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Centella asiatica and Asiaticoside Regulate H202-induced Cellular Inflammation
via Mitochondrial Respiration and the TLR4 Pathway
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This study determined the effects of Centella asiatica leaf on H,O, induced cell cycle arrest, mitochon-
drial activity, and proinflammatory cytokine production in human dermal fibroblast (HDF) cells. We
used an 80% methanol extract of C. asiatica, its ethyl acetate fraction, and asiaticoside, the major con-
stituent of C. asiatica. The C. asiatica extract, its ethyl acetate fraction, and asiaticoside attenuated G1
cell cycle-arrest and the apoptotic effect caused by H,O»induced oxidative stress. The cells treated
with C. asiatica extract, its ethyl acetate fraction, and asiaticoside secreted lower levels of TNF-a and
IL-6. The antioxidant effect of asiaticoside was higher than that of C. asiatica extract and its ethyl ace-
tate fraction. Treatment with C. asiatica extract, its ethyl acetate fraction, and asiaticoside also increased
the mitochondrial membrane potential and restored normal mitochondrial morphology. Following
H0; stress induction, cells treated with C. asiatica extract, its ethyl acetate fraction, and asiaticoside
showed increased mitochondrial oxygen consumption rates and decreases in the TLR4-MyD88-TRAF6-
p65 pathway activity . These findings suggest that C. asiatica extract, its ethyl acetate fraction, and asi-
aticoside have antioxidant and anti-inflammatory effects, as well as the ability to control the mitochon-

drial activities of HDF cells.

Key words : Anti-inflamation, anti-oxidant, asiaticoside, Centella asiatica, p65
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S Aol BosteE Y 24 F&A R, TLR4= lipopoly-
saccharide (MHEl ol 7199 AdHBF) £& ROSS 22
28409 93] $458 4 95 TR AL T8 74
O TLR4= A2 B9 Ao A8 o &5 A5 dds
7 8} [29], TLR4-MyD88-IKKB-NFxB-p65 A5 HEE &
3 Al @ dFoll ok o2 A 2 (macrophage)®l &4 7 2-&
A 2hg 3} A48 2 (nitric oxide)9t 2 EAo 93 A
o 9e AN u 2HE3r4, 18, 23] TLR4 A1 59 uj 7}
+ A mitogen-activated protein kinase (MAPK) ¥+ ROSE
Wil ASAA 4S54 A ETRIS A7, LEIA
(autophagy)E = 3T}H40]

W& (Centella asiatica) S Az, I5 28}, 3F0|F 5o

o ] AIH ]

=g A=A FE

3T

A&8EAL, A Al AFERTE oy B o oA
I 71540l BaHT T3] HE EgH dUEAL of
A o}E] ZA}FO] E (asiaticoside), ©FA] 0] AH(asiatic acid), P
71214} (madecassic acid), B} 74 ARo] E (madecassoside), 7
M€ (quercetin), 3 o] &7 A ® (isoquercetin)©] 291 = 9L a1[1,
12,21], BE F2+= L LY 2FH s, AZ 34, 3
g4, AE =4, rEZEo 3 HYdF Al 59 a3}
B E ATH6, 10, 25, 27, 36]. oFAoLE]ZAFo| =] AF =
PIBK/Akt/NF-kB 2155 288 4 Qe 02 Rud H
A2 H[38], TGFB receptor I kinase (TBRI kinase)2| &3
Smad signalingE zd3ste] el [ A Y& F= 21
7b AoH19]. =7, A4S L kel A W3] Al o
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(Advantech, circles 300 mm, Japan)ol &3} 3 45T oA 73t

TE5 Y sAAZET AR FEER9 9= 33 FRT

o 4101 n-hexane (47.88 g), ethyl acetate (6249 g), n-butanol
(5415 g) & water (2487 g)= 90l ¥% % ALz ¥ 49
o o] &5ttt ofAotEl A ALo] E= Sigma-Aldricholl A 7
sto] A9 o] &3t

