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2 ok N JAFEEE AAEL ] 259 ksl A& uig A9E ojv Busilon 2 AFAME o5 HE
BT} elastase AdEged B3t 2AME AL ] FEE F ethylacetate £8 ] T AA 95 F do|H aglycone
FEE TLC ¥ HPLC AgAA 77t 4719 we} slojaz FeEHdon, F8d 47H AE2 luteolin, quercetin, apigenin %
kaempferolo]$ith, Zte)a, 259 AEE]= 47 1912 %, 1287 %, 1581 %, 5220 %= kaempferol®] ggko] 713 2 3oz
Welgteh 2y 259 ethylacetate T8¢ TLC ARvfEIHRL 7719 w2 2533, HPLC AR EIAL 379 H o]
ZE wolFEd TLCE HPLCO wel HelzE <13k Ay HPLCY 8709 dolze &8|<AE  kaempferol-3,7-O-
diglucoside (273481, 1574 %), luteolin-5-O-glucoside (galuteolin, 11.91), apigenin-5-O-glucoside (12.91), kaempferol-3-O-
glucoside (astragalin, 27.94), quercetin-glycoside (10.81, -*% v|&21), kaempferol-glycoside (12.33, 7*& ¥|&<1), luteolin (3.72)
9 apigenin (4.62)2.2 BFAFATE Aglycone HE-2 clastase A3 UCxw)0l 98 pg/mLZ wl-¢- 2 F4E ehldd. o]
H| 3 ethylacetate & (ZetR wol= w|FA)L elastase Asl &A4o] A2l gt o] de] AMEL o] HuH Hrr] F25
o] ksl Ag3 mEo] Hwr] AR ek 523 ethylacetate £ & AA Ad T do]A aglycone ¥8¢  elastase
Aoz e FEMY 7154 dFFHERZA §§ 7HeAol dSE AR

Abstract: In the previous study, we reported the antioxidative activity of FEquisetum arvense extracts. In this study, its
inhibitory effect on elastase and components were investigated. Aglycone fractions obtained from the deglycosylation reaction
of ethylacetate fraction among the FEquisetum arvense extracts, showed 4 bands and 4 peaks in TLC and HPLC
experiments, respectively. Four components were identified as luteolin (composition ratio, 19.12 %), quercetin (12.87), apigenin
(15.81) and kaempferol (52.20). TLC chromatogram of ethylacetate fraction of Equisetum arvense extract revealed 7 bands
and HPLC chromatogram showed 8 peaks, which were identified as kaempferol-3,7-O-diglucoside (composition ratio, 15.74
%), luteolin-b-O-glucoside (galuteolin, 11.91), apigenin-5-O-glucoside (12.91), kaempferol-3-O-glucoside (astragalin, 27.94),
quercetin—glycoside (10.81, structure was not determined), kaempferol-glycoside (12.33, structure was not determined), luteolin
(3.72) and apigenin (462) in the order of elution time. The inhibitory effect of aglycone fraction on elastase (ICz, 9.8 pg/mL)
was very high. But ethylacetate fraction (flavonoid glycosides) rarely exhibited the inhibitory activity on elastase. Combined
with the previous results of the antioxidative activity of FEquisetum arvense extracts, it is concluded that the inhibitory
activity on elastase of the aglycone fraction could be applicable to new functional cosmetics for smoothing wrinkles.
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2. M= & gy

2.1, 7171 H Al

UV-visible spectrophotometery= Varian (Australia)A}
9] Cary 50, HPLC+= Dionex (Germany)*}, pH meters=
Istek (Korea)AF A& ARE3S U]

71A 7 AREE N-succinyl-(Ala)s-p-nitroanilide, &2~
2 AREH elastase (0.35 mg protein/ml, 7.8 units/mg
protein)+= Sigma Chemical Co. (USA)olA Fd8ke] AL
£399th 718 trizma base, HCL, o €+-&(FEOH), #le-&
(MeOH), o|olAH 9 E(EtOAC) 5 Z% Sul= A%
55 Aleke AEET. SR olme] FEAe] ALEsh
thin layer chromatography (TLC)¥= aluminum sheet
silica gel 60 Fuxi (02 mm)Z Merck (USAAMIA <
A EfRxeol= WwEAR AME-S apigenin, ka-
empferol, luteolin, quercetin Z2&]3 WAAefo 2 ARE
8t 2-aminoethyl-diphenylborinate (NP)$} polyethylene
glycol (PEG)2 Sigma (USAAFelA F+9)8hsith.
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Ethylacetate &8 © 2 5¥ aglycone #|Z: ethylacetate
2o A8 39 odRe A JeEs] BheS ol g
3l A ”‘% AAAZ F ZFel®-o]= aglycone ¥
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Table 1. IIPLC Conditions for Separation of Ethylacetate
and Deglycosylated Fraction from Equisetum arvense (EQ)
Extract

