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Abstract  Echinodorus cordifolius (L.) is an aquatic plant in the
family Alismataceae. The anti-skin aging activity of E. cordifolius
(L.) has not been yet reported. Therefore, the objective of the
present study was to prepare 70% ethanol extract (ECEE) from E.
cordifolius (L.) and investigate their antioxidant and anti-
hyaluronidase activities for confirm the potential of anti-skin
aging. ECEE showed good activities of DPPH, hydrogen peroxide
scavenging, and hyaluronidase inhibition, with ECsy and ICs,
values of 31.4, 300, and 450 pg/mL, respectively. ECEE also
significantly improved cell viability and inhibited intracellular
reactive oxygen species dose-dependently against | mM hydrogen
peroxide-induced oxidative stress in immortalized human
keratinocytes (HaCaT cells). Furthermore, ECEE upregulated
hyaluronic acid (HA)-synthesizing enzyme hyaluronan synthase 2
(HAS2) expression level, but downregulated expression level of
HA-degrading enzyme hyaluronidase 2, resulting in increased HA
production in HaCaT cells. Taken together, these results suggest
that ECEE shows antioxidant and anti-hyaluronidase potential and
could be a functional cosmetic ingredients for anti-skin aging.
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AH|zEe] 927t FUIHA 9§ =3) WA 75 AR
AA A2 Edo] FEuw QJrHo-11]. A& 23 717
B AE 9 kg o= o]gdle] 7] wid ¥4 IFE
o BlwA kdsitiar A7 Tkt phytochemicals -
SHAl koL lo] a4tksl, wid, FEURA, BEest WA F
o] st g e etk BAsa §lui{12-14].
A H AES 288 715 sSPEE AR e ¢
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AE Al AkET AlFS AR wet A2 =l A
AEE e AHRI 71548 SEE AAEAMY &8 7t
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E5A 8 (Echinodorus  cordifoliusye B AF2H Alismataceae)2]
Aol ER AT FopElrt 5 ¢ AYoltt. E
o], ogd] X FAY & SA A Ak FAANERZ W
2ol Astar 7, 84l AN o] I 5HS 7HITHI5,16].
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o2 AME s, #4335 AEZ dHA Aok dA LEA
BAl A8 AggdTRE udy gt A 75 &
f X5 &sol Bigur JAvH17,18]. sHAIRF FAkst H
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B AF oM ARt B SH(Echinodorus cordifolius L= 3+
AE Ax s sl FEE Azl ARSIt A
Fol| AM8-% 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-Azinobis
(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS),
3-(4,5-Dimethylthiazol-2-y1)-2,5-Diphenyltetrazolium Bromide (MTT),
Folin&Ciocalteu’s phenol reagent, 2',7'-dichlorodihydrofluorescein
%—‘_2_

L

diacetate (DCFH-DA), hyaluronidase, hyaluronic acid
Sigma-Aldrich Co. (St. Louis, MO, USA)AIA +43le] A8
3131t} Dulbecco’s modified Eagle medium (DMEM), phosphate-
buffered saline (PBS, 1x), penicillin/streptomycin, and fetal bovine
serum (FBS) Gibco BRL (Life Technologies, Burlington,
ON, Canada)ollA] T8l ALgaldict 12 AR ALLH
hyaluronan synthase 2 (HAS2)9} hyaluronidase 2 (HYAL2)=
Invitrogen Life Technologies (Carlsbad, CA, USA)olA #9135}
o] ARE-SFH T 221 FAZ AFE-E anti-rabbit 1gG2 Cell
Signaling Technology (Beverly, MA, USA)°IA FY3IHTh 2
we) AgE WE shsh B NSRS BNE 57 A%S T

ool ARGkl

T3} g FEE (ECEE)9 A=
AzE EFASE B2 A B B2 AR 1g8 A
Sk S 70% oflghE 100 mLoll E3ate] *42-9] shaking incubator
olAl 24x17F <t wRE FEIIN L, FEA RS ZEE] 4
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F2ES 344 AFFWIE A B39 B4 dxslel
2 AR AT o F A AgelHE HsE DMSO
o =7t 0.1%7} HES sl NRE st

