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Abstract

This study was conducted to investigate the physiological activities of Houttuynia cordata extracts and fractions. H. cordata
extracts were extracted with 50% ethanol and the ethyl acetate fractions were obtained from the extracts. Minimum inhibitory
concentration (MIC) values of the ethyl acetate fraction for S. aureus and B. subtilis were 78 pg/mL and 312 pg/mL, re-
spectively, indicating the high activity against gram-positive bacteria. The free radical scavenging activity (FSCso) for 1,1-di-
phenyl-2-picrylhydrazyl (DPPH) was higher in the ethyl acetate fraction with 12.00 pg/mL compared to that of 27.15 ug/mL
for 50% ethanol extract. The total antioxidant activity (OSCso) values for reactive oxygen species (ROS) produced in
Fe**-EDTA/H,0, system by a luminol-dependent chemiluminescence method were 2.91 and 0.983 pg/ml for the 50% ethanol
extract and ethyl acetate fraction, respectively. To investigate cellular protective effects on the HaCaT cell, the intracellular
ROS scavenging activity was measured after UVB irradiation and the ethyl acetate fraction of H. cordata showed the activity
in a concentration-dependent from 1.6 pg/mL and a reduction rate of 54.3% at a maximum concentration of 12.5 pg/mL.
Also, HaCaT cell protective effect against H,O,-mediated decreased the cell viability of the ethyl acetate fraction of H. corda-
ta which significantly increased the cell viability from 0.8 pg/mL and the maximum cell viability showed 86.9%. The ethyl
acetate fraction of the H. cordata extracts was analyzed by TLC and HPLC. As a result, quercitrin, isoquercitrin, hyperoside,
chlorogenic acid, neochlorogenic acid, cryptochlorogenic acid, rutin and afzelin were identified. From the above results, it
was suggested that the extracts and fractions of H. cordata have a potential to be applied in the field of cosmetics as a
natural antioxidant/preservative capable of protecting the cell membrane from the oxidative stress by eliminating ROS and
exhibiting the antimicrobial effect.
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Houttuynia cordata 150g

Extract with 50% ethanol for 24h,
at room temperature

| 50% EtOH extract |

|
! }

| EtOQAc fraction

“ Aqueous fraction |

Figure 1. Preparation of 50% EtOH extract and EtOAc fraction from
H. cordata.

o mM

L2 SR AtF o 2R E AA -5 BHEshs b 9lo] o8 JEs
A o) g3 olEE AAIF o R HEU]sS TAV]E AL
- Aol AEA 0w wEEo] Q7] wiel &4 ] Hrk
[1-2]. webA] AFEE o) SF o RN H IH-E Be3dle] w3lEs o
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QI3 Ak AF(reactive oxygen species, ROS)©| AAdH Tt E/dAkAh
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o} &2 vlgtt g, 18al olefsk ROSSF A Ul A= w3
© 2 A== peroxyl radical (ROO +), alkoxyl radical (RO *) 5] 3
FHEATHO-11]. o]&lgk ROSE - ditshA| 9] st 2| #Aitste] 7]
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3E TEEAIZITHI2-14]. olelgt R &S u) SlE] F)RelE
superoxide dismutase (SOD), catalase 3! glutathione peroxidase
(GSHPx)$} 2 547 sz} vlepdIC, Es} 2 vlaa?] &
AgHA R o] Folxl 1R ksl WolAZE itk 2evh 2Re] Rkl
Y5 A = oA 4 S 1AL o] 2 /1ske] ROS7F 24
9] gAksl WoAIARE BHAZITh wEbA] 9% e3kE SAIE]
Halixe gela] e o] 4 G oA 2 BdE

Ol

lo
;

tlo

N

Hl & X e

AR S] EEAR AAS $Ist s FalslA 2] Ad BEo
e 3lt15-18]. TAEIAIZE= BHA (butylated hydroxy anisole)2}
BHT (butylated hydroxy toluene) 5-2] 33 atabAlel HdEolA
FEE A A7 olvk sARE 4 SakshA|e] A HEEe
2 AR Al 548 YehllE 202 Ry Q1] wiitel] Kok ok
shal &7 Hold A FakskAl s 915kl takst AAE]
ojgt A7 S7kskal ATH19].

