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Effects of Chaenomelis Fructus Extract on the regulation of myoblasts differentiation
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ABSTRACT

Objective : The present study was conducted to investigate the effects of Chaenomelis Fructus (CF) on the regulation
of biogenesis in C2C12 mouse skeletal muscle cells,

Methods : C2C12 myoblasts were differentiated into myotubes in 2% horse serum—containing medium for 5 days, and
then treated with CF extract at different concentrations for 48 hr, The expression of muscle differentiation markers,
myogenin and myosin heavy chain (MHC) and mitochondrial biogenesis—regulating factors, peroxisome proliferator—
activated receptor gamma coactivator lalpha (PGClea ), sirtuinl (Sirtl), nuclear respiratory factorl (NRF1) and
transcription factor A, mitochondrial (TFAM), and the phosphorylation of AMP—activated protein kinase (AMPK) and
acetyl—CoA carboxylase (ACC) were determined in C2C12 myotubes by reverse transcriptase (RT)—polymerase chain
reaction (RT—PCR) and western blot, respectively. The cellular glucose levels and total ATP contents were measured
by cellular glucose uptake and ATP assays, respectively.

Results : Treatment with CF extract (0.01, 0,02, and 0,05 mg/m{) significantly increased the expression of MHC protein
in C2C12 myotubes compared with non—treated cells, CF extract significantly increased the expression of PGCle
and TFAM in the myotubes, Also, CF extract significantly increased glucose uptake levels and ATP contents in the
myotubes,

Conclusion : CF extract can stimulate C2C12 myoblasts differentiation into myotubes and increase energy production
through upregulation of the expression of mitochondrial biogenetic factors in C2C12 mouse skeletal muscle cell, This
suggests that CF can help to improve skeletal muscle function with stimulation of the energy metabolism.,
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A= Uehte 28232 =39 @A vehte d3FEA
L5 Ad Ao, 2 g ALE] Y] 13 @At whE 2t
T =2 Fof F7He} vEo] H|vtolu e Zh2 b o
A A BT DY ATEE Aoz g UMY
et AP - A oUAtHAF 29 A 7E
Ao gt Aol BAlo] B Ztetm Yot agaE
AT SELFTOIU SHHEF Aol HlE B A AR
QL ofF] 24T FYt ma3td S, A" A
d71E Tol HE YA PobA FE uH o] mE =9l
EA S7tell tHgt 2 A8 D AP A A A
F7+ A A8 agt Aol
groJgtoll A FimS AL Y ide= dist=dl, Al
A % Y dEES AR st &5 #9019 Fgel 3
5 459 ZA-8& Te= FET 29l fgEitha
ol AFYstox e dZ, F&, W 52 F
= ARz 4, A4, 9=, 3 FHE 25 23
drix & 5 QY. E@ fﬂ«lﬂOﬂH FFER ol oz RE
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7% AskE 7l ’ﬂ*];" T en, JREAA o] 2oRRE B9
H] 9| ?l%”?l Y (EE ) S B350
750l ol Iz-rOHZ] 11?7 gtz E2op,
weba] & Ato| A= 7kt v 9 7]%% i"é }% gk o]
sto] 25 7]‘6 7 25E "SR skt
A JK(Chaenomelis Fructus, CF)= #u]iH(Rosaceae)®]
&3t I (Chaenomeles sinensis Koehne)®t HAF 2
(C Iagenaria (Loisel) Koidz, C speciosa (Sweet) Nakai)2]
At AR Mk R, BBOhL, B I, ME R &
T2 E8Fo 259 78‘34 & 0T SRy a9
A 23EA ool &g Bl MR ol Ak
Ri= JEE Qs FrhE] 2] Aol dojuve LEET’@
g sE|ot B0l A ALY T3] U= JEHREEE
HEGE, TES AT 2ol YA FH7E v i,
LHE FHol G2 v o] o] & kA ¥ thErt R
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I. A= ¢ 3y
1. A=

oFx

B Ao A" EIHChaenomelis Fructus, CF)& %
FEAKEAL B eRRE BEPPE TUT 7 T
sta gholmidist Rastn oA st 2EE Az A}