NEH 3 HE S4EN

HDF (ATCC; Manassas, VA, USA) A ZFA Cyto-X
(LPS solution, Daejeon, Korea)A ¢f-& o] &3] A xe] 54
HAES 3t AIEE 10% FEfof 4] £38 DMEM
(Gibco BRL, Paisley, UK) HJ A o] FGF b (5 ng/ml, Sigma -
Aldrich, St Louis, MO, USA), ascorbic acid (50 mg/ml,
Sigma - Aldrich), Insulin (50 mg/ml, Sigma - Aldrich)¢] 3
7}at k. 96 well plate (SPL Life Science Co, Phcheon-si,
Gyeonggi-do, Korea)oll 1x10" M| Z2 12417 w43 5 1
EFEE 2YES 1,10 ¥ 100 pg/mle] = AstA
E, ofAotE A = 1,10 B 100 pMO] FER A 23]
MEEAE SASAT. il F 24X T ZF welldl 1/10 55
Z CytoX Alofe F7He 3 U= T4 4A3E w7 el A2
3} % T, Wallac Victor2 plate reader (Perkin Elmer Corp.,
Nerwalk, CT)Z 450 nm &3 =04 Z43to] 53} 3ttt

Mz &3

M Z = 24 well plate (SPL Life Science Co.)ol 1x10* Al 25
Z ik & BE FE220 pg/ml), £ =(13 ug/ml) F oA
OFE] A E(100 uM) A2 F 2443 Wi gk A2 E
70% ethanolell 143 5 d4lEefste] PBSE Al A3 & PI
S do] 30% incubationdt™ HEZE HAEH T} Accuri Co
A E E47](BD Biosciences, Seoul, Korea)& ©]&3}¢] cell
cycles 413t G1 9 SubG-1 (apoptosis) populations 5
skt

ZHJC1E AE3HY

nEZC ol G2aldUm)E S48t 24 well plate (SPL
Life Science Co.)oll 2x10° A/ ZFE WY T HE FZE(20

ug/ml), & E(13 pg/ml) L oFA o}E] ZAFO] E(100 pM) A
gatAth AEZE 1 pg/mle FE2 JC-1 (Molecular Probes,
Invitrogen) 3 7 37°ColA 30% S s H A4 o
=4 Y3E Accuri C6 A E E47](BD Biosciences, Seoul,
Korea)Z 2483tk FLIA 1Y % 10° o4 35 < 7%
FAR AAetgal, FL2 A9 F 10° o9 333k E 71
TFAZ Askste] A AT 71E#}E Con A1E S 7|EL

2 9.

MEZU DAsE J
=X

AEW =S 3t7] 913 DCF-DAE AH-&3t ATt 24

[ex



well plate (SPL Life Science Co.)oll 2x10° A|LFZ W% &
WE 32520 ug/ml), &8 E(13 ug/ml) 3 oFA oFE] FAFC]
=(100 yM) Al st At AA A ae] 2EE DCF-DAE 20 p
Mo =2 A3 H 37CAA 302 <t v &ttt PBSE
23] M4 & Trypsin/EDTAZ A EZE wo] Accuri C6 4%
£47](BD Biosciences, Seoul, Korea)2 73} % Th. FL1A 1
d 310’ ol 49 IF@E 71EFAR Askete] EAe .
71E#HE Con A 1L 7|EoE Fdh

OjEE2=2|0f D|EEE20L 2 &3

pEGFR-mito-roGFP (F| EZ =0} 8943} 5483
& DNA)E A3t RlEZEg o} &4 A4HAFROS) A
S BA Y MEE TurboPect Al <F(Thermo Scientific) < At
439 pEGFR-mito-roGFP DNAZ 4 ZdAZ . Live
cell imaging dish (Eppendorf, Hamburg, Germany) “4 ol A
24AZE &, A ZE DMSO, 10uM H,Op, B E FE=(20 1
g/ml), &8 =(13 pg/ml) 5 oA OFE| ZAM] E(100 pM)= &
Aol Al F 3 Az S WS AIZ T roGFPY 4 E 2 Al
W AXE BZst7] Hell, WjoFd AEE A T t
Ae & AELE PBSE 28] AH3l1, DAPIE &3t
w3tk 303 F PBSE 23] Al & ujAR uA $ g2
A golA 2709 @A (LSM 710; Carl Zeiss, Inc.)& AH-&-3}
of ojn A& AU TH(Excitation wavelength 488 nm, emission

wavelength 530 nm).
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TNF-a2t IL-6 ELISA &