DPPH radical &7 4 %7}

ECEE®] DPPH radical &7 €432 Blois[19]2] WS H3 s}
o 43kt vigkEel §siA1z1 0.15mM DPPH &4 100

pLell ECEE® HE ®%7} 156, 31.3, 62.5, 125, 250 pg/mL
7} H52 243 7+ AF 100 uLE A2lsle 308 FoF AL
o] hAoA 308 B WESAIZI - microplate reader (Synergy
HTX Multi-Mode Reader, BioTeK, Santa clara, CA, USA)S
o]&3le] 540 nmel|A =S =431t DPPH radical 427
e Thesl e olgste] AT,

DPPH radical &% (%)
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Hydrogen peroxide &7 84 %7}

ECEE2| hydrogen peroxide 4271 242 Muller[20]2] =Holl
w2} 2433tk 96 well plated] ECEES] % &=7) 125,
250, 500, 1000, 2000 pg/mL7} ==5 2Hg 7} A& 20 uL
o 0.1 M phosphate buffer (pH 5.0) 100 uL9} 20 mM H,0,
20 uLE XHEE 7heled &8 & 37°CoA 1587 WAl
o I %, vk 125mM ABTS €93} peroxidase (1
unit/mLYS 22} 30 uL F7Fsked 37°ColA 1087 w8271 3
microplate reader (Synergy HTX Multi-Mode Reader, BioTeK,
Santa clara, CA, USA)E ©]&3}4] 405 nmollA] 38 274
31Tt Hydrogen peroxide 42752 Thae] A& ol]&3ate] 7
Qe )

Hydrogen peroxide 2245 (%)
=[Mx=2e] =AE Ao 3= )] F4%]x100
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ECEE®] & E2j9ls & AOAC[21]9] Wis Wysted
A3kt ECEE 100 uLoll 95% ethanol 100 uL, &/
uL, 50% Folin-Ciocalteu reagent 50 pLE Wi 587 Hk&-A]
ZTh. 5% sodium carbonate (Na,CO;) 100 uLE 718k & 1
AlZE B QbAoA WREAIZATE whg-) 200 uLs F3ske] 96
well microplate2 &7 F microplate reader (Synergy HTX
Multi-Mode Reader)E ©]-83l] 700 nmol|A] S3=5 =73}
A3 BF EFL gllic acidS °]&3Y. B TS 24
gt & A8 F Ee9E T2 gallic acid equivalent (ug GAE/
pg)= EAISFA.
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Hyaluronidase A3 &S Im 5[22]2] HHE thd W5k
=243t} ECEES] A3l €432 hyaluronic acid’} hyaluronidase
o 3] Es|=lo] A= N-acetylglucosamineS p-dimethyl-
aminobenzaldehyde (DMAB)E ©]-8-3}¢] 585 nmol|A] v]A &
% 3ITE 0.1 M acetate buffer (pH 3.6)°1 =21 hyaluronidase
(8 mg/mL) 10 uL®} ECEE #F X 250, 500, 1000, 2000,
4000 pg/mL7F =5 2H3 ZF A5 10 uLE: EFT F 37
°ColA 20% Bt WESAIH Y. B Al hyaluronidaseS
A3} A1717] 8l 20 uLe] 12.5mM CaCLZ whe-Ho] H7}
gk & 37°ColA TRA] 20 Bt RESAIHTE wEgo] Bd &
0.1 M acetate buffer (pH 3.6)° =<1 7]& &< hyaluronic
acid (24 mg/mL) 50 uLE WHgHel H7kgk 5 37°ColA] 40
B AR TR 71E-g A ke AXE 8l 2ule] 04N
NaOH¢} 20 pL 0.4 N potassium tetraborateS Z}z; 3718k 3
100 °CollA 387+ WA TE 2 & HhgHo] 1wzl DMAB
solution (DMAB 04 g, 100% acetic acid 35mL, 10N hydrochloric
acid 5mLyg 600 uLE FH7Fstal 37°CoAlA 203 &<t HE&A]
1 o2 Wk 200 pLe #3ked 96 well microplate® &7
microplate reader (Synergy HTX Multi-Mode Reader)E ©]&
3ted 585 nmollA FE=E 4319 Hyaluronidase A3lls