—_
~
-=

2) AleF & 7|7

H Ao Ag=E A|ko 22X Dulbecco Modified Eagle
Medium (DMEM), penicillin/streptomycin (Corning,
NY, USA), Fetal bovin serum (FBS), hores serum (HS)
(Merck Millipore, Temecula, CA, USA), ATP colorimetric
assay kit (BioVision, Miplitas, CA, USA), Anti—Sirt1,
TFAM, NRF1, AMPK, phospho—AMPK, ACC, phospho—
ACC(Cell singlaing, Danvers, MA, USA), Anti—MHC,
GLUT4 (Santa Cruz, Dallas, MA, USA), Anti—PGCle,
radioimmunoprecipitation assay (RIPA: Thermo Fisher
Scientific, Waltham, MA, USA) So] 9o, T4
(LEICA, Wetzler, Germany), Microtiter plate reader
(ASYS, Austria), 9FA|%%7]|(Daihan saientific, Korea),
3| AA 527 (Eyela Co., Ltd, Japan), $Z2ZAZ%7|(Ilshin
Lab Co., Ltd, Korea), A=73%32|(ChemiDoc; Biorad,
USA) 591 71718 el AHekAT

2. ¥
1) BoF&E2 MZ
Bil=ZE(Chaenomelis Fructus, CF)& 21} 200 gol
A+E B 2LE 93 95CoA 3AI7HESE 13} 383 5 e
HE2 2% 255 AAIST #2582 13 4ET ASF
o](Whatman paper filter No, )2 AZ21, 3|A42] As=
71E o3t w53 & FEARVIE 01%01'04 AZAF
ojff £&2 25 6% RIFEE2 YFEASIHAM AH
AA YA dS5el F4 sz $A A7 T AZAFS
3t oFE(CF-W extract)2 A3

2) MIZEHHQS

Aol ARE AEe w29 FAIAEF(mouse
skeletal muscle cell line)2 n\|ESIAIEHS] ZolAES]
C2C12 AM|ZE ATCCAHCRL—-1772™ , Manassas, VA,
USA)REE st AMgslgen, 10% FBSE 1% P/So]
35 DMEM2 HjgH o 2 31 370, 5% CO8 A A
vjekst gttt oF 85~95%2 A7t AR RE o 2% HSS
1% P/S°] T2 DMEM< W4 134 & 5U7F wAre=H
n| B3 A | 9] ZolA|E (myoblasts)E A E(myotubes) 2
E3AAFACH, E3F 493 5P| RHEEE(0.01,
0.02, 0.05 mg/ml) T WRIEFEA P HEZT
(Metformin, 2.5 mM/ml)< A3} T},
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3) MEZ=4ETt

C2C12 Ao A RitFEE9 54 =& BH71s7] 93l
WST—1 assayS $=338}¢lth. =, C2C12 myoblasts(2x 10"
cells/well)E 96—well culture plateo] £33} 37T, 5%
CO; 27e= 317 Fot wWjgs & EAFEES 0.02,
0.05, 0.1, 0.2, 0.5, 1 mg/m0Q) T==2 = 2|5t 24 A7t Hjj
st o71el ZF well T WST-1 €8& 10 wt & gol
2A17F F3F vkl HA EUNhSE FESHY T o] F A
ZE microplate readerg ©]€3t9 420 moA FF=E
EFAstgon, NEZEAAAEE AEZT wjekst tizolA Y
100% REEE 7|22 2 A el AlEZEAYZ% (cell viability)
£ A4kt

4) Revers Transcriptase(RT)—PCR

C2C12 AZojA LEEHE oI HYAHPGCle, Sirtl,
NRF1, TFAM)9] f2AAe] tigt Batx:E59 24 a8
lst7] 98l RT-PCRE st &, C2C12 Al=ZE
60 mm culture dishollA] 3% Hvj¥3t o} oF 85~95%2]
AZ7t 489S o 2% HS¢ 1% P/S¢] ¥ DMEM<
i 134 & 5U7F RAFL 2N u)E3AE Q] ZotM|E2E
THAZR EFA AT B3 4937} 58X A2 T E

