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ABSTRACT

Objectives : At present, aging—related degenerative muscle diseases are considered a serious problem, However, the
effects on muscles regarding the efficacy of blueberry have not been studied, In this study, we tried to find out the
correlation between blueberry and muscle,

Methods : 2,2'—azino—bis—3—ethylbenzothiazoline—6—sulphonic acid (ABTS) assay was performed to confirm the
antioxidant efficacy of blueberry hydrothermal extract. To determine the effect of blueberry hydrothermal extracts
(BHE) on myoblast activity, 3—(4,5—dimethylthiazol—2—yl)—5—(3—carboxymethoxyphenyl)—2—(4—sulfophenyl)—2H—
tetrazolium (MTS) assay was performed. To confirm the effect of blueberry hydrothermal extracts on the differentiation
of myoblast into myotubes, protein expression levels of myosin heavy chain 3 (Myh3) and paired box 3/7 (pax3/7)
were confirmed by immunoblot analysis, In addition, immunofluorescence microscopy was performed to confirm the
effect on myotube formation of blueberry hydrothermal extracts,

Results : Antioxidative efficacy and low toxicity were confirmed through ABTS assay and MTS assay of blueberry
extract for myoblasts, As a result of immunoblot analysis and immunofluorescence analysis, the decrease in myogenic
marker Pax3/7 was not confirmed, but myotubes The specific expression inhibitory activity of the forming protein Myh3
was confirmed, Through this, it was confirmed that the blueberry extract has a negative activity against myoblast
differentiation.

Conclusion : This experiment confirmed that blueberry hydrothermal extract has excellent antioxidant efficacy and
negative results in inhibiting the differentiation and proliferation of myoblast. This requires deep study of certain
ingredients and requires reassessment of the dietary intake of blueberries,

Key words : Blueberry, myoblast, muscle differentiation, Sarcopenia

*Corresponding author : Kee Kwang Kim, Department of Biochemistry, Chungnam National University, Daejeon 34134, Korea,
- Tel : +82—-42—-821-5485 - E—mail : kimkk@cnu.ac kr
Hyo Sang Han, Department of Health Administration, Joongbu University, Geumsan 32713, Korea,
- Tel : +82—41-750—6292 - E—mail : hanhs@joongbu.ac kr
#First author : Young—Soo Choi and Eun—Mi Kim, Department of Predictive Toxicology, Korea Institute of Toxicology, 141 Gajeong—ro,
Yuseong—gu, Daejeon 34114, Korea,
- Tel : +82—-42—-610—-8263 - Fax | +82—-42-610-8157 - E—mail : yeong318so0@gmail com, eunmi, kim@Kkitox.re kr
- Received : 01 April 2020 - Revised : 15 may 2020 - Accepted : 25 may 2020



26 PN N .

1.4 &
L2428 (Vaccinium spp.)= AEH I (Ericaceae) AP+
H&(Vaccinium)©| &3e #EA AEZ HAAAHeR
40099Fo] glem, sidatof, w7y, dotzazte gt
A AAReR ARG/, o B2WR Vaccinium
corymbosum L. (highbush blueberry), V. ashei Reade
(rabbiteye blueberry: syn. V. virgatum Ait.), V.
angustifolium Ait, (lowbush blueberry)°e] oo, <&t
i WgHd, A2eTtrEet Z2 Ao FHo| Holg
Vaccinium corymbosum L. (highbush blueberry)o] &
ARl Sl
FH|E= Aol IS E AT D, HAFY 45

ﬁ‘?—l A, A I8 g, WYy 37, 4884 4 9,
FAksE ol &0l o] & W HAEL =N Zpgity
ok, EFHFoll= A2 43t 18718 A= flavonoid
AEQ anthocyanin®] F&Eo] glom :Zwo] 30u] oAt
ShgElo] ghatel 242 et Y E3 pterostilbene AE0)
FH5HA ﬂ%ﬂcﬂ Qo] F2-E, HFY dF A, FA7

< s, "9E F3to] e °}L HA| FHE3A A=

Zo Y B2wE 100
HEMIKE 24%, HEHICE 16%,
HEHIEE 3%, HIEHIAL 1%7F o] glon, Eolul, 2R
Zepl, Yobxl, @4t 5 HletIBZe &3 HlEbHE 1~3%
Eol ot Arat gge BRuY 100ge] A2 3%
W AHFY 2%7F S, 2= 3%, Y2 17%7F S
QTHY o] 9Jel= Z, wau|%, o] 2z 1% So 9
o 2z ofg &%Eié Farst 28" FFg
AU gy agE ga™, g, AATEA gt
Fazrg", B AT 9 gay QA BRI 2] o
dAEo] Rt

AR A 2 BS AYshes T2 840y HHo 2
gt 54 2Hgo] Fag 4TS %%—sm w9} A A&
Z3EA SR S 289 R e AA|HoR 2R

