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Antioxidant and Acetylcholinesterase Inhibitory Activities of Subcritical
Water Extracts from Houttuynia cordata Thunb
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Abstract

Houttuynia cordata Thunb powder (0.05 g) was placed in a stainless vessel containing 10 mL of water, and
subcritical water (SCW) extraction was carried out at various temperatures (50, 100, 200, and 300°C) for 10,
30, and 60 min. SCW treatment significantly affected physiologically important compounds, antioxidant activity,
and acetylcholinesterase inhibitory activity of H. cordata Thunb extracts. H. cordata Thunb extracted at 300°C
for 30 min had the highest quercetin content, DPPH radical scavenging activity, total phenolic content, and
acetylcholinesterase inhibitory activity, whereas the extract at 100°C for 10 min possessed the highest flavonoid
content. The highest ABTS radical scavenging activity was found in H. cordata Thunb extracted at 200 and
300°C for 60 min. These results indicate that SCW extraction might be a useful processing method for obtaining

valuable materials from H. cordata Thunb.
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L—Ascorbic acid, 2,2'-azino-bis(3-ethylbenzthiazoline-
6-sulfonic acid)(ABTS) tablets, 1,1-diphenyl-2-picryl-
hydrazyl(DPPH), 5,5’ -dithiobis(2-nitrobenzoic acid)(DTNB),
gallic acid, quercetin, acetylthiocholine esterase, ~L#] il
acetylthiocholine iodide A]9F2 Sigma-Aldrich Co.(St.
Louis, MO, USA)o| A T438tH 2™, Folin-Ciocalteu A 2k
£ Wako Pure Chemical Industries, Ltd.(Osaka, Japan)©ll
A #4354 th Aluminum chloride hexahydrate= Daejung
Chemical Co.(Siheung, Korea), quercetin hydratex= Acros
Organics(Geel, Belgium)oll A T43tAch 7€k A1 <F 2 &

e 2E AT olde) $HE AT

O{4= OIAIT FE= M=
B Ao A e H o] x=
rea)oll A 20113 TF+Y3FA
500 nm ©]3}e] +LZ FHES]
mLe] F/FF A 28
Ao o] Tre §
Engineering, Seoul, Korea)ell
= 50, 100, 200, 300°C(2=H|Q
~5 MPa)& X433, 2 Ak
o F& & 2EHRIE S TS 12 7}“}01]*1 7/’14101 ]
A Btk 9L 0.2 pum o F2H(Advantec, Tokyo
Japan)2. 2 o33 & -70°C AW 53 (Operon Co.,
Seoul, Korea)oll A&stdAx dad wvlt} Ao 353
T F4d o] &3ttt
oz &2
HE %2 Gutfingere] W (15)S W33}
Ak F, oJHR FEAS 1092 4% F 1 mL
%(W/V) NayCOz8&Y 1 mLE 7Feha 387 WAk &,
Folin—Ciocalteu A ¢F 0.2 mLE 37138t ¥Eg-A1#A 30
oA wAEHAT o] EFES 1087 13400 x goll Al €
& &, 4 1 mLE Hst 750 nmell A FHEE
Atk £ HEs FHL gallic acidE o]-&3lo] FAI3H
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% ZgtR ol TF& Chang (16)9 WS o] &3¢
H A stk 1002 3 Ag o] % F54 0.5 mLell
95% g+ 1.5 mL, 10% aluminum chloride 0.1 mL, 1 M
potassium acetate 0.1 mL ¥ S/ 28 mLE X#H =2 J7}
Ste] E3sE &, Aol A 3083 AX St wkS-AI B33
A (UV-1601, Shimadzu, Kyoto, Japan)Z ©]|-&3}<] 415
mmol A ¢ FFEE SASIAT. F FgReolE FFe
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1

Table 1. HPLC operating conditions for the analysis of quer-—
cetin

Items Conditions
Instrument Shimadzu Co. Ltd., Kyoto, Japan
Column Shim-pack VP-ODS

(5 um, 250x4.6 mm)
A: 0.1% formic acid,
B: 100% methanol
Gradient:
80%—0% A within 25 min
20%—100% B within 25 min

