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Antioxidant and Anti—wrinkling Effects of Extracts from Nelumbo nucifera leaves
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ABSTRACT

Objective . The purpose of this study was to investigate anti—aging and antioxidant effects of extracts of Nelumbo
nucifera leaves (NN—L) using ethanol on skin .

Methods : Each part of leaves(NN—L), flowers(NN—F) and stem(NN-S) was extracted with 70% ethanol., We
performed radical scavenging assay(DPPH, ABTS+, Superoxide anion radical), elastase inhibition assay, collagenase
inhibition assay., NN—L extracts were tested for cell viability(MTT assay), MMP—1 inhibition and MMP—1 protein
expression on CCD—986sk cells (human fibroblast line).

Results : Recently, many studies have reported that elastin is also involved in inhibiting or repairing wrinkle
formation, although collagen is a major factor in the skin wrinkle formation., We measured its free radical
scavenging activity, elastase inhibitory activity and expression of MMP—1 (matrix metalloprotease—1) in human
fibroblast cells, Among the parts of Nelumbo nucifera, NN—L showed the highest antioxidant activities and in
radical scavenging, DPPH, ABTS+ and Superoxide anion radical scavenging activity of NN—L at concentration of
1,000 # g/mL were 91.43%, 99.31% and 73.7% respectively, In vitro elastase and collagenase inhibition effects of
NN-L at concentration of 1,000 ¢ g/mL was 42.8% and 55.3% respectively. The ethanol extract of NN—L showed
cell viability of 95.4% in 50 x g/mL concentration, In addition, The results from Western blot assay showed that
NN-L decreased the expression of MMP—1 protein in a dose—dependent manner (by up to 35.0% at 50 x M),
Conclusion : The findings suggest that the NN—L great potential as a cosmeceutical ingredient with antioxidant
and anti—wrinkling effects,
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Fig. 1. The procedure for extraction from Nelumbo nucifera G.
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FAsks Ado| AMEE AJ9Fel 1—1—diphenyl—2— picryl—
hydrazyl(DPPH), xanthine, xanthine oxidase, nitro blue
tetrazolium(NBT), 2,2 —azino—bis (8—ethylbenzothiazoline—
6—sulfonic acid) diammonium salt, potassium persulfate
5& Sigma Chemical Co, Ltd, (St. Louis, MO, USA)°j A
Tyt AR FEAA 53 SH AREE Al
porcine pancreas elastase(PPE), N—succinyl—(L—Ala)3—
p—nhitroanilide, collagenase ¥ 4—phenyllazobenzyloxycarbonyl
—Pro—Leu—Gly—Pro—D—Arg 5= Sigma Chemical Co,
Ltd, (St. Louis, MO, USA)o|A F3sle] A3} L
MMP-1 84& &343}7] €3} MMP-1 kit (Amersham
Bioscience, USA), tumor necrosis factor-a (TNF—qa )
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2 AN AHEE AfobrlEZ= (CCD-986sk) Korean
Cell Line Bank(KCLB)o|A 3te] AMg-atAct, Al Zufjek
A2k Dulbecco's Modified Eagle Medium (DMED), fetal
bovine serum (FBS), 0.25% trypsin—EDTA, 0.4%
trypan blue stain< Gibco BRL Co. (Grand Island, NY,
USA)ol| A 3t} AR8-3191, Haemacytometer(Marienfeld,
Germany), 3—[4,5—dimethylthiazol—2—yl]—2,5—diphenyl—
tetrazolium bromid (MTT)+ Sigma Chemical Co. Ltd.
(St. Louis, MO, USA)°l|l A S+t AHg-sHET

2. Agdud
1) =& Ze|0s 832 58

Z2|9%9] FFL Folin—danis'® WL o] 23t} A
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oA ®WXstaL, 760nmolA FFEE EAT T, 2EEZQ
tannic acid® u|g] 2443 FEIA 9 ST = 3T} v wsly
Ev= gFE AEstar.
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(1) DPPH radical 274% =%

DPPH AAZol% (EDA:; electron donating ability)2
Blois2|19) e wat ZA3tct ZF A28 120 » Lol
0.45 mM9] 1,1—diphenyl—2-picrylhydrazyl (DPPH) 60
p LEI wHket & 15873 HAE o 517 nmol A FF =S
359t AAF AT AEEAY Hrtet 7 F7Y
FTHE FAaEE YU
ARF A5 (%)=(1 - NEH7HE F=/FHA7H S8%) x 100