L

1A Z(Houttuynia cordata)= 8 %I Saururaceae)®l %38k= TF
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UV-visible spectrophotometer+= Varian (Australia)A}$] Cary 50, 3}
137] = Berthold (Germany)Al2] 6-channel LB9505 LT A& Al
431131, HPLCi= Shimadzu (Japan)AF2] Shim-pack VP-ODS Cjs col-
umn (250 mm x 4.6 mm, 5 pm) AFS ARESIATE ROS 4&A B4
o ARE-3} 1,1-diphenyl-2-picrylhydrazyl (DPPH), EDTA, luminol, (+)-
@ -tocopherol (1,000 TU vitamin E/g), L-ascorbic acid + Sigma
Chemical Co. (USA)°llA 418Ftt 7]E} FeCl; « 6H,0= Junsei
Chemical Co. (Japan) A13%-2, H,0,+= Dae Jung Chemical & Metals
(Korea)Al AE-S AHE3ITE o €-&(EtOH), &2 (MeOH), oEo}
AEIO] E(EtOAC) 5 AF &rlls Al S5 Al9FS ARSIt vl
E4Z AMESE quercitrin, isoquercitrin, hyperoside, chlorogenic acid,
neochlorogenic acid, cryptochlorogenic acid, rutin ¥ afzelin<> Sigma
Chemical Co. (USA)°IA 7-4313iet A@el AMHE-3F o d %= A4S
L QA AR (P)FderzelA Fulste] ARSIt
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23.1. A2, HHA] & HHQF A

2 Ao AgE #FE Cosmetic, Toiletry and Fragrance
Association (CTFA) challenge testollA] AME-E= 2714 18 o8 +
21 S. aureus ATCC 6538 (3 EL=’371), B. substilis ATCC 6051
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Table 1. List of Strains and Cultivation Condition Used for Antimicrobial Experiment

Strains Media Temperature (C) Time (h)

S. aureus ATCC 6538 TSAY, TSB? 37 24

Gram (+) bacteria 5
B. subtilis ATCC 6051 TSA", TSB? 37 48
E. coli ATCC 23736 TSA", TSB? 37 24

Gram (-) bacteria )
P. aeruginosa ATCC 29336 TSAY, TSB? 37 48
Fune Yeast C. albacans ATCC 10231 TSAY, TSB? 30 48

ungi

¢ Mold A. niger ATCC 16404 PDAY, PDBY 30 7

UTSA : Tryptic soy agar (Difco, USA), ?TSB : Tryptic soy broth (Difco, USA), YPDA :

(Ix1H), 2714 18 54 #F9) E. coli ATCC 23736 (H3h), P.
aeruginosa ATCC 29336 (&), &Rl C albicans ATCC
10231, F30]4#<) 4. niger ATCC 16404 & 6714 35 3= n]AY
= BEAE oA YF wro} ARSI Al W vikeke dl 2
Q8 wjA] 9 owleF 2315 Table 1] VFERAICH
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HjA] §lo MEAIZT & wlFAIA disc T AAE A Sl (clear

2

L
L

Bl

s

&

2.3.3. &|AX ol & E(minimum inhibitory concentration, MIC) &7
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methodE ARSSFITE S HIZTOZE 50% DMSOE, ¥ tlx
O Z = ] WRAR d] AM-E= methyl parabens ARSI
t}. ZF AETE 96-well platell 20 pL T4 5 50% DMSOE AL
sto 2l MRS o] &8t ERE SISy At dFe 1
10° - 1 x 107 CFU/MLC. 2 FEE B0l & Aol ARt
5 e vl 180 pLE Aol FE 2] wellell S
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AR 95 e3ke] E A9l 24 E 3 9ty DPPH
WS AR gz A7ss 71 F s AR o EA, vl
QFg st ejr)Zel &3sk= DPPHel tigt Al52] $HES S4sh= 4
ot A3 S wigkEol 8314171 02 mM DPPH €< 1 mL
of ole-e 1 mLE H7letal oy &9 FEE 1 mLE H7lsto]
42 v A4 10 min §<F WA T spectrophotometer 2 517 nm
SHEE ST 1 B = AEE B4 o AT
Z(control) 02 3 A2 E Y& RS A3 (experiment) &
Stk DPPHE] 27 8(%)2 th 213 2o] vreRilar, A-h-et
Z+ 278 (free radical scavenging activity, FSCso)< DPPH?] -&
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Potato dextrose agar (Difco, USA), YPDB : Potato dextrose broth (Difco, USA).