Mobile phase

Flow rate 1 mL/min
Detection 375 nm
Injection volume 20 nL

A2 3t RS xF A

E)/mLZ YElA A

Quercetin 2| 244

oAz ol QA FEE | EAISHE quercetin®] H #F
248 93le HPLC(Shimadzu Co. Ltd)E AF&3F T
HPLC+ Shimadzu LC-6AD pumps, Shimadzu SPD-
10AVP UV-VIS detector2 FA = Rom, 2L Shim-
pack VP-ODS(5 um, 250 x4.6 mm, Shimadzu Co. Ltd.)&
o] &35 th &vlE 0.1% formic acid(buffer A)9F 100%
methanol(buffer B)& AF&3}% 3, 1 mL/mine] #4202
375 nmell A &4 38t eh. AA g HPLC 4 2712 Table
1o e AT

EERER L

querceting XFE

quercetin B #(Q

DPPH EiC|Zt AHS

DPPH &tz &A% SN Wl F3to
10812 438 ojdx &4 0.1 mLel 0.041 mM DPPH
£ 09 mLE 7}3F & AFLolA 3087t WAl A 517 nmoll
A FFEE 34k 2 A1 59 DPPH gtz &A% S

eong

o 1=

slejo] Ao Astste] WEE AT

DFPH e Asdbes) §3%,
AR w47 s ]

ABTS 2iC|Z 2=
ABTS &tz 2 A% & Pellegrini 5(18)¢] Wy wha}
Z43FA 10812 3143 A|& 100 ploll 0.1 M2 phosphate
buffer(pH 5.0) 100 pL¢} 10 mM2] hydrogen peroxide 20
L& 7};}_’ o] E3ES 37°CollA 577t dukg-& Al F
] kS %Oﬂ 1 25 mM2] ABTS¢} peroxidase(l U/mL)
Z 30 uL g3l oHA] 37°Cel A 1023 vhg-& A7l &
405 nmoﬂ A Multlplate Reader(Sunrise RC/TS/TS Color-
TC/TW/BC/6Filter, Tecan Austria GmbH, Grodig, Aus-
tria) & °]-&3te FFEE SAsA
ABTS EM%}:( AR F3E
2A%5(%) AN 3=

mlm :L

—) %100



Acetylcholinesterase(AChE) X5l &4
AChE A3l &4 34L& acetylcholine iodided 7132
AHE-3HE Lee 5(19)9] WH o= S35 10812 3] 45
Al & 30 pLol phosphate buffer(100 mM, pH 8.0) 2.8 mL,
AChE(0.25 U/mL) 30 uL, DTNB(39.6 mg of DTNB and
15 mg of sodium bicarbonate dissolved in 10 mL phosphate
buffer pH 8.0) 100 uLE ¥ &3 F, 25°Coll A 583F
HFS-A171 & substrate(108.35 mg of acetylthiocholine
iodide in 5 mL of H20) 30 pL. ¥ 3l 30&7F A4 k&3
%, 412 nmol A FHEE A
ACHE As)_ (| ASHAR S
24(%) FANTE F3E

)% 100

SHAzZ

EE AFL 33 W50 F o|fojfon, I JAFgS
SPSS software(Ver. 12, SPSS Academy, Seoul, Korea)&
A3l General Linear Model®] Wl whel *2]s} ot

E A @ zole AFFE 95%(p<0.05)Z ¥ 15}

=
=45 A

& oz 2

HzA SHES A9 23 AREEY Fo EFAEA
A8 AAE P FFES TV =4 9B
o Whg-E AAAZ F e AL o] FaUAE FUB
of AFe] Blde HPSA WE, 3P FAAE A4
@ 5 gom na Yt Bash wgol o YA
#el BB A7) BEITHR0). whebA A
om HEArel g5 BHL ds4 H3E A8
2 #ase] Y oz 9eA Yo ohdAF F5 270
Az A= BA el AL 9%e BAGAG

N ZE 50°CollA B2 228 A$, Azto] A
3o wel 1087 22 A 10.29+0.15 ng GAE/mLo A
6087t 2 A 1096+0.06 ng GAE/mLE 49318 Ho|H

