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ok B Aol s o FEES aa, dAks 9 AR Aol @3k A4S FAsIgiTE 95 AdAlRrel i
It 2d 57243, Propionibacterium acnes (P. acnes), Staphylococcus aureus (S. aureus), Pityrosporum ovale (P,
ovale) X Escherichia coli (E. coli)®ll T3t ethyl acetate ¥3 2] MIC= 2+ 0.06 %, 0.25 %, 0.13 %, 050 %= EF:
O™, P acnes, P. ovale R S. aureuselX] & F4&7d-& HeRAUTE b & FFE9) free radical (1,1-diphenyl-2-
picrylhydrazyl, DPPH) 2723 (FSCs) < aglycone #8ollA 22.93 ug/mL o 2 YeF}T Luminol-2]&A 3}ahak4y
S 0] 43 Fe' -EDTA/H,O.AloIA A ¥ 82944 (reactive oxygen species, ROS) o]l djgh ZpE ¢l F&Fe] %
A5 (0SCso) 2 50 % ethanol extract ¥Eol4 0.70 ug/mL, ethyl acetate ¥2 9 aglycone #&o] z}z}
143 pug/mLO.ZE Wi & 4lehs-& R} Rose-bengalZ 57 AF A9 348 AFoM FE2E82 AELRSE
12 S5 s 9 28 FEES w5 & (5 ~ 50 ug/mL) S E MER S FIE YERQITE s
A FZE2| 7MRalE U2 ethyl acetate © 8-> TLC (PK-4, PK-6) ¢} HPLC (peak 1, peak 2) oA 2712] F9%2
2 Yeht o] AEES LC/ESI-MS/MSE F8l4] PK-6% kaempferol-3-O-glucoside (astragalin) &, PK-4i=
kaempferol-3-O-arabinoside (juglanin) 2 Il o]Ake] A& ZpF o FEE9] ROSE AFA7|AY &2A
groz 4, a2l ROSel thatato] Mxurs Hestommn AAA, 53] el Aol e I)F-olx itk 24
283k = Q52 ZHEIH, A AR A, 28 I8 ARl dist et g0 = e Aks) s W et
A FE 2AEAY S8 el e

¢
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Abstract: In this study, the antibacterial, antioxidative effect and component analysis of Pinus koraiensis leaf ex-
tracts were investigated. MIC values of the ethyl acetate fraction from P. koraiensis leaf extracts on P. acnes, S. aur-
eus, P. ovale, and E. coli were 0.06 %, 0.25 %, 0.13 % and 0.50 %, respectively. The results showed that the anti-
bacterial activity of the ethyl acetate fraction on P. acnes, P. ovale. and S. aureus was more prominent. The aglycone
fraction of P, koraiensis leaf extracts (22.93 yg/mL) showed more higher free radical (1.1-diphenyl-2-picrylhydrazyl,
DPPH) scavenging activity (FSCso). Reactive oxygen species (ROS) scavenging activity (OSCso) of P. koraiensis leaf
extracts on ROS generated in Fe**-EDTA/H;0; system was investigated using the luminol-dependent chem-
iluminescence assay. The 50 % ethanol extract (0.70 yg/mL) showed the most prominent ROS scavenging activity.
Also the ethyl acetate (1.04 ug/mL) and the aglycone fraction (1.43 ug/mL) showed very high antoxidant activity.
The protective effects of extract/fractions of P. koraiensis leaf extracts on the rose-bengal sensitized photohemolysis
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of human erythrocytes were investigated. The P. koraiensis leaf extracts showed cellular membrane protective effects
in a concentration dependent manner (5 ~ 50 ug/mL). TLC and HPLC chromatogram of the ethyl acetate fraction
obtained from hydrolysis of P. koraiensis leaf extracts revealed 2 main bands (PK-4, PK-6) and peaks (peak 1, peak
2), which were identified as kaempferol-3-O-glucoside (PK-6, peak 1) and kaempferol-3-O-arabinoside (PK-4, peak
2) by LC/ESI-MS/MS, respectively. These results indicate that extract/fractions of P. koraiensis can function as
antioxidants in biological systems, particularly skin exposed to UV radiation by scavenging ROS, and protect cellular
membrane against ROS. Extract/fractions of P. koraiensis can be applicable to new cosmeceuticals for antioxidant,

antiaging, and antibacterial activity.