=7t 50% s Fedt AR FEE E7]8Ih

experiment Asamplc blank

A

Radical Scavenging (%) = {1 - ( } <100
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2.4.2. Luminol &S
M AHEY(F

B Ao A AE-3F Fe’-EDTA/H,0, 70|41 = Hol Sujz 285}
o] Fe’'3} H,0,0 2J&ll Fenton ¥F-3-0] LojubAl Hw 2} ROS(O;
- OH 18]1 H,0)E AAI7IAl o) wgbA] o] AlE olgshd
ROSOI tist & sl eS 9T = 93, o] F alsleels 84
a0 S dolrs AYo|E A wgk 23 4= Qi o

]
49 ROSS AEE luminol¥} ROSSLS] HFS-S T3 3}ehdhg-S

= =4
Zggrows Geld & ok WA sheht SHE Fuol S5

1.78 mLE Y3 tofst w29 FEFES Ytk o7]4] 25 mM
EDTA 40 pL % 5 mM FeCl; + 6H,0 10 pLZ 73+ 5 35 mM lumi-
nol 80 L& Yl E50] 4ot} o]oA] sshid71€] cell hold-
erdl FEE ¥ 5 min % F2A171 % 150 mM H,0, 40 pLE ¥
1 3}EHEE-S- 25 min B9 5798 th tiZ T (control)> A& £
Aol Z=FFE YW1, FAY(blank)S A BT F7o] BAdsh
H,0,9} FeCl; + 6H,0 U4l 755 A7Fetsich slehdd7] 6-chan-
nel LB9505 LTS 7+ Ald-2 A3 Hofl »Agsted Ad 112 o)z}
718 Q== itk sehigo® 543 ROS 27 & (%)< Thar 2
¥} o] YeRY A, ROS 478/ (reactive oxygen species scaveng-
ing activity, OSCsp)<> ROSE 50% A7 a3t Alg2] 5%
= 327)8k3lek
Cbrnmntr(}l - cbrnexpm‘imenl

ROS Scavenging (%) = Gm —Gm = 100
control blank

2.5. M= FEE2| HaCaT MEESEI} 53

2.5.1. HaCaT M|ZE H{Q¥

Al ZHAEA MEF9] HaCaT A|3E+E Dr. Fusenig (German
Cancer Research Center, DKFZ)ZF-E] oo} ARE-3IITh Al Eu)
ol AFE¥ WX (Dulbecco’s Modified Eagle’s Medium, DMEM,
Capricorn, Germany)+ 10% fetal bovine serum (FBS, PAA, Austria),
1% penicillin/streptomycin, (P/S, PAA, Austria) S &31510] AMEEIS
1, 37 C, 5% CO, 7Y incubatorell A HlFsSIT)
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Table 2. TLC Mobile Phase for Separation of EtOAc Fraction of H. cordata

Eluent system

Ethyl acetate : chloroform : formic acid : D*W =8 : 1 :1: 1 (v/v)

Table 3. HPLC Condition for Separation of EtOAc Fraction of H. cordata

Condition of HPLC analysis

Column
Detector
Detection wavelength
Flow rate

Injection volume

Shim-pack VP-ODS Cis column (L : 250 mm, LD : 4.6 mm, 5 pm)