= Thel AL ol8ste] ALtslsit

Hyaluronidase A3 (%)
=[] FEEAE Ao = )dzte] $35]x100
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olAl f& H)FZPA A E (keratinocyte)2] immortalized human
keratinocytes cell (HaCaT)2 ¥ MXF 23J(KCLB, Seoul,
Korea)2F-E] 4F ol ARE-SIginh. A viS #18] 10% (viv)
FBSS} 1% (v/v) antibiotics’} E3E DMEM HIX|E AR5}
CO, incubator (37°C, 5% CO,)IA wlkslSic).

AXE 54 37t

HaCaT A2l tist ECEES] MIXZ 5748 ERIsh] €8] MTT
assayS G &3 HaCaT A EZE 96-well plateol] 1x10°
cells/mLZ #3131 CO, incubator (37°C, 5% CO,)NA 24
A7 vjekEE 3 ECEEE % FX(25-500 pg/mL)E 10 uL®
A stAnh 2427 F 7ZF welldl MTT £92mg/mL in
PBS) 50 pLE 2|8t 4A17F F<t 37°Col| wRSAIH T o] %
AEds 3] A AL DMSO 150 uLE: 2ol wellel] A4
H formazang £Hd3] 83lA1Z] ¥, microplate reader (Synergy
HTX Multi-Mode Reader)S ©]-8-31%] 540 nmollX §HEE =
At AE 542 thae] A& ol&ste] AksiGitt AlxE
AEE (%) =RE M FE)ydze] $85)x100 %
Hoz AXksiaict.

H,0,2 =8 AE&g g3 gy 53

H,0,2 5% HaCaT A|3Z&7del sk ECEES| RS adE
g1s7] $18l MTT assays 3J3I3ith. HaCaT AIXZE 96-
well plate] 1x10° cells/mLZ ¥3}2L CO, incubator (37 °C,
5% COy)ollA 2417+ wFst & ECEEE #HF 3=(25-250

pg/mL)E sk 2447F 5<¢F ECEE A2 F 1 mM2
H,0,5 Agsle] MEEFS F=star 20417 59t F71= )
FeAtt. I T MTT assays 53l AlE ASEES RIS

AE W ROS &4 &4 37}
H0,% =% HaCaT A3X W} ROS A% Alsfiell tigt ECEE
o] &3+2 Yol7] 918 Yoon 5[23]¢] DCFH-DA assay '
He vgste] A W ROS AP S S5kt HaCaT Al
ZZ 96-well black platecl] 1x10° cellssmLE EF3}3L CO,
incubator (37°C, 5% CO)IA 24A)7F 5<t wjk&l:, ECEES
HF FTE (25-250 pg/mL)E X 2lsled 24A17F wiFsldTh
T 1mM®| H,0,5 A3t sk ZEHAE fudh oy
= HZ oged SHTE 34 1mMe DCFH-DA &<
10puLs A2 3k 308 &< W8 Azl ¥, PBSE 23]
washingS 71833 spectrofluorometer® ]85} Excitation
485 nm/Emission 528 nmo| 4] DCF-DA fluorescence intensity
£ 4% F v 2E ol&st] Al W ROS &A5E A
AFstATh
AEZ Y ROS 271%5(%)
=[(NZF=T2 2 intensity-AFE A2 &% intensity)/
tz=te] ¥ intensity] x 100

