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Ashitaba and red ginseng complex stimulates exercise capacity by
increasing mitochondrial biogenesis

Changhee Kim, Mi-Bo Kim, Seung-Ho Lee', Ye-Jin Kim', and Jae-Kwan Hwang*
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Abstract Mitochondrial biogenesis-a process that leads to an increment in the number and density of mitochondria,
improves physical performance and body health by enhancing exercise capacity. In the present study, we investigated the
stimulatory effect of Ashitaba and red ginseng complex (ARC) on exercise capacity in L6 skeletal muscle cells and mice.
In L6 skeletal muscle cells, ARC increased the mitochondrial contents and ATP production by activating AMP-activated
protein kinase (AMPK), sirtuin 1 (SIRT1), and peroxisome proliferator-activated receptor gamma coactivator-1 alpha (PGC-
la)) and up-regulating the mRNA expression of nuclear respiratory factor-1 (NRF-1) and mitochondrial transcription factor
A (TFAM). In the animal experiments, mice treated with ARC showed an increment in exercise capacity as compared with
mice treated with Ashitaba extract or red ginseng extract alone. These studies indicate that ARC might serve as a potential
natural candidate for enhancing exercise capacity by stimulation of mitochondrial biogenesis.
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e ATPE AAsH| w2 rEZ=eoke] &
o] S7h= WY B gkl AR Blew
A mEZEgol AL ETdsy St
& PR MEE g AeS JiAAAZ
$52 AMP-activated protein kinase (AMPK)$} sirtuin 1
(SIRT1)S 5ol SASIAA rlEZ=]of Aol Hojst=
@l E peroxisome  proliferator-activated  receptor-gamma
coactivator 1 alpha (PGC-la)9] A4S ZA3HtH(7,10). o],

e 8 ok r

F2

AMPK:= PGC-10E 214k} (phosphorylation)A]7] 22, SIRT1S <14k
3l¥ PGC-l1o0] UE oM (acetyl)?] S A AL o]o] Jgs

EZZAZTHT). PGC-la= AAFJIA}F nuclear respiratory factor-1
(NRF1)¢} 7|, mitochondrial transcription factor A (TFAM)<]
S X6t nEE=ol A 7HE B8 nEZE
2o} DNA (mitochondrial DNA, mtDNA)2] % Al(transcription)
5 HA (replication)& S7H1FITH1). &&= I8l o3t <l
A5 dHe HE 4% A AAY FXO=E nEZE=gol A
ol 7k, mebs ol g JIAES F4E ST A
g Edo B4 9 dge nEZ=Fol A FXS §
g 2ETATYHE TV S HErel & & QU

EHRed ginseng)y> A4H(Panax ginsengys LEl7] de| 4
S 98-180°CE FASkL AXAIX Aelth. g4k 4 WA &
A& =, 4| =Alo] = (ginsenoside) Rbl, Rgl, Rg3E X3t o}
o] MM =A| =S FHyetaL QUTh(12). AAIZEA ekl &4t

i

o AETA Aoz Y FH, SR B, ¥z A, 4t
PR Fol ATh(13-17). oFAIEFHHAshitaba)2t &&= A%
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(Angelica keiskeiye BLR, A4z, Az o2 Egw o}
Qo) A ellA] AP SCR(18). Aldzel ok gH|nE 9 g
dehgA, Y o Zeel AFE HE Aouk(19-22), oFH7HA
Az 558 FdaFel teixes Wl vt glok. 3%
Hog At Adxs T T Ak g Jid 9 4kst
W= G50 e Ao HyE uh ok wbd B dAgode
NEAES 7 79 2 EF=gs o8 sEAES B3l A
A% ZFZE(Ashitaba extract, AE)¥} 24+ FZE(red ginseng
extract, RGE) Z2]3 AlA %9} $4F E-3E(Ashitaba and red
ginseng complex, ARC)?] 558 3= Hrisle, £5%
e 2 Al &5 F50= gk i S5SNI &
UE AA 2AR] 7158E A SA}F g

HE o e

ad

Al

£ AFdX= Dulbecco’s modified Eagle’s medium (DMEM),
ZEjo} &3 (fetal bovine serum), & &3 (horse serum)S Hyclone
Laboratories Inc. (Logan, UT, USA)o|* +3ste] AM&-3th
AMPK, p-AMPK, SIRT1, o-tubulin &A= Cell Signaling Technology
Inc. (Beverlyy, MA, USA)?IA, PGC-loo &A= Santa Cruz
Biotechnology Inc. (Santa Cruz, CA, USA)IA +13te] ARS8t
WS Trizol?} MitoTracker Green FM  (MitoTracker)< Invitrogen
Ltd. (Carlsbad, CA, USA)IA F+9i3te] A8-S XP3ict.