Table 1. Specific primers for PCR

FE9 2H2£E(0.01, 0,02, 0.05 mg/m0) ¥ ThRFES]
Metformin(2.5 mM/me)& A 2Jsi53ict, 2+ AIZ2E A5t
3,000 rpmofl A 583F A= g F TRIzol &AL o83t
total RNAE &89ttt £88 RNAY 5%& Nanodrop
< o|g3te] FFI T total RNAG ug)oll 5xRT buffer,
oligo—(dT) primer, dANTP mixture, PromegaTM M—MLV
reverse transcriptaseS 21 25ColA 10&, 42°ColA 60L&,
70ColA 1589 =Ho= REEAIAH cDNAE /JsHAT
PCR +3< 13 &49 cDNA 1 weoll ZH g2 f-2=to] gt
primers(Table 1) ¥ 10x PCR buffer(10 mM Tris—HCI,
pHS8.3, 50 mM KCIl, 0.1% Triton X—100), 2 mM dNTP,
1U Tag polymeraseE Z33t & 94T A 28 ZAAA 1
cycle, 94CoIA 30%, 55~63ColA 30%, 72T A 60%
ZZA0A 30 cycles; 72ToA 5& ZAA 1 cycleE 43
sttt FE PCR 9H3-EL2 EtBr& EgslE= 1% agarose
gelZ o838t 100V, 3087 A7 &8t & AF3EA
(Bio—Rad ChemiDoc)& ©|-&3}o] 315ttt ZF PCR ¥H3-
29 M=E Image J program(NIH, USA)& o]&3}o]
GAPDHO Hd Azl Hlmg Id HEZ A4St
histogram 2.2 Yef ATt

Primer name

Acession No,

Sequences (5° — 3)

Forward XM 006503779, 3 CAC CAA ACC CAC AGA AAA CAG
racle Reverse XM 006503779.3 GGG TCA GAG GAA GAG ATA AAG TTG
. Forward NM 001159589.2 GAT CCT TCA GTG TCA TGG TT
st Reverse NM 001159589.2 GAA GAC AAT CTC TGG CTT CA
Forward XM 017321445.1 AGG GCG GTG AAA TGA CCA TC
N Reverse XM 017321445.1 CGG CAG CTT CAC TGT TGA GG
Forward XM 017313918.1 GGG TAT GGA GAA GGA GGC CC
T Reverse XM 0173139181 TCC CTG AGC CGA ATC ATC CT
Forward XM 017321385.1 CAG CCT CGT CCC GTA GAC A
GAPDH
Reverse XM _017321385.1 CGC TCC TGG AAG ATG GTG AT

5) Western Blot

C2C12 MZA L= T5E3HMyogenin, MHC),
ANIAHAHPGCle, Sirtl, NRF1, TFAM), old=] &4
FA(ACC, AMPK)®] i g o] tfgt matx&Ee] 24 aits
golsl7] 93l western blot2 $£H3IH T &, C2C12 AZ2&
60 mm culture dishollA] 3" vjdFgt of2 oF 85~95%2]
ANjz7t 478t e9E o 2% HSSF 1% P/So] gh+-¥ DMEMZ
g 134 F 547 AT 22X u|E3HFE o] TotA|EE
TEAEZR ESA AT B3} 497} 5U2t] AR T2
FE9 BEEE(0.01, 0.02, 0.05 mg/m¢) E HRFESI
Metformin(2.5 mM/mf)& A 2JsiFct. 2+ AEZE $ATtA

3,000 rpmofA 587F ¥4HEZ 3 & RIPA bufferg Y1l
homogenizerE ©]&3ste] ofIgt & 47, 14,000rpmoiA]
202 ¢ ¥ 23ttt ¥ AS 348te] Bradford's
assay SHo 2 G| =5 SHT & 30 ug THEALS
SDS—PAGE &35ttt o]& nitrocellulose membrane®]
transferd & 5% skim milke] B4 Ar2o]A 3A|7F H<¢
blocking 3FAth, o}7]9ll 5% skim milkoll 343t ZF thal 2 9]
13} g9k 4ol sHEYF BFS AR08 1x TBST buffer
(Tris—buffered saline, 0.1% Tween 20, pH 7.5)S o]|-&3}o]
154 33] A3 & HRP—conjugated 22 A9t A2 4
3417 WS AT}, ol Th 1x TBST 38] MM F ECL
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gH oz FAstn 25733 (Bio—Rad ChemiDoc)E o]&
A gmge] d JES FAstdt, 2 guAe) MES
Image J program(NIH, USA)& ©]-§3te] f—actin®] L&
Aot vlwgt Id vle2 A4St histogram 22 LERY
k.

