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Investigation of the effect of Terminalia chebula fruit extract
and its active ingredient, gallic aicd on muscle differentiation
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ABSTRACT

Objectives . Decrease in muscle mass and loss of muscle function due to aging are associated with various diseases.
As interest in healthy aging increases, efforts to prevent and treat muscle hypoxia as an illness are increasing.
Considering the physical limitations, a pharmacologic approach to the treatment of myopenia is needed,

Methods : Terminalia chebula Rets has a wide range of pharmacological effects and is used as a medicinal product
in traditional medicine, However, the drug effect on the treatment of muscle disorders has not been revealed, The
purpose of this study was to evaluate the value of water extract of Terminalia chebula (WETC) as a therapeutic
agent to relieve symptoms of muscle hypoxia,

Results : WETC showed strong radical scavenging ability, In addition, WETC increased cell activity of myoblast,
and we observed that WETC induces myoblast differentiation by immunoblot analysis using differentiation protein
markers as well as cell morphology of myoblast, Based on these results, we examined the effect of chebulic acid,
chebulagic acid, gallic acid, geraniin, and punicalagin on cell activity and differentiation of myoblasts, Gallic acid
significantly increased cell activity of myoblast, and it was found to be an effective substance which not only
induces myoblast differentiation but also promotes proliferation,

Conclusions : We suggest that the WETC with antioxidant effect and its indicator gallic acid on cell activity,
proliferation and differentiation of myoblast can be studied and developed as a food and medicine for prevention

and treatment of various muscle diseases,
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UL AR, SR, RS S A =ete o) ASET Y
FTE el oAl 7y ) Terminalia chebula
Retzins T= S27FA} (#REBFTF) Terminalia chebula
Retzins var. tomentella Kurt, (AF2AFZ Combretaceae)
o & o Fufata sdkEol Utk FTE triterpene,

gallyl glucose ¥ gallic acid 52 3732 ¢t} Tannin

© 2 chebulagic acid, chebulinic acid, chebulic acid,
glucogallin, chebulin & %83ttt Triterpenoids®
terminoic acid, arjugenin, arjunoic acid, chebupentol 5
o] 9t} I 9]o] Shilimic acid, quinic acid, ethyl gallate,
B—sitosterole $H33Itl  Sennoside A,
tannase, polyphenol oxidase, oxidase, ascorbic acid
oxidase & ¥t ot o]¢fef Se, K, Mg, Fe®l Cu &
o] weFl el vletdl C 5& st Aok, o) ozt
gozt FAEATY, FEAo] w2ER’, 43t o
ALY, Iy, dAEgg 9", Faggt
Y oy AFEo] RAuFHU

482 WE Ik APS vEA fAAA FH L
e SINA & 225 w9 = 7Ies ook 234
(myogenesis)& Z&ZZo] FAHE HPoz ZYUNE
(myoblast)®] #£3+5 S o|FoXth, ZFAE TA A
myoblastE Weto] B3lste] 71 BP9 ZAE (myocyte)
7b H3, £3HE myocytew AlEZT 582 Sl ohAE
Q TEAE (myotube)E FAUH 0. ZgzA o] o)t
<595 (muscular dystrophy)# 22 Aol =2 =H
QA M E (satellite cell) AEIZ 22415132 ¥ myoblast”}
2o §TS Fo ST 2919 252 N 5HT AYAR)
o, whebd myoblastd] £8F W §F- ol Wt 3o A
T B ohe} Hele] BATS fASkT, BT
8% 9 oo gZel g 55 Z2ollA myoblast

