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-8 A3t B3] F& AAAT aglycone & 50 pg/mL FLAM 50 39867 minCE Wit & AERT
E3E Uehidlch EUE o 358 F ethyl acetate 32 3 2174 w3 3 doj@l gglycone EHE TLCNA
2709 Wz #e)=glon, HPLC A E (360 nm) oAz 2709) Fojaz Felsdct Fajd 2714 482 quercetin &
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Abstract © In this study, the antioxidative effects, inhibitory effects on elastase, and components of Quercus glauca
extracts were investigated. The free radical (1,1-diphenyl-2-picrythydrazyl, DPPH) scavenging activity (FSCso) of
extract / fractions of Quercus glauca leaf was in the order: 50 % ethanol extract (1245 ug/mL) < ethyl acetate
fraction (1047 ug/mL) < deglycosylated flavonoid aglycone fraction (857 ug/mL). Reactive oxygen species (ROS)
scavenging activities (OSCs) of some Quercus glauca leaf extracts on ROS generated in Fe¥ -EDTA/Hz0; system
were investigated using the luminol-dependent chemiluminescence assay. The order of ROS scavenging activity was
50 % ethanol extract (OSCso, 4.2 ug/mL) < deglycosylated flavonoid aglycone fraction (158 ug/mL) < ethyl acetate
fraction (0.66 ug/mL). Ethyl acetate fraction showed the most prominent scavenging activity. The protective
effects of extract / fractions of Quercus glauca leaf on the rose-bengal sensitized photohemolysis of human
erythrocytes were investigated. The Quercus glauca leaf extracts suppressed photohemolysis in a dose dependent
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manner, particularly deglycosylated flavonoid aglycone fraction exhibited the most prominent celluar protective effect
{ Ts0. 39867 min at 50 pg/mL). Aglycone fractions obtained from the deglycosylation reaction of ethyl acetate
fraction among the Quercus glauca leaf extracts, showed 2 bands in TLC and 2 peaks in HPLC experiments (360
nm) as well. Two components were identified as quercetin (5577 %), and kaempferol (4423 %). TLC
chromatogram of ethyl acetate fraction of Quercus glauca leaf extracts revealed 6 bands (QGl ~ QG6), Among
them, isoquercitrin (QG3), hyperin (QG4), and rutin (QG6) were identified. The inhibitory effect of aglycone
fraction on tyrosinase(ICso, 73.5 ug/mL) and elastase (ICsy, 162 ug/ml) was high, These results indicate that
extract / fractions of Quercus glauca can function as antioxidants in biological systems, particularly skin exposed
to UV radiation by scavenging 'O; and other ROS, and protect cellular membranes against ROS. And component
analysis of Quercus glauca leaf extract and inhibitory activity on tyeisinase and elastase of the aglycone fraction

could be applicable to new functional cosmetics.
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UV-VIS spectrophotometer Varian (Australia) A+
Cary 50, 88+ F&8of A2 3471+ Milton Roy
Co. (USA) A|¥&, #1371 Berthold (Germany) Ak
9} 6-channel LB9505 LTE, pH meterv Istek (Korea)
Ab AEE ARSI

(+)- a-Tocopheral (1,000 IU vitamin E/g), L-ascor-
bic acid, EDTA, luminol, heparin, 524 % AMH-2 rose-
bengal, free radical A& AFE3 11-diphenyl-
2-picrylhydrazyl (DPPH) radical Sigma Chemical Co.
(USA) oA 7+9late] ARg3Elet. 718l FeCls - 6H,0%7
Junsei Chemical Co. (Japan) Al¥=, HeO2= Dae Jung
Chemical & Metals (Korea)Ab Al%-& AH&-3h3ich