(2) ABTS radical &7% &%

ABTS radical scavengings ©|-&3%t &Als}e
Fellegrini2]™ o] oJ3te] 245ttt 7 mM 2,2 —azino—
bis(3—ethylbenzothiazoline—6—sulfonic acid)&} 2.45 mM
potassium persulfateE Egste] A4 24A17F 5 &
25k ABTSE F/JAIZ ¥ ethanol® 34 ste] AME-8FGITH
ZF A28 100 ¢ Lof| 3|43 ABTSE 100 ¢ LE 7}t
58 B¢t WrAg & 734 nmollA FREE SH5A
ABTS radical2A%5%)=(1—ANZH7I+ SF=/FH47+E
E34%)x 100
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(3) Superoxide anion radical £74% &3
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Superoxide anion radical 4752 nitrobule tetrazolium
(NBT) gpg*) of o8} 2431k, 2 AR89 0.1 mL
2} 0.1 M potassium phosphate buffer (pH 8.0) 40 p Loj
Xanthine (0.4 mM)¥} NBT (0.24 mM)& %<1 7|2 100
u L& A7}l xanthine oxidase (0.2 U/mL) 100 ¢ LS
7kste] 37COA 2083F BREAIZ] $ AAQE superoxide
anion radical®] %< 560 nmo|A EF=E SA3}H

Superoxide anion radical 2A%(%)=(1—-A&237= &%
= /RA F8E) X 100
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A|Z AZE 232 Camichael™2] Wo] wat 23319t
Fibroblast (CCD—986sk) cell& 96 well plateo] 5x 10°
cells/mlo] EA seeding 3t3 PBSES H7}et o 2oL
ZAFSIL A 2E & U2 20 ¢ L A3 T 37T, 5% COy
incubatoroll A 4817t vi¢F St Wi ¥ 5 mg/mL %=
2 A 2% MTT 8§94 20 ¢ LE A7bste] 3A7F vjeket 5wl
FHE AASL ZF welld DMSO 150 x LE 715t A2
A 3087F 8% A]71 =] ELISA reader® 540 nmojlA &%
TE SASHATY AlZ AEE 32 AR 99| Hrhtd
RH7HE] $3E ZAEE YeER it
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(1) Elastase A3]5 =3

Elastase A3 Cannell 5] o] wjzt &35},
50 mM tris—HCI buffer (pH 8.6)9] &¢I porcine pancreas
elastase (2.5 U/mL) 40 x L3} 7] Z 50 mM tris—HCI
buffer (pH 8.6)°]l ¥21 N—succinyl—(L—Ala)3—p—nitroanilide
(1 mg/mL)& 80 x L H7Iste] 37ColA 3087 7| A=2%
Bl B4 H= p—nitroanilide®] FAZFE 445 nmojA S5}
At elastase Adfe2 AZ&H9 H7lFet F J7F 29
THE FAagE Yy
84084 A(%)=(1-ANE2F7 FF=/F27H
X 100
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(2) Collagenase A 35 =3

Collagenase AHd|%5-< Winsch 5772 Wo) uha} 23
kgt ¥ = 0.1 M tris—HCI buffer (pH 7.5)°] 4 mM
CaClyE #7}ste], 4—phenylazobenzyloxycarbonyl—Pro—
Leu—Gly—Pro—D—Arg (0.3 mg/mL)E %<1 7]1- % 0,25 mL
9 AELN 0.1 mLY EFH collagenase (0.2 mg/mL)
0.15 mLE #H7}sle] A4 2087 HX3 & 6% citric
acid 0.5 mLE go] Wh2-2 AR A7l &, ethyl acetate 1.5
ml& 7kt 320 nmoll A FFE=E S35 collagenase
Aok e ARG AT B AT FHE FAEE
e AT
84084 Af(%)=(1-ANE2Z7 STF=/FH7H
X 100
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(3) MMP-1 A3i&4 &3

96 well plate®] ZF welld 1 x 10°cells/well N Z7} HE2
seeding ¥ 24417t HR 3L shqlTth, o]F, vigE wWixE Al
A3t PBSE H7Fe ohd Apel4lg 2ASEL o|w) MMP-19]
A& =0]7] 95t TNF-e & 10 ng/mLe] =2 7}
Sl AIRE T HE AT F 481X vgslet, Al
el S SAste] Aol ARt Om Gross 5779 He]
w2} MMP-1 biotrack activity assay kit (Amersham
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(4) Western blotZ 23+ thaiz] uie =3

A (CCD-986sk)S 6 wello]l 1x 10° ceus/weuo] Hrg
E8HAL 24417 B4t “H Fot@ich wiAE AAS = 2 well
o AIZE 48417t B¢t A2 g F PBSE 2W *1]7—“1011-’15 o},
Lysis bufferg& ©|&3}o] CCD-986sk A|EZE &3[A]7]
47C 12,000 rpmoll A 20827F €4 B3t g4 EElsly
AL AF=91L Bradford assay® AFoLY 10%2] sodium
dodecyl sulfate polyacrylamide gel electrophoresis gel®]|A]
A7 9558t 2ottt 228 @¥E-2 PVDF membrane®]]
27 T A4 1A)7F blocking buffer (5%skim milk in
TBST)ol| A incubationA|FH T, MMP-1 Z+z+9] 1z} JAE
1:10002.2 3] 43}e] 40Col| A over nightdt th2, ThA] 10
H 7402 TBSTE 33 washingdtil mouse anti—rabbit
IgG HRP9| Z+7}+o 22} A& 1:1,000=2 3]A4 o] 4204
1A)7F Z2t Bo|11, 33] washing3t 5] LAS 4,000 imageanalyzer
(Fugifilm life science, Japan) 7|7]& ©]&3to] W= &2l

