methods : The cytotoxic effects of glucoraphanin on C2C12 myoblasts or myotubes were evaluated by MTT assay.
The glucoraphanin was evaluated effects in dexamethasone-induced skeletal muscle atrophy in C2C12 myotubes
using a real-time PCR, western blots analysis, and immunofluorescence staining of myosin heavy chain.

Result : Glucoraphanin had no cytotoxicity on both C2C12 myoblasts or myotubes. Dexamethasone markedly
induced muscle atrophy by up-regulating muscle-specific ubiquitin E3 ligase markers, atrogin-1 and MuRF1, and
down-regulating MyoD, a myogenic regulatory factor whereas co-treatment of glucoraphanin and dexamethasone
dose-dependently inhibited it. Furthermore, decreased expressions of p-Akt, p-FOXO1, and p-FOXO3a induced by
dexamethasone were reversed by co-treatment with glucoraphanin and dexamethasone. In addition, dexamethasone
obviously reduced myotube diameters, while co-treatment of glucoraphanin and dexamethasone increased those to
a similar level as control.

Conclusions : These results show that glucoraphanin suppresses dexamethasone-induced muscle atrophy in C2C12
myotubes through activation of Akt/FOXO signaling pathway.

(¢) 2020 The Korean Medicine Society For The Herbal Formula Study
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the original work is properly cited.
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I As 2 WY

1 AE ulg 2 FE A

Aol AREEl C2C12 oAl E (myoblast)E American
Type Culture Collection (ATCC, Manassas, VA,
USA; CRL—1772™) el A #1831 om, 10% FBS
(fetal bovine serum, WELGENE, Daegu, Korea)
2 1% A (penicillin—streptomycin, WELGENE)
7} A7Fg DMEM (Dulbecco's Modified Eagle's
Medium, WELGENE) #jx]el~ 37C, 5% CO, &1
o2 wjFstaitt. A E(myotube) 22| ®3E H
23}7) §18ke], C2C12 ZoFHNESL 80% < wl, 2%
FBS % 1% 3AAS ¥3st= DMEM HiX| = 4
FoF v mAEkY T 1 ¥, 1, 5 EE 10 M 5%
9]  glucoraphanin (Cayman chemical, Ann
Arbor, MI, USA)o.& Z¥A| el He]atoith. sk,
952 5 uM2] dexamethasone (Sigma—Aldrich, St.

Louis, MO, USA)S Al&ste] HE=si9or,
dexamethasonee wWEo 2 X glucoraphanin¥}

Aol A=A

2. A= AEE A

96 well plateo] 2x10° cells/ml¢] C2C12 Lo}A|
EZE 100 p® BFsta, sk wjdst 3 glucoraphanin
S 0.01, 0.1, 1, 5 2 10 yMZE 7} wellell A &]3}aL,
37C2] 5% CO.9 Z3oA 2443F = 4843 &
ob wjFaioich. A EE 96 well plateo] 2x10°
cells/m @] C2C12 ToMAEE 100 WA 312, o}
= 2 B3 uAR mAE 49z BsAR F
glucoraphaning 0.01, 0.1, 1, 5 %2 10 uM9 %=
2 AHZste] 24A13F = 48A1%F B wleksiSich
ke A AIRE TR 5, HAF F&=7F 0.2 mg/mle]

%% MTT (thiazolyl blue tetrazolium bromide,
Sigma—Aldrich) Al%FS 7} wellel H7kgh ths, Wy
F71eNA 4R E9F REGAIZIAL, vl E AAG &
dimethyl sulfoxide (DMSO, Junsei Chemical Co.,
Tokyo, Japan) 100 pl& o] Wkt Formazan

crystalse] €Fd38] =9 microplate reader (Molecular
Devices, Sunnyvale, CA, USA)E o|&3}o 540
mmollAl FHEE SAHIRGY. AX AEE(R)2

glucoraphaning *]&8tx] & x99 STHEH

of e WMEg e,
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3. Real—time PCR &4

“
=

Glucoraphanin glucoraphanin®}  dexamethasone
S BA AFd C2Cl2 MEZRE TRIzol™ AleF
(Life Technologies, Carlsbad, CA, USA)S o]&3}
o] total RNAE #¢]stal A2 th5, RNA 1 gl
RevertAid™ First Strand c¢DNA Synthesis Kit
(Thermo Fisher Scientific)S %83 % Thermal
Cycler PCR 7]7]1(Bio—Rad, Hercules, CA, USA)el
A 45C= 1A3F §¢F W3-A17 cDNAE /433t

cDNA$} atrogin—1, MuRF1, MyoD, myogenin,
MHC Ib, MHC Ila, MHC IIb, MHC IIx % 18sRNA
o &idst= 424+ primers, Lg]al FASTStart

Essential DNA Green Master (Roche, Basel, Switzerland)&
&3 % LightCycler 96 real—time PCR 7]7]
(Roche)oll A ¥H-g-A1Z1 & mRNA &8 FdS B4
kel B Ao ALE3E primer sequencesE UhE
7} 2.

