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Abstract

In this study, we Investigated anti—oxidative, anti—-inflammatory and
whitening constituents from leaves of Hydrangea petiolaris and Elaecagnus
macrophylla. The chemical structures of the isolated compounds were
elucidated based on the spectroscopic data including NMR spectra, as
well as comparison of the data to the literature values.

Twelve constituents were isolated from the extract of Hydrangea
petiolaris leaves; epi-catechin (1), hyperin (2), quercitrin (3), afzelin (4),
1-O-p-coumaroyl-B-D-glucopyranoside (5), asiatic acid (6), corosolic
acid (7), ethyl linoleate (8), ethyl linolenate (9), phytol (10), 1-linoleoyl
glycerol (11) and 1-linolenoyl glycerol (12). On the anti-oxidative tests,
the extract, EtOAc and n-BuOH fractions and compounds 1-4 showed
potent free radical scavenging activities. Also, for the cellular protective
effects on HaCaT keratinocytes damaged by H:0s, the n-Hex, EtOAc
fractions and compound 1, 3 indicated protective effects against oxidative
stress. In the anti—inflammatory tests using RAW 264.7 cells, the n-Hex
and EtOAc fractions inhibited the production of NO without causing cell
toxicity. In addition, the n-Hex and EtOAc fractions reduced expression
of iINOS protein and production of pro-inflammatory cytokines (TNF-a,
IL-6, IL-1B). For the anti-melanogenesis tests using B16F10 melanoma
cells, the n—Hex fraction exhibited potent inhibitory activities of melanin
formation without causing cell toxicity.

Five phytochemicals were isolated from the extract of FElaeagnus
macrophylla leaves; methyl linolenate (1), a-tocopherol (2), B-sitosterol
(8), a—amyrin (4), B-amyrin (5). In the anti-melanogenesis tests using
B16F10 melanoma cells, the n-Hex fraction showed anti-melanogenesis
activity without causing cell toxicity.

Based on these results, it was suggested that the extracts and isolated

- xii -



compounds from Hydrangea petiolaris and FElaeagnus macrophylla leaves
could be potentially applicable as natural source for pharmaceutical and/or

cosmetic ingredients.
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AE Z7] g A57F @dbs] Jgea 9

rr

ol

2 AFAM = AFolA e s (Hydrangea petiolaris) 2 H2|%t

T (Elaecagnus macrophylla) F=w3 8= vt Ay 45 glsta

N
FE AR BEAS T 154 HF AGF D APF B A9 24
el ol g 7bede Pobmad ssieh



I. As 2 4y

1. AleF & 7]7]

B oATelN ARe F% §v ¥ 2 @

4

=
Merck, OCI %  WAst=FY AFS  AFESE¥Y. Vacuum  liquid
chromatography (VLC)el+ silica gel (0.002-0.025 mm, Sigma Co.)S A&
3931 medium pressure liquid chromatography (MPLC, Biotage Co.)ol+
KP-C18-HS (Biotage Co.) #AHS& AR&3kIt}. Silica gel chromatography®l
+= silica gel 60 (0.04-0.063 mm, Merck Co.)S A3} 1L, gel filteration
chromatography (GFC)ol+= Sephadex™ LH-20 (0.1-0.025 mm, GE
healthcare Co.)& A}F&3F%t}. Thin layer chromatography (TLC)+=
precoated silica gel aluminium sheet (Silica gel 60 Fgsy, 2.0 mm, Merck
ColE AR&stalen, TLC Aollx Zeld =dE5S &<lst] fstel UV lamp

(254 mm)E AFE3FAY visualizing agentol] 3
[e)

&
>

AA A % heat-guns ©]-&3}
AZA A Y. Visualizing agent®+= KMnO; F8N(3% KMnO,, 20% K,COs,
0.25% NaOH) % anisaldehyde (1% anisaldehyde-5% H,SO,)E AF8-3}3ITt.

getE o] FEEAMS 93 nuclear magnetic resonance spectrometer (NMR)
2 JNM-ECX 400 (FT-NMR system, JEOL)& ©]&3l%l o™ NMR 54 &0
+ CIL (Cambridge Isotope Laboratories, Inc.)AFe] NMR #H& Enj<l
CDsOD, CDClzE AHgshaith ZEld 3petEe] % el AR&® high
performance liquid chromatography (HPLC, Waters Co.)+ Shiseido column
(CAPCELL PAK Cis, 250 X 4.6 mm, 5 um) ZAHE AHL391 HE7|&=

UV-Visible Detector (Waters co.)S A}&3}3t}.



7} F EBedlE 9 54

% EY9s & 542 Folin-DenisH19& &&3to] AAsiqlon. RFEH
2 gallic acidg& AH&8H3th 224 2 A% 100 pLel 7= 900 uLE 7}
3}al Folin—Ciocalteu's phenol reagent 100 plLZ FH7}éte] &3%tstgct. ol =
oAl 3 HEEAIZL 2 T%(w/v) NaxCOs 89 200 plL& #H 713t

7F 2 mL7F HEE FRTE 7S H EFeRlv. of& Al 1A vk
o 96 well plateo] 200 pL® %7 microplate readerE ©]-&3to] 700
nmol A FFEE SAHSIAT o] uf A5 F EYdlm FFE gallic acidd]
SEel WE FFE @s ol8ste AAdE EFAAY 4% (Standard calibration
curve method)& T8 Fatdon, FEHAFH r? e 0.99 olAtolArt

(Figure 1).
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o
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Figure 1. Calibration curve of standard gallic acid for determination of

total phenolic contents.



T ZdtEwolE = 542 Davis 59 WH20E 8ot AAsidlon, i

2 querceting AFE3FTE 96 well plateo] =523 A8 15 L=
#3kaL ethylene glycol 150 uL¢} 0.1 N NaOH 15 pLE& #7lste] £3383ith.
o5 oA 1AIZF WESAIZl ¥, microplate readerE ©]-83l4 420 nmoll A

THEE AT o] u A5 F ZgHxolE dHE querceting FEOl

R

2 SHE e olgsly FAHH xR+ A4 (Standard calibration curve
method)S 8] T8l on, FFEAAIA ¥ e 0.99 ool At Figure

2).

y =0.0222x + 0.0628
R>=10.9945

—
S
1

o
)
!

Absorbance (420 nm)
o =]
S (@)}

o
[N}
1

o
=)

0 10 20 30 40 50
Quercetin concentration (ug/mL)

Figure 2. Calibration curve of standard quercetin for determination of

total flavonoid contents.



Blois 59

& ©
Ay e

A
% microplate reader%

218 S-83o] AA AL 96 well plated] A& 20 ulL$} 0.2 mM DPPH
E =A39rr. yxFoe 2= BHTS L-ascorbic
ol o] Ao thUste] WMEEZ YEIHSA
SCsodkS okt

t}. DPPH radical &7 4 =
DPPH(2,2-diphenyl-1-picrylhydrazyl) radical &+ 4
71
o)
O -1

180 pLE Esto] A2olA 20%3F vEgA

i
&4
o] 834 515 nmelA FH=
acid& AF&3F¥ 2™ radical AAES
3L 7} AR 9] radical AAEC] 50%Y we] A=
Radical scavenging activity (%) = (1— Abssazlise_AbSblank)Xl()O
control
AbSconirol @ AIEE H7VeHA @2 WhEEo FH =
PAEE HURE B8 S
3=

Ab Ssample
. }\] a

Absblank



2}, ABTS" radical &7 &4 =4

ABTS(2,2'-azino—bis(3—-ethylbenzothiazoline-6-sulphonic  acid))  cation
radical 271 &4 A3 Re T WWH2E F&ate] A8kt ABTST
radical €4S 7.0 mM ABTS% 2.5 mM potassium persulfateE 1:12 &3}
ato] A2 % gaelA 16413t Ft "ESAIA ABTS' radicals @A AIZH ©f
G FHE7F 0.78+0.027F H =5 EtOHZ 3|4 ste] el Abgstalon,
2o 2= BHTSF L-ascorbic acidE AF&-3F3Th Radical &2A&2 oF#f9
Aol thgste] MEEZ el 7t A5 radical 27 &0°] 50%Y W] Al
=

Abs - AbSblank

sample

> 100
Abs )

Radical scavenging activity (%) = (1

control



ul, A¥ BE g3}
(1) HaCaT AE wuj<k

Immortalised human keratinocyte cell lineQl HaCaT cell= Korean Cell
Line Bank (KLCB)ZY-E ¢ Rop Ao Apgsigiem, 100 U/mL
penicillin, 100 pg/ml streptomycin % 10% fetal bovin serum (FBS)¢] -
¥ dulbecco’s modified eagle’s medium (DMEM) ®jA|E A}&3le] 37C, 5%
CO, 27102 wigstala, 3¢ HACR Ad wds AAsdnt

(2) At Aa(H0) 2R E fe® Al E4d e Ax Bo 33

HaCaT cell& 96 well plateo] 5.0 X 10° cells/well2 ®F3i 37C, 5%
COy z=3 shellA 24417 AwujFstint. A AR celld] wiAE A AL Al
54 W2 A4 SR BARFLE Aste] Wit 308 F