-GN A| el AH-E NapHPO; - 12H,0, NaHzPO; -
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pL 2 5 mM FeCls * 6H0 10 L& 74t 2 35 mM lu-
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AT detd 35 mLE dtolH A A8 #(No, 9820)
o ¥ T AEEAE WY FEES FRER
Z}2k 50 ,uL‘” A7kt GaelA 30 min F<F pre-in-
cubation A7) ¥, FF 74 rose-bengal (12 uM) 05 mL
£ 7leta deREE( Whatman laboratory sealing film,
UK)2Z 175 7h& F 15 min B F2AE ki,

hatslAEera] A, Al 34d Al 3 Z, 2008
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Table 1. HPLC Conditions for Separation of Ethyl Acetate and
Deglycosylated Fraction from Quercus glauca Leaf Extract

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

2 % acetic acid @ 0.5 % acetic acid

Mobile in H:0 in 50 % acetonitrile solution
phase (50 : 50 ~ 0 : 100, Gradient)

for aglycone fraction (deglycosylated)

FEdol st FRA: UHE A Hd 50 cm x
20 cm x 25 cm 2719] 37k Qbell 20 W FHESE FA
a3, PG O2HE 5 em Al AT 34‘5)"’”01 k4
71 j].o]aﬂ/\'}\]fshr,}g 6’-‘]%5]4. _\T;lsﬂo] Q:E Hﬂ%jz:s_}-
F 15 min ¢ F2AL S Th A B F ks
(post-incubation) A7l W& A9 SAYEE 15
min 7422 700 nmelA $3 % (transmittance, %)%
HE Tkl o] A AT e FHE
7 A48T 8454 vlEdtt 2E H¥EL 20
T Gdo)A 3ol F7MAUT o 25 38
Yol u]x)= &I post-incubation A1 §EPEE
" o= ERE AYT e 50 %7 £HHAE A
T2 T8k Blmakith

) ZT (control) 2 75°] 31 min®E 2APHE £ 1
min OIHE2 BE 792 Agox Ado] FwatA 1t
Ebtth Rose-bengals d7Fsha FFALE o F& AS
2} rose-bengals A7FHA] &1 F2AME g AeE
5 S 120 min7HFAE §380] AL dojubA] ot
o} BE AL 43] HbEste] HA G

25 TLC ¥ HPLCE 0|28t Z7IALUR o FEE2
BIE0|E 24

FNANUF A FEE 5 ethyl acetate T8 agly-
cone THL 100 % A&l =< ¥ syringe filter
(Millopore 0.45 um)E ©l-&3to] ojsti o] ojodg
TLC 2 HPLC #4& A% A% o]&st3ith

TLC BAolA ANEuiE ethyl acetate T8 %
ethyl acetate : acetic acid : formic acid : water = 100
D11 ¢ 11 ¢ 10 (v/v) & aglycone 382 n-hexane :
ethyl acetate @ acetic acid = 21 : 14 : 5 (v/v) & AH%
vl AR gl ojn] Ry P3EA 25 Tk
o= BEEAY Repk® AN, FeRE0)T 2y

0+
MK

fijo



FGT o #5229 s 24,

o] g% Fad W MY Fox gyl

HPLC 42 2 % acetic acid T893 05 % acetic
acid® ¥H-3 50 % acetonitrile T-E&4-2 71€7] §24
o2 F83tx, ol HPLC £3&4d2 Table 10
BRI}, 8 AlZH aglycone 3 100 % A&l
0] 31, syringe filter (Millopore 0.45 ym)E 3zhgh &
HPLC &4l AR&-sF3itt

2.6. Tyrosinase MsiEy A

A [-tyrosines 718 E 8k tyrosinase”t 34
a4R ZHgste] YA 7] Wil tyrosinased A4S
AFehe w8 ST AEHHLS potassium
phophate buffer (pH 6.8) 0.1 Ml L-tyrosine (0.3
mg/mL) & &3HAIZ] &4 185 mLoll F5F 005 mLe}
tyrosinase (1,250 units/mL) 0.1 mLE 7}8k & 37 Cof
A1 10 min &8 F WEAIT 10 min F WHEEEE
€ 42 F2of Yol wheE FAAIL, 475 nmelA &
FLE SA3T Tyrosinase A8 A2 tyrosinase
o] AL 50 % HAaA7ledH BRd AEY FE