Table 2. Effects of subcritical water extraction on total phe—
nol content from Houttuynia cordata Thunb
(Unit: yg GAE/mL)

2 Acetylcholinesterase *3] &4 1393

F7F Z71E Atk 100°Col M = v =23k Ao g 2 A7t
Z s el & TS FA Fkon 200°C2F 300°C
AXE Ztzt 1083 32 A 142240137 16.13+0.24 pg
29.25+0.37% 32.34+0.46 ng
GAE/mLEZ & %712 Btk
oldAFE A& HE B
# =ioA BRusdded, 7z 4
23 790 B3l 300°ColA 6027 &39S W oF
7541 9] HE o]l e em13), AL 2
Z 2ol A oF 6ull9] HE o] FUFsIATHIL). B o
9] o] x& 300°CAlA 30EF 60%37t &3S wl F<
2174 glol 7Hg 8 HE S 2o, o= 50°CAlA

1087 223 450l Ha) 39) o4 E& S0l @,
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Cheigh 52D% 0|40z ne oldA+2 238 4%
57t 2olA5E dE FFol F/HsHACH, ol A
A5, A G, oTe e ol §F FERT WA L =
FEe wAee BISAT. ole] A oldAS} of
HEE NEF BV E A5 BAL FISEE 5o
W $EFS AT

ZftR o= Hd7] 2707) Cs AHEE villske] 23t
EAZA g, G, duteleiz, FAT 59 F4ES e
Wol 2% ookE dAFE 5 B2 Eopd 851 U

=7t grEol glon
ATH3). oI x 9]
=

A 6240.13 ug QE/mLQ! A Hlato,
100°Cell A 1027 &39S o 2551059 pg QE/mLE
71 EgoH, e X4 30(249+0.12 pg QE/mL),
60%(2.47+0.13 pg QE/mL)% f2xt71 glo] vlS=3h 3k
Bt 28y FF 257 olE4E SR keolE
ZFe Zo] 5=, 200°C}F 300°Col A 6087 53+
o) z+z} 053+0.237 061+0.13 pg QE/mLE 713 e

o o o

Table 3. Effects of subcritical water extraction on total fla-
vonoid content from Houttuynia cordata Thunb
(Unit: pg QE/mL)

Temperature Time (min) Temperature Time (min)
(°C) 10 30 60 (°C) 10 30 60
50 10.29+0.157™  1051+0.06™  10.96+0.06™ 50 1.62+0.13" 1.474+0.01™  1.39+0.13"™
100 12.92+0.23™  13.35+0.35™ 13.58+0.23" 100 2.55+0.59% 2.49+0.12* 2.47+0.13"
200 14.22+0.13%  2151+£0.23"  29.25+0.37" 200 1.93+0.62""  1.78+0.27" 0.53+0.23"
300 16.13£0.24™  33.34£0.96%  32.34+0.46™ 300 1.85+0.13%  1.08+0.48™ 0.61£0.13"

Different letters within a row (a-c) and a column (w-z) are
significantly different (p<0.05), n=3.

Houttuynia cordata Thunb powder (50 mg) was extracted with
water (10 mL) at given temperature for given time. The extract
was filtered through 0.2 pm membrane, then the filtrate was
analyzed.

Different letters within a row (a,b) and a column (x-z) are sig—
nificantly different (p<0.05), n=3.

Houttuynia cordata Thunb powder (50 mg) was extracted with
water (10 mL) at given temperature for given time. The extract
was filtered through 0.2 pm membrane and diluted 10-fold with
water before analysis.
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Quercetin &t2F

o zAME o8 FEC] AYEAHED] BHHHAE
o], £ A e a5 Fditslso]l & 43 quercetin
9] &S HPLCZE #2493} Table 491 YR AT} 300°C
oA 3083 A oJ = FEEA 15.75+0.20 pg/mL
2 71 =& quercetin S R Yo, 200°Cel A 10%-3
3087 A8 ol 42 1259+0.23, 13.31+0.28 pg/mL
2 HWA 52 TS BAYh oldd AFe 50°Ce 100°C
ol 22t 1023 23 A9 quercetin 33<l 530+

Table 4. Effects of subcritical water extraction on quercetin
content from Houttuynia cordata Thunb (Unit: pg/mL)

Temperature Time (min)
(°C) 10 30 60
50 530£0.08™  554+0.14™  6.24+0.19™
100 7.03+0.15%  11.12+0.08%  9.75+0.04"
200 12594023  13.31+£0.28Y  8.99+0.29%
300 6.79+0.06%  1575+0.20%  897+0.15"

Different letters within a row (a-c) and a column (w-z) are
significantly different (p<0.05), n=3.