Fulgta, 2240 Zs AYS QP J;—“E o 7S f=
gto] IS5 W)= gt 2% ¥4 (myogenesis)
ZobA| 3 (myoblast) 2] £3+2] X ?%‘% Bl HFHOE FAL
AR Thre oL AL Wit 19 Doz YNE
(satellite cell)®] Pax3/7 A &d =4S 53 MyoD,
MyoG, Myh3 52| 22 A ARIAES A d2 FHA7]H
SR} L ST o] oA ZotHEE 7 B
meofo]l ZAE(myocyte)7t HH, o] ZAEZES AR Al
§L 3t A9 7okt ZBA Z(myotube) 2 £3151a,
TG thite] BEe 28 2 FA4L o] 7A B 2
o] gl Ha FoNZE 289 7|A Y (Basal lamina)¥}
24 2 9 Abolof A3 satellite cell A2 2R3,

29 &4 29 =Y (muscular dystrophy), A3tz 2E
A& 5ol EHol AFL A "Hohd, o] &AE 282
X 7171 Y3f satellite cell& A7} BF, vz A G
ot R WS AHFE ) oje} o] TopyE o
Wy 23k 289 A ufol *PFJH 434 . EF2e
7V fA, k32 Qe ZES FolA Fas TS Pt

82 3ol ;ny 7% P =S
goll sH& A% AHF
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o gga o2 Asle] YT B2 93 Loy =Y

wsteh S4B n vivol A o) Wi 24 A%} 5 B
AtellA 2 ool B F7kstL Sl - N agaze
=5 Yol 24FEc] Aoz HatEAY AFd2%=

(fibrillar connective tissue)7} @A E o] Z&o] FEHFIX
24 =ol 2AZY 28 vt et Agtoct
I Yooz FAAA (Reactive oxygen species)o] 23t
Aty AEYA 3 2R WHE XY T, 954 Al
EvIQIY WE, awd dH A 5ol IAT B £ olg=
w3tol o WS vl AL APHAA THa
o] iE FAES MY E EEE 2 7Y AR 3
AAA] FogE FLAY, 4A5H 2EHAR T &S
op7|ate] HEH o thafat P Zo] =E2HE Fojth ) 2
#ade @A urgst A 8A glon, 94 252 5
Aoz ¥y e}, AT o|utAE YT 4= = FRE0]
tH‘ﬂ FolEg o] A MAPrg mF:AY FHHU aAE

U= ANEA A3 AL g = gle FEolt ofn]
2248 &89 74 329l anthocyanin, pterostilbene,
HEetgl 59 g5, Fddd, F22E, S 59 mat
ot AF-Eo] T Gop T,

olo] B A3 EFHY 4 FEE  (blueberry
hydrothermal extract, BHE)S ©o|&3}o] A9 HE3}e}
FAlof| m|X|= G FotA|z e Bhe}l Aol SlojA f9
u)gt AaE E37190 olo B s Hio|t,

=

I. A= 93y
1. A=
1) 24XH
Ao AMgE EFHEE g Alef AL (Jeong—Seong
Drugstore, Korea)2XE 2019d 9¥4] £ (NO:2019—
0910)3t 7149 9ot EH9] L Eg 7Hdstm gholzt
3} B2t oA ZAsFE L, &A= ultrasonic cleanerS

o1gstol BEEL AAst] Aol ALgaIAT,

2) A2t = 7171

A YA Dulbecco's modified Eagle medium
(Welgene, Korea), Ham's F—10 medium (Welgene, Korea),
calf serum (Hyclone, USA), horse serum (Gibco, USA),
100 U/m¢ penicillin, 100 ug/m¢ streptomycin (Welgene,
Korea), filter paper (Advantec No.2, Japan), DPBS
(Corning, USA), Versene (Gibco, USA), potassium
persulfate (Sigma, USA), ABTS (Sigma, USA), MTS

solution (Promega, USA), anti—Myh3 (Santa Cruz
Biotechnology, USA), anti—Pax—3/7 (Santa Cruz
Biotechnology, USA), anti-GAPDH (Meridian life
Science/Meridian  Bioscience, USA), Horseradish

peroxidase—conjugated secondary antibodies (Abcam,
USA), Alexa Fluor 488—conjugated goat antibody against
rabbit IgG (Thermo Fisher Scientific), 4',6—diamidino—2—



E7H2 €5 FEEY ZoZ9

phenylindole (DAPI; Thermo—Fisher Scientific, USA) 9]
AFEEIQITE E O AFo| ARE 7]7]E= CO2 incubator
(Thermo Fisher Scientific),filter paper(Advantec No.2,
Japan), waterbath (Haake, Germany), automaticnon—
pressurepot (DaeWoong, Korea), rotary vacuum
evaporator (Eyela, Japan), £Z27A%7] (IlshineBioBase,
Korea), ultrasonic cleaner (Branson, USA), LSM 880
with Airyscan confocal laser—scanning microscope
(Carl Zeiss, Germany), microplate reader (Molecular

Devices SpectraMax ABS plus, USA) S o]t},

2, 94

1) SRH2] E+FEE M

EFHY 25 g& B3] ST H, ERF=7] 32 F
4= 1,000 m¢3t A 7FESR o FEE0] = AFeE
—rE] OF 2 A7t & Ao FENZ Filter paper (Advantec
No.2. Japan)& AMstol 71} oimtalsich, 1 ¥ ozt
rotary vacuum evaporator (Eyela, Japan)2 $&3l1 572
Azstel Qo Axy B ARZ g 87

2282 5248 6 g, $£5& 24%9 )