Keywords: Pinus koraiensis leaf, antibacterial activity, antioxidative activity, LC/ESI-MS/MS, component analysis
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S HAAERAE ARE BEshy] §3 datsl It v
9 gl gt gk 7 A 24 A AT Bt

Al o] Foj =] 2 e 11-16].

A (Pinus koraiensis) = U F-3fo] &3l A=
wEo 7 g FHolgta e st &k 1,000 m ©)
2doflA e 0] 30 m, A8 1 m FE7HA A=k o
T2 7y 3)dao|a gk 27to] "ozt 1 g
& 7HA Zell 57 gEu, SHel= sk 7]aAo] 9l
o] gt =FAS wr 7PgatE] e & FU7t ok st

kel dFste] =), Al 367 Al 4 &, 2010

BoEBol MBOFZ= 5-hydroxy-7-methoxyflavone,

chrysin, pinocembrin, galangin, 3-hydroxy-5-methox-
ystilbene, pinosylvin 52| E2lo] /¥ Ao Z Ve
tH17]. ¥]= Forest FarmellA &k sh-o] A<
A Ao, s Qle] AJ#- O % 1= gallic acid, proto-
catechuic acid, vanillic acid, syringic acid, p-coumaric
acid, scopoletin, (+)-catechin 52 &2o] k¥ 7o
2 HuErH18,19]. ¥ AFelx= SElutetelA] 2t
Aoz s ZetR ot AR A vl
S ol FEE AR Zgol e Ao B
o] ot s ol FE=el| tiste] I]5- At
3t gt GAolu 10,02 e AlEEA] et &
Areld w5 Z-go|u ZHE ROS (HxOp 027, - OH %)
7} B E = AllA ] olE ROSel gk FaHAlshsel
et A= obF] Hof SlA edrh webA 2 ATelA =
SgE AREA AR 7Hs e S o FEES Ax
a0l o5 FEE(FS #3) 9] It A} 0,02 F
TH AEZEEA] oisk 158493 free radical A8,
Fe’'-EDTA/H,0, AlelA A48 SAakne] et 53
abebes SO R Aatsl, st W At st
w aAEAL] T ThsAdol A=AE AESSIH

o

ME 2 A

ndk

2.1. 7171 & Alek

UV-visible spectrophotometers= Varian (Australia)
] Cary 50, A&+ F-&Hel A3+ Spectronic 20D+
Milton Roy Co. (USA) A%, 318h37]% Berthold
(Germany) @] 6-channel 1LB9505 LTZ, pH metere
Istek (Korea) &5 AHEaIRl oM, EefH molE 4]
S 93 LC/ESI-MS/MS (Applied Biosystems, USA)
© Aetiet 58 AEta-s 7] 7ol +4 &l
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(4+)-a-Tocopherol (1,000 IU vitamin E/g), L-as-
corbic acid, Ethylenediaminetetraacetic acid (EDTA),
luminol, heparin, S7AZ AF8-¥ rose-bengal, free
radical A~A&/d A8 1,1-diphenyl-2-picrylhydra-
zyl (DPPH) radical Sigma Chemical Co. (USA)°lA
T3kl AREERGITE 71EF FeCls - 6H,0+
Chemical Co. (Japan) A=, H:Os= Dae Jung Chemi-
cal & Metals (Korea) A& AHE-3IATE $H5-8-HA)
Zof] A% Na,HPO;, - 12HgO NaH,POy - 2H,0, NaCl,
1231 trizma base, HCL, oll§h&(EtOH), #l&-&(MeOH),
ethyl acetate (EtOAc) & 7% Sule Al 55 A2k
= AMEEE Y 1A R /‘}%% N-succinyl-(Ala)s-p-ni-
troanilide, &4 % AF-¥ elastase (0.35 mg protein/mL,
7.8 units/mg protein) = Sigma Chemical Co. (USA) ]|
A Flsto] ALESESITE St o] =o] FA o ARE-Sh
thin layer chromatography (TLC)+ aluminum sheet
silica gel 60 Fasy (0.2 mm)E Merck (USA) A 143}
R, ZgrRxol: BlwEARE AR3SE  quercetin,
kaempferol<> Sigma (USA)AFAA Fsksich & A+
of| A ARE-3 ZMH-(P. koraiensis) 22 2010 427 |
AN 2l F5E ARl welA A