Hyaluronic acid g% 33

HaCaT M 29| hyaluronic acid A4l ECEE7} P& 93
gol3l7] 93l hyaluronic acid $HS- =793 tl. HaCaT Al
EE 24-well platel] 1.5x10° cellsymLE #5332 CO, incubator
(37°C, 5% COoIA 24717 Bt vldsisitt. o] Fol| serum-
free DMEMCS 2 wA|3t3L 2447 Flol ECEES #HFE §&
(25-250 pg/mL)E Agate] F7HH O R 244]7F Ft WS R
T} o] & 4°C, 3000 rpme] FZIA 108 B 94 Halst
of wjF “FEde 438l hyaluronan immunoassay (ELISA)
Kit (R&D Systems, Inc. MN, USA)2| HPio| wi} X552
hyaluronan AMg-3le] 3% +44& 248t & hyaluronic acid
TFE AT

Western blot analysis

ECEE7} HaCaT A|XoA hyaluronic acid®] 343} Esflol] &
ofehs T Il JFe vIAEA Lok 98] western
blot assayS AA|5FATtE HaCaT MEE 6-well platesol] 1x10°
cellssmLZ CO, incubator (37°C, 5% CO,)°llA 24x7F 59t
ok slath. ©] ¥l serum-free DMEMOE WA 5kaL 244]7F
ol ECEEZ FHF %% (50-250 pg/mL)E g sle] F7140
2 24X 7F 59T wiFAI AT Ice cold-PBSZE 23] AM|AH3E 3
lysis buffer 20mM Tris, 5mM EDTA, 10mM Na,P,0,,
100mM NaF, 2mM Na;VO,, 1% NP-40, 10 mg/mL Aprotinin,
10 mg/mL Leupeptin, 1 mM PMSF) 65uLE *J&l3te] 1A%}
FOF 4°CollA 23S microtubeol] 2744 13,000 rpm, 4
°Collr 20 FQF AR st AFAS st AT
o] A F=E Pierce™ BCA protein assay kit (Thermo
Fisher Scientific, MD, USA)2 4 #&lo] 40puge] Twid s
10%2] sodium dodesyl sulfate polyacrylamide gel electrophoresis
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2 Eg38l2, nitrocellulose (NC) membrane® 2 o] A ZT}. 9]
< membraneS 5% non fat dry milk& X38l= TBS-T (25
mM Tris-HCI, 137mM NaCl, 2.65mM KCI, 0.05% Tween
20, pH 74) §do=2 A2oa 2417k FF blocking g F 1
2} antibody (HAS2, HYAL2)Z 1:10008] H|-&2 3]4]ale] A
2Bl 4 °ColA overnight3}ATE. ©]F TBS-TZ 33| Alxst 7
1:30002] ¥]&=Z 3] % anti-rabbit 22} &) (Thermo Fisher
Scientific)s A-&ollx 2417F EF WEEAIZTE ¥k & TBS-T
2 33] AlA3IL ECL chemiluminescence reagents (Amersham,
Arlington Heights, 1L, USA) RE&AIA Thilde] Wil =&
FusionCaptAdvance FX7program (Vilber Lourmat, Austraila)S
o83 ATt

FAA

BE AFe 33 vy ddste] Wi + FFUAE LRI
A Azte] BA HA4S SPSS statistics program (Version 28,
IBM, Armonk, NY, USA)S |83l A p<0.05 5=
oAl Duncan’s multiple test® &3l ZF A& k] fo]%<Ql 2k
ol& Tt
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Fig. 1 DPPH (A) and hydrogen peroxide (B) scavenging activities of
70% ethanol extract (ECEE) from Echinodorus cordifolius L. Gallic acid
was used as positive control. ECs, value is the concentration of sample
required for 50% scavenging activity. These values are expressed as
mean + SD of triplicate experiments. Means with different letters are
significantly different at p <0.05 by Duncan’s multiple range test

IC5:450 pg/ml

Hyaluronidase inhibition assay (%)
’lol

DSCG 125 250 500 1000 2000 4000
(1 mg/mL)

ECEE (ug/mL)

Fig. 2 Hyaluronidase inhibition activity of ECEE. DSCG was used as
positive control. These values are expressed as mean =+ SD of triplicate
experiments. Means with different letters are significantly different at
p <0.05 by Duncan’s multiple range test