ﬂ.l

l'N

2) MI= HHS

ZOFA| 3 (myoblast)= ABZE 3Y © C57BL/69] Rty &=
Ao ZEste] wiget Aem AF) ARSI olF
ZoFM| 2] 2418 Ham's F —10 medium®l 10% Calf serum,
1% antibiotic antimycotic (100 U/m¢ penicillin, 100 ug/m¢
streptomycin), 2.5 ug/ml fibroblast growth factor(FGF)&
7kt growth mediumolA AAISHEATE ZobA|Z £3}+=
Dulbecco’ s modified Eagle medium(DMEM, WELGENE,
Korea)oll 1% fetal bovine serum (FBS, WELGENE,
Korea)®} 1% antibiotic antimycotic (WELGENE, Korea;
100 U/m¢ penicillin, 100 ug/ml streptomycin)E %7}t
differentiation mediumolA E& AE ujF WH<l 37T,
5% COx 2722 wjokstact,

Ei
po{,
ofr
rlo
m[m

FH2] H= (0.02, 0.2, 2 mg/m0)<}
resveratrol =5(25, 50, 100 pM)o|A ABTS (2,2'—azino—
bis—3—ethylbenzothi azoline—6—sulphonic acid) assayS
o|-gste ZAsIHtt. ABTS (sigma, USA) 7 mM £}
Potassium persulfate (sigma, USA) 2.4 mM §HL 7+
Hu2 Zgste] g3 AR A4 24 A7F 5 v
AlA free radical AE]2] ABTS solutiong THEo] FUct,
0]3% 96 well plate]] ABTS free radical £ 80 w ¥
sterile D.W& dilution & &3 =& microplate reader®
734 mollA SAHAE W FP7ko] 0.7 FZo] HEF ABTS
working solutiong THEAT. WEo|ZA ABTS working
solution 80 wl¢ €} sample 20 WS 96 well plate?] Z wello]
Yy ALoA 5 B F2F ¥-3AIZ] & microplate reader&
olg3tel 734 me) FHES SHeIAT} Ve AU ol

<28t vAle 9 27

8ojo] A28 Aelod ge e gel A= A £
=2 thgo] 4o vt GAks B%-S ALY

ABTS radical scavenging activity (%)
A —A

sample sampleblank

=|1- x 100

Aﬂank

4) M= =4 Zot

ERHE FEE0] ToHE BAE nA = FFE 5T
371 98 3—-(4, 5—dimethylthiazol—2—yl)—5—(3—
carboxymethoxyphenyl)—2—(4—sulfophenyl)-2H—tetraz
olium (MTS) assayS £33t ZOoMEZE 96 well
plate®]] 3,000 cells/well2 £33} 37C, 5% COy Z71YA]
24417 F2t Wit H 42| wellol] F=E ERHY F&
=2 AYsta 36A1xF B¢t WSt 1 & MTS Al¢F
(Promega, USA) 20 WS ¥o]& T microplate reader
(Molecular Devices EMax Plus, USA)E ©o]-&3}o] 490 mm
oA FFEE ST AxY 22 ST 22
Ao 2 A4kt

AE ZH= (%)
= (NEH712Y TF=-AEAA 9 TFE)
/ x2S FF= x 100

(

PBSE A2t

35l lysis buffer [10 mM Tris—HCI (pH 7.5), 100 mM
NaCl, 1 mM EDTA, 10% glycerol, 1% Triton X—100]&
g &3, I F Sodium dodecyl sulfate—
polyacrylamide gel electrophoresis (SDS—PAGE)E 414
stttk 2238 @2 sample nitrocellulose membrane
02 o]EA]F] T H|Eo]|d] g4 AL W57 $3) blocking
buffer (5% non fat dry milk in PBST)o|A 1A]7F 5-¢F ¥h--
A, o]%
biotechnology, USA), anti—Myh3(Santa cruz biotechnology,
USA), anti—-GAPDH (Meridian Life Science, USA))E 4T
ol A 12A17F B2t A28t PBSTE A& st4tt. utA|gte =
Horseradish peroxidase—conjugated secondary antibody®]
A3t 5 Super Signal system (Thermo Fisher Scientific,
USA)L 2 gilag HEst %t

Y
o
ry
o
o
=
e

l
—
©
@
8
g,
n
o
=
ko]
&
los]
[
£
o
]

l
He

primary antibody (anti—Pax—3/7(Santa cruz

6) piot B 24

Immunofluorescence microscopys AAI5H] Y&l Chamber
slide®] myblastE 53ttt HZof| A|RE Fa|A A7tz
FE2 AP L °o]F 4% paraformaldehydeZ A-20 A
108 B9 I A]Z]2L 0.5% Triton X—1000] E3FE PBSOfA]
158 St A=stgnt, H5olF A 27 w82 WA 7]
23l blocking buffer (PBS, 5% goat serum, 0.1% BSA,
0.05% Tween 20)5 A-20lA 147t F¢t A2 & primary
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antibody?l anti — Myh3E blocking bufferof| 1:2502.2
S14351e] 4ColA overnightdle] WHSA|Z T Secondary
antibody®= Mouse IgG Alexa Fluor 488—conjugated goat
antibody(Thermo Fisher scientic, USA)S AME3}1L 458
ZF A2 oA BESAIH T, M Z8-2 DAPIZ staining AA| 84
©m, LSM 510 Live Configuration Vario Two VRGB confocal
laser—scanning microscope(Carl Zeiss, Germany)Z 3
Wl g oln N B e F BAsIAT,