3442 E A A3 dulbecco’s phosphate buffered saline (1X DPBS)= 23]
MA ST FBS7F S5 82 wiA|ddl Al5E Aglstal widz=z stelA 24
AIZE st & MTT assay® AlX AEE (D) ALtste] Pitstaiz2 g

A 4] e TR aRS gelstglnh
. . Abssample
Cell viability (%) = ————x100

Abscontr ol

AbSeont © NEE H7FSHA e Wegole] FYE

b
Abssample : /\]JEJ‘EE— %1]7]'@’ %%%@1}9] %%E
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2) 44
7F. RAW264.7 cell vk

Murine macrophage cell line?l RAWZ264.7 cell® American Type Cell
Culture (ATCOZF-H & ol Ao Ab&stglem, 100 U/mL penicillin,
100 pg/ml  streptomycin 2 10% fetal bovin serum (FBS)o] dh3
dulbecco’s modified eagle’s medium (DMEM) ¥®jA|& A}&3sle] 37C, 5%

COy 27102 WFata, 29 A0 A WFE LA

L}, Nitric oxide (NO) A4 oA &4 =H

RAW264.7 cell& 24 well plated] 1.5 X 10° cells/well2 #F3te] 37 T,
5% COp o2 18413 Aufkatdivh. AuFAIZl celle] WAE 1 pg/mL2
LPSE X33k wiAl 2 w3k & AR5 F7bste] 2443 wj sl o] % NO
S =357 98te] 96 well plateo] AXE v A5 100 plet Griess
A19F(1% sulfanilamide, 0.1 % naphthylethylene-diamine in 2.5% phosphoric
acid) 100 pLE &35t A2o A 10%7F ¥bSAH Y. HHSES microplate
readerZ ©°]&3lo] 540 nmolA FFEZS A on, AHE NOE AXE )
FN Foll EAstE NOp o dHl= SAev. FF=2d 2 sodium nitrite
(NaNO2)& ARgstlar AAHE NO9 &2 NaNOpo| wfkol wE F3= e
o]83slo] 2AAE EFHPTA W (Standard calibration curve method)S &3
Tatdon, FEAATA rF ke 0.99 o]Atoldt}t. tiZ+(positive control)

O 2= 2-amino-4-picoline (10 pM)<& A}-8-3}91t}.

. . Abssample
Cell viability (%) = ————x100
Abs

control

_11_



). PGE; ¥ A3 cytokine A4 oA &4 54

RAW 264.7 cell& 60 mm petri dishel] 6.0 X 10° cells/dish® ¥F3}o] 37
T, 5% CO; z71 slell A 18417 Awj sttt Aol Azl celle] wWiA]E 1 p
g/mLe LPSE X33 wix|2 ust & A|85E H7bste] 24A17F v skl

o) F AEMY AENS PGE, % HAEA cytokine WAFE 247 PGE

(R&D Systems, USA), TNF-a (Invitrogen, USA), IL-1B (R&D Systems,
USA) 2 IL-6 (nvitrogen, USA) enzyme-linked immunosorbent assay

(ELISA) kitE o]&3lo] FAHsl o, Zhzte] iF-Edo ot -3 A-AI1E

g}, Western blot analysis

RAW 264.7 cell& 60 mm petri dishol] 6.0 X 10° cells/dish® ¥F3}o] 37
T, 5% COz z=71 slollA 18A1%F Avfekastdt. Azl celld] ¥WiAE 1 u
g/mLe LPSE X33 viAZ w3t & AR5 FH7bsto] 24A12F vjgeaint.
o] wix|& AAstL PBSE A H, lysis buffer (1 X RIPA)E o] &3}o]
4 C =AM overnighto = lysis AT, o] % A4+2(10,000 rpm, 20
min, 4C)ste] @A Aaont Felste] A7l AREsiith. @A
bovine serum albumin (BSA)E 2% Bradford A¢FS ARE-3}o

FHe YT W AFHUS. AFE @wE 20 e 812 %

d

=5
MN
o
ol

SDS-polyacrylamide®l] HA719%3 F  transfer  stacks  ©]&3}¢]

poly—-vinylidene difluoride (PVDF) membrane®| transferd}$t. Transfer®

_12_



membrane< 5% skim milkE 73+ TTBS (0.1% Tween 20, tris—buffered
saline)ol] g1 A-2oA 90&7F blocking A1Z1 3, TTBSZE HEX 33 A& s}
Ak AAH g membranes 12k AL wFEAIZR oW, 1A A WSS INOS
antibody (1:1000, Santa Cruz), B-actin antibody (1:20000, Sigma)E ©|-&3}
o] 4 TolA overnight AlZ T 1% &A Hb-go] £ membrane TTBSZ 5
=2 53] MAHe F1, 22 A (1:5000 E=+= 1:20000, Santa Cruze)e} 1A]3+
HESAIZL F, TTBSZ 534 53] AHsiginh. @de WESTA NOVA 2.0
(Cyanagen) €95 o]&3] ECL 7|d3} WHs-A]Z1 ¥ Chemidoc (Fusion solo,
3

VILBER LOURMAT)E o]&3ste] 7hzte] vl e He & #4330t

_13_



3) m
7}. B16F10 melanoma A3 v} <

Murine B16F10 melanoma cell line American Type Cell Culture (ATCC)

Z2HE o nto} g AMgsl¥ o, 100 U/mL penicillin, 100 pg/mL
streptomycin ¥ 10% fetal bovin serum (FBS)¢| &% dulbecco’s modified
eagle’s medium (DMEM) viA|E A}g3te] 37 C, 5% CO, Ao = njksA
aL, 39 Ao w A wike Akt

t}. Melanogenesis & #| &4
B16F10 cell& 6 well platee] 9.0 X 10* cells/dish® ¥F3}1 37C, 5%

of ARgetgith. AMEAIZL celle] w7
2 100 nM o-MSH7} 235 wjA =2 w3st & A5E g ste] 7247F vl

CO, Z73}oA 247 wjekst = A3

sloitt. o] & wix|E A|Astal PBS (phosphate buffered saline)@ A% st
trypsin-EDTAE A& st AMEE 3Fsiaitt. 33 AE= 1 N NaOHE 7}
sto] 55TColA 1AIZE REGAIA AE o] dapds =<9 F 405 nmelA 53
=2 FAsAT. YRz eZE melasolv (20 uM)E A3 T

t}. Intracellular tyrosinase #3] &4
B16F10 cell& 60 mm petri dishel 9.0 X 10* cells/dish® #3311 37T,
5% COy ZZA3koll A 24417 vjefe 5 Aol ARttt Hu A A9
A& 100 nM a-MSH7} 3t WA= w&dt §, A8E Adsto] 7243k
mj skl o] % wiAE A A PBSE A3 ), lysis buffer (1 X RIPA)
5 o] &3l 4 T ZAolA overnight® 2 lysis AIHTE lysis Al cell> YA
w2 (10,000 rpm, 20 min, 4C)ste] G AsAnt F2] 5kt

96 well plate°]l 67 mM sodium phosphate buffer (pH 6.8)°] =<2 8 mM

_14_



L-DOPA 160 pL$} @A A5 20 pLg &Fste] 37T oA 1-2A17F

HESAZ1 & 490 nmollA S3FEE SASA Y. @3 F%= bovine serum
albumin (BSA)E ¥ 2% Bradford Al ¢S o]&sle] XF=HATAE 245l

A 7 BAssh

o

2}. Tyrosinase, TRP-1 @ TRP-2 guwzd 28 oz &

B16F10 cell& 60 mm petri dishel 9.0 x 10* cells/dish® ¥F3}a 37T,
5% COy Z71stell A 24413 v ettt Aul A7l celle] wiA]E 100 nM a
-MSH7} 239 wiA 2 wgkek & A5 E A ste] 72A1F vl A E
A A PBSE A2 3 3 lysis buffer (1 X RIPA)E o]&3le] 4 T 274
A overnight© 2 lysis AZth o]F €42 (10,000 rpm, 20 min, 4T)3}]
g o] s oiwt Elstel Adoel] ARgstlth. @¥lAe bovine serum
albumin (BSA)Z =22 Bradford A& AMEsle] EE@dAIHE 246
AeFstdth. Ak dA 20 ngS 8-12 % SDS-polyacrylamideo] # 7|9

3 3 transfer stacks  ©]83}o] poly-vinylidene difluoride (PVDF)

il
ol

membrane®] transferst$ltt. Transfer¥ membranes 5% skim milkE &
3 TTBS(0.1% Tween 20, tris-buffered saline)ol Yal Aol 90%3t
blocking A1 ¥, TTBS® 5%4 33 Al#3t3ith. A% membranes 1% &
Ao} wEAFH o, 12 A ¥kg2 TRP-1 (1:1000, SantaCruz), TRP-2
(1:500, AssayBiotech), tyrosinase antibody (1:1000, SantaCruz), B-actin
antibody (1:20000, Sigma)E ©]&3lo] 4 CollA overnight A|ZTE 12} A
3ol €% membrane TTBS &Noz 5&4 53] AHZ F, 22 A
(1:2000, 1:5000 ¥+= 1:20000, Santa Cruze)®} 1AIZF RESAIZL F, TTBS=
5% 53] A#ztqlth. @A WESTA NOVA 2.0 (Cyanagen) €98 o] &

_15_



v ME 54 J7HMTT assay)

HaCaT cell, RAW264.7 cell @ B16F10 cell& Zt7zF 5.0 x 10°% 1.5 x 10°,

Z71 Sholl A 24AX7F 2 184]

ZHA wlerslgl el HaCaT cell FBS7F 33 % &2 u = o, RAW264.7 cell
100 nM<¢] a-MSH7} 3%

5.0 < 10" cells/well2 #F3}9 37C, 5% CO

© 1 pg/mLe LPS7} £&= ufxle], BI6F10 cell&

Shel i xfell AlRE Aefste] 18A1%F = 24417 vieFeRith v ¥, 500 u

5% MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

ekl 37°C 2ANA 3N WA T AEAL 275

g/mL
bromide) &S
St} Aokl = Al

Al7]3L microplate readerg ©]&3te] 570 nmolA] &3

9} "k2-3te] A7 formazan A& DMSO

e

BEEE ool Ao vheiste] Aatsit.