AME M=

A AN FjEk ANZE FF F FRS AASIH
FES AAS AlKxe}t 80% eSS 1.9 (w2 HIEE 80°C
NA 14A7F Bt 1A FEI FEAE 5 H, F 3
B2 30% SR 80°CAlA] 24A17F B 23 FE34TE 1A},
22F FEHE et 1F =0 gl 60%7F Ewi7EA]
519 o, AR $HpE FE oA E(xanthoangelol)2] §HE-S
0.6402%3th. S5 FAblA gt &4k 30% olehES 1:10
o] HIERE 75°CAA 10A17H 43] W & & FENS IY
& FFol 60%7F HEF Ay 531927, RGEY XFE Rbl,
Rgl, Rg32l &S 74z 1.922, 0321, 0.056%3 Tt ARCE AE
9} RGEZ 5% v|&(1:)E T3t A=xslch

M= HHQ¥

American Type Culture Collection (ATCC, Manassas, VA, USA)
oAl Fde AE F L6 UM E(myoblas)E 10% AEfold
gol oHrd DMEME AREst] 5% CO,9 37°Ce] &7 Z7°
A st L6 234 E(myotube)E E3HA7]7] Y8l 71E9]
RS AAG T, 2o hHA A8} 2% @ PHo]
DMEMZ 6d &< X25lqith o] ul A tRo = #2w|
2} E E(resveratrol, Res, Sigma-Aldrich Co., St. Louis, MO,
USA)S A3t

O E2c=2(o & X

B3t g5 L6 =FAE 50nM MitoTrackero] -2
DMEME A5}, 5% CO, 37 Z7oA 40% <t odsts
th 402 ¥, DMEM & AASL &5 3¢ 490 nm¥} 4= 9}
Z 516nmolA FF =5 GloMax-Multi Detection System (Promega
Co., Madison, WI, USA)S. & t|EZ=z|olo] & MitoTrackere]
& SslaL, olF AL M s &2 tlRatd Hlaste] W

)

E(%)= HERASITH

LB ERE!(Western blotting) 24

E3l7t 45H Le2HA Eo NP-40 A E-&3) 58l (lysis
buffer, Elpis-Biotech. Inc., Daejeon, Koreay2 *#]sle] HEE &
AT, 16,500xg, 108 &< AT ete] Axe dEEs
AASATE. DA Felste] Ao TS Bradfordd (23)S 14
ato] gFeislon, s @ES 10% SDS-Z]of=E ot}
o]= A (polyacrylamide gel)oll H7]o]l& 3t G EE gelollA]
YolEZ A S22~ Hnitrocellulose membrane)>Z 110 VoA 1
A7F E<t transferdt §, membraneS E] 980 A & S (tris-
buffer saline Tween 20, TBST)oll =<1 5% skim milkel] 30% &
QF WHEAIA backgroundE A ALY 33 M S ¥, p-AMPK,
AMPK, SIRTI, PGC-la, o-tubulin @A & 2.5% A£FHLHRI
(bovine serum albumin, Bioworld Co., Dublin, OH, USA)°l 1:
1000¢] HIEE 3]43te] 16717} 52t 4°CollA membrane?t WHE-
ANZATE 12 A wkgo] ' ¥, TBSTE membranes 1027F
33 MFsla z+ 13} FAE QIRXsk= 23} A (Bethyl Laborato-
ries, Inc, Montgomery, TX, USA)E 25% AZFLFH
(Bioworld Co.)ell 1:50000] H=5 A ate] 2A|17F < 4°CellA]
HEEAIZATE 22k #A| 9] whgo] ¥y & ThA] TBSTE 10%7F 3
3] AFAL, A28 E58 AEA 9K(Western blotting detection
reagent, Amersham Biosciences Corp., Little Chalfornt, UK)E ©]
&3} G:BOX EF imaging system (Syngene Ltd., Cambridge,
UKo = oz mie 8] g A=k X2ttt

M=E W ATP &2 =3

ATP determination kit (Molecular Probes, Eugene, OR, USA)
g Azl TEZH weh ALgslel AT ATP Fe %
AstAch. ATP Aol wE  TF(luminescence)] B
MicroLumatPlus LB 96V luminometer (Berthold Technologies
GmbH & Co. KG Bad Wildbad, Germany)S AF&-3lo] Z4319]
AL, oFFAE APekA] 2 ekt vlaste] MES(%)E U