A Z U TNF-a9} IL-6 -2 ELISA Kit (BioVision, Milpi-
tas, CA, USA)= ©]&3to Z43tdth. HDFA|Z+E 35 mm
A F HA 8x10° AEFZ 1247 MFe § MEE
DMSO, 10uM H,0, & ¥E F2E(20 pg/ml), 8 E(13
ng/ml) 3 OFAJOFE] LA (100 pM)E FA A2 F 2443
A AZE AT NP402.2 FASA A 287 44 &£
gete] dojl F5AE Kito] TFE WO 2 7} wellol] 20
uLA E38te] 412 & 3081 Aol WA AT ELISA
%} >Wallac Victor2 plate readerg ©]-83}4] optical density
£ 343

o 0

Atx AH|Z(Oxygen consumption rate, OCR) 3
2x10*7} ¢] HDFAH £ & XF analyzer (Seahorse Bioscience,
USA)& plated] 10% fetal bovine serum (GIBCO, USA) ©]
E3H M199/EBSS mediumS ARE8le] i kst itk Al E 9]
AF2:2:1] & (Oxygen consumption rate, OCR)< &4 3}7] #
|, bicarbonate-free medium .2 A3 F, CO = A EHl
F71ell A 1A 2w st A o 208 < Al X9 basal level 2
CR & 54F 5 MZE DMSO, 10uM H0, = B ¥
FZE(20 ng/ml), £ E(13 pg/ml) E oFA oL Ao =

2

O

©)
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(100 pM) & T4 A2l F 143E 5 OCRe W3E ZA 33
1, ¥ 05 uM oligomycin, 1 uM carbonyl cyanide-4-(triflu-
oromethoxy)phenylhydrazone (FCCP), 1 uM rotenone, 1 ng/
ml antimycin A 59| 47H4 £F At AAAE Atz A
gsti A, oA OCR Matde S8 4 242 33
FOoR A5t

=13 M

=
e |
6

il

O
il
3

mu T

= 2
HDFA %5 mm Al ZuF FA o] 45x10° HEFR
1247 S 5 10 pg/ml ¥ A E£E DMSO, 10uM H:0,
TE BE FEE(20 pg/ml), £ E(13 pg/ml) 2 o} o}E]
FAIE100 pM)S A Ae] F 24A T H AEE 3383
o} RIPA lysis buffer (GenDEPOT, USA)9ll phosphatase in-
hibitor cocktailZ} protease inhibitor cocktail & 1xZ 410} ¢
Lol 147 F¢t lysis$ 13,000 rpmo A 2087 YA 2E S
AN 45 NE 33k Bio-Rad protein assay (Bio-
Rad, CA)E ol&ste] F&F F 10~25 pge @d< SDs-
PAGE methodE ©]&3td H719¥&3tiH. PVDF mem-
brane . transfersl & A& PBS-Tol 34 ¢ 5% skim milk
(LPS solution, Daejeon, Korea)oll 1417t &3} blocking3t ¥
12 FAE 44 1:1,0009] FE2 1243 YA A 2et
t}. 33] PBS-T=Z A &S H 22 FAE 47 15,0008 5=
Ao A A $ thAl 33 PBS-TE Al 43t th. Amersham
ECL Western blotting detection reagent (GE Healthcare)E
o] &3t Xeray film WA 02 =439 th &4 Eanti-TLR4
(Cell Signaling, Beverly, MA), anti-p-p65, anti-p65, anti-3-
actin (Santa Cruze, Dallas, TX, USA), anti-TRAF6 2 anti-
MyD88 (Abcam, Cambridge, UK)E ©] &3S th.