. o Abssample
Cell viability (%) = —————x100
bscontrol

il
il
k)
N
N
ol
ol
R
§2

AbScontrol : /\]

Abssample : }\]

ol
Ll
3.1_1{

)
o,

rE
olo
ofo
&
o
oo
3
!
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el
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=

=
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=

4% compound 1, 3

-

AA 3 7t 3
125, 250, 500, 1000 ppme] FLE= A%

[e)

el 0.45pum PTFE filter

°©

o)X w9 WA %

jd

ol
LA FYHY 10 ul, ZH2%E 40 C, &89S MeOH¥} H.0

)

4

compound 1, 3L #H7}
7

83

iz
ol
o

i
@)

o7 8gA#HI, 1.0 mL/ming §422 6
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Table 1. HPLC chromatographic conditions of the control factors

Control Factor Conditions
Injection Volume 10 pL
Column Shiseido column (250 X 4.6 mm, 5 um)
Mobile phase A: H.O, B; MeOH
Flow rate 1.0 mL/min
Column Temperature 40 C
Wavelength 277 nm
Detector Waters 2998 PDA (Waters, USA)
Separation Module Waters 2695 (Waters, USA)

Table 2. Gradient elution condition for HPLC analysis

Time (min) Flow (mL/min) H.0 (%) MeOH (%)
0 1.0 80 20
50 1.0 20 80
55 1.0 0 100
60 1.0 0 100

_18_



o= (Hydrangea petiolaris)> " 97 #(Saxifragaceae)dl &3dt= 2
b oupglel] 2ol ke WA AEolth TS THA oA A
&oto] ko] AWoly & &7] Fol st 20 m 7 Agks AL

o
fru
-

% ol

i
=

it

94 Qe Ea, @o] Ao, @, AR Fol Bxal 3, AL
FE LEE, ATE § 9% Ao Pxa ok Fudd 4% AFEe ¢
9%, 2:ae), Aole s FolA AAst glrh

T E7|(stems) FEE d&iAe g9, v 9 Aol 4yA Jdx
catechin, ursolic acid 59 & A& AF7F Biso] Qlrh24 12 o} 7}
A s Qleaves)e Wdo® & fra AR A= Had npt gk ot

A 2 dTedME s d FEed & 2EES &8st &4 AMe

P, Y B ANE GO el Qdse] RS P53

At

Aol ARRS 5
T8l e, 7
3} tHFigure 3).

RS
Hl
H%

ABHIE 0 487)8 20184 1¥Y AFAEALRZH-EH

Az A% F EHsto] ALE

ro
ofl
N
A
o
oft
i

Figure 3. Picture of Hydrangea petiolaris.
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£ Jeol A 3 A9t 55 7](rotary vaccum evaporator) 2 53l F
=% 385 g& A dolW FEE F 15.0 g2 TFF 1.0 Lol A7
2] =

F335le] p-hexane (n—-Hex), ethyl

Q)

(@]

=t
=
@

=
B
o
>
o
3

o
=3
jab)

=}

=5
5
oy
jom

o
Z
o
ME
jic
(0
o

AATH ole} E2 WHoR

13 o w32 ANl &5 F 30.0 g2 & 23t (Figure 4).

Dreid leaves of Hydrangea petiolaris 120.0 g

l 70% EtOH, stirring, 24 h, 3 times

Extract 38.5 g (32.1%)

Extract 30.0 g
l suspended with H,O
n-Hex Fr. EtOAc Fr. n-BuOH Fr. H,O Fr.
2.5 2(8.3%) 6.1 g(20.3%) 8.7 £(29.0%) 11.4 g (38.0%)

Figure 4. Extraction and solvent fractionation of /. petiolaris leaves.
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2) n-Hexane #38 &9 &4 A& &£

n-Hex #3E&E 1.7 g& A A7/EE UF7] Y8 &4 silica gelS =33
glass columng o]&3sle] VLCE &3t £uje] FALS 5%%
n-Hex:EtOAc (0-50%)7F & w744 o™ 1§ 100% EtOAcet 100%
MeOHE 2} 300 mL¥ &%3le] % 13709 fractions FUcHFr. V1-13).
VLC fraction % Fr. V4 (112.7 mg)+ compound 8% compound 97} &3}5]
o] = ZHez FAJAHYY. Fr. Vo o 33E2 compound 10 (162.2
mg)o. &2 3 Ao, Fr. V12 (72.3 mg)+= compound 11¥} compound 127}
EdE 3= AR IS AR Figure 5).

o

n-Hex Fr. 1.7 g
VLC
n-Hex:EtOAc(0-50%),
Step gradient (5%),
EtOAc — MeOH
100 mL each
\J
Fr. V4 Fr. V5 | Fr.Vi2
Fr. Vi (112.7 mg) (162.2 mg) (72.3 mg) Fr. V13
\ \
Compound 8 Compound 11
+ Compound 10 +
Compound 9 Compound 12

Figure 5. Isolation of compounds from A petiolaris leaves.
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3) Ethyl acetate #+& &2 &4 AE H

EtOAc ®#£8E 5.0 g& A wet x4 ow Aiststy] 98 MPLCE
g3ttt EtOAc #&8& 5.0 g& MeOH 7.0 mL, DMSO 3.0 mLel o]al
0.45 um filterg ©]&3le]  o#3g F KP-C18-HS columndl] FYataich.
Gradient§ & ©]-&3] MeOH:H,O (10-50%, 100 min), MeOH:H,0O (50-100%,
20 min), MeOH (100%, 10 min)®] & x=3E& AR&3t3 o™, 15 mL/min?
F&o R Z47F 40 mLA &EAIA F 48709 fractions D ATHMP1-48).
MPLC fractionE < Fr. MP19+ compound 1 (64.5 mg)2. =, Fr. MP27&
compound 2 (117.5 mg)=, Fr. MP362 compound 3 (104.1 mg)®.=%, Fr.
MP41& compound 4 (100.7 mg)=, Fr. MP48< compound 7 (31.4 mg)l. &
golg o, =3k Fr. MP12-15 (329.6 mg)<e Sephadex LH-20 column
chromatograpy (CHCl3:MeOH=2.5:1)& 4~33}%] compound 5 (5.1 mg)= o
Q3L Fr. MP46-47 (141.8 mg)2 Sephadex LH-20 column chromatograpy
(CHCI5:MeOH=15:1)2 <33} compound 6 (5.0 mg)S LA} (Figure 6).
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EtOAc Fr. (5.0 g)

MPLC (Cyg)
H,0-MeOH (10~100%)
Flow rate : 15 mL/min

40 mL each
Fr. MP1 Fr. MP12-15 Fr. MP19 Fr. MP27
(329.6 mg) (64.5 mg) (117.5 mg)
Sephadex LH-20 C.C.
CHCly: MeOH =25 : |
\
Compound 5 Compound 1 Compound 2
(5.1 mg)
Fr. MP36 Fr. MP41 Fr. MP46-47 Fr. MP48
(104.1 mg) (100.7 mg) (141.8 mg) (31.4 mg)
Sephadex LH-20 C.C.
CHCl3: MeOH =15 : 1
\
Compound 3 Compound 4 Compound 6 Compound 7

(5.0 mg)

Figure 6. Isolation of compounds from /. petiolaris leaves.

_23_



Al
ax

w
A
ML

g gsrEe =
1) Compound 19 +% &4

Compound 1& C NMR spectrumol] Al & 1570¢] carbon ¥ =7} #== 0
o o]Z %3] flavonoid =249 3= = oAttt 'H NMR spectrumol A §
y 6.96 (1H, d, /= 1.8 Hz), 6.74 (1H, d, /= 8.2 Hz) ¥ 6.78 (1H, dd, J =
8.2, 1.8 Hz) 39 coupling constant = Z31 M= ortho-%
meta-couplingS 3}l ¢+ aromatic proton®] U+ Ao = AT oW Sy
593 (1H, d, / = 2.3 Hz), 590 (1H, d, J = 2.3 Hz) A2 coupling
constant S £33 A E meta-couplingS 3Fil Y+ aromatic ring®] Y= A
o2 AT 6y 2.85 (1H, dd, /= 16.7, 4.6 Hz) ¥ &y 2.72 (1H, dd, J
= 16.7, 2.8 Hz) 93+ sp® AL 7FA M, coupling constant #+S =3 348t
A 2ol A= bE 2719 protono] U= ALZ o Fet. olE nlEo=R
3}

3253 Hwd A3, compound 1& epi~catechin®Z &2l = I tH(Figure

i

7-9, Table 3).