7) At2 2AM 2 EA X2
gzl B3t A9 FAL Student’ s t—testE o]
|3t p (0.05 & df Fo3t Ao HA3F T,

oz 3
. 2eE 2289 B8 5% W7l

2,2'—azino—bis(3—ethylbenzothiazoline—6—sulfonic
acid) (ABTS) assayd] +3& 53 EFd 2] £&&9 ROS
glstget.  F4kst 4o #F EEA
resveratrol2 %A X+ (positive control)Z AR5t
25, 50, 100 uMo A ZZF 63,6 £ 1.11%, 83.5 + 2.13%,
95.3 £ 1.62%9] 4tst @S 1T = e, ot
ATE S8 AY A9 A=FH8S FET 5 ST EFH
g FEE82 0.02 mg/mollA 14.7£1.52%, 0.2 mg/m¢A
19.6 £ 0.60%, 2 mg/mlolA 86.9 + 0.20%= = &%
ABTS radical 2A5& &¢1& 4 9lglow, o] AulE =3
ERHE FEE2 ST FAT 558 RS AL AT

= At (Fig. 1).

100 -

» 2] (o]
o o o
| | |
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BHE (mg/ml)

Fig. 1. Free radical scavenging activities of the resveratrol and
BHE by ABTS assay. n=3 (biological replicates). Average+S.E.M.

2248 559 ZoMAIE (myoblast)l
i3 NZz=E4 F7}

Z2E9] ZE3} B oA FFS Fustr] ¢
3 E—‘?Hﬂal FEE A Y =5 ZOME (myoblast) ]l
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MTS assay &3 53 &4t
EFH| 7 2EES ZoME 36A17 T AT & SAE
NEZ A= A= 100 wg/meollA 97.9 + 2.49%, 200 ug/
moA 97.0 £ 2.91%, 400 ug/mlolA 93.4 + 4.99%,
800 ug/miollA 957 + 5.89%, 1,600 ug/mollA 91.9 +
3.67% o|¥tk. o]e A= 1,600 ug/ml =R B2
FEEY Ae ZotxY 4= digt F3Fo] e &
AE 4= AU (Fig. 2).

gt NZzSY= SH5S
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Fig. 2. Cytotoxicity of BHE on myoblasts. Myoblasts were treated
with indicated concentrations of BHE for 24 h. Cell viability was
measured by MTS assay. n=3 (biological replicates). Average+
SEM.

3. ZolA|3Z (myoblast)e] &3}
S8 "= ¥

g 3

@A APA EFHY FEEY to} a5t Al
ZEPE A doE EYE EFHE FE2E9 JoHE
(myoblast)®] LFAZ (myotube) 22| £3} 170l 3lo]A <]
& st A} Pax3/71 Myh3 @Hid o] IdEE WY
EZE AT 2ot (myoblast)E #3}F vk 27
ol Al 48A17F Bt BIE =S e, o] Ao EFH
FEES ATSHA ¥ d2dT R EFHE FE2ES
A AdaE 1Y EX B4E F9to] 223 o o
Ao HHE st 1 21 = ERHY 255 A
gof ogt Pax3/79 WAFL ¥/t BHHEX] ghokoy, &
#FAe oA 7 Fagt dlARE ezl Myh3e] @d
2 tjzol v3j 50 ug/mlNA 82%, 100 ug/miNA 43% ,
200 ug/meo|A 39%2 BAI = o&F vt I
t}(Fig. 3).

Lo =
=2 A

4. £ F229
Aol A= 9%

ERug] 289 Myh3 @iid a7 o] digt
ZATE EYE2 ZTAE (myotube) FA A 7%
ANZgEe7] fJ8l WY9FdFY (immunofluorescence
microscopy)< ©]§3te] EFH|E] FEES 200 ug/ml A
sho] 4817 vt O A3t EFHE] FEF jlo] £IE
AP 2 ZVAEZ (myotube)d] FAHoNA= A=
HAA S Myh39 oz Wd F7F 9 ZHAE (myotube) 2

ZHANZ (myotube) 3

ZO




E7H2 €5 FEEY ZoZ9

EAA AZFEE 5 ohd4 (multi—nucleation) HZ7}k
FIEUL, APEE EFHE FE2E Aol 93 Myh3<]
iz ok op =t ohaly SEAE

(myotube)2] FAJo] &A|3t ioﬂﬂ Rl o] ZEAZY 2
E3E f2akA] & st AL sttt (Fig. 4).

BHE (mg/ml)
kba 0  0.05 0.1

245'H - L W Myh3

- S e e D) 3/7

35— S S e Gopdh
100-
= % B
=
g o i
2 .
401
g e
B
D L] T
0 0.05 0.1 0.2
BHE (mg/ml)

Fig. 2. Cytotoxicity of BHE on myoblasts. Myoblasts were treated
with indicated concentrations of BHE for 24 h. Cell viability was
measured by MTS assay. n=3 (biological replicates). Average*
S.EM.

| Control ”@HE (0.2 mg/ml !" Differentiation |

Myh3

o
<
Q
(42)
<
=
=

Fig. 4. Effect of BHE on the myotube formation. Myoblasts were
cultured in differentiation media (D.M) with 200 ug/md BHE for 48 h,
and subjected to immunofluorescence microscopy. Myh3 (green)
was proved in the immunofluorescence image. DAPI (blue) was
used for nuclear staining. Scale bar, 50 um.