R LT

2N

A% 65¥ 47 ICR FZE DooYeol Biotech, Inc. (Seoul,
Korea)oll ] FY3te] L% 1920°C, FE 52-58%, 12A17F HY=
7](light/dark cycle)®] 7oA ARSHAT). 15 €31 &, &2+
(Normal), A% F2E 100 mgkg/day 22-(AE100), T4+ 3
% 100 mgkg/day A (RGE100), A2 F253 T4 35
& E%E 100 mgkg/day A (ARCI00)CE ++ F 74 &
4oz BEIIL 74 AlEE 131Y F 350 AT Fo5
on, xS AlE okl AFHATE Ttk & 58 AL
-2 Laboratory Animal Resource of the National Research Councils%
F)Z5F¢ Institutional Animal Care and Use Committee (IACUC)2
X Zell 3] WaSFAITHIACUC number: PM0O20130727-B).

3 AR Bl & AATEE B9 255 5He 24
stk ol=d ZEkAY £2(70 cmx70 cmx60 cm)el] 25°C S
70% A& FH, F9& M o SBARE SAEAL 5 Al
7+ 4 AIFRE Exlsle] o o) 23 Yol e dEHE T
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A%, 3187] 10% 9 30% F 43] Fo oA AL 5%
_O_rt], Lactate Pro™ LT-1710 (Arkray Inc., Kyoto, Japan)& ©]-&
ste] Ak S SA s

LFSpEEX| §._+_ EES *73

A 9 F, gAE APFEEZRE HEE 25 A9 sl
7} == cold assay bufferoﬂ 258 ¥ El-%_‘ﬂ(homogemzer)——
A ek A3 3 10,000xg, 15% 7F DAl ste] dEaAs
FASE . FHEEtolA (catalase) 4] 7)1 E(K773-100, Biovision
Inc., Mountain View, CA, USA)?} SFEMol kst asds (glu-
tathione peroxidase, GPx) ¥4 7]E (K762-100, Biovision Inc.)&
AMg-ale] Aol o mRE] JlekalolA) el GPx AL Z2t =46}
o
AR

JI

gigfel oo |ME e & &3

Al T, 8L BEsGT gEid olreridga s
(alanine aminotransferase, ALT)2] S 437 #38F Reit-
man-Frankel H(24)°l ™2} AM 101-K kit (Asan Pharm. Co.
Ltd.,, Seoul, Korea)S Al&-3}] 431t}

x7e &4

555 7 C57BL/6) S DooYeol Biotech, Inc. oA +Y3}
o &% 2025°C, ¥ 41.0-55.5%, 12417+ w8 7] (light/dark
cycle)®] Zz10M ARFSIATE Y F 15797 &3P/ 7]aL tix
Z(Normal), AXZ FZE 200 mgkg/day *2(AE200), 34+
FEE 200 mgkg/day *2]7H(RGE200), A14% ZZ%JJr 5 3
ZE EFE 200 mgkg/day A E]:rL(ARCZOO) T F 420 U
Aot 1319 F 857 ABE AT+ T°:1°]'M»——‘l1 o] w thx
=& AlE Al *§\’444°§—*r§— Tl & & AR Lab-
oratory Animal Resource of the National Research Council® (5%)
Z54 1aAcUCe] A A #3te] &S THIACUC number:
PMO020150705-01-A).

877ke] AR AT Fol Fo EdEDS olgale] 1YL
4aack A7 24 e Kim 559 WS HIskd
APsieh, A7 4 He, B gerlel H-3A1717] 9

Table 1. Primer sequences used in RT-PCR

sTdsd 57t a3 687

& AALE 10014 10mARE £E2 158 59 %S F A
o}. 24/\]1 &, A8 HAZEE Wik HARE 1004 10
mE 52 1087 A8 T 1 m/AER 10m/EdA 15 mETHA]
EEZ2 Fo] 60E7 2 o}os{ml] 60% o] 20mETHA] E£%

s 29 eg TS o}“EP ImA A7) A=FelM 2%0]
A BE= Aol 33] o)Al AL T 527 AR Y] A}

= Zo]
Foll= B8l 23Yo] gle 73% Z7gollM Al Llskaitt.
Reverse transcriptase polymerase chain reaction (RT-PCR)
A7 24 F, sl A2 Ao 24 24 9 B3
7t 25 L6 A 2 Trlzol&"“ ImL Xgsle] AZE &
sttt 22 = AlE chloroform 200 LS ¥3L 16,500xg,

108 7+ AR5 RNAE FE319291, 5H RNAS
NanoDrop 1000 (Thermo Fisher Scientific Inc., Waltam, MA,