HO

OH

Compound 1

Figure 7. Chemical structure of compound 1.
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70 60 50 40 30
A I ) N
=SooESEER =z ZEZEEES ZEEFEEEZ=oE
SB35 55%E facpad e e e e e e ]

Figure 8. 'H NMR spectrum of compound 1 (CDs0D).

mm.mwm..mul..‘g.m...‘m.m.umm.mﬂm.ummmmm ik L. i 4 el sl

160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0
l | /‘ | | ‘

8= 2a a da3 22g 2 & ]

= ®in Sa = hwe 3 =38 ] < 3

o0~ I~ o [l == = -] (=1 ~ =
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Figure 9. »C NMR spectrum of compound 1 (CDs;0D).
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Table 3. 'H and *C NMR data of compound 1 (400 and 100 MHz).

Compound 1 (CD30D)

No.

Sylint., multi., J Hz) Sc
2 4.80 (1H, s) 79.9
3 4.16 (1H, m) 67.5

2.85 (1H, dd, 16.7, 4.6)
4 29.3
2.72 (1H, dd, 16.7, 2.8)

5) 158.0
6 5.93 (1H, d, 2.3) 96.4
7 157.7
3 5.90 (1H, d, 2.3) 95.9
9 157.4
10 100.0
1' 132.3
2' 6.96 (1H, d, 1.8) 115.3
3' 145.9
4' 145.8
5) 6.74 (1H, d, 8.2) 115.9
6' 6.78 (1H, dd, 8.2, 1.8) 119.4
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2) Compound 2-49] +% %#A

Compound 2+ C NMR spectrumol Al & 2170¢] carbon ¥ =7} #&= 0
&y 3.48-3.862] overlap o] A& Ay JHe] AL P anomeric
proton®l] &33st= 6y 5.18 (1H, d, /= 7.8 Hz)9] 935 &3 flavonoid &4
of Sgtde] 2=l = 7= Aol ddsgltt. &n 7.85 (1H, d, J = 2.0
Hz), 6.87 (1H, d, J = 87 Hz) ¥ 7.59 (1H, dd, / = 8.7, 2.0 Hz) ¥ =<
coupling constant #S E3 M= ortho-9F meta—couplings 3tal Y=
aromatic proton®] U+= Ao R AAsIF o, &y 6.21 (1H, d, J = 2.3 Hz),
6.41 (1H, d, J = 2.3 Hz) 339 coupling constant #S T3 A=
meta-couplingS sFal R+ aromatic ring®] A+ Ao = oAsET. ESH 5y
3.48-3.86 A} §¢ 62.1-77.3, 105.59 671¢] 3 AE F3l flavonoid =49l
fEtdo] Agr o] 9= AoR oastRon, 29 anomeric protonol 93t
= 6y 5.18 (1H, d, /= 8.7 Hz) 939 coupling constant #<= E3] B-form
9] galactopyranoside® A3ttt o]E wlElow 3263 H| w3 Ay}
compound 2+ hyperin (quercetin-3-O-B-D-galactopyranoside) . & <l %]
A (Figure 10-12, Table 4).

Compound 3& 'H @ ¥C NMR spectrum< %3] compound 2% FAMS +
Z2 o5t o, &y 0.94-5.35 J A9 §c 17.8-73.4, 103.72] 6709 3 =A%}
F9] anomeric protond] ‘| Fd= &y 5.35 (1H, d, J = 1.8 Hz) 339
coupling constant &< &3] a—forme rhamnopyranoside® |3ttt ol &
vt 2 #3273 Wlwdk Ay, compound 3+ quercitrin (quercetin-3-0O-a
-L-rhamnopyranoside) 2.2 &2 A} (Figure 10,13,14, Table 4).
Compound 4¥ 'H % ¥C NMR spectrume %3] compound 33 §A}sH +
Z2 JAstdtt. 'H NMR spectrumoll Al &y 7.77 (2H, d, J = 8.7 Hz), &
6.94 (2H, d, /= 8.7 Hz) AL &3] M=Z ortho-couplings st J+= A
%9 aromatic protono. = o|AsFT. 3k §y 6.20 (1H, d, /= 2.0 Hz), &
y 6.38 (1H, d, J = 2.0 Hz) Y35 T3 A= meta—couplings 3l U=

aromatic proton®] &= HOZE o435t o]E niEo R F&283 Hlulg 4
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3}, compound 4+ afzelin (kaempferol-3-(O-a-L-rhamnopyranoside) o &

ol %] i tH(Figure 10,15,16, Table 4).

Compound 2

OH

1 57 6"

ow o) CHs
HO
-
OH o)
OH

OH

Compound 3

Compound 4

Figure 10. Chemical structure of compound 2-4.
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Figure 12. *C NMR spectrum of compound 2 (CDs;0D).
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Figure 14. *C NMR spectrum of compound 3 (CDs;0D).
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Figure 16. *C NMR spectrum of compound 4 (CDs;0D).
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Table 4. 'H and C NMR data of compound 2-4 (400 and 100 MHz).

Compound 2 (CD30D)

Compound 3 (CDs;0D)

Compound 4 (CDs;0D)

No.

’ &u(int., multi., J Hz) 8c Su(int., multi., J Hz) 8c &u(int., multi., J Hz) 8c
2 158.9 158.7 158.7
3 135.9 136.4 136.3
4 179.7 179.8 179.8
5 163.2 163.4 163.4
6 6.21 (1H, d, 2.3) 100.0 6.20 (1H, d, 1.8) 99.9 6.20 (1H, d, 2.0) 100.0
7 166.2 166.0 166.0
8 6.41 (1H, d, 2.3) 94.8 6.37 (1H, d, 1.8) 94.8 6.38 (1H, d, 2.0) 94.9
9 158.6 159.5 159.4
10 105.8 106.0 106.1
1 123.1 123.0 122.8
2' 7.85 (1H, d, 2.0) 116.3 7.34 (1H, d, 2.3) 116.5 7.77 (1H, d, 8.7) 132.0
3' 146.0 146.6 6.94 (1H, d, 8.7) 116.7
4' 150.1 149.9 161.7
5' 6.87 (1H, d, 8.7) 117.9 6.91 (1H, d, 8.2) 117.1 6.94 (1H, d, 8.7) 116.7
6' 7.59 (1H, dd, 8.7, 2.0) 123.0 7.31 (1H, dd, 8.2, 2.3) 123.1 7.77 (1H, d, 8.7) 132.0
1" 5.18 (1H, d, 7.8) 105.5 5.35 (1H, d, 1.8) 103.7 5.38 (1H, d, 1.4) 103.7
2" 3.48-3.86 (m) 73.3 4.22 (1H, dd, 3.2, 1.8) 72.2 3.34 - 4.20 (m) 72.1
3" 75.2 3.75 (1H, dd, 9.4, 3.2) 72.1 72.3
4" 70.2 3.41 (1H, m) 73.4 73.3
5" 77.3 3.35 (1H, m) 72.0 72.2
6" 62.1 0.94 (3H, d, 6.4) 17.8 0.92 (3H, d, 6.0) 17.8
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3) Compound 59 +% &4

Compound 5% 'H NMR spectrumell Al &y 6.82 (2H, d, J = 8.7 Hz), 7.49
(2H, d, J = 8.7 Hz) ¥39 AEZT} coupling constant #S E3l| ortho-9F
meta-couplingS 3t Y= A FF9] aromatic proton®] Y= HO = oA}
sFFTh, TS §c 62.4-95.99] ¥ A9} anomeric proton®] dMIIE= Sy 5.58
(1H, d, J = 7.8 Hz) 339 coupling constantE E3 B-form2]

glucopyranoside”} Z2gEo] Q= Ao =2 A3}, o5 vy ow 29

::J‘

M
2

H) 13k A3} compound 5% 1-O-p-coumaroyl-B-D-glucopyranoside .= &+

ol ¥ A tH(Figure 17-19, Table 5).

Figure 17. Chemical structure of compound 5.
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Table 5. 'H and *C NMR data of compound 5 (400 and 100 MHz).

Compound 5 (CD30D)

No.
Su(int., multi., J Hz) Sc

1 127.1
2 7.49 (1H, d, 8.7) 131.6
3 6.82 (1H, d, 8.7) 117.0
4 161.8
5 6.82 (1H, d, 8.7) 117.0
6 7.49 (1H, d, 8.7) 131.6
7 7.73 (1H, d, 16.0) 148.1
3 6.38 (1H, d, 16.0) 114.6
9 167.9
1 5.58 (1H, d, 7.8) 95.9
2! 74.2
3' 79.0
4! 71.3
5' 78.2
6' 62.4
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4) Compound 63 79 % A

Compound 6& ¥C NMR spectrumolAl 307]¢] carbon =3¢ 'H NMR
spectrumol A & W9 aliphatic signalS HIE O & triterpene & o A}Fs}

Atk BC NMR spectrumoll A §¢ 181.9 332 E&] 3+ 79 carbonyl group

2
o
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il
oft
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L
N
[o
oX,
kT
N
.l
riu
r>~
k>
=
r o
i)
o

A2 sp? A carbono]l Al 7| U= RAoE AL o]F wigoR &
31307} Wwd A3} compound 6% asiatic acideZ  ElE S tHFigure
20-22, Table 6).

compound 7-& compound 6% 'H @ ¥C spectrume £3] A3 22 9
e, sc 84.6, 69.6 MAE T HIISAHEIF F Abael ARG A<
sp’ &4 carbonol T 7l A= Ao E At o5 wEFoR FH31y N

w3 A3}, compound 7% corosolic acide® #el¥ At (Figure 20, 23, 24,

a8
w8

29 29

21

HO
HO

Compound 6 Compound 7

Figure 20. Chemical structure of compound 6 and 7.
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Figure 22. *C NMR spectrum of compound 6 (CDs;0D).
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Figure 24. *C NMR spectrum of compound 7 (CDs;0D).
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Table 6. 'H and *C NMR data of compound 6 and 7 (400 and 100 MHz).

