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Abstract

In this study, we investigated anti—oxidative, anti-inflammatory and
whitening constituents from Hydrangea petiolaris stems. Phytochemical
investigation of the extract from /. stems resulted in isolation of eight
constituents; methyl linoleate (1), B-sitosterol (2), daucosterol (3),
oleanolic acid (4), ursolic acid (5), catechin (6), ep/~catechin (7) and
lyoniside (8).

The chemical structures of isolated compounds were elucidated based on
the spectroscopic data including NMR spectra, as well as comparison of
the data to the literature values. On the anti-oxidation tests, the
compounds 6 (SCsp 36.5 uM), 7 (SCso 73.1 uM) and 8 (SCs 61.7)
exhibited potent DPPH radical scavenging activity compared to positive
control (ascorbic acid, SCsy 51.6 puM). Also, compounds 6 (SCsy 19.9 uM)
and 8 (SCsp 24.9 uM) showed stronger ABTS" radical scavenging
activities than positive control (ascorbic acid, SCso 36.2 uM).

For the anti-inflammation studies using RAWZ264.7 macrophage, n-Hex
and EtOAc layers inhibited the production of NO effectively without
causing cell toxicity. In addition, n-Hex and EtOAc layers reduced
expression of iNOS protein and production of PGE; and pro-inflammatory
cytokines (TNF-a, IL-6, IL-13).

B16F10 melanoma cells were used for whitening activity studies. As a
result, n-Hex layer inhibited the melanogenesis and intracelluar
tyrosinase effectively without causing cell toxicity.

Based on these results, it was suggested that extract and isolated
compounds from FH. petiolaris stems could be potentially applicable as

pharmaceutical and/or cosmetic ingredients.
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I. A 2 PH

Aol A gy F5, & #8 B Feo] AFEE EmE2 Merck % OCI
o] AFS AFE3IAT. Vacuum liquid chromatography (VLC)oll+ silica gel
(0.002-0.025 mm, Sigma Co.)S AF£3}%¥ 3 medium pressure liquid
chromatography (MPLC, Biotage Co.)ol+= KP-C18-HS (Biotage Co.) A<
AH8-3k3it). Silica gel chromatographyel & silica gel 60 (0.04-0.063 mm,
Merck Co.)& AF&3}9111, gel filteration chromatographyels Sephadex™
LH-20 (0.1-0.025 mm, GE healthcare Co.)& AF&&tGith &2 #Ael A&
¥ thin layer chromatography (TLC)¥ precoated silica gel aluminium
sheet (silica gel 60 F254, 2.0 mm, Merck Co.)E A3ttt TLC Aol A
TEd EdES g9styl fsted UV lamp (254 nm)E ARESHAL,
visualizing agent®] FAA|Z] & heat-guns AF83te] A=A Z Y. Visualizing
agent=+ KMnOs FE€N(EB% KMnOs, 20% KyCOs, 0.25% NaOH) 2 1%
anisaldehyde-5% HySO,& Z 8o wef AFE-sF3lt

T3E SFEEY 7x A4S 7] Hske] AFEE NMR (nuclear magnetic
resonance spectrometer)< JNM-ECX 400 (FT-NMR system, 400 MHz,
JEOL Co)E o]&3%¥ e, NMR =4 $8vwle CIL (Cambridge Isotope
Laboratories, Inc.)¢] NMR & &w= CD3OD, CDCl; R CsDsNs& AF&-3F3d
. HPLC #49 % HPLC (Waters Co)E o]&3llen x18d AL
Kromasil® C18 (250 X 4.6 mm, 5 pm)e]i AZ7]E= UV-Visible Detector
(Waters, USA, PDA 285 nm)E A}&3}3it}.



BoAfo AMRH S5 (Hydrangea petiolaris)S o] 7] ¥ (Saxifragaceae)

B2 9 HFIE 4 FURFlm Fui 2ot Ee seksolw
3~470e) #olo] YT BT GEA AR AN F7)%e7} BAG
of WhSILh ThE Whipe] ol 20 m b Aeks Rom muEe] Yk £F B
FEe o] Avked 2 9PL FA ghob Wl Fuglel AR Aof A
4B 2ol7ld H@steh TN FEFE FRAY 4 % FFEe A
Wt gor] 55 AFme b, enteu, A%, HoteE F oy

Al 2ol Ao Azhg, AFu gy}, FRjnt Fo] BHawo] githl2 Fy

H 3}gtE9+= phyllodulcin, hydrangenol, kaempferol, quercetin 59 & A
ol &deA QQr13.14 SRRk o} F] Fagarol A fadh g Aol fa AR

o td EH7F BaEo] A @ol & dAFelM= TE=e 718 o8-8t

Figure 1. Picture of Hydrangea petiolaris
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WHow F& 4 of3E 23] ¢ v At & oA 37-40 T +
£ oA gd HF FF7](rotary vacuum evaporator)Z &3] 70%
EtOH F&%& 164.0 g& AUt €2 70% EtOH & 200 ¢= /75 1 L
of detAIZl H ¥ Zu7]E o]&3] n-Hex, EtOAc, n-BuOHS W& =4 &
MEE = om ARgel ZF Eufo] the EEES AATE ZF Gufol] s
3 ke gor o9 L WHom F 1570 g9 FEES &9 ¥

(Figure 2).