2 FETT o2 0§ 25 FAY Bt
of BAE A7) Bao] 2T gon], HYy 25 2
o] (=S AT A7 AU Aol myoblast7t AAI=
A @73 ook,

25 A2 25 AR Aoz dAEHL 25 Wl
T3t ARA 2820l F4E T2t 2249 27 ¢
T 28] A|7|7}F Rl dabo|t At
4219 B 2429 T4 H B 4+ HLeE fAHAT
Aol wobel wet 2 #Fo] fFAHA Kt Z& =4
o] A} o] Fa @afo] yehdtl' ™ 0|5 npgoz
45 AT k3o W #Ho] Jlva dEA glen,
AAZ 60~70412 5~13%, 80A] o2 50% S1F7} 25

daucosterol,

=
A2ZS A3 AP, A sk} F A% st o
g BAo] EopA T Qlth, 2% F2FLS T8 Ak WSt
ogt 24 7% AHE ofr|3 Wl ope} Alste AEH A
o] gur AAFFRY WAL B3l BFZ) AX EF Fol
2 ze|5la chorat A} why 2 A o| o Fo|E 2
& uAG | =YotE BASA 2 FaZe] FEL 9
3 &% awle BFel AL £, weba el
A 227U O 4ge REHoR FEF 5 9l goFe}
2 el X2 okE o] FeAo| hEHT U,
AAR9 QejgAe] tat Talo] ZHET 9 7hed
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2AEDS FAstL, o] A-oJorEe Ag3tstr] fgt 4
T7F 5] o] FolX L Yk, et A theFet AW X
BAZ ALEE #T 2L P 55, A YA
w3he 7], Ag FEY A, A8 HE 9L A AF &
e AT AP, A wE FEE 7Y BAL
HEA ehdF9] gallic acid, chebulagic acid, punicalaginm
corilagin®} #H&=%2] chebulic acid, ellagic acid, ©]2Jo|=
gerannin 50| L&A AF?. Gallic acid®] a4k}, aHF.
guolgla @ NERIFY 5T chebulinic acid,
tannic acid, ellagic acid®] FAIZ A% AA SV} US55
' Sy 2EEmA opg O 14 Bdo| AL At
A gl Wizt G} o] & B o g 3 A7 EEEtA o]
FojA L U}, SHAG it FE2E 2 O 4 E3T 2%
o] FA1T £3keto] Il Al dtE Bhrh itk et
A 2 Ao A= myoblast AIZE o]-&ste w2 A &
52 7H T g€ FEE (WETO)O] ISAI2Y &3
B3| A= FFES A, WETCY 14 8= &
H2 Y I/HE 7HTE 259 F4 2 23 €% A
a2 S2E A §onist 2aE A7l oo B
St Hioltt,

Borr

1. A= 2y
1. A&

1) 2xh

A AHE F= T A A (Jeong—Seong
Drugstore, Korea)Z+XE 2018d 8¥of o (NO:2018—
0815)3te] 71¥9 MYt F49 8L 7Hdstn gHelat
st Exstw Ao A ZAstE L, oFA= ultrasonic cleaner
£ o83t BEeES AASIL Ao AHgstg e Ad
AMEEl WETCS 4 EZL2 chebulic acid, chebulagic
acid, punicalagin, gallic acid (Sigma Aldrich, USA);
chebulic acid (ChemFaces); geraniin (Dalian Meilun
Biotech Co., Ltd, China)g &3l 7|8 Fuiste] AFe] A
|33t

2) Nk 2 7|7

2 A¥S ¢34 Ham's F-10 medium (WELGENE,
Korea), Dulbecco's modified Eagle medium (WELGENE,
Korea), calf serum (Hyclone, USA), horse serum
(Gibco, USA), 100 U/mL penicillin, 100 wug/mL
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—Pax—3/7
(Santa Cruz Biotechnology, USA), anti—Myh3 (Santa
Cruz Biotechnology, USA), anti—~GAPDH (Meridian life
USA),
peroxidase—conjugated secondary antibodies (Abcam,
USA), 4',6—diamidino—2—phenylindole (DAPI; Thermo—

Science/Meridian  Bioscience, Horseradish



Fisher Scientific, USA) 50| AME ATt & Ao AMEH
7171% CO; incubator (Thermo Fisher Scientific), waterbath
(HAAKE, Germany), automaticnon—pressurepot (Dae—
Woong, Korea), filterpaper (AdvantecNo.2, Japan),
rotary vacuum evaporator (Eyela,Japan), SZZAZX7]
(IlshineBioBase, Korea), ultrasonic cleaner (Branson,
USA), microplate reader (Molecular Devices EMax Plus,
USA), LSM 510 Live Configuration Vario Two VRGB
confocal laser—scanning microscope (Carl Zeiss, Germany)
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2. %4