W gt

5) SAIXz|
= AF d3s B+ 2EHX (mean £ SD)E UERH Y
o}, 24 A= Students's t—test® AATIAL, FAF A=
+3 H]wste] p<0.05 ol3te] B KA Zpel7t vk
w8t

m 2 3

7t & E9uE ¥

Folin—Ciocalteus ©]&3%t Folin—Denis®Ho2 A £
(NN-F), 9(NN-L), £7I(NN-9) & F==9 H=s4
33HE S tannic acid 22 ALY vjwEA o Ax}
NN-L(213.5+1.12)olA4] NN-F(182.7+1.68)2F NN-S
(49.6+0.69) Bt @2 Ef|g= TS &2 gt

Table 1. The contents of total polyphenol of Nelumbo nucifera G.

extracts.
Samples Total polyphenol (mg/g)
NN-F 182.7 £ 1.68
NN-L 213.5 = 1.12
NN-S 49.6 £ 0.69

Each value presents the mean £ SD of triplicate determinations.
NN—F : Nelumbo nucifera G. flower extracted with 70% ethanol
NN-L : Nelumbo nucifera G. leaf extracted with 70% ethanol
NN=S : Nelumbo nucifera G. stem extracted with 70% ethanol
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=A% A3KFig 2), 1000ug/mLollA NN-1(91,43%), NN-F
(82.0%), NN-S(72.7%) 2.2 NN-L|A 7}4 £4=5 DPPH
radicla £27%& s o, F= &2 YE2+<
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Fig. 2. The Electron donating ability of Melumbo nucifera G. extracts.
NN=F : Nelumbo nucifera G. flower extracted with 70% ethanol
NN-L : Nelumbo nucifera G. leaf extracted with 70% ethanol
NN=S : Nelumbo nucifera G. stem extracted with 70% ethanol
Vit. C : L—ascorbic acid.

Results are means + S.D. of triplicate date.

2) ABTS radical 271 &%

DPPH radical®] &72d7} o] gutd oz go] ARgE=
ABTS+ 2,2'—Azino—bis(3—
ethylbenzothiazoline—6—sulfonic acid) diammonium salt
(ABTS)9} potassium persulfate®}o] HF223 ABTS+
radicale] A EH E/-9 M FEME OF He, A=RE
H7kgho] wel d3tsM o2 decolorization He AL 34
3l= HMHoln, hydrogen—donating antioxidant®} chain
stk 4ol 2, 9,

z40

radical cationAA%5Z

o= =

breaking antioxidant R %& &3 & 4
&7 oflehE& FEEY ABTS+ radicla 2745 H|&L
A3K(Fig 3), 100 1 g/mLAA NN-L(97. 1%), NN—F(96.2%),
NN-S(91.6%) 2.2 NN-LoJA 7 £4=3t radicla &A%
< st e dizFel Vit C (99.7%)9F AR 2E
gl stsart.

3) Superoxide anion radical AHs &
NBT(Superoxide anion radical) &7 % &%-& Xanthine
oxidase’} xanthineZ 7|2 & 3}9] uric acidE& BAst= 1

Aol A== superoxide anion radical& NN-L gt
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ZE3} WHSA|A nitro blue tetrazolium® superoxide anion
radical &7 & FRlste HHoltt, |9 E, ¢, 7] 9

=1 [e) =

B2 &5 9 superoxide anion radical 245 H|1 &
A3t 23 (Fig 4), 1000 ¢ g/mLolA NN-L(73,7%), NN-F
(68.1%), NN—S(35.6%) 2.2 NN-Lo|A 73 $4=8t radical
2752 Fdstion tEEl Vit C (81.2%)9 frARRt
Z2IE g2l stk
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Fig. 3. ABTS" radical cation scavenging activity of Melumbo nuciters
G. extracts.

NN-F : Nelumbo nucifera G. flower extracted with 70% ethanol

NN-L : Nelumbo nucifera G. leaf extracted with 70% ethanol

NN=S : Nelumbo nucifera G. stem extracted with 70% ethanol

Vit. C : L—ascorbic acid.

Results are means = S.D. of triplicate date.
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Fig. 4. The superoxide anion radical scavenging activity of Melumbec
nucifera G. extracts.