Dried branches of Hydrangea petiolaris 1896.0 g

70% EtOH, stirring, 24 h, 3 times

Y
Extract 164 g (8.6%)

Extract 157.0 g

Suspended with H,O

n-Hex. layer EtOAc layer n-BuOH layer H,O layer
8.39 (5.3 %) 12.8 9 (8.2 %) 34.19(21.7 %) 81.8 g (52.1)

Figuer 2. Extraction and solvent fractionation of Hydrangea petiolaris stems.
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n-Hex 38E 50 ¢g& FA A7|EZ Y57] 98] &4 silica gels 313
glass columng o83t VLCE Zgsglet. &wle] F4L2 594
n~Hex'EtOAc (0-50%)7F 2 o 7bx] £9le™ 1 % 100% EtOAcet 100%
MeOHE 7} 300 mLA &%35}o] & 13709 fractiong AUATHFr. V1-13).

42 VLC fractionE % Fr. V7 (499.9 mg)S n-Hex-EtOAc (5:1)2] &z
Ao =2 silica gel column chromatograpyS <33t compound 1 (178.3 mg)

7} compound 2 (93.6 mg)S AAF(Figure 3).

n-Hex layer 5.0 g

VLC
n-Hex.:EtOAc(0-50%)
Step gradient (5%),
300 mL each

Fr. V1 Fr. V7 Fr. V13

(499.9 mg)

Silica gel CC
n-Hex.:EtOAc = 5:1

]
Compound 1 Compound 2
(178.3 mg) (93.6 mg)

Figure 3. Isolation of compounds from Hydrangea petiolaris stems.



3) Ethyl acetate &3 &9 &4 A& W
(1) VLCE o]&3t =34

EtOAc #3835 5.0 g& FA4 IA7IE=2 Y57] 93 &4 silica gels 53

glass columng ©o]&3te] VLCE Zg3A. Euje] AL 594

n-Hex:EtOAc (0-100%), EtOAc:MeOH (0-50%)7} & of 7}#] 9o 1 &

100% MeOHE Z}Z} 300 mLA &&3to] & 32709 fractione L ATHFr.
V1-32). 9€<& VLC fractionE % Fr. V9 (207.5 mg)E CHCl3-MeOH (20:1)

L

o] fujxx o2 Sephadex LH-20 column chromatographys <33}
compound 4%} compound 57} £3(42.1 mg)¥ FH=Z ¥l

Fr. V22-23 (599.0 mg)& H,0-MeOH (1:1)¢] Svwjxz7 o= Sephadex
LH-20 column chromatographyE <33t compound 6 (16.0 mg)=}
compound 7 (15.0 mg)S AU}

Fr. V25 (463.5 mg)E& MeOH=Z AZAA3s}le] compound 3 (18 mg)S AAL}
(Figure 4).

EtOAc layer 5.0 g

VLC
n-Hex:EtOAc(0-100%)
EtOAc:MeOH(0-50%)
Step gradient(5%),
300 mL each

Fr. V9 Fr. V22, 23 Fr. V25
Fr.v1 (207.5 mg) (599.0mg)| (463.5 mg) Fr.vs2

Sephadex LH-20 CC Sephadex LH-20 CC Recrystallization
CHCI;:MeOH = 20:1 H,0:MeOH = 1:1 with MeOH

Compound 4 Compound 6 Compound 3

+ (16.0 mg) (18.0 mg)
Compound 5 Compound 7
(42.1mg) (15.0 mg)

Figure 4. Isolation of compounds from Hydrangea petiolaris stems.



EtOAc #3E 4.0 g& 4 A7I¥M=2 Yv7] 98l MPLCE S35tk
EtOAc 8 E 4.0 g2 MeOH 6 mLo] =< ¥ KP-C18-HS column®l] =3}
St Gradient# o2 MeOH:H.O (10-100%, 110 min), MeOH (100%, 20
min)9] &wl =71& AEste] {452 156 mL/mine = s & Z+7 40 mLA &
E=AA F 48719 fractions A ATHMP1-48).