UVD 170s DIONEX
254-400 nm
1.0 mL/min
20 uL

Program order Time (min) 2% AA" in water (%) 0.5% AAY in 50% ACN? (%)
1 0 100 0
Mobile phase 2 o 100 0
conditions 3 100 70 30
for gradient-elution 4 150 85 15
5 160 100 0
6 165 100 0
DAA : Acetic acid, ?ACN : Acetonitrile.
252, M= =4 Eot MBS 25 A7) 3, PBS 100 uLE 23] AHSATh A1H 3,
2 AeA AFE-E MTT assay= A3l AH-E A159] 5539 FEA MAZ vk 24 h oSGt ek & MTT assay® AlE A
= A4 Y8lod  3-(4,5-dimethyl-2-thiazolyl)-2,5-di-phenyltetra- EES g5t ST AR FRE AE S Us AXREE
zolium bromide & ©]-8-8to] A3 AEES S5k AF ilo|th g Rl

FE 50| HaCaT M229] AEE] vX|= 93-S dohdr] fl3l] WA
M EZ 96-well platec]] 1 x 10* cells/well 2 FF-3}1%1 60-80%7F4] Hj
oFslsitt. 7834 wiX|o] FE2ES FEEE A5t 24 h B3 AHE
o & HiRE BF AAS 0.5 mg/mL MTTE9S 7} welloll 7}
3tod 2 h 5%k 37 Teoll H-3A17TE A/ ¥ formazans dimethyl sulf-
oxide (DMSO)® =0°]31 ELISA reader (Tecan, Austria)E ©]-835}o]

570 nmellA] S EE Skl

2.53. ME Lf ROS &7{EHY HIt

AXE Y ROS AT H7FE 9I8ke]  2°,7’-dichlorodihydro-
fluorescein diacetate H,DCF-DA)E AFE-5}4q fluorescenceE 574 8=
HHH-S 0] 2319 tE HaCaT AlEE 96-well plateol] 1 x 10* cells/well
. EF8l0] 24 h s vlekst &, FEEE A ARE A Este]
24 h F<F thA] wjekslSict vk § Dulbecco’s phosphate-buffered
saline (DPBS)E ©]43lo] AEE 23 AH3Gth 20 uM
H,DCFH-DAZ 30 min 5<¢F 37 CollA #8]3+ % CL-1000 ultra-
violet crosslinkerE ©]-&3F°] DPBS A}Efoll A 200 ml/em®* UVBS %
A¥sto] M3 ROSE /A 332] Al7]= fluorescence ELISA
reader (excitation, 490 nm emission, 530 nm) 71715 &3] S43IATh

254, ApeteEAR REE MEEMO St 25530

HaCaT Al3%Z 96-well plate©l] 1 x 10* cells/well2 #53}3L 24 h
Bk vl vk &, wiAE BT AASE T8 vixel &
S FEEE X3k 24 h Bt oAl wljFsk3iT) PBS 100 pLE
5| M=t & 43154 2 mM (in PBS)E 30 min A&tk

—_
(

2.6. TLC % HPLCE 0|85 Y= FTES2| MEEM
o] % 9] odoAlE|o]E H3L 100% olgheol &< 3 syringe

filter (Milopore 0.45 um)E ©]-g-30] oJZ}A|7]3L o] oJHS =4 TLC

(normal phase) %! H]=A HPLC (Cj5) w492 93 Al5Z ©0]4-51%]
Tk TLC 24 Al ARSRE 7] 8wl Table 2¢fl HERAIT 4+ =
Qe oju] Hyy HFeF] A5 9 BFEEAY Re 45 A9 4

NP-PEG (natural products-polyethylene glycol, 2-aminoethyl diphe-
nylborinate) WS o] &3k Ee]E W] A} T& B3 s}
t}. HPLC £4]2 2% acetic acid 847} 0.5% acetic acidS S
50% acetonitrile T84-& o] g3l 7]&7] fROoE FAsGlL
HPLC #2272 Table 39| JeER|SICE

o 32

2.7. EAIXzE]

2 A7 Be Addde 33 9 AAEeleH, FARRAS
GraphPad Prism 5.0 (San Diego, CA) X 13& o]&3I3itt
One-way ANOVA AL 24319 p < 0.05 o139 FgFollA

o ARE AAESIT
3. Zdup 3 DE
3.1. 0= FE=°| &7 EY
3.1.1. Disc Diffusion AssayOfl 2|gt &t&hy
=

oz FE e Uig FFYL

=
=
¥ 07 AREEE 3714 17 O 791 S aureus (B ERSS
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Table 4. Antimicrobial Activity of 50% EtOH Extract/EtOAc Fraction from H. cordata Against Bacteria and Fungi. Zones of Inhibition Include