(inhibition concentration, ICs, yg/mL)E %7133t}

2.7. Elastase XMol&d &F

2R}, 53] FEAP = Sk o Ag-a)
matrix metalloproteinases (MMPs: collagenase, elas-
tase o)l 23 AEZe WEZA Sy } FHloR
FEL A Wb MMPse AsEAd 54 95
=3k A FHrtel tiws] a3ttt

Tris-Cl (pH 8.0) 0.12 M¢ll elastase 718! N-succin-
yl-( Ala)s-p-nitroanilide 1.0 mM©] &3 € buffer 1392.5
pLell SRA &N 75 yLE A7k 25 TelA 10 min
9 pre-incubation 3 H ©17]°l elastase £HE 100
uL A7HHAFTEE 0.0025 U/mL) 3k 25 T 87004
10 min & g F 410 nmelX FHEE 53
skt thE& (control) = AETA AR A0 2 ARG
d &ulE 75 uL F7BIAY. Blank® N-succinyl-
(Ala)s-p-nitroanilide”} €818 g8 il 012 M
Tris-Cl buffer 13925 uLE #7181 oH, s AY
T3 s

28, BHXz|
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Figure 1. Free radical scavenging activity of Quercus glauca
leaf extract (ethyl acetate fraction).
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154 E4& AAE H ethyl acetate £8-& FE3}0]
- BFAAIL FEEC] o+ 177 %o, ethyl
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o}, olmf FAFIHE ZEohs G THe ¢
free radical®l DPPH®}S] HES-& F3lo] do} & &
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Table 2. Free Radical Scavenging Activities of Extracts

from Quercus glauca Leaf and References

Scavenging activity

Compounds (FSCso, g/mL)
Quercus glauca extract N
(50 % EtOH) 1245 + 0.30
Quercus glauca extract +
(ethyl acetate fraction) 1047 = 047
Deglycosylated extract from Quercus 857 + 010
glauca (ethyl acetate fraction)
L-Ascorbic acid
(with 50 % EtOH solution) 379 £ 083
(+)- @ -Tocopherol 898 + 293

{(with 100 % EtOH)

2 00E+08

z
S 1.60E+08
2
8
E
3 1.20E+08 \ﬁ_\‘_
e
g 7
S 8.00E+07
g —— :
2 4
€ 4.00E+07
3 —— 5
£
© 5

0.00E +00

0 5 10 15 20 25

Incubation time (min)

Figure 2. Reactive oxygen species scavenging activity of
Quercus glauca leaf ethyl acetate fraction in Fe™-EDTA/
H2O; system by luminol-dependent chemiluminescence assay.
[FeClz - 6H,0] = 25 uM, [EDTA] = 50 uM, [Ho0;] =
1.4 mM, concentrations of deglycosylated
extract from Quercus glauca leaf ethyl acetate fraction: 1:
control, 2: 01 pg/mL, 3: 05 ug/mL, 4: 1 pg/mL, 5: 2
ug/mL, 6: blank.

mM, [luminol] =

FZ29 49 FSCx7} 1245 pg/mL, ethyl acetate 3
1047 pg/mL, aglycone w32 857 ug/mL& ]’}'E]')\/\E]'.
Aglycone 89 free radical 2AHL v EHR
AHEeE A8 AIERAIRD (+)- @ -tocopherol (FSCe,
898 ug/mL) T A AoE YElgth I 9o viw
A2 A3E £84 9] L-ascorbic acide free rad1cal
2L 379 pg/mLol AU

3.2.2. Luminol LS 0|28t Fe* -EDTA/H0, AHloll U
oA bt A SW(EW&RP )
Luminol== ROSel &3l Atgls]o] 5& AHH Q) ofr]
Teito] § 3 w3420 ~ 450 nm) < ks Ao
#4 o Luminol 23S 01838 Fe’ -EDTA/H0,

tgtabEelalx] Al 34d Al 3 T, 2008

60

40

20

ROS scavenging activity (%)

0 0.5 1 1.5 2
Concentration (ug/mL)
Figure 3. Reactive oxygen species scavenging activity of
Ruercus glauca leaf ethyl acetate fraction.