MPLC fraction® < Fr. MP 14-17 (253.9 mg)= H,O:MeOH (1:1)¢] &vj
o=z dko]  Sephadex LH-20 column chromatographyE 533l A

compound 8 (17 mg)<S LA t}.(Figure 5)

EtOAc layer 4.0 g

MPLC (C4g)
H,0-MeOH (10-100%)
Flow rate : 15 mL/min
40 mL each

Fr. MP 14-17

Fr. MP 1 (253.9 mg)

Fr. MP 48

Sephadex LH-20 CC
H,0O:MeOH = 1:1

Compound 8
(17 mg)

Figure 5. Isolation of compounds from Hydrangea petiolaris stems.
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A& Folin-Denis¥ 158 583l dPsigion, v-E2

o} Gallic acidE DMSO:EtOH=1:1 &9H& A}&3}o

utl
0Q
&
=
)
Q,
(@R
el
>
ol
oo
ol
o
38

1 mg/mL% A)Z & two-fold-dilution§ 2.2 31.25-1000 pg/mL7} H == 3
Astal 7 AEES 10 mg/mL $E2 g&rjo] FHo] Frs3ith. 4] & Gallic
acid @ AlZ 100 pulLE microtubed] FH3ta1 =F4 900 ulLE go] 3|AAHA
t}. oJ7]o| Folin-Ciocalteu's phenol reagent 100 pL& X7}t &3 o}
el A 3EE WEAIA T 1t 7%(w/v) NaCOs &< 200 uLg 3 7hs

S SHFTFE F FY(total volume)7} 2 mL HE5F 713t H 238l ol &
A

B T2 gallic acid®] %o W& FHE S ol&ste] AH ZEHAS
XM (Standard calibration curve method)S &3 F3lgon, TFHAG34 9

r® 3+ 0.99 o]4ro)dtk(Figure 6).

3.00 +

2.50 A y = 0.0509x - 0.1224
R2 =0.9937

2.00 A

1.50 -

1.00 -

Absorbance (700 nm)

0.50 A

0.00 T T T T : ,
0 10 20 30 40 50 60
Galli acid concentration (ug/mL)

Figure 6. Calibration curve of standard gallic acid for determination of

total phenolic contents.
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T STR»olE % SH2 DavisWlis o&dke] Aot ET=d=
quercetin® AF23l9 9™ quercetind} Z} ABEEL = ZEdE I =AHy
2 wHow Az 2 At F#HSE T Quercetindg A& 15 plLE 96

=
well platee] #3&}ar o 7]d] ethylene glycol 150 puLE 7}3F % 0.1 N NaOH

15 uLE #H7lste] =353t} o]S AF2oA 1AI7F HEEA]Z] ZE microplate
readerE ©]&3Fo] 420 nmolA FFE=E SAHSIAY. o] W AR F ZHE
ol FEF2 quercetin®] FXo WE FFE S ol8ste] AHE BTEAA

A (Standard calibration curve method)S &3 3G ow, TFHA A

o] r? k& 0.99 ool A tHFigure 7).

0.70 1
0.60 -
0.50 ~
0.40 ~
0.30 -
0.20 ~
0.10 ~
0.00

y = 0.0012x - 0.0054
R? =0.999

Absorbance (420 nm)

0 100 200 300 400 500 600
Quercetin concentration (ug/mL)

Figure 7. Calibration curve of standard quercetin for quantification of total

flavonoid contents.
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3) DPPH radical 27 &84 =4

7zt AN &E5° DPPH (2,2-diphenyl-1-picrylhydrazyl) free radicalel thgh 44
Fo5s S4317] Y & APLS Blois 5 WHITS §&3F] AT
96 well plated] A= 20 pLE FH3% % 0.2 mM DPPH &< 180 uLE 7}8haL
Abeo| A 208-7F k- Al T} HE-S- & microplate reader® ©]-&3t] 515 nmoll
A FFEE 54 o dlEa(positive control) & Z+= L-ascorbic acid<}
BHTE ARE8F3Ith Radical 2274 &4 AXEE &g =2 Yehl7] 98 os

g2 Aow ALkedrr. ERE, MiEEo] 509 W AR FEE SCh=E sl

Abs —
Radical scavenging activity (%) = (1— Saﬁ’:;

control

>
o
&
g
>
il
Yo =
)
®
J
T
i
ot
ot
e
op
2
Lo
oo
oY
H

(4) ABTS" radical 24 &4 =4

olrt
1o
=)

ABTS" radical &7 &A 23S Re

H
DPPH®} H]Z=3 AFo]x gk DPPH radical 24 &Ao] 2449 gy EAS

|\
o
(o

o ABTS™ = %157 (hydrophilic) ¥ 1@ (lipophilic)d] 24 &4<
=43 4 bt ABTS' radical 27 @48 =Asl7] &, 7 A
2.6 mM potassium persulfateE 1:1% &3}

P ab3AlA ABTS' radicals A4 A%

nmell A FF=7F 0.78+0.027F HES & va Al ARgsklth Als 20 uL
of 343 ABTS" &9 180 uLE 7kste] AolA 20% St wheAl7]aL

- 1101'
Olr
Lo
2
0¥
rlo
)
12
PN
=
B
—
(@)
>
tﬁ
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microplate readerE ©]&3}e] 700 nmolA SFTHEE SHIIFY. WET