1) f0F @& Mz

AT SFAIE 100 g2 FHE 4% § Bt
Automatic non—pressure poto] £ k|t 13} ZF74
2,000 mi%} §HA Wo|£a gojo] F= A|HOERE 2h §

[o

ot 7}d3ste] &34}, Filter paper2 &N 7¢t o}
3to] A& o7} AL rotary vacuum evaporators ©|-&3}o]
F5IHY. 55U FAARIE ol &5t XS BES
A&t FIL, FEAR FEES 11.584 g0 2 EHHGoH,
&2 11.584%% Tt

2) MIZZ HHS

Al o] A3 myoblast:= % 39 ¥ C57BL/69] Hth
g ZAZANA Eeste] w3ttt Myoblasts Ham's
F—10 medium®] 10% calf serum, 1% &4 (100 U/mL
penicillin, 100 ug/ml streptomycin), 2.5 ug/ml fibroblast
growth factor® A7}t growth medium ¥+ Dulbecco’s
modified Eagle medium®| 1% horse serum, 1% 3A3A]
(100 U/mL penicillin, 100 ug/ml streptomycin)E 37|38t
differentiation mediumoll ¥j¥stATH N EE EE AX bl
FH 37T, 5% COy 2704 vjF3tATT,

3) etst 25 5H

ABTS (2,2'—azino—bis—3—ethylbenzothi™ azoline
—6—sulphonic acid) assayS ©]-&3to] =339t Free
radical AE]2] ABTSE TH=7] 93l potassium persulfate
2.4 mM¥I} ABTS 7 mMZ& 22 Ry 2 Z3s|51 A4
3= AR 24 A|ZF ¥R AIAHT I F free radical AFEl
o] ABTSE /& 345t FF=71 0.7 F2o| He
working solutiong TS0l Ao ARSI 96—well
plate?] ZF wellol] sample 20 u¢2} ABTS working solution
80 wE Hol& 7, 4 ¥t gA oA §HEA7]L Microplate
readerg ©]-§3te] 650 nmolA FFEE S5t o=
A& o] g5t FAEt JS AAbsHATt

ABTS radical scavenging activity (%) = (1 —

AS(mLple_ASample blank )

X 100
ABl(mk

Aol 223t vA= g3 61

4) M= HZE=g ot

3—(4,5—dimethylthiazol—2—yl)—5—(3—carboxymethox
yphenyl)—2—(4—sulfo phenyl)—2H—tetrazolium, inner
salt (MTS) assayS =3 =33}t 96—well plateo] &
% myoblasto] A|2E FE=HE A3t 5 24 h St viF
StATh 1 3 ZF wello] MTS solution 20 wl H7st 3
7CoNA 90 min F¢F ¥H-A]7]| 3L, microplate readerE ©]
&3to] 490 nmolA FFE=E 4 st A2 E2E2 Y
27 YH] ARE A Alxe FEEE WESE EATHY

UHER AT

AEAEE () =
A7) EHE-A A o) &3
( EE=T R

) X 100

5) oY 22 BA

[ B — D s ey |

Sodium dodecyl sulfate—polyacrylamide gel electrop—
horesis (SDS—PAGE)E ©]&3}9] myoblastZ25E 44L& o
W3R MEZS B¢t E2d guES nitrocellulose
membraneAt2 2 o]EA|7|1, non—fat dry milkE 5% =
T2 PBSTe| &2¢lblocking buffer 2} 1 h E¢F g} v]
Sol&dl FAY Zgs AAA R Blocking buffere] 3]
A3t 13} antibodyE 4ColA 12 h ¢t &gt &, Ay}
AgsHA] B antibody= PBSTE A &5}¢ict, Super Signal
system= ©]83}9] Horseradish peroxidase—conjugated
secondary antibodies®]] A&t oA ATE FISHA
ot "Wy EX EAo| ARESE 1% antibody?] FF=anti—
Pax—3/7, anti—Myh3, anti—-GAPDH©o|t},