V.2

2343 (Sarcopenia) & AU A9 Adolet Belk 28]
ot 22o] gAsHs ATolth, AN T Akl 3t
sEds, B2E WEh @34 AolEslole) Wk wula
NA a, SFF B2 Fol QAW Y 2 olfit it

T2 vA= 9F 29

ofa AR, ZeFe] HaE Higol A H
o] & d+= Gk 5 T @'m%—o—i Argol o] & 4= Qi
AAZ The Framingham Heart StudyolA 3989 <] =<l
F 12102415 o2 297 1 kg/mr B /o] T4ad
o wioh AP o] oF 28iF = 57}5}‘:]'3’— A= At
ES A 2HAFE 804 oY =R1F oF 50%0lA %‘?—_}
=3 Qe ARy 222 el 75‘1@3]' A=&2A47F §l
2 o2 dwd e} 25T S Xﬂ/\]ﬂo“:}
SR = o] FAAEL oju] AlF Al HEO AL zk1
S0 Bl F71E e olgie AFoR oAY g
E259 @ o] YE BASL 9 o Ao WPEE
AY 34 AR S gt $E S5 Hig d1¢
A%, ARA AL o FpHolh

E24|g) o] E9] & delphinidin, cyanidin, petunidin,
malvidin, paeonidin®] 57}A] anthocyanidin® malvidin
v (galactose, glucose, arabinose)7} BFHFo] Fa
ggols, g 1571 ERe| EAlobdo] ZASHE Ao
g zlen, B2 100 g FHE AEAOPIS 274
Floll 188 mg, sto]FAlol 100 mg, HHotelof 210 mgo] T
Hol . o5 ZHst Gt o n w37 Fof
E4S QEle xRS ALY 3 chlorogenic

acid, quercetin+ cholesterol &4& 9il, potassium©|

AW T=3ZE sodiumE HEA 7= A& 245k 88
e duaEg’ %% Anthocyanin,
flavonoid &2 =417 MEo AsHES
ARG A=ate] 7] Gk =82 Zot*? Anthocyanin
2 FAEEE-E s, UtY] 254 QRS &8st
Ag 32e ¢=3H® p—Carotene, lutein, zeaxanthin
% carotenoid AEL A EYYA AR O FATZES o

=

kaempferol &
é?‘l/\l 7|2, A7

&3 xS ié}i A S dofs) =AY Ao, o, =3
5o AWe e, A & 54 B4E st wjEshe
ARGl = edstet™ 1Y Proanthocyaniding -t

H] 57 Pl ZA5Hs wrEEjote] H4lg AT, o)XY
3

okt 48 ARS 93t B2 G458 ZoAE
(myoblast)2] £3}3} o] njX= IJFS 53 2H4EF

T
=2
o &
e
e
4
i
g
o=
9;:‘
o

(Sarcopenia)?] A& Ho ] .

AEA WA BE= A9 a2 B/d4ta (Reactive
oxygen species)= A|E U A% AY A= 7o Tz 3t
A3t Eafao A AtskE o] % ?I’_ Az A oh?, o
3t EAdAabdo] o3t ASty AEF A= DNASH *ﬂEE Ch
Al MaZAPE S oA IS5 a4, gi =3} d5uks,
AR A% EuAskE S 7k Agke] Yooz oA ok
whebs ofEit ROSS) It 298] AYE A ROS 3

55 AT Qe s B A7) o Fasi, o
23 AStE AEF A nX = IS FRIsH] Yot EF
Hlg] 25E59 ROS AA &5& ABTS assays &0+o] AA|
3tgct, ROS AlA &7 & L&A resveratrol= %A o
Z I (positive control) 2 AMESIF oW, E2H|8] £E2E AT
A= 0.02 mg/meol A 14.7 + 1,52%, 0.2 mg/mlolA 19.6
+ 0.60%, 2 mg/mﬂ‘ﬂ]ﬁ 86.9 + 0.20%2 == 9J&ZF ] ABTS

radical 2752 AT 4= 9oy, o] AAE 53 £
FEE2 $5% I 258 BERS AS Elska
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E2d|g] 32E80] ZE3IeL Aol nAE JFE Fs]
ojHol| 2T 2EE A HF =& &7] Yl Zotx
(myoblast)ell gt NEZE5A Frt= dobdle Al2e] F=FH
ZAo] 7153 MTS assay $3L E3) &¢lstgct. 259
HhA I Bstof 9lo] a3k A EZQl ZokA|Z (myoblast)dll &
28] 2552 100 ug/ml, 200 ug/ml, 400 ug/ml, 800 ug
/ml, 1,600 p8] FolA 36A17F B¢ HEgt & Al 2gJ =9
Z4 A= 1,600 p7tA 91.913.67%% BAHAEE JEY
O Z (myoblast)Q] BEE v £AH dFo| Y2
gelstgct.