A AR 2 Sske] Argsa

Junsei

22 B Yo| Sapo|S 25 £&
Az R 9 108 B AL F 50 % AR

% ethyl acetate TQ—% 743} - w53to] g E Aok

Ethyl acetate #& O ZHE] aglycone #A|ZF: ethyl
acetate -3 01]’\1 AL I L= A 7R RS
S o] &3A FE AAANT F B aglycone IH-HE
28] o] /‘}%5}"35} g WPHE ethyl acetate 715 A
el H,SOq B! acetone €995 ¥Wal, 4 h 5 T2 7
gdsldA] 35 - WA ZIT) A7 A8 5 9% KOH-
MeOH &4 Oi 3t At 3 A4 3 thA] eth-
yl acetate T= W&t o]F S - FFH3ko] Aol
ARE-SFGITE 3714 FEje] s ol FE=(50 % oll®
£ %5 ethyl acetate 28 2 aglycone #38) & 2%
AEE ol & 7lsd FHO FEEE ol5Y
S S8 1 §& THse AESSIT 58
ethyl acetate +82 &4 Uehlle EgRwolE 5

i}

59 el Sk o) Eet
AzH A Figure 19} 2 W oR HER 55}
ey % ? 0 % ©FAlZ 500

AAIZL & o F33ith
oy kil v s S 4 M NaOH 200 mLZ Ah&

7hral - ol 9eelnt o] of g It
TEO}Oﬂ

AXro 7 Z3}A A I ethyl acetate® 3

o] FES %Y - FF8H] H9rE Ao Ao AME-SE
STH19]
2.3. AT Q! FEEO| & M =X

23.1. AI2TF

2 Ay AHgH TTE A=F2 AJA] Propio-
nibacterium acnes (P. acnes) ATCC6919%} Hl5w<l
Pityrosporum ovale (P. ovale) ATCC12078, &717 1
2 o #50 Staphylococcus aureus (S. aureus)
ATCC6538, Escherichia coli (E. coli) ATCC23736+ 3t
= v AE BEAE A 2o ol ALE-SHITH

2.32. HHX] 2 HHEZ=ZA

P. acnes®] 9% v*] = Reinforced clostridial (RC) Hl
A (Merck, Germany) & AFHEF8F 9™ P acness= 4 C
oA RystHA A3 72 h Heol Ao, A&
wjok i x|o]l HE3E F anaerobic jarellA Gaspack sys-
tem (Merck Anaerocult® Gaspack system, Germany)
S o] g3te] WEate] 37 TollA 72 h &< 714 vk
Fth 3714 #5591 S, aureus®t E. coli= Mueller-
Hinton Wl =] (Merck, Germany) & AHE-3F31 0w S A
F3 % 37 T incubatoro A 24 h vjFstd A A3
o} 3t B|E5Q) P ovale: Pityrosporum HiA] (Malt
extract agar: 6 %, ox-bile: 2 %, tween 40: 1 %, glyc-
erol mono-oleate: 0.25 %)E AHg-3tl o™ & HEst
% 30 CeollA 24 h FF woFato] ARG