Diameter of Disc (8 mm)

Size of clear zone (diameter, mm)

Strains
Methyl paraben 50% EtOH extract EtOAc fraction
S. aureus 20 10 18
Gram (+) bacteria
B. subtilis 18 13 24
E. coli 20 - -
Gram (-) bacteria
P. aeruginosa 12 - 10
C. albacans 20 - 9
Fungi
A. niger 30 - 11
- : No inhibition.

Table 5. Minimum Inhibitory Concentration (MIC, pg/mL) of 50% EtOH Extract/EtOAc Against Bacteria and Fungi

. MIC (ug/ml)
Strains -
Methyl paraben 50% EtOH extract EtOAc fraction
S. aureus 2,500 1,250 78
Gram (+) bacteria
B. subtilis 1,250 2,500 312
E. coli 2,500 - -
Gram (-) bacteria
P. aeruginosa 2,500 10,000 1,250
. C. albacans 1,250 10,000 5,000
Fungi
A. niger 625 - 10,000
- : No inhibition.

), B. substilis (1330, 27143 1% 54 #52 E. coli (W),
P. aeruginosa (5-5+t), ARR C. albicans, 3811 A. niger &
652 ol tisked disc diffusion assay® AA|sIR 0w, AF A}
i Figure 29} Table 4ol YERNQIE o/ % 50% &e FE2ES 1
e TS, aureus, B. subtilis)o|A T A|ge YERYATE oo}
AEOIE HEL E. colis A9IEE 5714 wtellA B Asigke
ERSI o B3] 1% (S, aureus, B. subtilis)ol k] o2

02 A% methyl paraben} H|SIEEAY Hf W W2 A&
Hof Tk odatel diste] & S EAE THE AR Ve

3.1.2. & AX8 & (Minimum Inhibitory Concentration, MIC) &3

oAz FEEC diste] A Al ATEE Flar] S8l
broth-dilution methodE AH&-3le] 2t FEE2] A5t HAAssr
MIC)E ZAFeFA © ™ 1 AIE Table 59 VRN oA % 50%
NerE FEE] MIC 32 S. aureus, B. subtilis, P. aeruginosa, C.
albicans®l Wst] 247 1250 pg/mL, 2500 pg/mL, 10000 pg/mL,
10000 pg/mLollX MICE YERN oW, E coli®t A. nigeres A ollA
AHEE #H3 FER] 10000 pg/mLolME o] vERA] kgt
t}. oflolMEIo|E 22 S aureus, B. subtilis, P. aeruginosa, C. al-
bicans, A. niger®l] thato] 242+ 78, 312, 1,250, 5,000, 10,000 pg/mLO]
A MICE YeFCH E colioll tidire tEdS YeRA] ook
th MIC 34 Ayh= o) x 50% ollehe FEE oot E
8ol I% Aol diste] dixTo®E ARE methyl paraben®}
Hlwste] vlsiAY o % IS UERIS RYloH, o=
disc diffusion assay A% A} Ao X 01'93‘:]'. T3k ofjgo}
MEO|E #E2 P. aeruginosa, C. albicans, A. niger =0 t3I- =

236t Ml 29 E M 4 &, 2018

Figure 2. Antimicrobial activity of 50% EtOH extract/EtOAc fraction
from H. cordata against bacteria and fungi. A : S. aureus, B : B.
subtilis, C : E. coli, D : P. aeruginosa, E : C. albicans, F : A. niger
a : methyl parben (control), b : EtOAc fraction, ¢ : 50% EtOH extract.