EE ALY AP 33 whE AP S ol £4F o3l
o, BAEAL one-way ANOVAZ 213 17t p<0.050.2 7
A ANt BAZEIH-E Graph Pad Prism 5 soft-
ware (Graph Pad Software, Inc,, La Jolla, CA, USA)E ©]§-3}

o
Kl

=}

EENL =

HE FE2, HEOIMHOIE E&E X OHIOIEIZAOIE

4o R 3 oA WA s
g 472 1 ol g3 32|

}+= HaCaT Al X9 HDF M X &
g A, & Aol E
g, dQetAEoE 28
& Bolshn A4 L 8l

HDF 2% ol g3te] W% &
VR EERR R E
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stz gtk AEEH SH Y 235 Fo]7] Y3 tetrazo- e o] & Ao A %3){4
lium saltg ©]&3t= WSTA 29 Cyto-X A& o] &3to] Al HDF AlZFoA Gl BAZI(AMEF7] HEH)E #23
Z542 4T A9 HOE AR ALE AUR ZE A &0 WE FEES HOS AP 922 A 0l 1o
ToAM A4 YERA &%, HO0 93l 402+21% A E A ¥ (p=ns), NI EH | E £ =2 HOE A3 o
Aol =8 B WE FEE, dYoAHOIE £ & 3 z3 fhul 5113+1.02% 2 1.25% 243k o H (p<0.01), oFA
OfAJoLE] A EE TA AYAN BF AEEA S I Eote olE] AL EE HO 8 A 83 thza in] 4355+1.54% %
Ae & T AU (Fg 1B) ofAJoLE] FALO|E B WE FEE 3.5% 7ot A th(p<0.001). okA| o] Al E= HOE A 2
of g 344, TNF-a 3 TLR4/NF-xB #¢ 45 53 &2 a7 ¢ 2T FANA IEEHe AL g5 th(Fig.
A A gEe g dFE0] HuHATHT, 14,29, 36 £E 1A and C). B, FEEA 2 SubGlE HE 322 2 oY
o Aol A= HO0 o3 dAg slm Aol = 3] & & 37} oMAH O] E £ EE HOE AYd 2T the] zfo] & Kol
A o . o H0, B 150+
= = - Con
& &3 7 E
o = °: 1004 B -+ As
n8 28 = - ME
3 3 K j - H202
o8 O34 ; 50
=3 =% 8
. ‘ FEFE R EPE
Extract and fraction concentation ( pg/ml )
8 ) 8 Asiaticoside concentation (uM )
" - S
85 3z
-0 200 400 600 800 1000 ° 0 200 400 600 800 1000 ° 0 200 400 600 800 1000
FL2-A FL2-A FL2-A
H,0,+E H,0,+AS H,0,+ME
C . ns , . ook "
5 okok * o — )
—_ 57 ns
o o —
M o #i#
@ e I —— | = : #ith
S £9 4l 2 =
2 |k 5 E
< S
e ]
Con Hzlo2 E As H,0, E As ME
H,0, Hy0,

Fig. 1. Centella asiatica extract, ethyl acetate fraction and asiaticoside leads to cell cycle recovery from oxidative in HDF cells. (A)
Flow cytometric analysis of cell cycle distribution in Centella asiatica extract (20 ug/ml), ethyl acetate fraction (13 pg/ml)
and asiaticoside (100 uM). HDF cells were collected and fixed with 70% ethanol for 30 min at 4C, then subjected to FACS
after propidium iodide (PI, 5 pg/ml) staining. The area parameter histogram was used to determine the percentage of cells
in apoptosis (M1), G1 (M2), S (M3), G2/M (M4) phases. (B) Results of cell viability assay different concentrations of Centella
asiatica extract, ethyl acetate fraction and asiaticoside on HDF cells. (C) The percentage of G1 (M2) phase by FACS analysis
of cell cycle distribution. Error bars represent averages + SD from at least three independent groups (D) The percentage
of apoptosis (M1) phase by FACS analysis of cell cycle distribution. (E) ethyl acetate fraction, (AS) asiaticoside, (ME) 80%
Methanol extract. Error bars represent averages + SD from at least three independent groups. #p<0.05 versus control; ##p<0.01

versus control; ###p<0.001 versus control; **p<0.01 versus HoO,-treated cells, ***p<0.001 versus HO,-treated cells.