Column Luna 5 p C18 (L; 250 nm, LD; 4.6 mm)
Detector UVD 170 s DIONEX
Flow rate 1.0 mL/min

5 — -
2 % acetic acid (.)'5 % Oacctlc aqd‘

. in 50 % acetonitrile

in HO .

solution
(70 : 30 ~ 10 : 90, Gradient)
for ethylacetate fraction

(50 : 50 ~ 0 : 100, Gradient)

for aglycone fraction (deglycosylated)

Mohile
phase

11 : 11 : 10 (v/v)& aglycone 22 n-hexane : ethyla-
cetate : acetic acid = 21 : 14 : 5 (v/v)& AR&savh A4
gl 0w HaE FYEH A, FYRk0E %
TEd9 RAS A9H, F4F e NP/PEG SAE o
|3 Eed we] A Fow Flsnh

HPLC #4& 2 % acetic acid 8947 05 % acetic
acids &H3 50 % acetonitrile 5445 71&7] &
ow Beleli, olw HPLC £¥%7Ae Table 19 W
12a8ieR= EEE& &427] FEE9 4% B48& {3
TLCE &&¥ 44 uE §2 F 50 % o2
&, o#FS F A wHste] G E vk o] W &
o7 9 F UFE 100 % o &) =29 & syringe
filter (Millopore 0.45 pm)& ©]-&-38}o] ofsfar 11 o<l
€ HPLC 44, A 3 AARRS 22 aglyconeds
A zs=d ARSI A Z" aglycone 22 100 %
of| gh-&of Folal syringe filter (Millopore 0.45 ym)Z <
g F HPLC &A1) AR8-3Fd .
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succinyl—(Ala)s—p-nitroanilide 1.0 mMe] -&3]% buffer
1,300 pLol ZAA 8L 100 yLS 748kl 25 TolA
10 min F¢F pre-incubation 3+ % o179 elastase £
£ 100 pL HA7HAZTTE 0.0025 U/mL)ste] 25 T
el A 10 min FF F2u g £ 410 nmol A FF
2 2338159 vz (control) S A|EA A Fg o F
AREE SulE 100 pl #H71eFTh Blanks N-succinyl-
(Ala)s-pnitroanilide”} &3¢ 258 4l 012 M tris-

e H _l’;o
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PEG @Alo A =AE quercetin, luteolin % ~1 w3
E2 348 Yl Figure 2= #wr] 25 5
ethylacetate +8 2 HE Hold aglycone 82 TLC
AZntE 1:olt}, o] aglycone £ 471¢] wW(AE1 ~
AFA) = TE]E]/\A-L EFEES ]oO]'Oq ‘z]'?_]‘:jl' éi]'
AE1& kaempferol, AE2% apigenin, AE3+ quercetin ~1
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R+
EA1| < > |0.97
EA2| <> |0.85
EA3| < [0.79
EAd| B> |(0.74
EAS | <@l | 0.65
Eas| > 055
EA7| «ammee |0.45

Figure 1. TLC chromatogram of ethylacetate fraction
from Equisetum arvense (EQ). Eluent system: ethylacetate
: acetic acid © formic acid : water = 100 @ 11 @ 11 :

10¢v/v).