Atrogin—1 (Forward 5'~CTCTGTACCATGCCGTTCCT-3,
Reverse 5 —GGCTGCTGAACAGATTCTCC—3"), MuRF1
(Forward 5 —TGTCTGGAGGTCGTTTCCG—3', Reverse
5 —TGCCGGTCCATGATCACTT=3"), MyoD (Forward
5 —ACTACAGTGGCGACTCAGATGC—3', Reverse
5 —CCGCTGTAATCCATCATGCCATC—3"), Myogenin
(Forward 5'—TCCCAACCCAGGAGATCATTTGC-3,
Reverse 5 —ACGTAAGGGAGTGCAGATTGTIGG-3), MHC
1b (Forward 5’ —GAGGAAGAGTGAGCGGCG—3, Reverse
5 —GCCOGCAGTAGGTTCTTCCTGT—3"), MHC IIa (Forward
5 —TACAACCTCAAAGAGCGTTATGCA—3', Reverse
5 —AAGGGTTGACGGTGACACAGA—3"), MHC IIb (Forward
5 —~GAGATCGATGATCTCGCTAGTAACAT-3, Reverse
5 —GGGTGCGGCACATCTTC-3"), MHC IIx (Forward
5 —ACAGATCGGGAGAACCAGTCTATT—3, Reverse
5—CGTTTCGTGTTCACAGTCTTCC-3), 18sRNA (Forward
5 —CGATGCTCTTAGCTGAGTGT=3, Reverse
5 —~GGTCCAAGAATTTCACCTCT-3")

4. Western blot

HAIEE PBSE AAHE 3 protease inhibitor
cocktail (GenDEPOT, Barker, TX, USA)¥} phosphatase
inhibitor cocktail (GenDEPOT)S ¥-7-3+ RIPA buffer
(Thermo Fisher Scientific, Rockford, IL, USA)el

gt QARE F Az A wude
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(Thermo
AL,

acid protein assay kit
o]-g3te] T HS

bicinchoninic
Fisher Scientific)&
4X laemmli sample buffer (Bio—Rad,
CA, USA)9F &8st #2 ths, 5%
Z& SDS—-PAGE gelol| 243t 7|4 5&

Hercules,
ER R

At

Aot EEld oA PVDF w B g ol (Millipore,
Billerica, MA, USA)°® £7]al, 5% skim milk

(BD Difco, Franklin Lakes, NJ, USA)Z 1A)ZF o]
E27]3F & atrogin—1, MuRF1 (ECM Biosciences,
Versailles, KY, USA), MyoD (Santa Cruz Biotechnology,
Santa Cruz, CA, USA), p—Akt(S473), Akt, p—FOXO1,
FOX01, p—F0OX03a FOX03a (Cell Signaling,
Danvers, MA, USA) % a—tubulin (Thermo
Fisher Scientific)oll thdr A=} A9} 4Tl A 1A
HEEAIZEE PBST= 33] A% F, A2l 1A3E

o
Zo} goat—anti—rabbit 22} &A|(Thermo Fisher

=1]
=

T

Scientific)9} WHSAIZTE PBSTZ 33 AZ %,
Amersham ECL Prime Western Blotting

Detection Reagent (GE Healthcare Life Sciences,
Piscataway, NJ, USA)E 2Z83}°] Fusion Solo—2
spidoln| =] #417](Vilber Lourmat, Paris,
olX BRI oAE A5eel,

France)

5. 99 ¥% 99X (Immunofluorescence staining)

6 well plateo] HAXE 7|2 F, glucoraphanin
T glucoraphanin® dexamethasones Al A&
Sk, 24M%F - PBSE AlRelal, 4% paraformaldehyde
PBS £N(FUJIFILM Wako Pure Chemical, Osaka,
Japan) 22 158 Bt St A & Triton—X100
(Sigma—Aldrich)O] 0.2% 3%H+¥ PBS®E 5%4 39
AZEa, 5% BSAZE 37ColA 30%%F blockingdt

S, MHC @A(MF20, Developmental Studies
Hybridoma Bank, IA, USA)E 2% BSA°l 1:100°.