@)

) TS A& i0jd 24

WY g4 duj7 E4E 93] myoblastE chamber slide
o EFstAth AlZo] ARE FaX 5= E ATteE A7
St 5, 4% paraformaldehydeE ©]-&35t9] 10 min 5 14
AlZ]13L 0.5% Triton X—1007} 3% PBSE 15 min 59
AZstgct, o] & H|Eo|HRl YA AFS AAIsH] el
blocking buffer (PBS, 5% goat serum, 0.1% BSA,
0.05% Tween 20)& A2o4 1 h 59 A%t & blocking
bufferol 3|43t anti-Myh3E 47CollA 12 h &<t ¥HSAIA
o}, Mouse IgGoll ofdt 22} antibody®2+& Alexa Fluor
488—conjugated goat antibodyE AMESIA I, A|EZH
DAPIZ gA8ltk LSM 510 Live Configuration Vario
Two VRGB confocal laser—scanning microscopeZ %3

W Y BAsh ofu] X3} shdct,

m 2 3

1. WETC®] @43t % 371
B AFo|A L ABTS assayS S8 WETCS] 3413t &%
o Frlstant FAsE G50] & A A resveratrolS A
Q2o = AT, 10, 100 pMoA Z2F 11.5140.27%,
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76.11+0.39%% 22l resveratrol®] At G523 Hig o
2 AYY A& HAFsHgth WETCY| 348t 855 ¥
71t A3t 10 wg/mlofA 29.42+0.2.81%, 25 ug/mlofA]
63.40+1,55%, 50 wg/mlolA] 94,12+0,10%2 =z &
T2 U = oE2 ¢ itst 555 st
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<
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=
-
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Figure 1. Anti—oxidant activities of the resveratrol and WETC by
ABTS assay. n=3 (biological replicates). Average +S.E.M.

2. WETC®] 9J3 myoblast9] 83} % &<l

2 AFoA= A 552 7 WETCZF 259 4% %
£33} n|A = FFE GotRuA} sttt HA], myoblastol
WETC7} v 2= aFE ER18h7] st S48t Qe A&
7HEe A9 o Nx =4 B 33 ey £4802
HHZAOZ AMLEE= MTS assaysS 533t MTS assay
L tetrazolim salt7} m|EZEZofo]A A== NADH,
NADPHO9| 9] formazan® 2 v} 1L, ¢] formazane 490
nm FEER ZHst] AE B2 FAsks Yol
MTS assay 23}, 0.05 mg/mlo| A= 124.20+1.52%, 0.1
mg/mloAE 134,91+2.99%, 0.2 mg/mloA= 143,78
£2.45%29] NZ RBELS Holw WETCY Ao 23|
myoblaste] A Z Y&&o| F7ehe AL EIsHAT) (Figure
2A). Myogenesis 4ol A myoblastE= myocyteZ E3}3t
5 g@ste oeld AEZQ myotubeE AT Y
Myoblast®] AMZ H&&E Z7MX % WETCE myoblasto]
0.1 mg/mlz A3 ALY ROFS BAF 2}, Aol
A'groll wet myoblast7t 71 /43 9] AEZ] myocyte?] 3
g2 ¥igtsle 2AS BEASHAT (Figure 2B). ©] &, W9 &
2 24L& B WETCol 23t myoblast®] Fe W37t
myocyte29] £3} {FZo] g @AUA AR
myoblaste]l 0.1 mg/ml®] WETCE 24, 48 h E<F A gst
S WY B8 E4E 53l Pax—3/77 Myh3d Tz o] dtg
v wat Ax}, WETCS] X2l 28] Pax—3/72) wao] 7+
8tal Myh3 Tl o] W o] F7stH WETCZ} myoblast
E3E =t AL E1sct (Figure 20).
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Figure 2. Effect of WETC on the differentiation of myoblasts. (A)
Myoblast were treated with indicated concentrations of WETC for
24 h. Cell viability was measured by MTS assay. (B, C) Myoblast
were treated with 0.1 ug/mIWETC for 24, 48 h. (B) The morphology
of cells was photographed at the indicated times. (C) Immunoblot
analysis was performed using anti—Pax—3/7, anti—Myh3; GAPDH
was served as control.