USAYE o83l 42 § cDNAZ 3313l 4% cDNASH
24 fHA Zto]H(primer) 7141 (Table 1)2 PCR-premix
(Elpis)ell 2L 94°CollA 587+ FxJ2lE 3 F, denaturationS
3 94°ColA] 30%, annealingS 913l 50-60°CellA] 1%, extension
S S8 72°CAA 17, F 282 1 cycleZ 3k 25-30 cycled]
Z712F Gene Amp PCR System 2700 (Applied Biosystems
Inc., Foster City, CA, USA)S A1&-3l4] PCRS /“7\] 3}tk PCR
g 2HeS 1.5% agarose gets ©]-8-3le] E2]3t ¢, G:BOX EF
imaging system (Syngene Ltd.)S ©]&3t] fHx 28 ALE
gl g g7 At

SHXE|

BE A9 34 kESl] dAjsigler, Agds= SPSS 21.0
ZA) 2}7)A(SPSS Inc., Chicago, IL, USA)S Zal #4jste] 3
T+ EFHARZ FASIATH AZA3e] 49 v x| EAHEA

(one-way analysis of variance, ANOVA)S.Z H| g &, Scheffe’s
test® p<0.058} p<0.01 FENAH A4S AR =AY
2 ATP &4 d¥2 7} Ao & x}o]E& ANOVAE H|wsh
£, F948E p<0.05 =4 Duncan T 49 o3| %
At d2MZIEZ ] 79 Student’s ttestz §43S &
st

FE ox

Origin Gene Direction Sequence (5'-3")
PGC-1al Forward ATG TGT CGC CTTCTT GCT CT
Reverse ATC TAC TGC CTG GGG ACCTT
NRF-1 Forward TGG ACC CAA GCA TTA CGG AC
Rat Reverse GGT CAT TTC ACC GCC CTG TA
al
TFAM Forward GCT TCC AGG AGG CTA AGG AT
Reverse CCC AAT CCC AAT GAC AACTC
B-Actin Forward AGC CAT GTA CGT AGC CAT CC
Reverse CTC TCA GCT GTG GTG CTG AA
PGC-la Forward GTC CTT CCT CCA TGC CTG AC
. Reverse GAC TGC GGT TGT GTA TGG GA
NRF-1 Forward CTT CAT GGA GGA GCA CGG AG
M Reverse ATG AGGCCGTTTCCGTTTCT
ouse
TFAM Forward ATA GGC ACC GTA TTG CGT GA
Reverse CTG ATA GAC GAG GGG ATG CG
. Forward CCA CCATGT ACCCAGGCATT
B-Actin

Reverse

AGG GTG TAA AAC GCA GCT CA
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o3 nE
ARCe| D|EZCZ|of MEHN S7t &4

ARCe| 25583 T35 AS3] $ldl ARCE A28 L6
28 AEoA nEZcole] %S MitoTracker® 243l ARC
£ AHPE o, vEZ=lole] o] tiRzd H3] T= &
Hoz F7tEE A& FIEAthFig 1A). &5 AMPKS}
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SIRT1¢] 48 Z7FAA NRF1z A5l TFAMS] WS
ZAsl= PGC-1af] FXE 3l nEZ=gol AES &4t
StH(7,10). ARCE] WIEZEgo} A £ &7 #HEE A
AAEe] W3}E RT-PCRY 26 EFH 7oz FIsct.
ARC7} HEZ=go} Ao =3t 42 A PGC-la, NRFI,
TFAMS] mRNAS] HHYS F= ST Z7HF oM (Fig.
1B) =2 A9 AAX TS AMPKS} SIRTIS] ©hld W& oko] ARC

O(-) ®WARCO.1 pg/ml ZARC1pug/ml ®Res 10 uM
*k

PGC-1a NRF-1 TFAM

0
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(ug/ml)
(B) 450
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-
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&
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s
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Z
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1

PGC-1a SIRT1

Fig. 1. Effect of ARC on mitochondrial biogenesis. L6 cells were cultured with the differentiation medium containing ARC (0.1 and 1 pg/mL)
for 6 days. (A) Mitochondrial contents were measured using Mitotracker. (B) The mRNA expression of PGC-1a, NRF-1, and TFAM was
detected by RT-PCR. (C) The protein levels of p-AMPK, SIRT1, and PGC-1a were evaluated by Western blotting. B-Actin for RT-PCR and -
tubulin for Western blotting were used as controls. Results are expressed as mean+standard deviation. Res (10 M) was used as positive control.