Houttuynia cordata Thunb powder (50 mg) was extracted with
water (10 mL) at given temperature for given time. The extract
was filtered through 0.2 pm membrane, then the filtrate was
analyzed.

0.08, 7.03+0.15 pg/mL¥} vl wa] A vj$- F FX]olt}
ol# g A= L&t AIZhS dElatH Futel A quercetin
FE3 A5 B 50°CAlA] 180°C7HA] =9} Alzte]
V&g FEF0] FUkete 234249 o
BEA 284y 100, 200, 300°Coll A 60&3+
uercetin $H&o] ZFA3R =4 o= quercetin®]
A AN =E2E Afode ZEIFHE Aoz FHHD
Quercetine A}-2]4(25)7} A 718k8H4 2=(26)e 93] &
v, dule] A9 EkS wl= quercetin $HEFo] 715X
Tk &S Wl o = quercetin o] EoEYE R @277}
ol F9 =4 W IS & F Uk
A Table 49 quercetin & & 4] =
R olE E4 ARRT AR 2 FX & Kol §)
B o) Zetrol=e] A% 108
o A7 wWEolth 3 2 AP S
LS 10 mLeY] S22 FE3FPLEZ 300°CA A 3023t F
3 399 1575 pg quercetin/mL A3}+= 1575 pg quer-
cetin/0.05 g o}Ax EUE B 4 9o o= 315 mg
quercetin/g o] % E2 2 34+ 4= o) o3 A=
ol Z A E7E A7 AXF F AT BT 5% o
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o] EX 1t} quercetin FZ°l| ¢ &
TH3E oA FE o] 83l vff- =& &9 quercetinS

FEY F Ae Ao R HAlth

DPPH EIC|ZE &S

Az oldAF FEFS b8 €4S DPPH gz
2ATLE S48t Table 59 YERHATE o] A% oA
FEEL2 300°C, 308l A 7H =& E4(44.07+2.65%)
HYehfler, 50°C, 1024 7 w2 &744(383+
0.66%)< UELRTE o} dAlF A 2E o A|Zto] F7tE
= gAo] solx= Ao YA 100 pg/mLe] L-ascorbic
acid(89.38+1.52%)9} vl g s WRETGE w2 &S B
t}. 1 -Ascorbic acid7} & 4 EA4-S Ad B F3E
olH, gitsl &Ado] & Iz FHE7F 300°C, 3022 oFUA
T FE ZHNA B A3 208 TR FEFEo] 91.86%

to

Table 5. DPPH radical scavenging activity of subcritical water extracts from Houttuynia cordata Thunb (Unit: %)
Temperature Time (min) L—Ascorbic acid
(°C) 10 60 (100 pg/mL)
50 3.83+ 0,662" 4.86+£1.04" 6.78£0.92*"
100 8.92+0.77 9.06+0.13™ 10.24£0.66™
200 8.70+0.58 21.2241.00% 37.21+1.93" 89.38+152
300 9.58+1.34" 44.07+2.65% 41.42+1.55%

Different letters within a row (a-c) and a column (w-z) are significantly different (p<0.05), n=3.
Houttuynia cordata Thunb powder (50 mg) was extracted with water (10 mL) at given temperature for given time. The extract
was filtered through 0.2 pm membrane, then the filtrate was analyzed.