2.3.3. EAAXM==(Minimum Inhibitory Concentration:
MIC)
HrAEE(MIC) & -ux] iy S o] &3}
o2 Zol S48tk =, 44 FEEES 2 mLA
-3t vl #] 20 mLE petri disholl 93311, A1+
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P. korajensisleaves 10 g

Chilled 80 % acetone 500 mL. at room temperature for 20 minutes
mixing. filtration

l 4 M NaOH 200 mL

Neurtalization titration

Separation

‘ Ethvlacetate fraction ‘ ‘ Aqueous fraction

Flavonolglycosides

Figure 1. Scheme for preparation of fractions from P.
koraiensis leaf extract.

H3k vj#] 9ol 0.1 mL HE3FA . P acnesi= 37 Cell
A1 72 h %o, S. aureus®} E. colii= 37 T4 24 h FoI,
P. ovalex=30 CeollA] 48 h %ol Setoz 7351l u,
Z1zte] gtEo] FAEA s $EE MICE A7sleh

2.4.1. DPPHHE 0|28t Free Radical 274 &4
Free radical> %3}, 53] dF 319 ¢l 47 7+
FHI ok T A FEEof st free radical &A
%/H zxﬂ_o_ DPPHE o]%g].g}\u]. /éﬁh:ﬂ—]ﬁ uﬂE]—Q_oﬂ
23A1Z1 0.2 mM DPPH €9 1 mLel °l&t& 1 mLE
H7bstal oe] w59 FE2E 1 mLs H7hste] 412 o
S 2204 10 min F<F WX F spectrophotometer &
517 nmellX FFEE stk 2 @49 A7+ A
55 94 &2 F$-E dE2T (control) O S}l Al HE
B e A (experiment) © 2 8o th Ao 2]l
DPPH/] 49 AsfE&S eEbdlth &4 €44 DPPH
o] 557} 50 % 7AE=d D3 A B9 H5E(free radi-
cal scavenging activity, FSCso, ug/mL)ZA] E7]3}53 )

[ (AEXperiment - ABlank)

Inhibition (%) = {1 - 1} x 100

AControl

2.4.2. Luminol L& e 0|23t Fe’ -EDTA/H0; Alofl 24

oM SN A SH(EEEHS)

Holup ] 22> dola&E whgAo] 7 & hy-
droxyl radical ( - OH)& A7) FHull= 2H-g-sirt
2 AFoM A3 Fe''-EDTA/H0.A1E 2% ROS
(02", - OH, 183l H:00) & /3 AIZITE whebA] o] Al

kel dFste] =), Al 367 Al 4 &, 2010

lummoll% ROS A}o] 9] HP#
Fomm & F Utk

spehibg S48 FHo SFF L8 mLE Wil v
& TR FE== ¥tk 947l 25 mM EDTA 40
uL %5 mM FeCl; - 6H.0 10 uLE 7}t § 35 mM lu-
minol 80 uLE P 5] 4l T3t} o]ojA shshd
3719 cell holderdll FEE €3 5 min &< 24171
150 mM HoO, 40 uL 5 ol sFshdhad-s- 25 min 5%
=73t th 2 (control) & Al 549 tjilel] SHS
£ 93, A8 (blank) & AlE877 22710] U3t HO,
9} FeCls - 6H:05 H7FeHA] 98 A o= &gt shehdt
7] 6-channel LB9505 LT2] 7} Ad2 A3 el 1A
sto] AHExhe] zpol7t AL U= Spqlnt. shehide
2 S5 A gs o A% 7EL°] yEbSlaL, 44k
2 2ABA ) A7) g A717F 50 % A
=4 L3 A5 5% (reactive oxygen species scav-
enging activity, OSCso, ug/mL) 24 %7133t

o (Control®] cpm - Sample®] cpm)
Inhibition (%) = x 100
(Control®] cpm - Blank®] cpm)