#p<0.01 and **p<0.01 (control vs. sample-treated cells)
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Table 2. ATP contents in L6 cells by AE, RGE, and ARC
treatments

Relative luminescence activity

Group (% of control)
Control 100.00+0.57*
RGE 25 pg/mL 132.90:0.10°
AE 25 pg/mL 129.26+1.06"
ARC 25 pg/mL 141 40+2.15°
Res 10 uM 133.824027°

*dyalues are significantly different at p<0.05.
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AFE FE=F Jung 5262 At FE=2] vIEZE0}
I F7h A AR 1A 4T Adsh AR BelETh
w3, 2 9179 ARCS] AMPK/SIRTI/PGC-lo AlZAZAY

Re A gETOE AMLE #2MEEE(27)2] AMPK/SIRTI/
PGC-lo. A EAISHY 7] ot mEZEgo} A F7et
U A3 e ol2ist AZ= ARCTF 4R AlsHd
HANAE X8l EZEFol] 4 FTKIIIE A vt

ARCS| ATPMAL Z7} &M

nEZCgols ATPS AAslE AZ47|308 $52 nE
Zegol RS FX8te] ATPEARS S7HAIRITHT8). L6
M2l AE, RGE, ARCE 717} Az2lst A3, ZE AgolA
ATP <Fo] tlzatel Bls] S7lstaier, 53] ARCOl <Jg+ ATP
Aike] F7F= RGESF AE el vl3] fejdog Frtste A

< 3l thTable 2). ATPA4ES] F7HE PGC-lad] <)%
mitochondrial DNAEA|E @dsl= ohild TFAME ZEeF =7}
2RE 7]Q0® Zo|tk1l). WA, ARCY ATPE7H= ¥4 AF
3 AMPK/SIRT1/PGC-1a. A ZHAGAA] £310] g3t nEZ=g]
oF Ao ZHE 7|1 Aot 4t Fo AT EH
Rgl# Re3e 25 AXoA 58S 2dste 72 o9z
AMPKE Z7MZ B2 (2829), o592 Biloz ¢ls] T4k
EE9 ATPA T7F &7 vehd ZoZ iAot v, A
Azxe] T8 ALAHEZS 4-hydroxyderricin?} FHESHIELS 2

Sl AMPK Z71 0] glomg(30) AdZ FEE 4
3HE isobavachalcone, laserpitin 52| A2 A EA22)9] <3l
ATPE ZXIN7)E Ao dAdEr). BB o B ATP7L
AR AXY A Aol =8} isobavachalcone 2 laserpitin®] A
GG EA] EoME S (synergy) EHE 7T F UL
U 27129 7AZo] Basit) wehr, Azt Fald Soi9)
€ oldg AelEE=A] HFor st Tl FEE Hla)
Adzel B4 HECA O B Fo] ATPE AElE Ao
2 A7

ARCS] £B5AFE 37 EAE FAsP] A3 370 A
EE A BT Fol F, GAFIS BH F9N0L 275
ek, AR, iz £ z

7tet e, gt

RGElOO;LOH vl FGAZke] 2]
st th(Fig. 2A). ©

~7} Ao} I35, L

2o vl LAY T Holde omgi)

=] e S7h A% 689

A) 300
() y

250
~~
1%}
& 2001
[
E c
150 b
£
£
£ 100} a
&

50 |

0 . .

Normal RGE100 AE100 ARC100

B
B) 70—
= 60}
3 b :
g€ 50 b
N
2
c 40
[
£
s 30f
[
I 20}
£
2 10
Q
(7]

0 1 1

Normal RGE100 AE100 ARC100

Fig. 2. Effects of ARC on swimming test and hepatotoxicity. AE,
RGE, or ARC at the dose of 100 mg/kg/day was orally administrated
to ICR mice for 3 weeks. (A) Swimming test was performed and
swimming time was measured. (B) ALT from serum was measured.
Results are expressed as mean+standard deviation (n=8). For each
treatment, *%values are significantly different at p<0.05 by Duncan's
multiple range test.
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Fig. 3. Effect of ARC on fatigue. AE, RGE, or ARC at the dose of
100 mg/kg/day was orally administrated to ICR mice for 3 weeks.
(A) Lactate concentration from blood was measured. (B) Catalase
activity and (C) GPx activity were measured from muscle. Results
are expressed as mean+standard deviation (#=8). For each treatment,
*dyalues are significantly different at p<0.05 by Duncan’s multiple
range test.
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the dose of 200 mg/kg/day was orally administrated to C57BL/6]
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measured with treatmill test. Results are expressed as mean+
standard deviation (#=5). For each treatment, ““values are significantly
different at p<0.05 by Duncan’s multiple range test.
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