(positive control) 22+ L-ascorbic acid®} BHTE AME3}3iortt. T3
Aos

Radical 27 &4 Ax= wrgz Jehyy] 98 goa e Ao

WEgo] 50%Y W Aie FE SCsE TIHAT

o W
AbS, o1 — ADSL i
Radical scavenging activity (%) = (1— Sagge ) %100
Scontrol

Absconrol ¢ ABTS radical &4¢] &

Abssample : }\]fig’]' ABTS+‘§‘ :“3_}%]':_]_— —g—O_]’JQ] %%E

AbSpiank © A1HY FHE
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5. 39 24 W7t

il (

1) RAW264.7 cell 8%

RAW264.7 cell2 #H 2] ) A ¥ (murine macrophage cell line)°]™ american
type cell culture (ATCCO)ZHFH FFwtekt}, v 100 U/mL penicillin, 100
ug/mL streptomycin % 10% fetal bovine serum (FBS, Gibco Inc., USA)°]
Shf-% dulbecco's modified eagle's medium (DMEM, Gibco Inc., USA) A
£ AR83te] 37T, 5% COs incubator 7oA w3l en, 2-3U HAo=
ATl v sk

2) Nitric oxide (NO) A A & A

RAW264.7 cell& 24 well plated] 2.0 X 10° cells/well2 #5349 37T,
5% COp Z719] AL wig7lolA 18A1%F wiFalsitt. 2 th3 0.1 pg/mLe]
LPSE =3hsh wiA &= wEs & 242 AR5 Agste] 24A43F 5k vt

Uk o]% AEHE NOO &s =438t7] Sl A= vk Feef 100 pLE 96
well plateol]l F 3}l Griess A1 9F(1% sulfanilamide, 0.1% naphthylethylenedi-

amine in 2.5% phosphoric acid) 100 pLE #H7}ste] A2oA 108 F<oF vk

Al AT, HWES-E-& microplate readerE o] &3te] 540 nmolAd SF =S A
ATk AAHE NOw= AEZ wfge] Fol EA8k= NOz o = FAlox &
F= A 2+ sodium nitrite (NaNO»)E Atg3dl o, AAEH NOo 42 NaNO,9
FEo WE FEE S ol&ste] AAdH ZEHAATAHE I AZSiT
At ghe wESEE Yerddon, EFA4349 r* g2 0.99 oldeldth

o

LI MEEo] 50%9 W AR F=9 SCh= TEtith o W, A tiEa

2-amino-4-picoline (10 pM)& AF-&3} T}

_15_



. oy Abssample
Cell viability (%) = NSNS 100

control

4) PGE, ¥ A=A cytokine A4 oA &4

N u [e]

60 mm petri disholl RAW264.7 cell& 2.0 X 10° cells/well2 #5351, 3

7C, 5% COy ZZBFANA 24417 A widelAqtt. 2 v A7) cellS 0.1 pg/mL

o] LPS7F 2okel wiA = wghdt §, Z47f samples A elste] 24413t wFakal
Qero 7}

thoo] - dofxl Al vk e eelA PGE, R HASA cytokine BT

IL-6 % IL-1B enzyme-linked immunosorbent assay

7} PGE;, TNF-a,
(ELISA) kitE A&t =

Y,
o
i

Y
o

olg3tel Ay W EF
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5) Western blot analysis

60 mm petri dishell 2.0 X 10° cells/dish2 AXE 533 37C, 5% COq
ZAs A 24417 A st A ul Al cellS 0.1 pg/mLe] LPS7F E
3 ® wiA R wgksk 5 77 samples A @eto] 24A17F wiFESiTh o] % Al
X AN E AASY PBSE AFHS $ lysis buffer (1 X RIPA)E o]-§3}¢]
4Cx3NA  overnightA]A lysis AZT 2 of% w@ids A452(8000
rpm, 4C, 20 min)sto] ©d o] Ageivt Fejste]l Ao AREetaith @l
A2 bovine serum albumin (BSA)E %+ 2= Bradford AleFS AME-3le] &

FAARAS Aol AT 3
a2

Ij

N
of
st

wEld 20 pge 8-12%

SDS-polyacrylamide®] #7]9% & o]Z transfer stacks ©]-&3

poly—-vinylidene difluoride (PVDF) membrane°l] 747t transfer 33t} w@h
4ol transfer ¥ membranes 5% skim milkE &3 TTBS (0.1% Tween
20, tris—buffered saline)ol] ¥ il A2 A 2A]7F blocking A|Z1 &, TTBSZ 5
3] AlFetGth. L ¥ membranes Z17Fe] 12k A S veS AR oW, 14
Al WEE2 anti-rabbit NOS2 (Santa Cruz)< 1:1000, B-actin antibody
clone AC-74 (Sigma)S 1:200002 3]Aslo] AF&sFar, 4T Z7ddA
overnight WAl T WH&o] £ membrane> TTBS® 53] AlZ ¢ & HRP
(Horse Radish Peroxidase)7t ZA3® ® 2% &A(Santa Cruz)E iNOS
1:5000, B-actin 1:20000 &2 8|43k § oA 1AF wke-A1Z1 5, TTBS
2 53] AAHEFP. WAL WEST-ZOL (Western blot detection system,
Intron) &HE& ARE3ste] ECL 7123 vb§ AlZ1 % Chemidoc (Fusion solo,