o

6) HAM|Z 5 M(Immunocytochemistry, ICC)

C2C12 N Zo| A Z{E3}ol| et 2ato] ans &1lst7]
flal AGAZSEFAM(ICO)E =8kt &, C2C12 AZE
Thermanox plastic cover slips(Nunc™ , Thermo Fisher
Scientific)ol] ®F3te] 547t A ZE EEfatct £33} 4,5
Aol WIUEZE D Metformin® 22 A elsto] BeFsrel
o} ZF AIZE 1 xPBSE AAS &, 4% paraformaldehyde
AL do] 10 LAANF Y. 289 Al=Zo 0.1% Triton
X-1000] ZZE 1xPBS(PBS-T)E ©l&3te] 2087t ¥-&
AZ13L 5% BSA €0l A 30%3t ¥HEAIF T o] & ThA] 1%
PBSZ 33] A|&3 & MHC antibody(Santa Cruz)e} $H4
4o A R BREAIAT. Bhgo] £ AlZ= 1XPBSE
33] A3t & Alexa Fluor 488 goat anti—rabbit IgG2} 7
IAIZE Ao A ¥-3-A]713 DAPI -&4o] Z3HE mounting
LA o] &3ate] BT F FFHn|H (Leica DM2500) 2=

A

7) Glucose Assay

C2C12 A=A 28] glucose?] FE=F ER1517] 95t
glucose uptake cell-based assay kit (Cayman Chemical
Co., Ann Arbor, MI, USA)E o]-&3ste] ZA3}% T} 96 well
platec A 547t £37F Ed C2C12 A2 100 g/mé<]
2—[N—(7—nitrobenz—2—oxa—1,3—diazol—4—yl) amino]—
2—deoxy—D—glucose (NBDG)7} Z& = 0]9l= glucose—fee
medium®]] 4A]7F ¥F2A]Z] & cell-based assay bufferE
Z¥7}F 200 wl® E535HL 485/650 IO =2 A1t

8) ATP Assay

C2C12 AZoA FAE ATPY EFE elstr] 95ty
ATP colorimetric assay kit (BioVision)& ©]-&3te] =43}
Ak, 5U7 B3yl T C2C12 AEE A3 ] 100 w2
ATP assay bufferE Y2 % homogenizerZ ©]-&38}o] nj2j
3t 5 96 well plateol] Z}ZF 50 W 531t ATP Assay
buffer, ATP Probe, ATP Converter, Developerg &3%}3t
SAE 96 well plate 2tz 50 W& B33} 2004 S0
A D& A Z] & 3027 vhSAIZ] F 570 i IpFo R
2x5tgom, ATPS] BEL 7|Eo] SEE ATP standard
£ o8t uMel T2 AAitste] 2Hibsgit

9) SAEA

A¥ A3 = GraphPad Prism 5.0 24X 2 713 (GraphPad
Software, La Jolla, CA, USA)Z ©]&3] histogram o & 1}
B 5242 one—way ANOVAS} Tukey's testE 53
AA31] 95% confidence interval ©]421 FLE {94 9
= Ao R Bt

m 3z =

1, A Z=5A] g |3F

C2C12 myoblastsollAl EIEEE 23t SHAHEE
7¥et7] Y3l WST—1 assayE 33ttt 2 23, AN=Z
Hj et Lo MEZXYEE(cell viability)S 100%= 3+
f BEEE 0,02, 0,05, 0.1, 0.2, 0.5, 1 mg/ml M| H=
oAl -2 100.51+0.18%, 99.81+0.08%, 101.84+0.08%,
100.33£0.07%, 87.50+£0.27%, 58.50+0.54%%2 ZA =
Ak, mEbA o]F AFoAE E4o] gle 0.05, 0.1, 0.2
ng/ml = WA AEE FPsHch(Fig. 1).

tlo 2 of

150+

1004 *

*k%k

Cell viability (%)
e

0 002 005 04 02 05 1

CF-W extract (mg/mL)