=59 E3lof 9lo] ZOMA|E (myoblast) 2R E FAFF <]
71ttt ZAE (myocyte)E AW ZHAE (myotube)7}t =
71742 cheFe AARIAS ] Wty Zage ) g
Aol 289 HARIAE MyoD, MyoG, Myh3, Myf5,
myogemn—"l o, o]5& ZESIIA Pax3/79 @ o]
AastaA 258 Z2]51a MyoD, MyoG, Myh3 59| $-#A#}
Eo] a2 Wdste] thely 7)okt A E (myotube) Q]
ZAE (myocyte)ollA] Myh37} 7} wo| & o] B3l7}
gzgt P B o] MARIAEL ZAZ & 2HRe
Z1A48} Atolof x5k /g Al Z(satellite cell)= Pax3/7E
Bl 25 AARIA HEE 2dsi, 289 SAA AlE &
dsto] 250 YL AT/ ojny 2Rt glojA
Pax3/7, Myh32 8% oA 2H ALEP? ™ 2242
2250 =0 A3 g NEIAE AY AWE BEgz
48A|17F B9t ZOFME  (myoblast)®] ZLEIE FE3S
Pax3/7% Myh3 @iz o] @S Bsly] 93] vy E£&
ANEEE 0, s=d EFdE] 258 Ao 23t Pax3/79]
FHFE Hsyt BEER] ko, ZHEAE (myotube) 2]
FAol oM 7HF Fag ey a 7 Myh3e] Sra®e
2 (control)ol H3 50 ug/m¢, 100 ug/ml, 200 ug/me

EEoA 22 82%, 43%, 39%2 AT FE EH TAE
Bk o3 A= £FHE FEE0] I3 BAlA

Myh3 ol & A &49] 7t 9la, EFuHe &5
ZOFAE (myoblast)] Z3A|E (myotube)29] 283} 3}
Ao £AA S 7HA L A 7He 84S SUsHAT

Lot Ze] B3 55 23 A SlolA Myh3 Tzl 9|
D2 uf-¢ Fas, ZotNE RS} I of oA M
g4 AR H= 588 nARE gEA o B3 AlZ7 &
e GG Y Feel 1 FAE ddsty IRoeR B3}
AES Bostl 7]Eo] Bt 2REE gelsit 7|2
A2 g3l A FEet 1 FAE st Z3AE
(myotube) 29| £3} H=E Wt} Z2u|e] 2589
Myh3 @2 Wd A &5 AZ3s7] S8 HgdH
(immunofluorescence microscopy)s ©]-&3tF o, Lo}
Al (myoblast)®] E3hF=e B3tk 24 EFHE
FEEY 200 ug/ml S=F 48A17F A st WSttt 1

A1 EFHE FE2E flo] #3E Iy = (control)
ol A ZEAIE (myotube)] B o“% Myh39| @id o4 F7}
4 ZHAZ (myotube)d] X MEZEFIS T3 oA
(multi—nucleation) A7} &lEqic), sHAW EFHE] 3
52 ATsty B3E AT AP Myh3e] ©izl o
o] AR FAEUE #eE oz oY ZHAE
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(myotube)?]

4ol BAs dbsl AS Selaige
oleld ATEL B FEEo| TS X ANE
AR G e ae Jefos agazdiel ¢

AMH O R TopNZ (myoblast)A B3}l
ZHAE (myotube)?] AL JAFtY 289 FAS &3

1‘:‘*4 Azl glo] EFH2 9

}\]71 _/r\_ o]oui =<7 5\_%(_0

HFE of Aol A BAH G /1A 4 Ye Aoz AR
e,
v.d &
£ AgolA] E2ue 94 229 A} 5%, Lop

Z (myoblast)] A|EBHES} We] B2 BAL Foto] 22
Wle) 94 2220) Qo o2k ToPE (myoblast)] i
o} nhA wuje] WA WskE B e 2L AR
A9},

1. Resveratrol tjv] &4 I
ROS AA%S ABTS assayS F3l 43 58 &
sk

2. MTS assayE &3t TOMIE (myoblast)ol] &4 2]
¢ FE2EY HYste 3% A1 F=o #A glo]
NZAYEE] ke glglon, olF &3 EFHE 4+
FE80] ZoMIE (myoblast) 9] FA4 T A ZZA= ¥
st FFo] gl st

3. ZOMAIE (myoblast) ] &3} Tl o] W& Sils)y|
el vy E2 BAHS AAS A3 Pax3/79 HaE
gl 4 giglon ZIAE FA4 el Mth—J
Eol& Wd oA &4 FelstAch

4, WY EX 49 405 EUE HYFPHSE Y5k
A Zraket A ZolA|ZE (myoblast)e] E3}o lojA
EohujgFdol A EFHE ¢ FEET T 48412
Y AT AP o] EFHE g 5
22 txFof Bl Myh3e] EATE Ha
SHAE (myotube)?] FAE BWET

H

shich,
oo ARE FUSI, FF ofudt SR A4 22
Bl Y a0l wosf, PHLLAA, 25 Lot B
oA ojRiet Agtagel ol folule Gare 2 A
Aol thste] 2& L;% Pasie], B 499 Ak 22
go] HA7E TR FHHA GRS AT A B

ozt mtoltt,

W 2

o] mEe Zutjsti AR AT Qo] ola) =W e
Yy,



10.