methyl paraben.TH= W2 FE0] A9 MIC %S VFERISLY] witol
3pehA] MEA Y] S Sl AU THE AAERE] AR Z3E o
gato] shehA EAlE daEg 5 s AR AlmEth

3.2. 0= FEE9| etz &Y

3.2.1. DPPHHH S O| &%l Free Radical 272y

9571 29 e =E2EE W A EE @894 el= 0,7, -OH,
ROO- 8} 2-& AFfreheizo] TR, o5 & RS 7447



40

30 r *

20

(FSCso, pg/mL)

10

Free radical scavenging activity

50% EtOH extract EtOAc fraction

(+)-a-tocopherol
Figure 3. Free radical scavenging activities of 50% EtOH extract and
EtOAc fraction from H. cordata and (+)- @-tocopherol. Data are
presented as mean + S.D. ‘p < 0.05 compared with (+)- @ -tocopherol,
#p < 0.05 compared with 50% EtOH extract.
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Figure 4. ROS scavenging activities of 50% EtOH extract and EtOAc
fraction from H. cordata and L-ascorbic acid in Fe*'-EDTA/H,0;
system by luminol-dependent chemiluminescence assay. Data are
presented as mean = S.D. 'p < 0.01 and “p < 0.001 compared with
L-ascorbic acid, "p < 0.01 compared with 50% EtOH extract.
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Figure 5. Effect of H. cordata 50% EtOH extract and EtOAc fraction
treatment on HaCaT cell viability. HaCaT cells were treated with
various concentrations of samples for 24 h and cell viability was
determined using the MTT assay. Data are presented as the mean +
SD. “p < 0.05, p < 0.05 compared with untreated control.
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Figure 6. Effects of H. cordata 50% EtOH extract and EtOAc fraction
on UVB-induced oxidative stress in HaCaT. H. cordata 50% EtOH
extract and EtOAc fraction scavenged UVB-induced upregulation of
intracellular ROS production. The 2’,7’-dichlorofluroescein diacetate
(DCF-DA) probe was used to investigate intracellular ROS levels.
Data are presented as the mean + SD. “p < 0.05 compared with UVB
treated control.

120
B EtOH extract

3 EtOAc fraction
100 - ™

* * * * *

Cell viability (% control)

20 -

0 |-
- - 04 08 16 31 63 125

H,0, (2 mM)
Figure 7. Treatment of 50% EtOH extract and EtOAc fraction from
H. cordata protects HaCaT cells against H,O,-mediated decreased cell
viability. HaCaT cells were treated with different concentration of H.
cordata 50% EtOH extract and EtOAc fraction for 24 h after being
exposed to oxidative stress. Data are presented as the mean + SD. “p
< 0.05 compared with H,O, treated control.
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Figure 8. TLC chromatogram of ethyl acetate fraction from H.
cordata extract and references (NP-PEG reagents; UV-365 nm).
Eluent system ; ethyl acetate : chloroform : formic acid : D.W = 8
:1:1:1 (viv), D hyperoside @ isoquercitrin @ quercitrin @ afzelin
® H. cordata FtOAc fraction ® chlorogenic acid @ neochlorogenic
acid ® cryptochlorogenic acid @ rutin.
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Figure 9. HPLC chromatogram of ethyl acetate fraction from H.
cordata at A = 254-400 nm, 1 : neochlorogenic acid, 2 : chlorogenic
acid, 3 : cryptochlorogenic acid, 4 : hyperoside, 5 : rutin, 6 :
isoquercitrin, 7 : quercitrin.
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Table 6. HPLC Analysis Data and UV-visible Absorption Spectrum ( A,) of Ethyl Acetate Fraction from H. cordata

Peak No. Compound Amax» EtOH (nm) Ret. time (min)
1 Neochlorogenic acid 236, 326 33.733
2 Chlorogenic acid 245, 323 51.142
3 Cryptochlorogenic acid 235, 325 53.741
4 Hyperoside 255, 355 103.633
5 Rutin 255, 348 104.950
6 Isoquercitrin 255, 355 106.740
7 Quercitrin 254, 348 136.440
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