3. WETCS] 34 Edo| Myoblast2] &3}
2= 9F HE

o] A AFE E3 myoblaste] AZ YELL ZF7HA7IH
B35 fEdte WETCY #5352 #HEsHlch. WETCY +
4 £4E 7124l myoblast A28 A2 FE&9] F71e &
35 frste Q3 fasde] FUA sy ¢
AH-E $335+4t}t. Chebulic acid, chebulagic acid, gallic
acid, geraniin, punicalagine WETCS] &3 74 &
A2 4 St Myoblaste] oA 71 +4 4 5%
U2 24 h B¢ A & MTS assays 53l AlZ AEES
S4% 27, 57HA 4 &2 93l myoblastd] Alx PE
o] BF F7H AL sttt 3], gallic acidE A2
3t myoblast®] ¢ 10 ug/mlo|A 133.08+1.84%, 20 ug
/mlol|l A 159,69+2.49%, 40 ug/mlof|A 181,00+ 3,15%2]
AZ AYELE Bo|w myoblaste] AZ BE&o] 7H 3




Z7}8t4tt, Myooblaste] 20 ug/mle] H=9] thA 74A] T
A4 E24& 48 h B¢ AT & WY EX £4& &9
myoblast®] Pax—3/73 Myh3 thiia w3 W3S 915t4
t}. 21 23}, chebulagic acid, gallic acid, geraniin®] 2|3}
myoblast2] myh3 @&o] 7}l BIlE == 74 &
4L ASsA. HEo, gallic acid®t geraniing A =g
myoblast®] 7% Myh3 8¢t oluz} Pax—3/7¢ L= =
7}k, o]+ gallic aicd®} gerannin myoblast®] AJ&]
Aol #of3te] myoblaste] F4|3 235 BF AT
A oujgitt,

A
175
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S
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Figure 3. Effect of the constituents of WETC on differentiation of
myoblast. (A) myoblast were treated with indicated concentrations
of the constituents of WETC for 24 h, Cell viability was measured
by MTS assay. (B) myoblast were treated with 20 pg/ml WETC
constituents for 48 h, and immunoblot analysis was performed
using anti—Pax—3/7, anti-Myh3; GAPDH was served as control.

4. Gallic acid7} myoblast2] &3}o] u]x]=
¥ el

WETC9 oAl 74A] 4 &4 7hed gallic acide
myoblastd] A2 &4& 7 ZA F7H7IH, £3F f=9
A FAE FX8e A5 7 A& 4 A 2aE S
Ittt WETCS 854 F 7P 8371 Holjd &
3}3tE <l gallic acid7} 242 223} Balo] Tosl= Az
& A2 F7HEQ AEE B3l A5kt Myoblastol
gallic acidE 48 h B¢ S EHE sy, Wy E2 &
g T dude] wd wigs gdst 23 Pax-3/73%

1l

Myh39] @do] BF Fk oEZXOE F7151H myoblast2]
FAI BIE FZse gallic acid9] A%2 s
Myoblast+= Bl B2 9] HSE S S22 £33} 232 2
7y 248 = ok, B A ¥olAE myoblastol differentiation
medium (D.M,)& 48 h F¢t A5t E3E F =5kt
E3F gallic acido] 2|3t myoblast £3F &= &35 golst
7] 93l growth medium (G.M.)°] gallic acidE 20 ug/ml
2 3Mste] 48 h Bt AsiHh ZHzbe] zAstol|A
myoblast®] Myh3 @il Iy #3lE WY JF E4S
B3l AlAdstste] vlwst A3k, DM, 24 stojlA BEFE +
=3t myoblast+ control®] H|3] Myh3<%] W& o] 34 F7}
SR, NE g8l dojut 342 myotubeZt FAAEH A
o] WAE I}, 181 gallic acidE 23 myoblastol| =
control Bt} Myh39] ©&rd o] £7}5}H myoblast?] £3}=
FESH= gallic acid9] WY EZ £4 2345 A< 54
ot ©Eo], DM, 2434 FAHE myotubes TEHEZ
BA T Myh32] T&o] 71 B Y myocyte FELE F-A
SHA ER1= At