11,

12,

13.

E7HE 5 FEEY FoMEY FES nA = FF 31

References

Choi MH, Shin HJ, Anti—oxidative and anti—elnogenesis
effects of buleberry extract, Kor J Aesthet Cosmetol,
2015 ; 13(2) : 261-6,
Retamales JB, Hancock JF, Blueberries, Wallingford:
CABI Publishing, 2012 : 51-67.
Westwood MN, Temperate—zone pomology. Portland;
Timber Press. 1993 ; 100-1,
Wolfe KL, Kang X, He, X, Dong M, Zhang @, Liu
RH. Cellular antioxidant activity of common fruits,
J Agric Food Chem, 2008 ; 56 : 8418-26,
McLeay Y, Barnes MJ, Mundel, T. Effect of New
Zealand blueberry consumption on recovery from
eccentric exercise—induced muscle damage, J Int Soc
Sports Nutr, 2012 ; 9(1):19.
Krikorian R, Shidler MD, Nash TA, Kalt W, Vinqvist—
Tymchuk MR, Shukitt—Hale B, Joseph JA, Blueberry
supplementation improves memory in older adults, J
Agric Food Chem. 2010 ; 58(7) : 3996—4000.
Riso P, Dorothy KZ, Cristian DB, Daniela M, Jonica
C, Peter M, Renata DM, Effect of a wild blueberry
(Vaccinium angustifolium) drink intervention on
markers of oxidative stress, inflammation and
endothelial function in humans with cardiovascular
risk factors, Eur J Nutr, 2013 ; 52(3) : 946—61,
Whyte AR, Schafer G, Williams CM, Cognitive
effects following acute wild blueberry supplementation
in 7—to 10—year—old children, Eur J Nutr, 2016 ;
55(6) : 2151-62,
Miller MG, Hamilton DA, Joseph JA, Shukitt—Hale B,
Dietary blueberry improves cognition among older
adults in a randomized, double—blind, placebo—
controlled trial, Eur J Nutr, 2018 ; 57(3) : 1169-80.
Neto CC, Cranberry and blueberry: evidence for
protective effects against cancer and vascular
diseases. Mol Nutr Food Res. 2007 :51(6) : 652—64.
Sun XH, Zhou TT, Wei CH, Lan WQ, Zhao Y, Ying
J, Pan YJ, Wu VCH. Antibacterial effect and
mechanism of anthocyanin rich Chinese wild
blueberry extract on various foodborne pathogens,
Food Control, 2018 ; 94 : 155—61,
Park  YJ, Ronita B, Robert DP, Chen JJ,
Antibacterial activities of blueberry and muscadine
phenolic extracts. JFS. 2011 ; 76(2) : M101-5.
Guglielmetti S, Fracassetti D, Taverniti V, Del Bo'
C, Vendrame S, Klimis—Zacas D, Arioli S, Riso P,
M. Differential
intestinal

Porrini modulation of human

bifidobacterium  populations  after
consumption of a wild blueberry (Vaccinium
angustifolium) drink. J Agric Food Chem, 2013 ;

61(34) : 8134-40,

14

15.

16.

17.

18,

19,

20,

21,

22,

23,

24,

25,

26,

. Valentina T, Daniela F, Cristian DB, Claudia L,
Mario M, Dorothy KZ, Patrizia R, Simone G,
Immunomodulatory effect of a wild blueberry
anthocyanin—rich extract in human Caco—2 intestinal
cells, J, Agric, Food Chem, 2014 ; 62(33) : 8346—51,
Bushway RJ, Mc Gann DF, Cook WP, Bushway AA,
Mineral and vitamin content of lowbush blueberries
(Vaccinium angustifolium Ait.). JFS, 1983 ; 46(6)
. 1878-1878,

Trenerry VC, The application of -capillary
electrophoresis to the analysis of vitamins in food
and beverages., Electrophoresis, 2001 ; 22(8)

1468—-178.

Rodarte A, Eichholz I, Rohn S. Phenolic profile
and antioxidant activity of highbush blueberry
(Vaccinium corymbosum L.) during fruit maturation
and ripening, Food Chemistry, 2008 ; 109(3) :
564—572

Cho WJ, Song BS, Lee JY, Kim JK, Kim JH, Yoon
YH, Choi JI, Kim GS, Lee JW, Composition analysis
of wvarious blueberries produced in Korea and
manufacture of blueberry jam by response surface
methodology. J Korean Soc Food Sci Nutr, 2010 ;
39(2) : 319-23.

Rimando AM, Nagmani R, Feller DR, Yokoyama W,
Pterostilbene, a new agonist for the peroxisome
proliferator—activated receptor a —isoform, lowers
plasma lipoproteins and cholesterol in
hypercholesterolemic hamsters. J Agric Food Chem,
2005 ; 53(9) : 3403-7.