A3 2 33

EFA3E deke 338 (ECEE)S 3313 84

A BE Fo3AQl DPPHO ek &4 4& Unkxo=w
kAo &S s ARZ AMEEH, DPPHE 3HdA]
71e 0] 75 98 lsl @48 7S S QdTH23).
wEkx ECEE®] a1t 235 g<1str] ¢si DPPH =itz
27 84S W71eslth. ECEES] DPPH sz 2ARS &
A3 A3 HAF F= 156, 31.3, 62.5, 125, 250 pg/mLol|A]
35, 46, 84, 91, N%ZE F= <JEXHCSZ DPPH =z &A
2o] S71eHe @]lskitk(Fig. 1A). ECEE®] DPPH 2HHZt
27 EAd tEF ECs#e 314 pugmLoZ A thzel
gallic acidHt} -3l = FUAT, 125 pg/mLe] HlwA v
Tl 90%7t de 9573t DPPH 2UZd &A 48 e
AT hydrogen peroxide= W7ol & 4HAsigHEe] UFo
2 WA RAE FAsL A2 Jksl 2S4S sl
A} w3hs faschar 44 UtH23]. ECEE®] hydrogen
peroxide 224 245 4% 2345 Fig 1Bl HeERHATH
125, 250, 500, 1000 2 2000 pg/mLe] H%=oIA ECEE®] hydrogen
peroxide 47 BA& 7kzb 29, 48, 54, 61, T6%E FE &
2oz Z7FsIitt. X3k ECEE®] hydrogen peroxide 224 &
Aol thak ECso#ke 300 pg/mLo 2 F1gdr}. o]#fdt A=
ECEEZ}F At 2oz} &2 Abael o8] wizl=le fallgt 3
ol dig s 83E 7L S YEH olE F3l
ECEEE %8 43t 835 7R A4 A st =
AzA FEe 7R A dEn sy SEe 4
Al ge] FxE] e 22k grEE2A s Se
& Folo} sl aEFRe] ¥ sl oJa] g ls
T35 Vet B s 9lth24,25]. ECEESl EAlsk= &
ZEuse] TS A A7 16.34 pg/100 pgS = VERHTE
et B Agelx Bld ECEES] $-3 aitsl gabe
ECEE Wl $Hi=lo] sl ZEuls dRo=2iE 7|90E 2o
2 e

Lo Ay e



J Appl Biol Chem (2022) 65(4), 405—412

409

120
(A)
100 4
OO
<
:'::
= 60
=
=
=
= 40
7]
ot
20
0 4
Control 25
ECEE (pg/mL)
120
(B)

Cell viability (%)

1mM H;0; + ECEE (pg/mL)

Fig. 3 Cytotoxicity of ECEE in HaCaT cells (A) and protective effect of
ECEE against H,0,-induced oxidative stress in HaCaT cells (B). Values
are expressed as mean = SD of triplicate experiments. *p <0.05 indicate
significant differences compared to control group and *p <0.05 compared
to H,O, treated group

E5438 g 25 (ECEE)Y hyaluronidase A3 84
hyaluronic a01&‘ ol EAlshs 7P sk Al 71E F
SR FF wslo)] Fojsle AHEAR g M‘:H26,27].
hyaluronidase="hyaluronic acid®] Esfloll #oisle= gzl &
42X hyaluronidase &4 A= I =3} WA 295 &4
sl ol &H 3 TH26,27). ECEE®] hyaluronidase #18] 24
< Z%fﬂ' A3} 125, 250, 500, 1000, 2000 2 4000 pg/mLe]
TollA ZH2} 36, 41, 52, 56, 67 B 69%% FE SEHOR
hyaluromdase A5l EAdo] F7kEE A2 FRISIIT. hyaluronidase
o T3t ECEEY] ICsoatS 452 pg/mLe g Jelgton =3
ECEE 1000 pg/mL®] F=olA 4 izl DSCGS AR
Zﬂﬁﬂ 28E UrE]r”J‘jr(Fig 3). o|8ist A3}= ECEE= its)