A ok om, ofAloLE ZAFO] EE 15% 7F4 3% T (p<0.001).
ot Elo]E £& & G ofAotE ZAFo] & A2 Al FAHA
T FANA HEHE AL kg thFig 1A, Fig. 1D).

EL NEZEYL A5 g 2M3 4sts 24
st A8 o deA AT10]. =3 FAHE T €54
Al EFRRIS 2dste] A2 o] EFHE BolH[26] 4=
slom e} 22 sty ~Ef 2o o3 fEH AW S 2HY

T g0l BRad uh 9] WE FEE Fd W"“'@_
< 39S, FAY AL B AwnE 24 7S

Zte ks A el EAdE AoE dHA °lEH1]
53], & A3l o] &3 okrotE| LA == HDF Al Zof| A
Azl S48 AR 9F< Fu, FAAfF I
S FE AR dHA UTE 39 AEe] B P AAA ol
A ofAobE] ZAMO] EE 125 uM o] & A HDFA 29 A PDGF

=0 o :@Lo];] H]— on;Hz] PDGF
= b £83 3y %29 qAS
F7HAZ F 97 Uﬂv‘}°ﬂ l o 4% g AAA R T4 A
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=
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E'i% FEE, (EOIMEI0IE 2EE % OFAIOIE|ZANOIE
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ofAolEl ZAol e H o] =¥ FHolA TNF-a9} IL-6
o) zdo] eldnl 9l[13], HO,E 5% HDF Al Z ol A

ME 222, YA HOIE RHE B opNolE TAbo =7}
Q24 Aol EANY ol HAE GG FAsn

Fig. 2A9 A Uehd Hk9} 2ol HDF A ZF A HO0,2
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o)A ¢Fstal, EotA Bl E B EEL 700 pg/ml 43S
0.1 (p<0.001), OFAOFE] ZAFO] E = 119.3 pg/ml 7438k ATh
(p<0.001). ofA o} HAO| E= FAA LY FA = B 5H =
2% Flst At Fig. 2BAA = HzOzE FEY gzTdAE
IL-67} 228171 718t AEH, BE FE2EJHE HOE
FE8 dE2T tH33.6 pg/ml Z433 0. (p<0.001), o @
ol EI o] E B EEL2 50.0 pg/ml 7438} 3L (p<0.001), oFA]
o} E] W}o B 640 pg/ml 743} Th(p<0.001). oFA|o}E] 2
L-6= 3 TNF-a¢t 5 E3tA AL FA 2 3§
£HE 74—% gelat gt

Apol &

ANgY B RE A&H0E A G w22 ¢ =3
HAo] WAStHA SEHA JAH, ALY 2 A2 S Ef
gk A4 A G, g8 w3 £, 8 9 99 A £
fo] TN AFYTgAAE AE o)A A AEE =3}
W2, F5 A, A, FASA, FH AF, 5E v
9 gy dd 22 AAEd dFE AP, Y7 4§
o 93 dF AL 3R =& JA e FFe 7|
AT24]. 3 FA A AFAEE AA A foll A AN, 2 E3
o FF ol fA= 7|2 AF 2 Ao 4y 4T
Zgo] ge 2o, b AL AA7F T AY FAFS
AE & EYX JES AAFOZN fEYAE A T4 3
T ARFEAEE G AFEAx 93 44 2 T
3 A& AAE IRy A5 93 =8 BAE A2
© 98-S 30]. wekA, BE W olACtE A EE A
U E35A4 Aol EFS 2A8tY AXY AT = AS
& 5 AT, o) L VAL AR L G5 BHE B
g+ 9S Ao AdgHT