Table 3. Reactive Oxygen Species Scavenging Activities of
Extracts from Quercus glauca Leaf and Reference

Scavenging activity

Compounds
(OSCso, ug/mL.)
Quercus glauca extract 42 £ 020
(50 % EtOH)
Quercus glauca extract 0.66 + 0.01

(ethyl acetate fraction)

Deglycosylated fraction of Quercus 158 £ 038
glauca extract (ethyl acetate fraction)
L-Ascorbic acid
(with 50 % EtOH solution)

1.50 + 0.85

AelX A48 ROS &4 4L 001, 01, 1, 10 2 100
pg/mLollM w5 SERoR SEiRE TAARE
Figure 2, Figure 3, Table 3914 & 4 Stk

B0k 2AGA (TS, 0SCo) & T7HAIVHF
50 % olEHE FEE0] 420 ug/mL. ethyl acetate 3%
0.61 ug/mL, aglycon 52 &°| 158 ug/mLE e
o] ZHE 50 % ANEHE FZFEHT} ethyl acetate T2 5
g aglycond At AAGA 0] & & &+ Yot
ethyl acetate F2 &9 BG40 £2AGALE HlwER
% A8 L-ascorbic acid (1.50 ,ug/mL)l"LE} =2 84
S Bl A44 A (+)- @ -tocopheral> ©]
ARl §uE ARREHE ?%—’F—Oﬂ L3l = %71 wiEol
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Table 4. Effects of Extracts from Quercus glauca Leaf and Reference on the Rose-bengal Sensitized Photohemolysis of Human

Erythrocytes
75 (half time of hemolysis’: min)
Concentration (ug/mL) 1 10 25 50

Quercus glauca extract 32.53 71.01 146.63 195.22
(50 % EtOH) + 1.36 + 161 + 1.20 + 382
Quercus glauca extract 4413 71.88 14521 184,27
(ethyl acetate fraction) + 0.52 + 164 034 + 3.36
Deglycosylated extract from Quercus 40.60 98.17 201.40 398.67
glauca (ethyl acetate fraction) + 283 + 2.66 + 299 + 69
38.00 7433

(+)- @ -Tocopherol 180 + 635

"Contral, 75 = 31 = 1.0 min

% Hemolysis

0 50 100 150 200 250 300 350

Post-incubation time (min)

Figure 4. Effects of deglycosylated extract from Quercus
glauca leaf ethyl acetate fraction on the rose-bengal sensi-
tized photohemolysis of human erythrocytes. Irradiation time
: 15 min, pre-incubation time: 30 min, [rose-bengal] = 15
uM, concentrations of deglycosylated exfract from Quercus
glauca leaf ethyl acetate fraction: @-4: conirol, A-A: ]
pg/mL, W-B: 10 pg/mL, *-X: 25 ug/mL, @-@: 50
ug/mL,

At A27Y 50 % A= e A rg) -
AZEZEH] 245 ry0] A vepdoh T/
250 % e FEEY AXTRI & 1, 10, 25,
50 pug/mLe FEA A9 T EA(rgol 2
32.53, 71.01, 146,63, 195.22 min) 22 AX & A4
stk $19 difelA HEo] 50 9 e FEEL2 5)
pg/mLel FEAA M 2 AER T G719522 min)
£ B3t 3HH ethyl acetate 82 A$+= AXH
T a&W} 50 % AeE FEFEY vRsHA e
Aglycone ¥89] AEXRZF F¥= 1, 10, 25, 50 ug/mL
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287¢=1
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Figure 5. TLC chromatogram of ethylacetate fraction from
Quercus glauca leaf and references. 1: rutin, 2: ethylacetate
fraction, 3: isoquercitrin, 4: hyperoside. Eluent system: eth-
ylacetate : acetic acid : formic acid @ water = 100 : 11
11 210 (v/v).