NN—=F : Nelumbo nucifera G. flower extracted with 70% ethanol

NN-L : Nelumbo nucifera G. leaf extracted with 70% ethanol

NN=S : Nelumbo nucifera G. stem extracted with 70% ethanol

Vit. C : L—ascorbic acid.

Results are means *+ S.D. of triplicate date.

3) MTT assay0l| 2|8} Fibroblast cell (CCD—986sk)2]
MEZ S0l

CCD-986sk M|ZoA NN-L ofet-2FE&Eo] AL 4]0

o 2s AL F9Ist7] $Jete] MTT assayS o83 AL

N2 2Rt CCD-986sk Ao NN-L ofet&3

£E 1, 5, 10, 50, 100 x g/mLe] s&=Z A5t 4847t
Aeldk A3} 5, 10, 50, 100 # g/mL FETANA 100%
he AE e Bl shdnh HAH(Fig 5ol T}
50 4 g/mLolst BEeIA MMP-1 ASZA 247 e
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Fig. 5 Cell viability effects of NN—L on fibroblast cell (CCD—986sk).
CCD-986sk cells (5X 10° cells) were started in medium for 24 h
the cells were treated with 5, 10, 50, 100 x g/mL of NN—L
extracted with 70% ethanol for 48 h.
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4) FEAX &1t
(1) Elastase A3l%
Elastases & A2 E84 2447 &9

=
elasting E3A|A FHEY N=Z 7|AF9 IE8Y +2E &
ojFol A, FES AASE T YdoE dHA Ut gi

w3}ko] FAZ9] 3¢l elastin Bl EAS] elastased] &
e AL EN B R3S AR 4= Qlvh, AY £, 4,
£7] g FEENA 5 AT B clastase A
e wla £33 A3k, 1000ug/mLolA NN-L(42.8%),
NN-F(9.5%), NN-S(17.9%)22 NN-Lo|A 718 $43t
elastase AA5E ERIstAH(Fig 6). 22 F=olA Vit,
C(62.4%)9F v 3tH tha W2 elastase Aotk 2 4
I ANE 23 t)= ool H o] EZ0] clastased] AL
FYH o2 AAF AL St DR} A =& &

& Ueg Ak

(2) Collagenase A5 =3

FEANL AU HfotHEe 7sAstRE 3
dojdth, HREAE o|F1 Sl L Aol AstE,
S B aadd SEAUA I gl EaEnt. Bk Q1%
HR2EE 42 JYA os ZH FA4L SAEHU,
A FHAUAY F4% BASVIE EFFHE 234
o] F4H o= 3 FRrEHO| AL v A
FEOI A7IA Aok, Y £, 9, 7] ogE FEEA F
5 A4 B collagenase AEYS vl ST A3t
(Fig 7), 10004 g/mLolAl NN-L(77.2%), NN-F(26.1%),
NN-S(47.9%) 2.2 NN-LoJ|A 7} 243 collagenas
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AeS At FTh, FA =72 Vit.C7F 500 ¢ g/mLoflA
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Fig. 6. Inhibition rate of NMelumbo nucifera G. extracts on elastase.
NN—F : Nelumbo nucifera G. flower extracted with 70% ethanol
NN-L : Nelumbo nucifera G. leaf extracted with 70% ethanol
NN=S : Nelumbo nucifera G. stem extracted with 70% ethanol
Vit. C : L—ascorbic acid.

Results are means + S.D. of triplicate date.
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Fig. 7. Inhibition rate of Melumbo nucifera G. extracts on collagenase.
NN=F : Nelumbo nucifera G. flower extracted with 70% ethanol
NN-L : Nelumbo nucifera G. leaf extracted with 70% ethanol
NN=S : Nelumbo nucifera G. stem extracted with 70% ethanol
Vit. C : L—ascorbic acid.

Results are means *+ S.D. of triplicate date.
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Fig. 8 MMP—1 inhibition rate of NN—L extracts on fibroblast cell
(CCD—9865K).

The cells were treated with various concentrations of 5, 10, 50
u g/mL of NN-L extracted with 70% ethanol for 48 h. The
contents of MMP—1 in culture media was determined by the
MMP—1 ELISA kit as detailed under the materials and methods.
The data represent the mean £ SD of three separate experiments
(Significant as compared to control. *p €0.05).
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Fig. 9. MMP—1 protein expression rate of NN—L on fibroblast cell
(CCD—9865K).

CCD—-986sk cells (1% 10° cells) were started in medium for 24 h,
The cells were treated with 5, 10, 50 x g/mL of NN—L extracted
with 70% ethanol for 48 h. Histogram show the densitometry of
MMP—1 protein normalized to 8 —actin. The data represent the
mean * SD of three separate experiments (Significant as
compared to control, *p <0.05).
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