Fig. 1. Effect of CF—W extract on cell viability in C2C12 myoblasts.
Cells were treated with CF—W extract at 0.02, 0.05, 0.1, 0.2, 0.5
and 1 mg/m for 24 hr, Cell viability was measured by WST—1 assay.
Data represents mean®SD of three independent experiments.
*p<0.05 and **p (0.001 vs. non—treated cells,

2, TS5E3} o 2

C2C12 myotubesol| Al 2}=ZE(CF-W extract)?] <
SES] g 2dans gsty] A3 FSES npAY
Myogenin¥} MHC @3 ¥&-S western blot It HY
A Z3let g M-S o] st Elstgt,

WA, myogenin®| Y@L RHFEZES A skA] g2 Al
Zo vjg)) BatREES AT F o gEFoz FII8t
o, thRoFEQl metformin A LANE F2HA(p <
0.001) myogenin W& Z2AH}E et dth(Fig. 2A).
MHCe| Hdo|He BaEEE Ao 3 FHAm|<
0.05) 7= JeEIl e, metformin & Ewtol A= 23]
F243(p<0.001) a7t FEEHAH(Fig, 2B). E3F @Y
Nzgetg e 53 MHC HE FEME 2isaEES
0.02, 0.05 mg/m¢ A=|stHZ wfj A2|5}A] g2 A|azof Ld <]
2712} myotube®] Zolet F7|7F BEF FUbste A& &
st ch(Fig, 20), wetd BaSEE-S & Esfohiz el MHC
o AL FoFer FTHAHCRN 2 EFE EAE 5

=2 e a
e Ao ekt
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Fig. 2. Effects of CF—W extract on the expression of myogenin and MHC in C2C12 myotubes. Cells were treated with CF—W extract (0.01,
0.02 and 0.05 mg/ml) or metformin (2.5 mM/mg) for 48 hr. The expressions of Myogenin (A) and MHC (B) protein were detected by western
blotting. All data were presented as the means+SD of three independent experiments. M, metformin—treated cells. *p{0.05, **p{0.01
and ™*p (0.001 vs. non—treated cells. (C) the cells were stained with anti—MHC antibody and DAPI and then observed the expression
of MHC by fluorescence microscopy (original magnification=x200). Green, MHC—positive cells; and blue. DAPI—positive nuclei.

3. oA iAol gt a3t

C2C12 AlZo| A BI}FEZE(CF-W extract)2] o X A}
zAa1g RIS E7] Y3l nEZ=eot-—ui7 oA A
ZAQAE2 PGCle, Sirtl, NRF1, TFAM®| ¢t o ©
AA HE2 7212 RT-PCR W3} western blot 5oz
gelstsitt,

a1 A3}, PGCled IdL §A7e} ol oy 2% 3
Atol vlgl| BaEE Ao i) F= JEH o FUet
Rom, 53] gl Id 2 mat2EE 0.02, 0.05 ng/ml F

oA A4zl Hla) $222(p 0.05) 7+ e ek,
2 eFE Sl metformin 2 o) AE FAHEo] 8} PGCla

PGE10/GAPDH ratio
SIM/GAPDH ratio

00

S go] fojFel WHd F7Hp<0.05)F HEATHFig.
3A.E). Sirt1(Fig. 3B,F)T NRF1(Fig. 3C.G)2] &de &
Axper el Wdo] BE "atEEE Ao 93f F7HH
o, metformin® A= ZAAT vlwste] HF@ HI7L
TEE A gkokth, @uld HEe FAEol vE BiEEE
rwo we BT Zrlslgoy gojdolx| okgith ES
TFAM®] a2 Ai<tol vlsl Bap=EE Fojof o3 F7tst
gom, FHxe}t gy WY BE Biak22E 0,05 ng/ml
oA el vl KAl F7Hp 0.05)F YA
o}, Metformin A2 B} vlaste] ¥ zpol7t gl
Ao 2 Yetsth(Fig. 3D H).

c) D)

e e [ ——

GAPDH

15

=

NRF1/GAPDH ratio
n
TFAMIGAP DHratio

9 001 002 008 M
—_ 0 001 002 005 M

CF extract (mg/mL)
CFW extract mgimL)

E) F)

L R ST s ——— —
— — — w—— — B-actin [ I I —

PGC1a
p-actin

15 15

)