B

Qa1 D @@ {0.85

HE N ) 0.47

1 2 3

Figure 6. TLC chromatogram of deglycosylated extract from
Quercus glauca leaf (ethyl acetate fraction) and references.
1t quercetin, 2: deglycosylated fraction (ethyl acetate frac-
tion), 3: kaempferol, Eluent system: n-hexane : ethyl acetate
> acetic acid = 21 : 14 : 5 (v/v).

THET o] HPLC w40 A8 24 Figure 51
e 7 fEo] i ETpR 0| ERIVNE Yolr 1A} &
St Figure 5914 8% QG 28 QG 5 F AAS
< 53l kaempferol¥= A3 2™ QG 3, QG 4, QG
6+ quercetind2 #JeHch wekA, ok A Uv/
VIS § */\_ﬂ]Eah,]. _.a].y_bolc tﬂ-z\utg /] H%E]—Z—]
dolHEd IFEA S o]&ste] I3 23 QG 3¢
isoquercitrin, QG 4+= hyperin, QG 6% rutin® 2 I
t}, QG 2% N. Fontana $(1998)¢] ®.11%F kaempferol-

tistatgEetal A, Al ¢d Al 3 &, 2008
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Figure 7. HPLC chromatogram of deglycosylated Quercus
glauca leaf extract (ethyl acetate fraction). 1: quercetin, 2:
kaempferol.

3-0- B -glucopyranoside®, QG5+ kaempferol-3-O- 8
-rutinoside &% 75 331‘4[29]

Figure 62 F7FWFE € 258 F ethyl acetate ¥
oz RH Ao aglycone 8¢ TLC ARVETH
o]t} 9] aglycone w82 2718 W(QG 1 ~ QG 2)E &
YT, EFELS ]88l e A7 QG 12

ol.e ol/‘\o]

kaempferol, QG 2% quercetin U= ¢ AT,

'_

342 BIALUR ¥ FES2 HPLC M2 &4

Al F7IAHT- Yol Al dist RuE
oA 9O} ethyl acetate #H S FHE HoJA agly-
cone =¥ tjgt A& ofA o]Folx|=] ¢koirt ue}
A ©]Z HPLC AZVIEIHCE Figure 791 YEFA3L

CESEA S o] &steo] #I3 Figure 68 TLC AR

BtEIEH H. J. Yang 5(2007) ¢l <J8l Bae %=
A F& o83t Figure 79 2429 90| AE 4 3}o]
2 A7 peak 1< quercetin, peak 2 kaempferol 4
RIS, 27HA kR ol =9 Y= quercetin
(peak 1) 55.77 %, kaempferol (peak 2) 44.23 %= Ut}
5 TH(Table 5).

3.5. Tyrosinase X5l &
”"E}"‘ gl oA AN EAE tyrosinaseCltt ©]
At tyrosine S EH-E A2} Q% dAopid A 34
%, tyrosine®l* DOPA, DOPA®IA DOPAquinone,
2|7 DHIZHH eumelanin® 29} H&2 Fujjsh=t] #
3ttt webA] tyrosinased B IA FE-LS wL 3}
ZE 482X ZhFojol & &o] Hu it}
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Table 5. HPLC Quantitative Analysis Data of Deglycosylated Quercus glauca Leaf Fxtract (Aglycones of Ethyl Acetate Fraction)

No,. Ret. time (min) Peak name Area mAU (min) Rel. ratio (%) Amount (mM)
1 21.54 Quercetin 58.611 55.77 0.314
2 30.77 Kaempferol 34.490 4423 0.249
Total 93.101 100.00 0.563

Table 6. Inhibitory Activity of Deglycosylated Fraction, Ethyl
Acetate Fraction of Quercus glauca Leaf Extract (ethyl ace-
tate Fraction) on Tyrosinase