2.5. Photohemolysisgi & 0|28t MZES 1 =H

Atdr AdE e %*“Picﬂ

o] AYE GAdakiel ot AxEd 2l

o] Wt o] AAWE o] &-stod idOS_%—‘L o= &
o)

=
Aataee] it NERS G35 SAE 5 Uk

32
o
X
ke
b
M
>
=

251 Mg SiEH X

A= 707 ARl YURFE Al A SA
heparin®| #7}% de & 3000 rpml.E 5
min & A48t AE el S st e
3 A€ 09 % saline phosphate buffer (pH 7.4,
Na HPOy - 12H,0 9.6 mM, NaH,POy - 2H:0 1.6 mM)
Z A"t g ska ] Mg 2 A A
o} 33] ¥HEste] A%, Fest 484+ 4 T Wi
of WA AMEEIR T, BE AL Ad 12 h 9]
el ggatqich F-8d % f%% olm] gl W) wet
Fastelth Adel AHgE A5 A2 700 nmell
21 0.D.7F 0601910 olm] AT 42= 1.5 x 107 cells/
mLo] 3t

l
2
c
. =
i
lo
o



252 AT o FE29| 2 AN =4t
AT dee 35 mLE do]g A AlF¥H(No, 9
of 92 & A& E HAUtslit FEES TEEE
Z¥2Y 50 2 7Kk Tk Aol A 30 min 5<F pre-in-
cubationA| 71 3, #5714 rose-bengal (12 yM) 0.5 mL
£ 7}sta s E( hatman laboratory sealing film,
UK)o.Z §J75 92 & 15 min &< FZ2AFSISIT
Fgdo dast FxAbe UF-E AA A 50 em x
20 cm x 25 cm 37128 AR} ot 20 W @35S A
3}1 FFTOZHE 5 cm Aol AET- dgdo] &
71 spo]aEl A AlS S 3G =at Pajo) = =R
% 15 min &<t FxALSII T F2APE 2 $ ¢
(post-incubation) A7t W& A2 Y&
min 7+ 2.2 700 nmollA] ¥4 % (transmittance, %)i
SE el o] el AdEA dEde] FPE
S7he AT §¥A Tl nlEdth e AP 20
T ?ST-_Q_/J 01]/\1 3N o]—oﬂq— 7(]—14— :L _ir_
"] %)= F 3= post-incubation A17F
H g zzRE A7 50 7 £8H= A
= 78to] Blaskelct
o2 (control) 2 75°] 31 min© 2 XA 2] + 1 min
ol Z B= A-5-2] AdelA Aol FsskA vkt
t}. Rose-bengals F7}8tal FxAME ¢F 92 %9
rose-bengalS H7}eHA] 1 FFAMG P& HA=
S 120 min7HA = &80l A9 dojubA] 9%k
AL 43] WHgsto] skt Al 3-8

5 Fake ol o] UEgn.

rE
5 o r

1m

)
re
.
g

et S o

1
[T

e

) ) Sample Tso
Relative protective effects =———
Control Tso

26. T o FESEFH E2fEL0|=0 S R

2.6.1. TLC & HPLCE o|&st &

0| B4

SR olE A4S 98k sy o FEE ethyl
acetate #3832 100 % ollgr&ol %<9 5 syringe filter
(Millipore 0.45 pym)& ©]83}0] oz}slal o] ofHS
TLC % HPLC #4& 918 A2 o] &3t3lrh TLC &
2o A ethyl acetate w2 2] 7781+ ethyl acetate :
formic acid : chloroform : water = 8 : 1 : 1 : 1& A}
2319011, aglycone w22 7|41 hexane : ethyl
acetate © acetic acid = 21 : 14: 55 A3l cE A&