=

PGC1op-actin ratio
s
&

Sirt-1/p-actin ratio

001 002 005 M o 001 002 005 [

T CRW ednadimaml) CF-W estract img/mL)

o 001 00z 085 ] g o1 o0z 00 "

CF-W extract (mg/mL)
G) H)
NRET sy sy S RN D

CF-W extract {mo/mL)

TRAM e — - —

p-actin

p-actin

15
15
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CFW extract (mgimL)
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]

] 001 002 045 "

TRAMIAGHN ratio
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Fig. 3. Effects of CF—W extract on the expression of biogenesis—regulating factors in C2C12 myotubes. Cells were treated with CF—W (0.01,
0.02, and 0.05 mg/ml) or metformin (2.5 mM/mQ) for 48 hr. The expression of PGC1a (AE), Sirt1 (B,F), NRF1 (C,G), and TFAM (D,H) mRNA
(A-D) and protein (E—H) were analyzed by RT—PCR and western blotting, respectively. All data were presented as the means=+SD of three
independent experiments. M, metformin—treated cells. *p< 0.05 vs. non—treated cells.
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4, AMPK/ACC signaling pathway©l dj&t &a}

C2C12 myotubesol|A] Rit2=EE9] oUX| AL ZE7|AL
glsE 7] Yol AR FAAA 28 542 AMPKEF ACCY
0l Aks} WE-S western blot o Z A3}t

I 23, ACC JAtsE T (p-ACC)9 EE2 Aol

A)
bACC FR e - —

ACC pos s B B oo

20

]

n

P-ACCIACT ratio
= i

L] 001 L) 04 ﬂ M

CF4V extract (mgimL)
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Hg| HAEESE AHsko] gEFHoR  FUhstgloH,
metformin AFANAE Fdwtel vl3) F7tste AL=E U
eltth(Fig, 4A), T3 AMPK ¢lAksE o (p—AMPK) 9
uhg o MAko| v RS A Erd oEzFos =7}
3t 2™, metformin A A= F942A 57Hp €0.01)
£ Y itk (Fig. 4B).

B)
p-AMPK - — -
ANPK o o— e qm S—

15

!

00
o 201 002 0.0
CFJ A extract (mg/mL)

=}

p-AMPRAMPK ratio
=)
n

Fig. 4. Effects of CF—W extract on the phosphorylation of ACC and AMPK in C2C12 myotubes. Cells were treated with CF—W (0.01, 0.02,
and 0.05 mg/md) or metformin (2.5 mM/mQ) for 48 hr. The expressions of ACC (A) and AMPK (B) were analyzed by western blotting. All data

were presented as the means=+SD of three independent experiments. M, metformin—treated cells. *

5. AR ABAde] o3t

C2C12 myotubeso| A BiFEES T4H &3 9 oy
A 578 AHE Elst7] 8] AZ W glucosed] 5=
ATPY| =& SAsH

I A3, AE Y glucose?] 3= ZitEEE 0,01 mg/ml
(p<0.01), 0.02 mg/m¢ (p<0.001), 0.05 mg/mt (p<0.01)

A)
1500

Fik

Glucose (mg)

’
a
=3

T T T
0.0 0oz 0.05 M
CF estract (mg/mL)

==

*0{0.01 vs. non—treated cells.

A FEOA BTl v 2F fFoHe g FUIsHHL
metformin& LA E SoHdo g2 Z7Hp<{0.001)E Vet
WAth(Fig, 5A). ATPO] FEol| A= A d<tol H] °H REEE
0.02 mg/m¢ (»<0.05), 0.05 mg/ml (p {0.05) & metformin
(p<0.01) Al 9 FoHor Frlste AR Ugy
tH(Fig. 5B).
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Fig. 5. Effects of CF—W extract on the levels of glucose and ATP in C2C12 myotubes. Cells were treated with CF—W (0.01, 0.02, and 0.05
mg/md) or metformin (2.5 mM/mQ) for 48 hr. (A) The cellular levels of glucose were measured by a glucose uptake assay. (B) The contents
of ATP were measured by an ATP assay. All data were presented as the means=+SD of three independent experiments. M, metformin—
treated cells. *p<0.05, **p{0.01 and ***p < 0.001vs. non—treated cells.
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