A3} BEo] 948 hyaluronidase A3 &4 B3 IJF =
:@} AA 2= vepd zo= e
ESAS e F5F (ECEE)Y AX =4

ECEE7} HaCaT MEL] AEL MXE JIAFS dolrr] ¢
3l MTT assayS A8t} 25, 50, 100, 200, 250 2 500

2 ECEEZ iialf‘& T 24NZF Tof| AE AES
= ”éfi 23, 5E A S AL SHol UehiA @
YrH(Fig. 3A). WP & QA7olIE 250 ng/mL EE7HE A

FrAow Agslel oFe] A 4P QWL

Z

ESA3} e 328 (ECEE) H,0,2 458 A¥E &%
o g B35 &S

H,0= AW Aksld ~Eg2 faEnk o2l DNA, ‘%‘ﬂ.*?:l
9 A EZE S dojsls WA F AASRER giRe

o] Mlxel 2ol AREAl Bty dHA JrH28]. HaCaT
MENA H,0 FH=3F ROS AAS fFsle] Akeld] 2Ed)
22 Qoy|w HE APES $usity ByEy Qui29]. uw}
2 B AFolE ECEE Aol W& H,0,2 =% HaCaT
AZe] 2tabr &do tist ME BHE a3E st
Figure 3Bol YeRd wle} 2] 1 mM2] H,0,7+S AZsiiS
] M2 AEES FolsAl BaAATE SHAIRF ECEE AZl=
Er &R0 Z H,09 98 GEE AE £JozRE AXE
AEES T7M71E Fe2 Yelt. oleigt A3+ ECEE’}
H,0, §% 21314 REY2ZRE AEE B33 ¢ LS A
i =

EFAS) ek &8 (ECEE)] AX U ROS &4 84
T Fox ROSS AL JASAY AAdE ROSE E8Fo=
1-1]7-]' I Q= IH slA]_g}, H]—o{ul— :rij_JJr o]E =3} /(—”._L B
3 348 /e JJHA M 5 s} 7]sAgdel o]
%93} ou= zh=r}[30]. HaCaT M ZoA H,0, ABE %
® AE W ROS AAel tig ECEEY] 32 &lslr] 93t
o] DCFH-DA assayE 33t HaCaT A2 A2 W
ROS A H,0,5 A5 %2 controle=l H|&] H,0,=
A2lek FollA FelslA F7Feltk(Fig. 4). 3HA9F ECEE A
g 00l 93l ¥ AE U ROSE Tk oEFoz
2A39). o|8§ 3= ECEE7} 2578k Al U] ROS &A
:@l—/\gg EOH ROS & om- )\]-§],Z4 /\Egﬂ/\oﬂ ;H-g]_ RHE 344'7]'
U] ME EFS AL & JS3S AV ©li= ECEEe]
e ZdEe] kel gl 7)elgity ddE

ESA3E oghe F2E(ECEE)Y hyaluronic acid A v
e 9%

hyaluronic acid= collagen ¥ elastin?} 74| TFE FAs=
Sa% MEe 71 F shE QA e EHHH S 2AgE
N-acetyl-D-glucosammeJJr D -glucuronic acid’} HZ A d3H
22 FPER e TR B TS B3k 2Fe
A, ME F 24 /A4, *ﬂnj- HGH s}, AlEze] g 1At
o] AP GAF g 27 X whg Foll #odste] I =3l
LHE 7sS dohal Barso] Ivh31,32]. weEbA kst &
’J3} hyaluronidase A3l ¥/de] &<1¥l ECERY ¥ =3} W
A 55 F7HE @Rlsky] f18te] HaCaT AlEoA] HA 4373
of HA= dIFE FAFSIAT Fig. 5ol YERA upe} 7ol 50
pg/mLe] FEolA ECEEE HA S 37 H3AFIA &%t
ZF 100, 200 2 250 pg/mLe] ECEE A& AHT|ER] 2
controk 2} HaCaT A|EZo|A HA AAAZFSE FelsiAl 7M1
Ztt. o213 A= ECEE’} hyaluronidase 24 9AIS £3|
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