_(')E
o
T
o
Ho
B
2]
1o
10
i
il
H

1 aakst B4 R

=
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Table 1. HPLC Conditions for Separation of Ethyl Acetate
Fraction Obtained from P. koraiensis Leaf Extract

VP-ODS C18 (L: 250 nm, LD: 4.6 mm)
UVD 170 s DIONEX

Column

Detector

1.0 mL/min

2 % acetic acid : 0.5 % acetic acid in 50 %
in HO acetonitrile solution

Mobile (90 : 10 ~ 0 : 100, Gradient)
phase for ethyl acetate fraction

(50 : 50 ~ 0 : 100, Gradient)
for aglycone fraction (deglycosylated)

Flow rate

510l

N

fo
©

FAEES] ReAI 9} A4S o] &3 w2l E o
o=y
HPLC 42 A, 2 % acetic acid #2243} B, 05 %
acetic acidE &3t 50 % acetonitrile &N 7]27]
S oz B8, o] w, HPLC #2242 Table
1ol YeRgISIT) 53] A5 ol FE5E9] ethyl acetate
2o A 71&7] FelH2 0 ~ 50 minZH4 90 % A
oA 45 % A: 50 ~ 60 min7HA 45 % A°lA 0 % A
60 ~ 65 min7HA 0 % A°llA 90 % AE AH&-FITH19].
Lok sy 9 FEEL AR A4S $1 sl TLCRE ¥
g8 47t 2 F& F 50 % gkl F&, o33t
a5t 3eHE Aok o] HH Aozl =9
Z AFE= 100 % olgkEel 591 & syringe filter (Milli-
pore 045 um)& ©o]&3ato] of¥}atal 1 of & HPLC
Aol ARg-sFoiT

oft ot

KU rlo

R
o

;O

Mo

2.1. SAAE
RE 238 33 uEsu EA4EA

5 5 % 2
oA Student’s t-testZ 33t

Mo

3. dxt A 1nHE

2 QA(P. koraiensis Leaf) FEE2| T5&8

ZHHE Q100 g& ZA ZeE 50 % olleHE 3
L R A & o3 - FFgste] U E
Aot} olu] FEEL 1545 %°)th Ethyl acetate #

8250 % AFEZ F=E3 25 12 n-hexane 0.2 H]
24 B2 A A T ethyl acetate 32 FE3}]
et - %%"3]'913 T5E°] °F 062 %], ethyl
acetate w385 Ab 7| A AA @S A7 S aglycone
o] 552 019 %St} Ethyl acetate 32 ZgtH -

J. Soc. Cosmet. Scientists Korea, Vol. 36, No. 4, 2010
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Table 2. Minimum Inhibitory Concentration (MIC, w/v%) of Ethyl Acetate Fraction from

Against Various Bacteria

ol - 7w

- 7lo}

it

e

P. koraiensis Leaf Extracts

P. koraiensis leaf extract

P. koraiensis leaf extract

Strains (50 % EtOH) (EtOAc fraction) Methyl paraben
E. coli - 0.50 0.13
P. ovale 0.50 0.13 0.13
P. acnes 0.13 0.06 0.25
S. aureus 0.06 0.25 0.25

ol mFAlE @ol g3kl 9lom, aglycone =30
= ZTH wol= v 2 o] F0]F ethyl acetate F3
oA o] AAAZ Z O 7 aglycone©] FHECE A
sttt ol Zb o FEES] F5E2 ol FEES
s AAE o] gstrlel A Hghe HolErh & AT
M= 50 % olehE: &5

S ARl AFEEA ‘:]'