VILBER LOURMAT)<= olgsto] Zpzte] wld ddAES w43l
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6. v 24 H7}

1) B16F10 melanoma A3 B %

Murine B16F10 melanoma cell> ATCCZHH Y4 wol 10% FBS, 100
U/mL penicillin ¥ 100 pg/mL streptomycin®] 3% DEME ®|#A| & A}-&3}
o] 37C, 5% CO2 incubator =7 wjFsiglon, 39 A E A wFs
Al &Ykl ot

2) Melanogenesis A 24

6 well plate] 5 X 10* cells/well® AEZE #F3}aL 37C, 5% CO, %713}
oA 24A1ZF wiget & Aol AR&Sklth. A wiYAI cell®] ¥iAIE 100 nM
a-MSH7F 23t A= wg 5 A5E e 2420 H7bste] 72470 vl
sttt o] % wjx]E A|A3stal PBS (phosphate buffered saline)® A& 3gF 3
trypsin—EDTAE A gl MEE 353130t 43 M*E+= 1 N NaOH 300
uLE H7bske] 55Tl A 1A7F vbgAA AL Weo] debds 5o 405 nmollA

FEE S48 R 22+ melasolv (20 pM)E AF8-3131 T

ool
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3) A¥x A H7HMTT assay)

MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide]
assayt= RAW264.7 ¥ B16F10 celle well plateo] 23d 7] 2A &3}
o 37C, 5% CO, x=stdl AwjeFst £ LPS (0.1 pg/mL) =% a-MSH (100
nM)o} A5 sEEE g $ o At °o]F MTTE 500 pg/mL ==
Hj Ao Hrbste] wjeF 7oA 3AIRE RESAIZ & AT NS A AT Lot

S 2olgle= AlES MTT7F ¥hg-sle]l A E HEkA formazan I A ES DMSO

==
(o
Al
0
-
o]
A

il
(e}

183t gaA)7]22 o]= 96 well plateo] 71 3, microplate readerZ

= 54 k. AE AYEE(cell viability)S thg3}

o
ofo
%
a1
~J
o
5

3

=
R
Ijof
o
H
e
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gd sz 7 24

1) Compound 19 +% A

Compound 1& YC NMR spectrumol 8¢ 174.6 ¥ =& %3 carbonyl
groupE 7FAaL 9lom §c 130.4, 130.3, 128.3, 128.1 ¥ &y 5.28-5.39 (4H,
m)e] ¥ AE Fsto] o]FAdE 27/ 7ML e Aem oStk &n 3.65
(3H, s) ¥ &¢ 51.7 925 &3 g 79 methoxy group°l U< o3
61 0.89 (3H, t, 6.9) A9} 6 14.3 FAE F3] methyl groupo] U&S ol
SEATE ol & MiE o R RS9 T olFAde] 27 Ae =E3t A T4
o methoxy group®] 17] A% =] 9= methyl linoleate® =<1 % Yt (Figure

8-10, Table 1).

Compound 1

Figure 8. Chemical structure of compound 1.
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Table 1. 'H and *C NMR data of compound 1 (400 and 100 MHz).

Compound 1 (CDCls)

No.
§H (Int., multi., J Hz) §C
1 174.6
2 2.29 (2H, t, 7.3) 34.3
3 1.63-1.59 (2H, m) 25.2
4 1.30-1.23 (2H, m) 29.3
5) 1.30-1.23 (2H, m) 29.4
6 1.30-1.23 (2H, m) 29.8
7 1.30-1.23 (2H, m) 29.9
8 2.07-2.01 (2H, m) 27.4
9 5.39-5.29 (1H, m) 130.3
10 5.39-5.29 (1H, m) 128.1
11 2.76 (2H, t, 6.6) 25.8
12 5.39-5.29 (1H, m) 128.3
13 5.39-5.29 (1H, m) 130.4
14 2.07-2.01 (2H, m) 27.4
15 1.30-1.23 (2H, m) 29.6
16 1.30-1.23 (2H, m) 31.7
17 1.30-1.23 (2H, m) 22.8
18 0.88 (3H, t, 6.9) 14.3
-OCHjs; 3.66 (3H, s) 51.7
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Figure 10. *C NMR spectrum of compound 1 (CDCls).