Compound 6 (CDsOD) Compound 7 (CD30D)

No.

Su(int., multi., J Hz) Sc Su(int., multi., J Hz) 8¢
1 48.2 48.5
2 69.8 3.62 (1H, m) 69.6
3 3.35 (1H, d, 9.6) 78.3 2.90 (1H, d, 9.6) 84.6
4 44.3 40.6
5 48.2 56.8
6 19.2 19.7
7 33.8 34.3
8 40.9 40.9
9 48.3 48.4
10 39.1 39.3
11 24.3 24.2
12 5.25 (1H, m) 126.8 5.24 (1H, m) 126.8
13 140.0 139.9
14 43.5 43.4
15 29.3 29.2
16 25.5 25.4
17 48.3 48.4
18 2.21 (1H, d, 11.5) 54.5 2.20 (1H, d, 11.0) 54.5
19 40.6 40.5
20 40.7 40.5
21 31.9 31.9
22 38.3 38.2

3.27 (1H, d, 11.0)
23 66.4 1.02 (3H, s) 29.5

3.50 (1H, d, 11.0)
24 0.70 (3H, s) 14.1 0.94 (3H, s) 17.4
25 17.8 0.84 (3H, s) 17.9
26 0.85 (3H, s) 18.0 0.97 (3H, s) 17.8
27 24.6 1.11 (3H, s) 24.6
28 181.9 181.7
29 0.89 (3H, d, 6.4) 17.8 0.90 (3H, d, 6.4) 17.7
30 0.97 (38H, s) 21.7 0.89 (3H, d, 6.4) 21.7
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5) Compound 8, 99 T+%%&4

Compound 8< !C NMR spectrumolA 6&c 174.2 H3aE 3 3 719
carbonyl group®] &= AOSZE A5 o, §: 130.5, 130.4, 128.5, 128.4
H3E F3 F M ole AT dE AR gAsin. =3, &y 4.10 (2H, m)
JZ9t 5c 60.4 I|AE T AVISAHEIE F Ak AT A spTEA
carbon®] &= Aoz AAEA L, §y 1.21-1.23 (BH, m), §¢ 14.5 JaE &

3 gk 719 methyl group®] & ALZ oFstQlth o]& nlgo=z 3323}

:

B3 A3}, compound 8 ethyl linoleate(a-linoleic acid, ethyl ester)® 3
A= Ach(Figure 25-27, Table 7).

Compound 9% compound 8% HAFE Fx=E dAasagden, ¥C NMR
spectrumel| A §c 132.2, 130.5, 128.5, 128.4 127.9, 127.4 A E T3l Al 7|
of o]FAF JE Ao oEditt olE wiEgom B3 wlasgt Ay
compound 9% ethyl linolenate(a-linolenic acid, ethyl ester)o. = 2l¥ YT}

(Figure 25-27, Table 7).

Compound 9

Figure 25. Chemical structure of compound 8 and 9.
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Figure 26. 'H NMR spectrum of compound 8 and 9 (CDCls).
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Figure 27. ">C NMR spectrum of compound 8 and 9 (CDCls).
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Table 7. 'H and *C NMR data of compound 8 and 9 (400 and 100 MHz).

Compound 8 Compound 9
No.
Sy (int., multi., J Hz) Sc Sy (int., multi., J Hz) Sc

1 174.2 174.2

2 2.26 (2H, t, 7.6) 34.6 2.26 (2H, t, 7.6) 34.6

3 1.61-1.56 (2H, m) 25.2 1.61-1.56 (2H, m) 25.2

4 27.4 27.4

5 29.3 29.3

6 29.6 29.6

7 29.9 29.9

8 2.08-2.03 (2H, m) 27.4 2.08-2.03 (2H, m) 27.4

9 5.38-5.29 (1H, m) 130.4 5.38-5.29 (1H, m) 132.2-127.4
10 5.38-5.29 (1H, m) 128.4 5.38-5.29 (1H, m) 132.2-127.4
11 2.79 (2H, m) 25.8 2.79 (2H, m) 25.8

12 5.38-5.29 (1H, m) 128.5 5.38-5.29 (1H, m) 132.2-127.4
13 5.38-5.29 (1H, m) 130.5 5.38-5.29 (1H, m) 132.2-127.4
14 2.08-2.03 (2H, m) 27.4 2.08-2.03 (2H, m) 27.4

15 29.4 5.38-5.29 (1H, m) 132.2-127.4
16 31.8 5.38-5.29 (1H, m) 132.2-127.4
17 22.9 22.9

18 0.84 (3H, m, 8.7) 14.3 0.84 (3H, m, 8.7) 14.3

19 4.10 (2H, m) 60.4 4.10 (2H, m) 60.4

20 1.23-1.21 (3H, m) 14.5 1.23-1.21 (3H, m) 14.5
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6) Compound 109 F+%&4A

Compound 10& C NMR spectrumol Al & 2070¢] =7} #AZEHA9oH, §y
5.39 (1H, m) ¥ §c 140.6, 123.2 935 Z3] 3 /e o]xZAEo] A= Ao

t
2
o3
ol
20
38
=
N
jani
©
oo
v
©
oo
a1
=
Q1
=
2
=2
2
K}
>
=
1o,
@,
]
0w,
)
—+
=)
H
o
N
o
\\)
\\)
&

ATt 3 6§y 4.13 (2H, t, J = 7.8) ¥ A%} §c 59.6 YIAE Eaf H7|SA

=7 & Abol e 1A sp® &4 carbone] = FHOE dEoith o]

il

viglo 2 F31333 ®|wsk A3 compound 10 phytole® 3IF AT

(Figure 28-30, Table 8).

Figure 28. Chemical structure of compound 10.
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Table 8. 'H and *C NMR data of compound 10 (400 and 100 MHz).

Compound 10

No.
Su(int., multi., J Hz) Sc

1 4.13 (2H, d, 7.8) 59.6
2 5.39 (1H, m) 123.2
3 140.6
4 1.96 (2H, t, 7.6) 39.6
5 25.3
6 36.9
7 32.9
8 37.6
9 24.7
10 37.6
11 33.0
12 37.5
13 25.0
14 40.1
15 28.2
16 0.81-0.85 (3H, overlapped) 22.8
17 0.81-0.85 (3H, overlapped) 22.9
18 0.81-0.85 (3H, overlapped) 20.0
19 0.81-0.85 (3H, overlapped) 19.9
20 0.81-0.85 (3H, overlapped) 16.4
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7) Compound 11, 129 #+%%A

Compound 11& ¥C NMR spectrumel Al & 20719 =7} #FE o, o
= 8¢ 175.6 93 = =3 3 719 carbonyl group®] Y= AL

n 5.34 (4H, m) =3¢ § 131.1, 131.0, 129.3, 129.2 FAE T3 F M9
oA = Aem At ¥, &y 4.15 (1H, dd, J =1

(1H, dd, /= 11.2, 6.2), 3.82 (1H, m), 3.55 (2H, J = dd, 5.5, 1.8) =<} §
¢ 66.6, 71.3, 64.2 AL T3 A= 2 Atadl AHT AH sp’ &
d carbono] Q&= Ao s ol ulBoR F 4 Wugk A
compound 11-& 1-linoleoyl glycerol® 22l % A thH(Figure 31-33, Table 9).
Compound 12+ 'H 2 ¥C NMR spectrum< %3] compound 113 -FA}&
TZ22 gAEFen, o] F §¢ 132.8, 131.2, 129.3, 129.3, 129.0, 128.4 9=
g Tl Al A olFATe] e AR odEGint. o wEeR ey
B3k A3 compound 12+ 1-linolenoyl glycerol® 2elxltH(Figure

31-33, Table 9).

Compound 12

Figure 31. Chemical structure of compound 11 and 12.
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Table 9. 'H and *C NMR data of compound 11 and 12 (400 and 100 MHz).