2 FAete] 4CoA 12412 ¥-gAIZ1 3 Triton—
X1000] 0.2% 3HrE PBSE 584 39 AZsiu

goat—anti—mouse IgG—FITC 2%} &A|(Thermo Fisher
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Scientific)Z 2% BSA] 1:2002.2 3]X35}o] 37Coa
A IAZE Bk S AIH T DAPIZY 28tE 38 vl
$E &9 (Fluoroshield™ with DAPI, Sigma—Aldrich)
o]g3lo] mountingdlyl, =HE431]7Z(ECLIPSE
Ts2—FL; Nikon, Tokyo, Japan) &}ollA #zHg &}

o o) g 53,

o
=

6. SAEA]

Av = H + EFHAKSD)E YERNC™, GraphPad
(GraphPad Software Inc., San
ol g3l giz=E WHISlaL,

one way analysis of variance, ANOVA)

software
Diego, CA, USA)E

AR (o
% Tukey's multiple comparison testZ
A8k olw p < 0.05 wRE
o= it
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1. C2C12 SR 2 ZAAEY AEE "lXe=
glucoraphanin®] <33
a5

l-:l:

Agslr] Asl,  HA
glucoraphanin®] HolE  ololH 313}
C2C12 oA s} o] 5 ®3AR] A EA A MTT
BEHog AE AEES F4519E Glucoraphanins:
0.01~10 uM Hele] v == 2443 = 48

<t AEateles W, C2C12 ZoAxe] A&
Oﬂ%% u XA 2F9keH(Figure 1A). C2C12 3
glucoraphaning  * 2|3k
A, 2477 A= AE
BE XA ﬁr*ﬂi"] AEE dFS 1A
ST, 48A17F A= AEEo] o A
Bk Figure 1B). 12y 2E
AEEC] 90% oS HEll= A=
Y=L A gle oz FHo o]fe %@"ﬂ

3= glucoraphaning o] 10 uM7FA] AFE3FSI T
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Figure 1. Effects of glucoraphanin on cell viability of C2C12 myoblasts or myotubes. C2C12 myoblasts
or myotubes were treated with different concentrations of glucoraphanin (0.01, 0.1, 1, 5, or
10 uM) for 24 h or 48 h. Cell viabilities were determined using MTT reagent. Values were
expressed as percentages of the vehicle—treated control.

2. Glucoraphanin®] T#AIEL] vjeAl FH(MHC)
o u|xE F3F
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Figure 2. Effects of glucoraphanin on mRNA levels of
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myosin heavy chain (MHC) family (Ib, IIa, IIb,

and IIx) in myotubes. The mRNA levels of myosin heavy chain (MHC) family (Ib, Ila, IIb,

and IIx)
assayed by real—time qPCR.

in myotubes after treatment with glucoraphanin (1,
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5 10 uM) for 24 h were
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3. Glucoraphanin®] ZHAME &5
% B FHA vAE 9%
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S 24717 B¢ A ¥, mRNA 55 2413513
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MuRF19] mRNA oA 922l zpol= YEht

A FktH(Figure 3). &, glucoraphanine A4 &
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Figure 3. Effect of glucoraphanin on on mRNA levels of MyoD, myogenin, atrogin—1, and MuRF1 in
C2C12 myotubes. Myotubes were treated with or without glucoraphanin (1, 5, or 10 uM) for
24 h. MyoD, myogenin, atrogin—1, and MuRF1 mRNA levels in myotubes after glucoraphanin
treatment were assayed by real—time qPCR.

4. Glucoraphanin®] dexamethasonel® =¥ &
0] 3

AF vAE ¥
=

2

Glucoraphanin®|] dexamethasone 0.2 Sl
o S mA=A otr ] fE] C2C12 A
ol glucoraphanin®} dexamethasoned 2447t &
b A AT ¥, 2959 wARI atrogin—17}
MuRF1 mRNA &5 #4830t 2 23, 5 Mo
dexamethasone *]2]+= glucoraphaning *2]3}A]
%2 controlo| W3 atrogin—13 MuRF1 mRNA

5
o] AASHA =7Vske] Z42: control®] 9F 3.27

34

v, 1.29¥= 73Tt (atrogin—1, p < 0.01; MuRF1,
p < 0.05). ¥FA glucoraphanin®} dexamethasone®] 54|
2@+ dexamethasone®l] 93] <7}¥ atrogin—13}
MuRF1 mRNAE sk oo ZAA7]E 43
S HYow FAFHORE atrogin—19 A 1 uMol
A 2280, 5 pMelA 1.838f, 10 pMellA 1.68HY,
MuRF19] 7-¢- 1 uMollA 1.144], 5 yMellA] 0.964],
10 pMellA 097915 vebllaL, 53] 58 10 uM (p
< 0.05)°14+= dexamethasone®} W|Walo] FA| &4
o2 f94E& BItH(Figure 4).
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Figure 4. Effect of glucoraphanin on the dexamethasone—induced muscle atrophy in C2C12 myotubes.
Myotubes were co—treated with or without glucoraphanin (1, 5, or 10 uM) and dexamethasone (5
uM, DEX) for 24 h. Atrogin—1 and MuRF1 mRNA levels were assayed by real—time gPCR.
(Significant versus control, *p < 0.05, *#p < 0.01; significant versus dexamethasone, *p <