. ethyl acetate ¥32, aglycone

32. HUHF 2 FESO| &7 =3
Hl51tQ1 P, ovaled] thgt sy o) #38E 5 50 %
o2 FZE2 MICE 050 %, ethyl acetate ¥&2
0.13 %= YEFth Ethyl acetate ¥38 34-E o] 4 Ho
F-A| 2 AFE-3aL Q)= methyl paraben (MP, MIC: 0.1
%) ¥} vluskls o vlsest red & ERGITE 01
E597?1 P acnesel tsh AU 9l BEE Z 50 % o
S =532 MICE 013 %, ethyl acetate &322 0.06
%= JERTE 0] MP (MIC: 0.25 %) 9+ ¥]wate] =
oAEFatel s & Aol e T8 HolFal Q)
om b ol FE8E0] oJ=Fof fradh aA 9 s
Nikell 87Fs7d0] 5= AlAFSTH(Table 2). ©
wAH 54 Alte] 7lsolu AdEs kst
AANZN A A2 & APEA717] 918 B4 0] &
ojglel =, sHFFEelME AFEL WAt 24S
271 Q8 ket R WAV dtAl7E ARSE AL
tt AmrA o7 Ao AEHS
4 A7 712 S8eke] sl 85 aL 9l

F

Ho
Mt
oot
o

T 0%

5T
h=)
j
A=Y
R

=

=]
04
Sa
Al

FAG Al e A A0 E A )49} F3to] vE
SoHA HERE QA FYol JEFS A 4 7hest st
HrgS AFEste] U9 a9E 98 F oe BEE
A8 ARgshE o] FQsttt ol oA Avnd
=AY tjxro® AR 5714 #5121 E. colist S
aureus®l] g b 9lo] dtd] 54 AR E. coli
of tieix= nlaEdel vlste] v S vEhdgl

o} 28y S awreusel] Wigh A o B8 E F ethyl

kel dFste] =), Al 367 Al 4 &, 2010

acetate #%2] MIC* 0.25 %= MP (MIC: 0.25 %) S}
Hlwate] FAst F+rEdS YeERNQ L, 50 % cllehe
FEE9 A9 MIC7F 0.06 %= MP (MIC: 0.25 %)%
Hlwste] & FHEYS dehia s & & otk &

A AREE AL Qs WAL SFAl7E HE o2 020 ~

040 % =2 v% W oA AHgsta Q= 23S 7

Qb b 9 3 2

HlEA| S A 2 A

L

M
GRS ot

3] 71th e,

M
it
rlo
r_>‘4_1‘
e d

ofjr i
S

X f
bt

{e]

12
i

—

1

LA
o

]

3.3 ZtF &

E=9| gitst

33.1. DPPHEE 0|3¢t Free Radical A7{&Hd

A ek glo] Edakh B A epr)de] g |

Al A - akel 92 AEaksl B3-S s At
20|t} (+)-a-Tocopherol 52| dAtalA|= AxuES
oA A A sabstetr]Ze) a FE Ag-ake] Ayt
o TAANFOEN xS BEst) o]l 7o) A
whof| ] FAFANE ZEsts FASHA Q] 52 o
3+ free radical?l DPPH$}S] wWHE-S E3&lo] ol 4=
At

A

1-H o

(

oo
F3

¢

S)(P. koraiensis leaf) F&=, 181 H|aE
- @ -tocopherol 2] free radical 27 &4 (FSCso)
= Figure 29} 2t} s o 355250 %
£l 739 FSCs°] 46.7 ug/mL, ethyl ace-
32 23.02 ug/mL, aglycone %32 22.93 ug/mL
= uyeldt} Ethyl acetate @ aglycone #39] free
radical A G0l MaEEre] ZFe st 284 AtshAl =
&7 (+)- @ -tocopherol (FSCso, 8.98 ug/mL) R Uth=
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Figure 2. Free radical scavenging activities of extract/frac-
tions of P. koraiensis leaf extracts and (+)- @ -tocopherol.
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Figure 3. Reactive oxygen species scavenging activities of
P. koraiensis leaf extracts and L-ascorbic acid in Fe* -EDTA/
HO, system by luminol-dependent chemiluminescence assay.
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Figure 4. The effects of extract/fractions obtained from
P. koraiensis leaf extracts and (+)- @ -tocopherol at 10 ug/mL
on the rose-bengal sensitized photohemolysis of human eryth-
rocytes. Relative protective effect = sample Tso/control Tso.