Compound 11 Compound 12
No.
Sy (Int., multi., J Hz) Sc Su (Int., multi., J Hz) Sc
1 175.6 175.6
2 35.1 2.35 (2H, t, 7.6) 35.1
3 26.1 26.1
4 30.3 30.3
5 30.9 30.3
6 30.8 30.8
7 30.8 30.4
8 2.07 (2H, m) 26.6 2.07 (2H, m) 28.3
9 5.34 (1H, m) 131.1 5.34 (1H, m) 132.8
10 5.34 (1H, m) 129.3 5.34 (1H, m) 128.4
11 2.35 (2H, m) 23.9 26.6
12 5.34 (1H, m) 129.2 5.34 (1H, m) 129.3
13 5.34 (1H, m) 131.0 5.34 (1H, m) 129.3
14 2.07 (2H, m) 28.3 2.81 (2H, m) 26.7
15 30.3 5.34 (1H, m) 129.0
16 33.2 5.34 (1H, m) 131.2
17 23.8 2.07 (2H, m) 21.6
18 0.90 (3H, m) 14.6 0.97 (3H, t) 14.8
4.15 (1H, dd, 11.2, 4.6) 4.15 (1H, dd, 11.5, 4.6)
1 66.6 66.6
4.06 (1H, dd, 11.2, 6.2) 4.06 (1H, dd, 11.2, 6.2)
2' 3.82 (1H, m) 71.3 3.82 (1H, m) 71.3
3' 3.55 (2H, dd, 5.5, 1.8) 64.2 3.55 (2H, dd, 5.5, 1.8) 64.2
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Figure 34. HPLC chromatogram of 70% EtOH extract, EtOAc fraction.
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Table 10. Contents of isolated compounds from H. petiolaris leaves by

HPLC

Compound 1 Compound 3
70% EtOH extract 5.48 30.06
EtOAc fraction 32.36 178.57

Unit: mg/g
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Figure 36. Total flavonoid contents of extract and solvent fractions from
H. petiolaris leaves. The data represent the mean = SD of triplicate

experiments.

_52_



N

t}, DPPH radical 27 &4 =4

=

oy

T =% 2 &) 2359 DPPH radical 27 84S A} 7+
AlZES 3.13-100 pg/mLe] w52 AHS Asiglon, ztztel| fiste] SCs

S Axtsldg A9 Ay, FEFE, EtOAc, n~BuOH #3E9] SCsoikel 27t
25.1 16.8 18.0 yg/mL=Z t}2 EFEo s 93 DPPH radical &7 &4
o] el tH(Figure 37, Table 11).

HS
o
A
[i{
_1

3.125 pg/ml. W 6.25 ug/mL. ™ 12.5 pg/mL. ™25 pg/ml. W50 pg/mL. ™ 100 pg/mL
100 -

P (=) o
<o (=] [}

[3S
(=)

DPPH radical scavenging activity (%)

[=}

Ascorbic
acid

Extract n-Hex EtOAc n-BuOH H,O BHT

Figure 37. DPPH radical scavenging activities of extract and solvent
fractions from H. petiolaris leaves. The data are expressed as a
percentage of control and represent the mean £ SD of triplicate

experiments.

Table 11. SCsp values of DPPH radical scavenging activities for extract

and solvent fractions from H. petiolaris leaves.

Ascorbic
Extract n-Hex EtOAc »n-BuOH H.0 BHT d
acl
SCso
25.1 66.2 16.8 18.0 87.8 >100 6.9
(ng/mL)

_53_



2}, ABTS" radical &7 &4 =4

= v ¥-38E9°] ABTS' radical &7 &84S S8
7t AlEEL 3.13-100 pg/mLe ez AFS zastglon, zhztd uisle]
SCsotk= Adtsiitt. 4% 23}, 58, EtOAc, n-BuOH

2+7+ 10.0, 7.1, 8.1 pg/mL= w3} H]5=gk ABTS' radical &7 &4do] U
el th(Figure 38, Table 12).

oy
it
Al
Ko,
"
(fa
)
ofo

3.125 pg/ml. ®6.25 pg/ml. ®W12.5 ug/ml. ™25 pg/ml. W50 pg/ml. ™ 100 pg/mL
100 -

> (o) x®
[w} (=] [}

[\
(=]

ABTS" radical scavenging activity (%)

[}

Ascorbic
acid

Extract n-Hex EtOAc n-BuOH H,O BHT
Figure 38. ABTS' radical scavenging activities of extract and solvent
fractions from H. petiolaris leaves. The data are expressed as a
percentage of control and represent the mean £ SD of triplicate

experiments.

Table 12. SCsp values of ABTS' radical scavenging activities for extract

and solvent fractions from H. petiolaris leaves.

Ascorbic
Extract n-Hex EtOAc n-BuOH H.0 BHT d
aci
SCso
10.0 33.6 7.1 8.1 57.3 7.2 7.2
(ug/mL)
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Figure 39. Cell viability of extract and solvent fractions from /. petiolaris
leaves. HaCaT cells were treated with different concentration of samples,
and then cell toxicity was determined by MTT assay. The data represent

the mean = SD of triplicate experiments.
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Figure 40. (A) Cell viability on HaCaT cells damaged by Hy0,. (B) Cell
protective effects n—Hex fration from H. petiolaris leaves on HaCaT cells
damaged by H0,. HaCaT cells were treated with different concentration
of sample for 24 h after being exposed to oxidative stress. The data

represent the mean £ SD of triplicate experiments. *p < 0.05; **p < 0.01
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Figure 41. (A) Cell viability on HaCaT cells damaged by HsOs. (B) Cell
protective effects of EtOAc fration from H. petiolaris leaves on HaCaT
cells damaged by H;0,. HaCaT cells were treated with different
concentration of sample for 24 h after being exposed to oxidative stress.
The data represent the mean = SD of triplicate experiments. *p < 0.05;
xxp < 0.01
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Figure 42. Effects of extract and solvent fractions from /. petiolaris
leaves on NO production and cell wviability in LPS-induced RAWZ264.7
cells. The cells were stimulated with 1 pg/mL of LPS only, or with LPS
plus fractions from /. petiolaris leaves and 2-amino-4-picoline (positive
control, 10 uM) for 24 h. The data represent the mean £ SD of triplicate

experiments. *p < 0.05; *xp < 0.01
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Figure 44. Effects of n-Hex (A) and EtOAc (B) fractions from Z
petiolaris leaves on TNF-a, IL-1B8 and IL-6 production in LPS-induced
RAW264.7 cells. The cells were stimulated with 1 pg/mL of LPS only, or
with LPS plus A petiolaris leaves for 24 h. The data represent the mean

*+ SD of triplicate experiments. *p < 0.05; *xp < 0.01
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Figure 45. Effects of n-Hex (A) and EtOAc (B) fractions from ZA.
petiolaris leaves on levels of INOS protein in LPS-induced RAWZ264.7
cells. The cells were stimulated with 1 pg/mL of LPS only, or with LPS
plus n—Hex and EtOAc fractions from /. petiolaris leaves for 24 h. The

INOS protein levels in each sample was normalized to the quatity of B

—actin.
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Figure 46. Effects of extract and solvent fractions from /. petiolaris
leaves on melanin contents and cell viability in a-MSH induced B16F10
cells. The cells were stimulated with 100 nM of a—-MSH only, or with a
-MSH plus fractions from £/ petiolaris leaves and melasolv (positive
control, 20 uM) for 72 h. The data represent the mean £ SD of triplicate

experiments. *p < 0.05; *xp < 0.01
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Figure 47. Effects of n—Hex fraction from /. petiolaris leaves on melanin
contents and cell wviability in a—-MSH induced B16F10 cells. The -cells
were stimulated with 100 nM of a-MSH only, or with a—-MSH plus n—-Hex
fraction from H. petiolaris leaves for 72 h. The data represent the mean

*+ SD of triplicate experiments. *p < 0.05; *xp < 0.01
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Figure 48. Intracellular tyrosinase activity of n—-Hex fraction from H.
petiolaris leaves in a-MSH induced B16F10 cells. The cells were
stimulated with 100 nM of a-MSH only, or with a—-MSH plus n-Hex
fraction from H. petiolaris leaves for 72 h. The data represent the mean

*+ SD of triplicate experiments. *p < 0.05; *xp < 0.01
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Figure 49. Effects of n—Hex fraction from H petiolaris leaves on levels
of Tyrosinase, TRP-1 and TRP-2 in a—MSH induced B16F10 cells. The
cells were stimulated with 100 nM of a-MSH only, or with a—-MSH plus
n-Hex fraction from H. petiolaris leaves for 72 h. The Tyrosinase,
TRP-1 and TRP-2 protein levels in each sample was normalized to the

quantity of B—actin.
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Figure 50. DPPH radical scavenging activities of the compound 1-4. The
data are expressed as a percentage of control and represent the mean =+

SD of triplicate experiments.

Table 13. SCso values of DPPH radical scavenging activities for the

compound 1-4.

Ascorbic
cpd. 1 cpd. 2 cpd. 3 cpd. 4 BHT .
acid
SCso (UM 45.9 35.0 51.6 54.9 62.1 31.2
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14).

i

38
2
N

>

3.125pyM ®m625pM ®125pyM ®E25uM ®50 M m 100 uM
100 +

ABTS"* radical scavenging activity (%)

cpd. 1 cpd. 2 cpd. 3 cpd. 4 BHT Ascorbic acid

Figure 51. ABTS" radical scavenging activities of the compound 1-4. The
data are expressed as a percentage of control and represent the mean =+

SD of triplicate experiments.

Table 14. SCso values of ABTS' radical scavenging activities for the

compound 1-4.