0.05)

goR FUst x3o0R FES
oA atrogin—1, MuRF1 % MyoD o]
%% western blotoZ #A31¢lct o1 A3, 5 uM
9] dexamethasone *2]: glucoraphaning *] 2|8}
2 ke A A M]S| atrogin—13 MuRF1
o] whgo] FASHA FIMA ZAFES fr=st
931, glucoraphanin® dexamethasone®] TA] 3
2]  dexamethasoned] <J3] Z71¥  atrogin—13}
MuRF1 ©@#ze] %S glucoraphanin 5 wM
10 uMellA d@ A8 ¥ Ach(Figure 5). ¥,
dexamethasone A= A4 HAE} wusHe]
MyoD S HASIA AA2A32™, glucoraphanin
3} dexamethasone®] &A] *Z|& dexamethasoneol| 2]
3 A" MyoD ©@¥E-& glucoraphanin 5 pM}
10 pMellM 72K Figure 5). ©)= glucoraphanin ©]
dexamethasone® <13t 9|H o2 HK¥E C2C12 <&
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Glucoraphanin (pM) Con - 1 5 10

Atrogin-1 | - — ‘

MuRF-1| 4--._._,\
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a-tubulin | -_—<

Figure 5. Effect of glucoraphanin on expression of
muscle atrophy—related proteins in dexamethasone—
treated C2C12 myotubes. The expression of

35

atrogin—1, MuRF1, and MyoD proteins was
assayed by western blot in cells treated with
glucoraphanin in the absence or presence of 5
uM dexamethasone for 24 h. An a—tubulin
was used as a loading control.

5. Glucoraphanin®] <% JA| AZHAGHZE v
g3

aw Akt AE FAS
AEET

g

pud

&=
o] 2915 =
Glucoraphanin®] <915 A &3}
28 71AE dotry] fleke] C2Cl2 ZFAIE
5

glucoraphanin® dexamethasone< 24A]7F
Al ek & g g Bl fejeh deld
9729l elAlel Akt, FOXO1 ¥ FOXO3a w9
western blotS F3to] sl Hkrh o4
Zo], dexamethasone A #&= p—Akte] T
e Ao, glucoraphanin?}t  dexamethasone
S EA AEgk A, Aol AHeE BE wE W
9] glucoraphanin®] p—AktE Z7MAAH AA Iz
T FAREE FEoR FEEE gl Ak
(Figure 6). ¥, dexamethasoned gl& 7%,
p—FOXO1%} p—FOX03a2l W&ol #A3] #AH3
o1}, glucoraphanin® dexamethasone® 4] A
g TRoEH o o5 WdHE FTVIAA A

ZwRt o @ol F7lekltk(Figure 6). ol2]gk 2

Al

Zom for S

o do o o R ot & L

0]

#}= %3}, glucoraphanin®] Akt/FOXO A& A
4S s o RN TYYFoRTE BT S
7HRItE AS & 5 dSoh
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DEX (5 pM)

Glucoraphanin (uM) Con - 1 5 10

p.Akt — e — — —
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FOX03a | we se GED GED ==
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Figure 6. Effect of glucoraphanin on the Akt/FOXO signaling pathway in dexamethasone—treated C2C12
myotubes. The protein levels of Akt, FOXOl, FOXO3a and their phosphorylated forms were
assessed by western blots in C2C12 myotubes co—treated with different concentration of
glucoraphanin (1, 5, or 10 M) and dexamethasone (5 uM) for 24 h. An a—tubulin was used as
a loading control.

6. Glucoraphanin®| dexamethasone® F=3 & AEe] ZA7do] #A A Zholzxl WHH, glucoraphanin
YZoN ZBAE FA HXE= g3 10 uM¥ dexamethasones SAlel He 44
Glucoraphanin®] dexamethasoneo® FE8 dexamethasone A 2]i¢¥} H]nLsle] Z| o] 53]

AFelA ZHAEE HAol FES vA=A Lotr A Aoz v Ao A Ao] wAHd

7] ¢3] MHC IAZE o|83le] FgaAMme 2 st w2kA,  glucoraphanin®]  dexamethasone®l] 2|3t
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