R

AET @ @®|os
re2 | OO 0.68

AE3 QQ 0.60
AE4 O ) 0.46

1 2 3 4 5

Figure 2. TLC chromatogram of deglycosylated extract
from Equisetum arvense (EtOAc fraction) and references.
1: apigenin, 2: quercetin, 3: deglycosylated extract (EtOAc

fraction), 4 luteolin, 5 kaempferol. Eluent system; n-
hexane : ethylacetate @ acetic acid = 21 : 14 : 5 (v/v).

oA EAL wol A EATE 4 F Ak EA6et
EA5 w7} HPLCOlA +A47F vkl 2 ode A4
(TLC)® 9HHPLC) ZZvlEadelA §2ld ¢4t
o &e = Ao dAsHATh

Hwryl F%E 5 ethylacetate F3 O RFE Aozl
aglycone £&o| tj3 HPLC A ErtE 18-S Figure 49
vedigict. 2EEASE ol§3te] #11d Figure 29
TLC ZRwE 1383} Table 2 B Figure 59 2 &4,

thetald#ere] ), A 337 Al 3 %, 2007
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Figure 3. I1IPLC chromatogram of ethylacetate fraction
from Equisetum arvense. 1. kaempferol-3,7-O-diglucoside,
20 galuteolin, 3: apigenin-5-O-glucoside, 4: astragalin, 5
quercetin glycoside, 6: kaempferol glycoside, 7. luteolin, &:

apigenin.
250 EQ3EQ4 #13 EQ agly-1-2 UV VIS 4
mAU WVL:360 nm
200 ’1 4
150
2 3
100 [
50 K
ol ,,JI"\; D AL A i/ .
-50 . min|
2.0 10.0 20.0 30.0 40.0 50.0 60.0

Figure 4. HPLC chromatogram of deglycosylated FEqui
setum arvense (EQ) extract (EtOAc fraction). 1: luteolin,
20 quercetin, 3. apigenin, 4° kaempferol.

“1E] 31 Figure 4914 #<1¢k b9} o] Figure 49 peak
12 luteolin, peak 2% quercetin, peak 3% apigenin,
peak 43= kaempferol 98 #918}%1aL, 471A] EHE} R =0
=2o] ZAH|E luteolin (peak 1) 19.12 %, quercetin (peak
2) 1287 % apigenin (peak 3) 1581 % % kaempferol
(peak 4) 5220 %= VEFSETHTable 3).

27 Fol 2% - oldein §ulE et A2
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Table 2. Equations of Calibration Curves Obtained for
Flavonoid Standards (A = 360 nm)

2

Standard Calibration curves R
Luteolin vy = 195.352x - 7.248 99.967
Quercetin y = 236.813x - 156826 99.406
Apigenin y = 239.772x + 4898 99.995
Kaempferol y = 132.253x + 1.583 99.376

200 I;\':::”Frywu*min] External UV VIS 4
150
100
50
0 mM
0.00 0.20 0.40 0.60 0.80 1.00 1.20

Figure 5. Calibration curve of the apigenin standard, in
jected in the range from 05 to 1.0 gg/mL (A = 360 nm).

o= UV-Visible ¥F2#ed, R ey 5o £3
sH dlolHEx o]E3tAth Figure 3914 A WA &
24 peak 1 (244, 1574 %)3} slo|a =77k 74 2

peak 4 (2794 %)& T AAGNA kaempferol= 2l
H9ok Wb peak 12 kaempferol-3, 7*O*d1glucoside
07 Graefe (19999 2lal[11], peak 43= kaempferol-
3-O-glucoside (astragalin)® Kim ‘4(2004 ol eJsfA H
aLgl vb Qui12]. o]o] peak 2 (1191 %)+ luteolin®] #l
FA Q1 Tuteolin-5-O-glucoside (galuteolin), peak 3 (12.91
%)% apigenin—5-O-glucoside[13], peak 5 (10.81 %)=
quercetin®] HH%ﬂ] :LHJ— peak 6 (1233 %)= ka-
empferol WG A =2 A H AN 2= WA). YA peak
T 8 47 luteohn (372 %)3} apigenin (4.62 %)=
gttt

3.2. Elastase A3l 24

A9 g g4 Fol s il FE AdE
o a3l matrix-metalloproteinases (MMDPs)i= 3%
w3, 53 FEA4T 914 #ATE vk MMPsE ©]
= FRAE 07 collagenase, gelatinase 2 elastase %

ol glew, wFeo] w#Hds Bl FEAAC oA
elastase?] &4 FA4¥E WS FL3cL
Hwr] FEE F ethylacetate £EHORZHE A2

Table 3. HPLC Quantitative Analysis Data of Deglyco
sylated Equisetum arvense (EQ) Extract (Aglycones of
Ethylacetate Fraction)