A A
° Gallic acid

(kDa) P 5 10 20  (ug/ml)
S6= WM S S . Pox-37
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Figure 4. Effect of gallic acid on differentiation of myoblast. (A)
myoblast were treated with indicated concentrations of gallic acid.
Immunoblot analysis was performed using anti—pax—3/7, anti—
myh3; GAPDH was served as control. (B) myoblast were cultured
in 20 ug/ml gallic acid or in differentiation media (D.M) for 48 h,
and subjected to immunofluorescence. Myh3 (green) was
visualized in the immunofluorescence image. DAPI (blue) was
used for nuclear staining.
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=3lo] wE
Aol v/ s}, °§
s WS 1 5 |
2o FFE A dEe] AT
T, AT AEL gEstm 2P A4S Ao
EJEPZ WAz Ash sEd s og) 28 T

P:le*— 1‘:‘%’“«1 o] AiE H2 Foll 4k

Cr]tf]— AL 2S5 Tz girrt 7H/l A=
S, ol Am}a 2EF 20| T 2§ b
517 9%k 4kE B2 A5 A+ WS Sasith

Frejtol A Gf= EEE et aFo® oo ¢
olg} Egu thdet AW A= AMEEHI o -9
dnfj, B2, o 5 2E 7#HEY & 77 E gEA QL
o, FFE G4 FE3 WETCY tiEZF2 74 A& &=
chebulic acid, chebulagic acid, gallic acid, geraniin,
punicalaginZ} 9. WETC7} myoblast®] M% A&}
80 polo] vAE G7HE 28 P A @ A2 ¥
obol Mgsied AT W Agel] YaME WETCS chabe
$E AR F T sEe] ojg A9t Basie

B Ao A= ABTS assayE E3 WETCS A3t 6%
< Brletga, JA4E 550 & EEA resveratrolS FA
2o 2 AME3E 10 wg/ml, 25 ug/ml, 50 ug/mlollA 2
gz 2745s yehliH 5= &3 st 850 s
g1kt

F4EE 35S 7 WETCZF 259 4% 9 £3fof| n]%]
L g3 Yol A WETCO| 23t myoblaste] HIIE
MTS assay Z3f &<lslgct 1 A3, 0.05 mg/ml, 0.1
mg/ml, 0.2 mg/mlofA AZ YELS HolW WETCE| A
o] 93l myoblast] NZ HE&0] F7I6h= A& FUSHA
t}, Myoblast® A|3Z FEE&L 57X 7] WETCE myoblast
ol 0.1 mg/ml= A2staL A|28] BofS W A3}, Azt
o] Zde] e}t myoblast7} 71 343 9] AlEZ QI myocyted] &
B2 H3lsl= AL SN2 ™, myoblasto] 0.1 mg/ml
O] WETCE 24, 48 h &¢F #2|%t & 9 £5 #4& 59
Pax—3/7%} Myh3 ©¥jdo] wdSg vlwgt 23, WETCY
Aol o3 Pax—3/79] W@o] Zasta Myh3 T A o]
o] Z75lm WETC7F myoblast?] 32 {SEdl= A2
ghelstsict,

Chebulic acid, chebulagic acid, gallic acid, geraniin,
punicalagine WETCS] 22 4 EZZ Myoblasto]
oAl 7HA] A4 EXE HEEE 24 h B A & MTS
assay S 5l *ﬂfﬁ AEES ST 27, gallic acidE A
3t myoblast2] 3¢ 10 ug/ml, 20 ug/ml, 40 ug/mloA] Al
I AEES EO]E] myoblast®] AZ FE&0] 7HF 2A F
7592 Myooblastoll 20 ug/mle] =9 thAl 7kx] 14

E2& 48 h ¢ AYst & WY EF 242 53 myoblast
9] Pax—3/7% Myh3 @@z 2Id #HIE U5 2
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