1 i 1
150 sk

—

?ﬁ#ﬁ

g 1004 m:-:-:-:-: #H

£ e I

° e

5 50 pmm [

1} T T
Con H,0, E As ME
H,0,

Fig. 2. Effects of Centella asiatica extract, ethyl acetate fraction and asiaticoside on TNF-a and IL-6 cytokine secretion in H.O»induced
HDEF cells. (A) TNF-a and (B) IL-6 protein levels were detected by ELISA. HDF cells were treated with Centella asiatica extract
(20 pg/ml), ethyl acetate fraction (13 pg/ml) and asiaticoside (100 uM). The experiment was carried out according to the
manual. Error bars represent averages + SD from at least five independent groups. (E) ethyl acetate fraction, (AS) asiaticoside,
(ME) 80% Methanol extract. Error bars represent averages + SD from at least three independent groups. ###p<0.001 versus

control; **p<0.001 versus H,O,-treated cells.
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HE FE2, H2OIMEI0IE 2&F ¥ OAIOIE|ZA0|IE T HEZCYot 359 749 TCA 3 2oA|, T4 &
9| O|EEE2|0t 7|5 =H ¥ ROS &#a o F7hst & @Ael S7HEH[31]. ROSY 4+ Fig.
HE 9 ofrolE]Z Ao EE Bcl-2/BaxE 2431, UE 4Bl A ZH 3 DCF-DAE T34 thAl Felsty e, o go}
ey } 715N E dASeE Aol HAxe T E 53 A0l E 8= 9 ofAJotE| Aol & A gl toll A 45% o4
AFE H QlTh16, 34]. ©] 2& WEZC o} ofEY ot 9] ROS Z4&S 3T
g4 g 15;’“40} e xdo] I RAZAE 2g3t=A] Fig, 4AE nEZEgote] Bofs QI A0 nEZE
gQ13t7] s ROS A4, MIEZEE oL txdld 9 nEX glote] ARAEE oA = FFE Hol= DNAE AlE
Ego} A4A2HE (OCR)S 54 3At Fig. 3A= JC-1< 9 of FYstd RlEZ =L o} AANHE FAstAT IEZE
&3t mEZEZ oL B FYEE SHsE HHOE Q149 glote] RYEE HO, 5 AZT thH] o dotAH ol E L9
HA AR T Q2 EHAAM B = Al29 WstE o] &3t =3 oMot A E AY e REE As &UstA
o & SHEE ZAse WHolt o] &2 AH}E fig 3BE 1, 53], obAotE Aol & AEEE AT FAE P E
ol FA3 s on, O, fr= AZodA e vgAs A Zogol A4S Bt ol¢ nEZEE oY 3F #H
4l S48 Fo] =4 ’%EM P EZEgole] vt gl A= W&o w A3 FS ZA87]98 Fig. 4Col vebdllt)
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Fig. 3. Effect of Centella asiatica extract, ethyl acetate fraction and asiaticoside on HyO»-induced loss of mitochondrial membrane
potential in HDF cells. (A) Scatter diagram of JC-1 staining, as measured by flow cytometry HDF cells were treated Centella
asiatica extract (20 pg/ml), ethyl acetate fraction (13 png/ml) and asiaticoside (100 uM). (B) Quantitative analysis of the Q2
ratio of fluorescence intensity (Red : FL2, >10° intensity / Green : FL1, >10* intensity). (E) ethyl acetate fraction, (AS) asiatico-
side, (ME) 80% Methanol extract. Error bars represent averages + SD from at least three independent groups. ###p<0.001
versus control; **p<0.001 versus HyO»-treated cells.
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Fig. 4. Effects of Centella asiatica extract, ethyl acetate fraction and asiaticoside on intracellular ROS and mitochondrial oxygen
consumption rate in HDF cells. (A) Representative images of mito-YFP signal intensity are shown in HDF cells. HDF cells
were treated Centella asiatica extract (20 pg/ml), ethyl acetate fraction (13 pg/ml) and asiaticoside (100 pM). Scale bar, 50
um. (B) Determination of cellular ROS by DCF-DA assay. Histograms were generated to show cells stained with DCF-DA
in comparison to the H,O, treated control (Expression of FL1 >10” intensity). (C) Oxygen consumption rate (OCR) measure-
ments of HDF cells mitochondria provided with oligomycin (0.5 uM), FCCP (1 uM) and antimycin A (1 uM) were subsequently
added as indicated (arrows). (E) ethyl acetate fraction, (AS) asiaticoside, (ME) 80% Methanol extract. Error bars represent
averages * SD from at least three independent groups. ###p<0.001 versus control; *p<0.05 versus HyOx-treated cells, ***p<0.001
versus HyOo-treated cells.
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