Peak | Identified Ret. time Rel. area Amount Rel ratio
No. | compound (min) (%) (mM) (%)

1 Luteolin 16.25 20.56 0.52 19.12
2 Quercetin 16.87 14.83 0.35 12.87
3 Apigenin 2134 23.32 043 1581
4 | Kaempferol 30.88 41.29 1.42 52.20
Total 100.00 272 100.00

Table 4. Inhibitory Activity of Deglycosylated Fraction,
Ethylacetate Fraction of Equisetum arvense Extract and
Reference Compounds on Elastase

Inhibition
Compounds -
Do (ICso, pg/mlL)
Deglycosylated Equisetum arvense cxtract .
obtained from EtOAc fraction 98 + 11
EtOAc fraction of Equisetum arvense extract > 500
Kaempferol 136 + 24
Quercetin 61 £ 09
100
®
< 80
s
3
3 60
5
% 40
F
g 20
©
w
0
0 10 20 30 40 50

Concentration (ug/mL)
Figure 6. Inhibitory activity of deglycosylated fraction
obtained from EtOAc fraction of Equisetum arvense ex—
tract on elastase.

aglycone 82 elastase AL (ICx)°] 98 pg/mLE
o £ 2 ZAE e A Table 4). o]l vl ethyla-
cetate 3 (FefRzol= WAL elastase A3l A
o] A2l rolx] kil v EAR ARES kaempferol
quercetin 27} 1Cx°] 136 pg/mL % 6.1 pg/mlLo]Ath.
o] Table 3o U+ Hmy] F2E 5 ethylacetate &
M F& AAT FERiwol=
quercetin, apigenin % kaempferolel] 7191¥ Ao & #Avk

et

aglycones$! luteolin,
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gy Areylo® $FEo] iz kaempferol ¥ quer—
cetine A% ®EY A EFo|A hyaluronan synthase
mMRNAE $dAA & 9F4H g hyaluronan (HA) §
3 77}/\]7]{— Ao® WIHI AuHA. duidow
HA3= collagen % elastin 53 o] =gk} tEo] w5
U s asE, 97 gHAs 9 A8 24
U= ﬁ#i J;J_J H3 QJeH7-9]. weta] Hm

204 zhgo] 9 s 7|
%'EZ] ol ] 218 AAAA

AN
N
ru

1) Hey] 25 = ethylacetate 89 TLCE 7719
u(EAl ~ EA7E EHHYa, I FoA Ry 0742
EA49] s%=7} 718 X8 3o Vel

2) Ay &8 = ethylacetate H8ol theto] &

71 A8 F do]A aglycone HF¢ TLCE 47H—4
(AEl ~ AEDE Yedisia, <] @ AEl, AE2, AE3
AF4AE 27 kaempferol, apigenin, quercetin, luteolin©. &
gl

3) Aglycone =8 vgt HPLC ZZvlE 132 47] 2
go)z2E vebWa, 21 8¢ M3 luteolin, quercetin,
apigenin, kaempferol©] % o™ ZAdH]+= luteolin 1912 %,
quercetin 1287 %, apigenin 1581 % = kaempferol
52.20 %2 kaempferol $H5o] 7174 & Ao Z et

4) Ay F&5E F ethylacetate 8¢ HPLC A&
vETHE AE 37 360 nmellA 8719 He]aE el
WSlal, peak 1 (2AH] 1574 %) kaempferol-3,7-0-
diglucoside, peak 2 (11.91 %)%= galuteolin, peak 3 (1291
%)< apigenin-5-O-glucoside, peak 4 (2794 %)+
astragalin, peak 5 (10.81 %)3= quercetin B3 A, peak 6
(1233 %) kaempherol B9, peak 7 (372 %)=
luteoh'n 2 peak 8 (462 %)< apigenin® & 15l

b) Hwr] FEE F aglycone #32 elastase #1324
(ICx)el 98 pg/mLE wi$ 2 &4& vepdigich ol v
3] ethylacetate %82 elastase A8 @4do] 7¢ gl

ojel AWNEL on RiuE Hwry| FEHE bg
2867 HEo] Hwmry] R sk 243 ethyla-
cetate w89 F AA 4G F Loz aglycone —r&b]
& elastase As|@YoREFH FEMA 754 AEFE
BEEA $§ 7ol E8& AAFgTh
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