Table 3. Effects of Extracts from P. koraiensis Leaf and
Reference Compound on the Rose-bengal Sensitized Photo-
hemolysis of Human Erythrocytes

5 (Half time of hemolysis")

Concentration, ug/mL 5 10 25 50

P. koraiensis leaf extract  44.70 7245 156.27 461.70
(50 % EtOH) + 0.85 £ 0.35 £ 1.80 £ 13.50

P. koralensis leaf extract 62.35 92.10 178.20 204.85
(EtOAc fraction) £ 075 £ 050 £ 220 + 255

Deglycosylated fraction from
P. koraiensis leaf extract

84.02 140.65 275.25 329.60

+ 344 + 475 £ 975 £ 6.10
(Aglycone fraction)
38.00 74.33
+ - - - -
(+)- a -Tocopherol + 180 + 635
1) Control, 750 = 31 + 1.0 min
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Figure 5. TLC chromatogram of ethyl acetate fraction
from hydrolysis of P. koraiensis leaf extracts. Eluent sys-
tem: ethyl acetate : chloroform
8:1:1:1 (w/v) D:

: formic acid : water =
ethyl acetate fraction.
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Figure 6. TLC chromatogram of aglycone fraction from
hydrolysis of P. koraiensis leaf extracts. Eluent system:
hexane : ethyl acetate : acetic acid = 21 : 14 : 5 (v/v)
D: kaempferol, @: aglycone fraction, @: qeurcetin.
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Figure 7. HPLC chromatogram of ethyl acetate fraction
from hydrolysis of P. koraiensis leaf extracts at A = 360
nm. 1: PK-6, 2: PK-4 (Figure 5).
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Figure 8. HPLC chromatogram of aglycone fraction from
hydrolysis of P. koraiensis leaf extracts at A = 360 nm.
1 : quercetin, 2: kaempferol.

Table 4. LC/ESI-MS/MS Characteristics of Ethyl
Acetate Fraction from hydrolysis of P. koraiensis Leaf
Extract in Negative Ion Mode

HPLC TLC MW [M-H]” LC/ESI-MS/MS
peak band m/z m/z

1 PK-6 448 447 447, 327, 284, 255

2 PK-4 418 417 417, 327, 284, 255
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Figure 9. Mass spectra of HPLC peak 1 (PK-6) in neg-
ative mode (LC-MS): (A) full MS spectra: (B) MS/MS
from precursor ion m/z 447.

35.3.1. HPLC Peak 1 (PK-6)2] 73 A%

Kaempferol-3-O-glucoside (astragalin) - TLC %
HPLCE ©]&-¢k 314 2]ell, HPLC peak 1 (PK-6)<]
% A4S 913 LC/ESI-MS/MSE o] &3+ #4 Ay}
(Table 4, Figure 9), negative ion | A E2} o]
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AR Q1% o] & I|o|A(m/z 447 — m/z 284) 7} UERS:
o}, 53k 22} o] 24 -CH,O- (neutral loss) 2] A2l
oJ3f vebhE 5441 27t o]0 m/z 255 0] 1]0]
A7} A AT m/z 327 ione hexose?] X cleavage
o &%k A3} (Figure 10) 2 RoX o]= F. Cuyckens

|y
an—
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Figure 10. Structure and fragmentation pathways of
HPLC peak 1 (PK-6) by negative ion mode LC/ESI-
MS/MS.
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Figure 11. Mass spectra of HPLC peak 2 (PK-4) in neg-
ative mode (LC-MS) : (A) full MS spectra: (B) MS/MS
from precursor ion m/z 417.
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Figure 12. Structure and fragmentation pathways of HPLC
peak 2 (PK-4) by negative ion mode LC/ESI-MS/MS.
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