2) Compound 2 ¥ 39 ¥+% A

Compound 2% 'H NMR spectrumolA] 671¢] methyl groupS ¥3§ate] H-2
W99l aliphatic signal¥} C NMR spectrumoll4 2971¢] carbon ¥ AZE 53|
sterol 725 717 F3EZ gAY 1 5 §c 122.09F 141.0 I 3AE F3
Al olF AT el 1 &S AP S 72.0 A= B spf EA

carbon ¥ Bt} §: ko] deshielding ¥ HOZ Hol HA7|LSA L7} 2 X7

7 AFE] e dd & dn o]E AR e R #3520 F8 compound 2

[rt

= B-sitosterolZ &1 QI tH(Figure 11-13, Table 2).

Compound 3& 'H % C NMR spectrums %38 compound 23 A3
Zoly &y 4.01-5.08 % 8¢ 63.4-79.0, 103.19] 6719 ¥ A= %3] compound
20 6etgo] A3ty o] = SIFER oFstlth. 3, anomeric protonel 3
I8k 6y 5.08 (1H, d, J = 7.8 Hz) JAE &3 B-form® & oistslan
o] Z nigto g F&S21 %3 compound 3 daucosterol® &2l %Sl th.(Figure

11, 14, 15, Table 2).
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Compound 2

Compound 3

Figure 11. Chemical structures of compounds 2 and 3.
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Table 2. 'H and *C NMR data of compouds 2 and 3 (400 and 100 MHz).

No Compound 2 (CDCly) Compound 3 (CsDsN)
) Su (int., multi., J Hz) Sc Su (int., multi., J Hz) 8c
1 37.5 37.8
2 31.9 32.5
3 3.53 (1H, m) 72.0 4.09 (1H, m) 79.0
4 42.5 40.3
5 141.0 141.4
6 5.36 (1H, d, 5.0) 122.0 5.38 (1H, m) 122.5
7 32.1 30.6
8 32.1 32.4
9 50.3 50.7
10 36.7 37.3
11 21.3 21.6
12 40.0 39.7
13 42.5 42.8
14 57.0 57.2
15 26.3 24.8
16 28.5 28.9
17 56.3 56.6
18 36.7 0.68 (3H, s) 12.7
19 0.93 (3H, 9) 19.2 0.95 (1H, s) 19.8
20 34.2 36.8
21 24.5 1.01 (3H, d, 6.4) 19.4
22 46.0 34.6
23 23.3 26.7
24 0.86 (3H, s) 12.2 46.4
25 29.3 29.8
26 0.84 (3H, s) 20.1 0.90 (3H, d, 8.2) 20.3
27 0.82 (3H, s) 19.6 0.88 (3H, d, 8.2) 19.6
28 0.69 (3H, s) 19.0 23.7
29 1.01 (3H, s) 12.1 0.91 (3H, t, 7.8) 12.5
1' 5.08 (1H, d, 7.8) 103.1
2 4.09 (1H, t, 8.0) 75.9
3 4.23 (1H, m) 79.1
4' 4.23 (1H, m) 72.2
5 4.01 (1H, m) 78.6
a 4.44 (1H, dd, 11.7, 5.2)
6' 63.4

B 4.59 (1H, dd, 11.6, 2.1)
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Figure 12. 'H NMR spectrum of compound 2 (CDCls).
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Figure 13. '*C NMR spectrum of compound 2 (CDCls).
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IV /3 /3 Jﬂ

14. 'H NMR spectrum of compound 3 (CsDsN).
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Figure 15. >C NMR spectrum of compound 3 (CsDsN).
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3) Compound 4 ¥ 59 ++% FA

Compound 4¢} 55 =233 gz 27 F9o1 ¥C NMR spectrumol A

% 6071¢] carbon ¥ =7} #zE RO =R HoL triterpenoid’F 271 A& Aol
dAarstitt. B3E £3812223 compound 49 5% oleanolic acid %

ursolic
acid2 21¥ 2 (Figure 16-18, Table 3).

Compound 4

29

-ullllllg

Compound 5

Figure 16. Chemical structures of compounds 4 and 5.
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Table 3. 'H and *C NMR data of compouds 4 and 5 (400 and 100 MHz).

No Compound 4 (C5DsN) Compound 5 (CsDsN)
' Su (int., multi., J Hz) Sc Sy (int., multi., J Hz) Sc