Ascorbic
cpd. 1 cpd. 2 cpd. 3 cpd. 4 BHT .
acid
SCso (M) 28.5 15.1 83.5 38.8 43.1 48.7
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o} A¥ RS g3}
(1) AE =A H7F (MTT assay)

HaCaT cell& o]&3sle] 42 9o
At (HeO) = T2 A2 &7
Ao AHREE AR s=E Ast7] 918 HaCaT cellel thal] 2/€ 31%=9
ME A4S sttt A3 23 compound 1, 3, 55 50, 100 uMolA Al
¥ AET] 80% ooz Yt wEbA 2 AFeA AFEE compound 1,

Ses 80% ol Ax BEES YEhlE w29 50, 100 pM= A7
3l tH(Figure 52).

100

Control| 50

Cell viability (%)
[N [e2]
(=) (=)

N
S

2

(=]

1 2 3 4 5 6
Compound (upM)
Figure 52. Effects of isolated compound 1-6 from H. petiolaris leaves.
HaCaT cells were treated with different concentration of samples, and
then cell toxicity was determined by MTT assay. The data represent the

mean = SD of triplicate experiments.
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S
get7] flste] HaCaT cellell whgh abstgao] Al 548 813k A
mM FE=A AE BEES 63.5%2 FAHAT. webA] 2 A= 6 mM
o] WAZFAE A glsle] £k A X 50, 100 uMe] compound 1, 3 A
golde. 1 A3 compound 12 50 pM, 100 pM9 -s%o|A 104.3%,
136.2%%, compound 3 50 pM, 100 uM9] HZ=olA 78.6%, 84.7%= L}E}
Wk webA JAkE AR FEE AE S diste] s delA] EEE 3t
=<2 compound 12 50 pM, 100 pM9] s%olA Z+ZF 40.8%, 72.7%2] Al
¥ X3S G337}, compound 32 50 pM, 100 pMe -s=oA Z+Z+ 15.1%,
21.2%° AX BE airt de 3oz F1H Arh(Figure 53).

ok
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=} *k
2 80
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S
40
20
0
H,0,(6 mM) - + + + + +
Sample (uM) - - 50 100 50 100

compound 1 compound 3

Figure 53. (A) Cell viability on HyOs—induced cell damage in HaCaT cells.
(B) Cell protective effects of isolated compound 1 and 3 on HaCaT cells
by damaged by H:0,. HaCaT cells were treated with different
concentration of sample for 24 h after being exposed to oxidative stress.
The data represent the mean = SD of triplicate experiments. *p < 0.05;

#xp < 0.01
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2) &4
7}. Nitric oxide AA oA &A

RAW264.7 cell& o] &3lo] T4 oA F2d =<l g NO A4 o
A A L AE SAS st WA, compound 1-6, 109 Widte] 200 u
Mo FE2 AdS 23e A3, compound 4, 6, 100] AXE ZA §lo] NO A
P A Bl o] A3E W' e ® compound 4, 6, 100 s}
o] F7HAQ wx® AdS MYt 1 AF}, compound 4, 10 200 pM
% o]sto A, compound 62 100 uM &% o]stolA MEFA §lo] wEo&=
Aoz NO B4ds Aslste Ao= yetwth B3k ICsoat 2+2F 83.7, 106.0
98.6 uM=Z &1 ¥ At (Figure 54, 55).
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Figure 54. Effects of isolated compound 1-6 from A petiolaris leaves on
NO production and cell viability in LPS-induced RAWZ264.7 cells. The
cells were stimulated with 1 npg/mL of LPS only, or with LPS bplus
isolated compound 1-6 from H. petiolaris leaves for 24 h. The data

represent the mean = SD of triplicate experiments. *p < 0.05; **p < 0.01
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Figure 55. Effects of isolated compound 4, 6, 10 from /. petiolaris leaves
on NO production and cell viability in LPS-induced RAW264.7 cells. The
cells were stimulated with 1 npg/mL of LPS only, or with LPS plus
compound 4, 6, 10 from /. petiolaris leaves for 24 h. The data represent

the mean = SD of triplicate experiments. *p < 0.05; *xp < 0.01
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m a7 2: 2Efiuy 4 =29 1y 84 4L 47

oA AMER R (Elacagnus  macrophylla)s  BE U}
(Elacagnaceae)ell &él= 5 GaEd== 3=, T, U3, Bolgk Tl &%
B gL URE BE EAA W] FEei, T2 At Hagon 2l
U BEiiupae] ol o] QlabFel HEo] 2y ' Yty Ak ¢l
oAxIth. 2L 9~109e] Ja JA=Z ol 7 A G, Qo] vk, Al
= o) 3-490] Ao ol A&l FPsal,

He|suidhs Aol oF 45F 0] 3 stH, ghool= 650 LEshE Ao
2 deld YUk o] F meluTE @9, wu, FE M 59 Gko] nu
5] o Q).o.m 37,38 kaempferol-3-0O-B-D-galactopyranoside-7-0O-a
-L-rhamnopyranoside, kaempferol-3—O-rutinoside, lupeol, daucosterol 52

T rE Adse] EEA US40 xRt Beivhys @9, o, &

x)
ofJA k. wEbA E Aol M= HEliu oS ol&ste] A Lot
A5 AP

T JAIEHS 0 49D+ 20199 1€l AlFALA =
Ak A Byt ole w2 Az A #

E35to] Ao A3 tH(Figure 56).

Figure 56. Picture of FElaeagnus macrophylla.
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(n—Hex), ethyl acetate (EtOAc), n—butanol (7-BuOH)&] #3 &S 5313}
oje} e WHO R 63 ¢ WHE AA|sle] F

tHFigure 57).
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Dreid leaves of Elaeagnus macrophylla 600.0 g

l 70% EtOH, stirring, 24 h, 3 times

Extract 176.0 g (29.3%)

Extract 115.0 g

l suspended with H,O

n-Hex Fr. EtOAc Fr. n-BuOH Fr. H,O0 Fr.
6.2 g (5.4%) 6.0 g (5.2%) 16.1 g (14.0%) 76.4 g (66.4%)

Figure 57. Extraction and solvent fractionation of ZElaeagnus macrophylla

leaves.
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glass columne ©o]&3sle] VLCE Hgsr. L£wo] FALS 5%%
n~Hex:EtOAc (0-50%)7} & w74+ =3lem 21 & 100% EtOAcet 100%
MeOHE 2} 300 mL¥ &%3le] % 13709 fractions FUcHFr. V1-13).
VLC fractionE % Fr. V7 (524.0 mg)+ compound 13} compound 3°] =3}
FH g2 gAY, Fr. V8-V12&= v 3¢E<2l compound 1% 2lw ]
o}, &3 Fr. V4 (266.2 mg)2 Silica gel column chromatograpy
(~Hex'EtOAc=2.5:1)5 5 #3}%] compound 2 (36.3 mg)& VAL Fr. V6
(577.8 mg)e Silica gel column chromatograpy (CHCly)S =333}
compound 4 (10.0 mg)®} compound 4¢F 57} £¢4¥ FH (16.0 mg)S I
H(Figure 58).

n-Hex Fr. (5.0 g)

VLC

n-Hex : EtOAc (0-50%),
Step gradient (5%),
EtOAc — MeOH

100 mL each

Fr. V1 Fr. V4 Fr. V6 Fr. V7 Fr. V8
’ (266.2mg) | ™ (577.8 mg) (524.0 mg) (263.8 mg)
Silica gel C.C. Silica gel C.C.
n-Hex : EtOAc = 10:1 CHCly
Compound 4 Com, d1
poun
C?;I;%o?:l;:) 2 (10.0 mg) + Compound 1
Compound 4 + Compound 5 Compound 3
(16.0 mg)
Fr. VO Fr. V10 Fr. V11 Fr. Vi12 Fr. V13
(161.4 mg) (104.6 mg) (75.5 mg) (92.4 mg) .
Compound 1 Compound 1 Compound 1 Compound 1

Figure 58. Isolation of compounds from FElaecagnus macrophylla leaves.
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g gsrEe =
1) Compound 19 +% &4

Compound 1& C NMR spectrumellA 20709 3 =7 #AFEJQoH, §c
174.4 935 F3 g+ 70e] carbonyl group®] Ue= AL=ZE oA al
131.9-127.114 6709 ¥ A9} &y 5.34 (6H, me] IAE T
TAF] e AR et 6y 3.64 (3H, s) B 6 51.7 HAE T
709 methoxy group®] &= Aoz oAeF L &y 0.95 (3H, t, J = 7.6) 3=
¢t 8¢ 14.5 A5 F3 methyl groupe] Sl Ao® o3ttt o] & ntgo

=2 #9323 vl A3 methyl linolenate(linolenic acid, methy ester)® &

¢15) 9l tHFigure 59-61, Table 15).

Compound 1

Figure 59. Chemical structure of compound 1.
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Figure 60. 'H NMR spectrum of compound 1 (CDCls).
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Figure 61. *C NMR spectrum of compound 1 (CDCls).
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Table 15. 'H and *C NMR data of compound 1 (400 and 100 MHz).