Table 7. Inhibitory Activity of Deglycosylated Fraction, Ethyl
Acetate Fraction of @Quercus glauca Leaf Extract and
References Compounds on Elastase

Inhibition
(ICso, pg/mL)

Compounds

Inhibition
(ICso, pug/mL)

Compounds

Deglycosylated Quercus glauca extract

obtained from ethyl acetate fraction 735 £ 60

Quercus glauca extragt 1230 *
(ethyl acetate fraction)

Arbutin

1051 + 33

100

[e~3
(e
~d

(=]
[

N
(e

Tyrosinase activity inhibition
(%)
S
o

0 50 100 150 200
Concentration (pg/mL)

Figure 8. Inhibitory activity of deglycosylated fraction ob-

tained from ethyl acetate fraction of Quercus glauca leaf ex-

tract on tyrosinase.

T 9 FEE F ethyl acetate 8 O ZH-E|
AL aglycone +8 2 ty rosinase #8184 (ICs0) ©1 73.5
ug/mL, ethyl acetate S 123.0 pg/mL=E aglycone
o] ethyl acetate Zoll Hl8] ¥ 2 A4S B
o E3 F7MIWE A 50 % dEE FEEAME ty-
rosinase A3 &40l AA JERIA ookt HlmEAR
ARESE 716 SRl RlWAE 2 LElA arbutin®
A8l B2 1051 ug/mLOIEZE FTAIUSE o 255
o Bol AAE aglycone T2 tyrosinase A3 EAo]
arbutin®ll W&} w-¢- & & £ SIStk Dol AAE F
28 B2 AP IFE £ol3 Ao u|Fo] & ) o]
gE] S8 A vHEaHI} Qlg Ao AR

o]

X
=]
€

mlru

Deglycosylated Quercus glauca extract 162 + 0.95
obtained from ethyl acetate fraction T

Quercus glauca extract

(ethy] acetate fraction) 2220 £ 354
Kaempferol 136 £ 24
Quercetin 6.1 09

FH(Table 6, Figure 8),

3.6. Elastase X5l &4

A9 W Bt Fo g8 FEHe wF A9
o] &A3F= matrix-metalloproteinases (MMPs) = 35
28} 53] 3 U e dA) sl MMPS% o]
Fi= FRAFOZ collagenase, gelatinase 2 elastase &
o] low u¥o eezth W FEAA N oA elas-
tase® %}"é e g Fasith

F7MAIUE o) 3258 F ethyl acetate 8 0 2 H-g
B aglycone +82 elastase ANE (ICs)©] 16.20
pg/mLE i & A4S VYERNSITH Table 7, Figure 9).

Bl EAR AMESE kaempferol ™ quercetin 22} 1Cy)
©] 136 ug/mL % 6.1 ug/mLOI3ITE ©1= Table 71

v 7V o FEE F ethyl acetate TE A F&
Xﬂ Ag Z2}R 0| T aglycone? quercetin Y kaemp-
ferololl 7191€l Zlo® ek

ojn] F7RAIUE A& 35-5o] = kaempferol ¥
quercetine AFE E31] A EFo)A hyaluronan synthase
mRNAE LHAAA FE £ O L hyaluronan (HA)
& T7HZIvHE Fol BaE wf QIvk30]. = o
WA 0 & HAE collagen ® elastin 53 Zo] =349} ¢
Hol 5 ko] A oY v As 9 F54
Az dAis A7 = 2 ‘:’E B3 Qo 31,32).
oA SR Ql 28-S gidos FEND g

o] U I3 7154 Hi’ﬂ 7¥FsAde] AleA ot
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Figure 9. Inhibitory activity of deglycosylated fraction ob-

tained from ethyl acetate fraction of Quercus glauca leaf ex-
tract on elastase,

27 A% AAHQ A7 Hesival e

4. 4 2
1) FHUF A &89 F589 4F 50 % o€
& FE2L 1226 %, ethyl acetate +39 A 177 %
Sb=d

2) TV A FE2EY free radical £1FY
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