Table 6. ABTS radical scavenging activity of subcritical water extracts from Houttuynia cordata Thunb

obdAF FEEO s 24

2 Acetylcholinesterase *3] &4 1395

(Unit: %)

Temperature Time (min) L—Ascorbic acid
(°C) 10 30 60 (100 pg/mL)
50 5.64+3.30" 6.10+7.11" 16.15+1.98
100 18.32+0.52¢ 18.324+2.29% 19.11+5.26%
200 10.50+2.64%Y 38.28+1.66™ 55.00 +4.47% 95.66:+0.91
300 16.37+2.94 36.64 4 2.93" 53.80+0.82

Different letters within a row (a-c) and a column (w-z) are significantly different (p<0.05), n=3.
Houttuynia cordata Thunb powder (50 mg) was extracted with water (10 mL) at given temperature for given time. The extract
was filtered through 0.2 pm membrane, then the filtrate was analyzed.

°] DPPH &tz
9] gi3tE= o

ABTS EiC|Z 2SS

oJAz o} AlF FEE ABTS &z £27%< Table
6o e At 50°C, 1089 F&E°] 564+330%=% 7
w2orom, 200°C, 60% FEE0°] 556.00+4.47% =2 717 =%
o} 200°Ce} 300°Cell A & AlZto] /M85 o] dx ofdd
A FE2E9 ABTS &td 2ASE 43 S71st2
14- 100 pg/mLe] -ascorbic acid(95.66+0.91%)<} H] L3

HHEE]-‘* o A4S BTl Jeong S(8)L oA %9
60% ™ &2 9] 5 mg/mL oA 99.27%2] ABTS
iﬂ%—% Heltty Hustgrh £ 43L& 50 mgs
THITE FES A AAE BAEAHLEZ Jeong
@9 At A wluwsrle 01%1]‘?& FE2AA 11
Eo] AAsh= Hl &0 %“:‘J@ 10% o|&t& wj-¢- o
] Foll 200°C=F 300°Cell A 6
FEE ABTS o)z iﬂ

]o

Art.

AChE Xaff &t

HEZFo RE AAAEA TAHE ABAGEAZA]
acetylcholine(ACh)& A 2=} AY 2 Alo] o] LA
HASE T3 AAAGERAR A Aok ACh F4=E
Ao g2 Aol Frtgte] whet 7HAEt o2 1% ACh
o] 3 e dzstoln AW WA AAV A
2}x AChE E3lshs 491 AChES 848 Asiske A

Table 7. Acetylcholinesterase inhibitory activity of sub-
critical water extracts from Houttuynia cordata Thunb

(Unit: %)
Temperature Time (min)
(°C) 10 30 60
50 2898+391"  2062+2.03" 2538+1.77
100 34.00+1.32"* 35.84+0.33% 31.96+1.16"
200 3411+1.20% 34424016  3553+0.47"
300 34.31+£0.94"  3653+1.147  34.94+1.09"

Different letters within a row (a,b) and a column (x-z) are sig—
nificantly different (p<0.05), n=3.

Houttuynia cordata Thunb powder (50 mg) was extracted with
water (10 mL) at given temperature for given time. The extract
was filtered through 0.2 ym membrane, then the filtrate was
analyzed.

Aol oo wjg- &2 o] TH(29).
o] % ol FZ=Eo] AChE A mx& J3FS
Table 79 YeRR ST 257} =S4 2 AChE 9A)|
gL F718ke] 300°C 9] & 7oA 3653+1.14
Vi 7}4 =9t Choi 5(30)2 70% WErL 2 oA xS

—Er 3 A3 753%9]

Z38la] 25 mg/mLe Fxol 1

o]
=
C, 30

AChE A3 &A& UrEME} By } Ak A&gk v}
2ol B Ay FE5E2 50 mg9 01 210 mLY =57
FE FE3 A AAo|=R Choi E(BOM 7359} #o] F

Eo] 55 2ot AF wusrle ofdeu o}%‘ﬁlT
£ o] 83 FEWol wWS ERAAS & S Uk

o 13
iy —/

o)A % (H. cordata Thunb) AZ —Er Z(0.05 )*g
FHT} A ZEHdE L &7 ¥
(50, 100, 200, 300°C)ell A4 10, 30, 60
229 A7t A% FEEY F g }i} &4,
acetylcholinesterase A3 & =LA J&&S vt} 300
‘Coll Al 303 A g A% FEENA M =2 d=
$FeF(33.34+0.96 pg gallic acid equivalents/mL), quercetin
$(15.75+0.20 pg/mL), DPPH 27 &A% (44.07+
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