1 39.3 39.5
2 28.5 28.5
3 3.47 (1H, dd, 10.3, 6.0) 78.4 3.47 (1H, dd, 10.0, 6.0) 78.5
4 39.8 40.1
5 56.2 56.2
6 19.2 19.2
7 33.7 34.0
8 40.1 40.3
9 48.5 48.4
10 37.8 37.8
11 24.1 24.0
12 5.52 (1H, s) 122.9 5.51 (1H, ) 125.9
13 145.2 139.8
14 42.6 42.9
15 28.7 2.36 (1H, td, 13.5, 4.6) 29.1
16 24.1 25.3
17 47.1 48.4
18 3.33 (1H, dd, 13.7, 4.1) 42.4 2.66 (1H, d, 11.5) 53.9
19 46.9 39.9
20 31.4 39.8
21 34.6 31.5
22 33.6 37.7
23 1.27 (3H, s) 29.2 1.25 (3H, s) 29.2
24 1.05 (3H, s) 16.9 1.05 (3H, s) 17.0
25 0.91 (3H, ) 15.9 0.87 (3H, ) 16.1
26 1.00 (3H, s) 17.8 1.08 (3H, s) 17.8
27 1.31 (3H, s) 26.6 1.21 (3H, s) 24.3
28 180.8 180.3
29 0.97 (3H, s) 33.7 1.02 (3H, d, 4.1) 17.9
30 1.05 (3H, s) 24.1 0.98 (3H, d, 4.1) 21.8
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Figure 17. 'H NMR spectrum of compounds 4 and 5 (CsDsN).
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Figure 18. *C NMR spectrum of compounds 4 and 5 (CsDsN).
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4) Compound 6 ¥ 79 +% A

Compoudn 6& C NMR spectrumol|A] % 1570¢] carbon ¥ =7} #&¥ A
S Ho} flavonoid ZA1¥e == dAedt. 'H NMR spectrumoll A &y
6.84 (1H, d, /= 1.8 Hz), 6.76 (1H, d, / = 8.2 Hz) ¥ 6.72 (1H, dd, J =
1.8, 8.2 Hz) 979 coupling constant #= T3t A2 ortho- <
meta-coupling® 3}l )& aromatic ring®] &S 4T F JdoH §; 5.93
(1H, d, /= 2.3 Hz) ¥ 5.86 (1H, d, / = 2.3 Hz) 339 coupling constant
#E S8l ME meta-couplingS dFal & aromatic ring®] A= o5}
o} &y 2.85 (1H, dd J = 5.5, 16.0 Hz) ¥ 2.50 (1H, dd, / = 8.2, 16.0 H
3= sp’ AL 7FAY coupling constant kS E35te] § 7R carbonel 3}
g4 4ol ME & 2709 protone] AT AOE AN & F AT ol F
g o7 F& 324 nuwsle] compound 6 catechin® @ #<la tH(Figure

19-21, Table 4).

x2

N
~

Compound 7& 'H ¥ C NMR spectrum< %3] compound 63 wj$ GA}
sk shgtEolet o dsklal 1 F 6y 4.82 (1H, s) A5 &3l flavonoid?] 2
A JA T2 °E Aol dietith. o5 HolHE Fall et vl
3te] compound 7 compound 62 YA]FHA] epi-catechin®Z 213}

A (Figure 19, 22, 23, Table 4).
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Compound 6

HO 7 0] 2 \\\\\\\\

n,
3 "Ion
OH

Compound 7

Figure 19. Chemical structures of compounds 6 and 7.
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Table 4. 'H and *C NMR data of compounds 6 and 7 (400 and 100 MHz).

Compound 6 (CD3;0D)

Compound 7 (CD3;0D)

No. Su (int., multi., J Hz) Sc Sy (int., multi., J Hz) Sc
2 456 (1H, d, 7.3) 82.9 4.82 (1H, ) 80.0
3 3.96-3.99 (1H, m) 68.8 4.17-4.19 (1H, m) 67.6
4 2.50 (1H, dd, 8.2, 16.0) 98 6 2.73 (1H, dd, 2.8, 16.9) 99 4

2.85 (1H, dd, 5.5, 16.0) ' 2.86 (1H, dd, 4.6, 16.9) '
5 157.6 157.8
6 5.86 (1H, d, 2.3) 96.3 5.91 (1H, d, 2.3) 96.5
7 157.9 158.2
8 5.93 (1H, d, 2.3) 95.5 5.94 (1H, d, 2.3) 96.0
9 157.0 157.5

10 100.9 100.2
1' 132.2 132.4
2! 6.84 (1H, d, 1.8) 115.3 6.97 (1H, d, 1.8) 115.5
3 146.3 145.9
4' 146.4 146.1
5' 6.76 (1H, d. 8.2) 116.1 6.76 (1H, d, 8.2) 116.0
6' 6.72 (1H, dd, 1.8, 8.2) 120.1 6.80 (1H, dd, 1.8, 8.5) 119.5
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Figure 20. 'H NMR spectrum of compound 6 (CDs;0D).
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Figure 21. 'H NMR spectrum of compound 7 (CDs;0D).
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Figure 22. 'H NMR spectrum of compound 6 (CD;0D).
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Figure 23. '*C NMR spectrum of compound 7 (CDs;0D).
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5) Compound 89 +% =4

Compound 82 'H NMR spectrumel A &y 6.57 (1H, s), 6.43 (2H, s)°l| i
st WA F e HAE F3ske] Al el aromatic protono] ¥ AU
T3k, 6y 3.85 (38H, s), 3.74 (6H, s), 3.33 (3H, )¢ A= Ho} A F+
7H¢] methoxy groups XE3Hste] F 4709 methoxy groupe]l A= =
x5 ddetinh. sy 4.22 (1H, d, 7.3) % &y 3.14-3.84 (5H)9] A& E3) B
-form®] o] AgEo] A& Aolet o4dstilt.