Ghosh D, Konishi T, Anthocyanins and anthocyanin—
rich extracts: role in diabetes and eye function,
Asia Pac J Clin Nutr, 2007 ; 16(2) : 200-8,

Choi MH, Jeon YJ, Shin HJ., Anthocyanin analysis
of pressure—extracted Korean blueberry juice and
in vitro anti—inflammatory in RAW267, 4 Cell line,
KSBB Journal, 2015 ; 30(4) : 191-6,

Min S, Hayley L, Andrew JM, Xiao S, Blueberry as
a source of bioactive compounds for the treatment
of obesity, type 2 diabetes and chronic inflammation,
Journal of Functional Foods, 2017 ; 30 : 16—29,
Konigsberg IR. Clonal analysis of myogenesis,
Science, 1963 ; 140(3573) : 1273—84,

Mintz B, Baker WW, Normal mammalian muscle
differentiation and gene control of isocitrate
dehydrogenase synthesis. PNAS. 1967 ; 58(2)
592-8,

Chen E, Current Topics in Membranes, Cambridge:
ELSEVIER Academic Press INC, 2011 : 235—58,
Shinn—Thomas JH, Mohler WA, New insights into
the mechanisms and roles of cell—cell fusion, Int
Rev Cell Mol Biol, 2011 ; 289 : 149—209.



32

27,

28,

29,

30,

31,

32,

33.

34.

35,

36,

37,

38.

KA K2 g 5 — Vol. 35 No. 3, 2020

Langley B, Thomas M, Bishop A, Sharma M,
Gilmour S, Kambadur, Myostatin inhibits myoblast
differentiation by down—regulating MyoD expression,
J Bio Chem, 2002 ; 277(51) : 4983140,
Henningsen J, Rigbolt KT, Blagoev B, Pedersen
BK, Kratchmarova I, Dynamics of the skeletal muscle
secretome during myoblast differentiation, mol cell
proteomics, 2010 ; 9(11) : 2482-96.

Yoon, BR, Kim YH, Lee JS, Honh HD, Rhee YK,
Cho CW, Kim YC, Lee OH. Protective effect of
ferments of hot—water extract mixture from
rhodiola sachalinensis and red ginseng on oxidative
stress—induced C2C12 myoblast, KJFCS, 2013
26(3) : 485-91,

Rosenberg IH, Sarcopenia: origins and clinical
relevance, Clin Geriatr Med, 2011 ; 27(3) : 337-9,
William JE, Skeletal
sarcopenia, and inactivity, Am J Clin Nutr 2010 ;
91 : 1123S-7S.

Marcell TJ, Sarcopenia: causes, consequences, and
preventions, J Gerontol A Biol Sci Med Sci, 2003 ;
58(10) : M911-6,

Balagopal P, Rooyackers OE, Adey DB, Ades PA,
Nair KS. Effects of aging on in vivo synthesis of

muscle loss: Cachexia,

skeletal muscle myosin heavy—chain and sarcoplasmic
protein in humans, Am J Physiol, 1997 ; 273(4) :
E790-800,

Volpi E, Sheffield—Moore M, Rasmussen BB, Wolfe
RR. Basal muscle amino acid kinetics and protein
synthesis in healthy young and older men, JAMA,
2001 ; 86(10) : 1206—12,

Brzoska E, Przewozniak M, Grabowska I,
Janczyk—Ilach K, Moraczewski J, Pax3 and Pax7
expression during myoblast differentiation in vitro
and fast and slow muscle regeneration in vivo, Cell
Biol Int, 2009 ; 33(4) : 483-92,

Stern—Straeter J, Bonaterra GA, Kassner SS,
Ziugel S, Hoormann K, Kinscherf R, Goessler UR,
Characterization of human myoblast differentiation
for tissue—engineering purposes by quantitative gene
expression analysis, J Tissue Eng Regen Med,
2011 ; 5(8) : e197—-206.

Visser M, Harris TB, Langlois J, Hannan MT,
Roubenoff R, Felson DT, Wilson PW, Kiel DP, Body
fat and skeletal muscle mass in relation to physical
disability in very old men and women of the
framingham heart study. J Gerontol A Biol Sci
Med Sci, 1998 ; 53(3) : M214—-21,

Roubenoff R, Parise H, Payette HA, Abad LW,
D'Agostino R, Jacques PF, Wilson PW, Dinarello
CA, Harris TB, Cytokines,

factor 1,

insulin—like growth

sarcopenia, and mortality in very old

39,

40,

41,

42,

43,

and women: the
Am J Med. 2003 ;

community—dwelling men
Framingham Heart Study.
115(6) : 429-35.

Bornsek SM, Ziberna L, Polak T, Vanzo A, Ulrih
NP, Abram V, Tramer F, Bilberry and blueberry
anthocyanins act as powerful intracellular
antioxidants in mammalian cells, Food Chemistry.
2012 ; 134(4) : 1878—1884,

Jun HI, Jang SW, Oh HH, Jeong DY, Song GS.
Antioxindant activity and anthocyanin analysis of
blueberry with different extraction conditions, KJFN,
2019 ; 48(11) : 1223-32,

D'Autréaux B, Toledano MB. ROS as signalling
molecules: mechanisms that generate specificity in
ROS homeostasis, Nat Rev Mol Cell Biol. 2007 ;
8(10) : 81324,

Miano JM. Mammalian smooth muscle differentiation:
origins, markers and transcriptional control, Results
Probl Cell Differ, 2002 ; 38 : 39-59,

Timon Seeger CC, Ioannis Karakikes, Joseph C,
Cardiac electrophysiology : from cell to bedside,
Cambridge: ELSEVIER Academic Press INC, 2018

: 284-92.