Compound 1
No.
Sy (int., multi., J Hz) Sc

1 174.5

2 34.3

3 25.1

4 29.8

5 29.4-29.3
6 29.4-29.3
7 29.4-29.3
8 274

9 5.34 (1H, m) 132.2-127.3
10 5.34 (1H, m) 132.2-127.3
11 25.7

12 5.34 (1H, m) 132.2-127.3
13 5.34 (1H, m) 132.2-127.3
14 25.8

15 5.34 (1H, m) 132.2-127.3
16 5.34 (1H, m) 132.2-127.3
17 20.8

18 0.95 (3H, t, 7.6) 14.5

19 3.64 (3H, s) 51.7
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2) Compound 29 +% %#

Compound 2& C NMR spectrumo] Al & 2970¢] carbon ¥ =7} #&= 0
™, §c 145.8, 144.7, 122.8, 121.2, 118.7, 117.6 9=aAZ E3] o]FZAg o] A
AN de Aoz sttt o] F 8¢ 145.8, 144.7 VA= AVSA L 2 4
zo 91 E 99 sp? A4 carbonl® AAEAT 6 74.8 I AE E3
SR ETE 2 Akl e A9 sp’ &4 carbon®] YT ASE oF5kel
t}. w3k 'H NMR spectrumoll A 8§y 0.82-0.85 (12H, m) ¥ I E =& 471¢
methyl groupo] U= FHE= dFaigltt. o]& nfg o= £3433 vt A3

compound 3< a-tocopherol® &% A (Figure 62-64, Table 16).

Figure 62. Chemical structure of compound 2.
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Figure 64. *C NMR spectrum of compound 2 (CDCls).
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Table 16. 'H and *C NMR data of compound 2 (400 and 100 MHz).

a—-tocopherol

No.
Sulint., multi., J Hz) Sc
2 74.8
2a 24.0
3 31.8
4 2.59 (2H, t, 6.9) 21.0
4a 117.6
5 118.7
5a 2.09 (3H, s) 11.5
6 144.7
7 121.2
Ta 2.09 (3H, s) 12.4
8 122.8
8a 145.8
8b 2.14 (3H, s) 12.0
1 40.0
2 21.3
3 37.7
4’ 33.0
4’a 0.82-0.86 (3H, s) 19.9
4’ 37.5
6’ 24.7
7 37.7
8 32.9
8'a 0.82-0.86 (3H, s) 20.0
9’ 37.5
10° 25.0
1 39.6
12’ 28.2
12’a 0.82-0.86 (3H, s) 22.9
13 0.82-0.86 (3H, s) 23.0
-OH 4.16 (1H, s)
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3) Compound 39 +% &A

Compound 3¢ compound 13 &% Iz Eggmgrt. BC NMR
spectrum®| Al §c 122.0, 141.0 I35 &3l oz 43 o] 3t 7] A= Aoz 4
A8holal §c 72.0 YAE B AVISAHETE F Abkd A 99 sp’ £A
carbon®] Sl Aom st olE nlgom M Hlug A,

compound 2+= B-sitosterol® &<1% Y HFigure 65-67, Table 17).

Compound 3

Figure 65. Chemical structure of compound 3.
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Figure 66. 'H NMR spectrum of compound 1 and 3 (CDCls).
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Figure 67. *C NMR spectrum of compound 1 and 3 (CDCls).



Table 17. 'H and *C NMR data of compound 3 (400 and 100 MHz).

B-sitoserol

No.
&y (int., multi., J Hz) Sc

1 37.4
2 31.8
3 72.0
4 42.5
5 140.9
6 5.34 (m) 121.9
7 32.1
8 32.1
9 50.3
10 36.7
11 21.3
12 39.9
13 42.5
14 57.0
15 26.2
16 28.5
17 56.2
18 36.3
19 0.92 (d) 19.2
20 34.1
21 26.2
22 46.0
23 23.3
24 0.83 (m) 12.2
25 19.2
26 0.83 (d) 20.0
27 0.80 (d) 19.6
28 0.65 (s) 19.0
29 0.98 (s) 12.1
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3) Compound 4¢} 59 +% &4

Compound 4+ ¥C NMR spectrumol Al 307]¢] carbon =3¢ 'H NMR
spectrumol A & W9 aliphatic signalS HIE O & triterpene & o A}Fs}
Atk 6y 5.10 (1H, t, 3.4)9} 6¢c 124.6, 139.8 9 A5 &3 3 /e o|F AT o
AT Aoz oAgstela, &y 3.20 (1H, dd, 11.0, 5.0) A%} §¢ 79.3 JAE

A

of

3 A7) eAET 2 Abko] A3 9H9 sp® EA carbono] UE AOFE o

= o pul

O

)

O>’
ol

ook ol& wpg o= #3453 Hlawek A3 compound 4% a-amyrinS =
g1 = A th(Figure 68-70, Table 18).

Compound 53 compound 4% &£3td Fejz E %A S™, compound 49
A9} vjg- FASE Ao R Hol H|=3k 729 triterpenoid SFEZR oS
o} ol& vy ow Ay Hlwg Ay} compound 5% B-amyrino =z 2l

A} (Figure 68,71,72, Table 18).
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Figure 68. Chemical structure of compound 4 and 5.
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Figure 69. 'H NMR spectrum of compound 4 (CDCls).
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Figure 70. *C NMR spectrum of compound 4 (CDCls).
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Figure 71. 'H NMR spectrum of compound 4 and 5 (CDCls).
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Figure 72. *C NMR spectrum of compound 4 and 5 (CDCls).
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Table 18. 'H and *C NMR data of compound 4 and 5 (400 and 100 MHz).

N a—amyrin B-amyrin

o Su(int., multi., J Hz) Sc Sulint., multi., J Hz) Sc
1 38.8 38.7
2 27.5 27.2

3.20 (1H, dd, 11.0, 3.20 (1H, dd, 4.4,
3 79.3 79.3
5.0) 10.8)

4 38.8 38.5
5 55.4 55.1
6 18.6 18.6
7 33.1 32.4
8 40.2 39.8
9 47.9 47.6
10 37.1 36.9
11 23.6 23.6
12 5.10 (1H, t, 3.4) 124.6 5.16 (1H, t, 3.7) 121.7
13 139.8 145.2
14 42.3 41.7
15 26.8 26.2
16 28.3 26.1
17 34.0 32.6
18 59.3 47.2
19 39.8 46.8
20 39.9 31.0
21 31.5 34.6
22 41.7 37.2
23 1.00 (3H, s) 28.3 28.1
24 15.8 15.3
25 0.96 (3H, s) 15.9 15.3
26 1.01 (3H, s) 17.1 16.7
27 1.07 (3H, s) 23.5 25.7
28 28.3 28.5
29 17.7 33.8
30 21.6 23.7
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Figure 73. Effects of extract and solvent fractions from £E. macrophylia
leaves on melanin contents and cell viability in a-MSH induced B16F10
cells. The cells were stimulated with 100 nM of a-MSH only, or with a
-MSH plus fractions from £Z. macrophylla leaves and melasolv (positive
control, 20 uM) for 72 h. The data represent the mean £ SD of triplicate

experiments. *p < 0.05; #xp < 0.01
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Figure 74. Effects of n-Hex fraction from £E. macrophylla leaves on
melanin contents and cell viability in a—-MSH induced B16F10 cells. The
cells were stimulated with 100 nM of a-MSH only, or with a—-MSH plus
n-Hex fraction from £E. macrophylla leaves for 72 h. The data represent

the mean = SD of triplicate experiments. *p < 0.05; *xp < 0.01
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o o v o A, h o]
S 9l 70% EtOH Z2EES gu)o] =4 449 2§33}
n-Hex, EtOAc, n-BuOH % H,0 #3&ES F5390. 55 2 &) 235

=

o] 43 A& Rttt MEE o] &3 Aitst HE Ay}, n-Hex %
B3I EL H23 A (H0)%E 245 HaCaT keratinocytedl M ¥ Hs gy
= Yehder. =3 LPSE AFE RAW264.7 cellS o] &3 3o g4 A3
A3}, p-Hex % EtOAc H&8Eo] AX SAo] = HYAA NOY S o
AA7= AE A5G o] & nfg oz F71H4Q1 4 71A AFE 35S
om, p-Hex % EtOAc &8 Eo] LS cytokine(TNF-a, IL-183, IL-6)9]
A3 INOS &3 23S A 7= AS AP Y. a-MSH=Z A=%
B16F10 cell& o]&3t mwl &4 Ad A3} p-Hex HBEo] AE SAo] gl
HeA A delbd AAAS AR 7= AE RIS ol & nfgoez F714<Ql

PN

T

3Jsle] p-Hex #38&9] Tyrosinase, TRP-29] Td S A A]7]

e® G4AdEHLS epi-catechin (1), hyperin (2), quercitrin (3), afzelin (4),
1-O-p-coumaroyl-B-D-glucopyranoside (5), asiatic acid (6), corosolic
acid (7), ethyl linoleate (8), ethyl linolenate (9), phytol (10), 1-linoleoyl
glycerol (11), 1-linolenoyl glycerol (12)= =A% AT},

ST oA EEld $3tE T epr-catechin, hyperin, quercitrin, afzelin<
ZoRwo|lt 3}eEo &&m 3A13}50,61,52 31¢)53,54,55 SAJo] -8k o w7
& dr}. asiatic acid, corosolic acide= EZH#A o= 3}3HE &350,
3lol gAJo] a4y QQr)56,57 TS phytol, ethyl linoleate, ethyl linolenate,

1-linoleoyl glycerol, 1-linolenoyl glycerol& 3+<d, wjw FAJo] 9= Zo7
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