BC NMR spectrumol|A] <l 371¢] maE x3sto] & 24719 737t &
2 a1 DEPT (135°) NMRS &3l 6¢ 71.0, 67.1, 66.1, 34.1¢] I3+ 23
carbon, §¢ 46.9 43.2 40.69] ¥AE 32 carbon¥dS FQEAT. HESH S
126.5-141.99 383t 9719 I AE= 43 carbon¥S FQlslon 1
149.1, 148.7, 147.7, 139.6, 139.1¢] 34+ deshielding ¥ ZAoZE Hol 7]
ST & A4 €183 carbon® E methoxy group ©]Y hydroxy group©]
A8 Hol e Aolgt e = Uk

°o|& HloJE & nP o FdE& 25 compound 82 A 1719 aromatic
rings X338k lignan AIE9e 3=<l lyoniside (lyoniresinol-9'-O-8

-D-xylopyranoside) = @213} tH(Figure 26-29, Table 5).
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Compound 8

Figure 24. Chemical structures of compound 8.
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Table 5. 'H and *C NMR data of compound 8 (400 and 100 MHz).
Compound 8 (CDs0D)

No. . .
Su (int. multi., J Hz) 8c
1 130.2
2 6.57 (1H, s) 107.9
3 147.7
4 139.0
5 148.7
6 126.5
2.65 (1H, dd, 11.5, 15.1)
7 34.1
2.72 (1H, dd, 5.0, 15.3)
8 1.71 (1H, m) 40.6
3.65 (1H, dd, 4.1, 11.0)
9 66.1
3.55 (1H, dd, 6.4, 10.5)
1' 139.6
2! 6.43 (1H, s) 107.0
3' 149.1
4 134.5
5' 149.1
6' 6.43 (1H, s) 107.0
7' 4.38 (1H, d, 6.4) 43.2
8' 2.05 (1H, m) 46.9
3.80-3.84 (1H, m)
9' 71.0
3.40-3.52 (1H, m)
1" 4.22 (1H, d, 7.3) 105.7
2" 3.14-3.25 (1H, m) 75.1
3" 3.40-3.52 (1H, m) 78.2
4" 3.40-3.52 (1H, m) 71.4
3.80-3.84 (1H, m)
5" 67.1
3.14-3.25 (1H, m)
3-0OCHjs 3.85 (3H, s) 60.1
5-0CHs 3.33 (3H, s) 56.7
2'-OCHj; 3.74 (3H, s) 56.9
6'-OCHjs 3.74 (3H, s) 56.9
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Figure 25. 'H NMR spectrum of compound 8 (CDs;0D).
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Figure 26. *C and DEPT (135°) NMR spectra of compound 8 (CDs;0D).
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Figure 27. HMQC NMR spectrum of compound 8 (CDs;0OD).
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Figure 28. HMBC NMR spectrum of compound 8 (CDs0D).
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Figure 30. Total flavonoid contents of extract and solvent fractions from
Hydrangea petiolaris stems. The data represent the mean £ SD of

triplicate experiments.
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(3) DPPH radical &7 &4 =4

NI\
ol

2 2320 t)sle] DPPH radical 274 4L =439
5-100 pg/mLe] s%=2 st om, k2ol s SCsok
A3}, =ZE EtOAc ¥ n-BuOH E3IEA SCsy FkO

of B3] 943 DPPH radical &

il

o o

lly

Z+zy 79.0, 36.3, 28.8 ng/mL=E UE 2 &E
7 A o] YEtwtH(Figure 32). ol & E9ds % A A3 fARRE A
S Yeldl Ao 2 Hol DPPH radical 27 4L ZgtH o= HUl Z7]y

wol @ 9P o WM Ao wndd.

o

12.5pg/mL ™25 pug/mL ™50 pg/mL ™ 100 pg/mL ™ 200 pg/mL

DPPH radical scavenging activity (%)

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

Figure 31. DPPH radical scavenging activities of extract and solvent
layers from Hydrangea petiolaris stems. The data are expressed as a
percentage of control and represent the mean = SD of triplicate

experiments.

Table 6. SCs9 values of DPPH radical scavenging activities for extract

and solvent fractions from Hydrangea petiolaris stems.

Extract n-Hex EtOAc n-BuOH H>0 BHT

SCso (ug/mL) 79.0 106.7 36.3 28.8 183.4 122.8
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(4) ABTS" radical &7 &84 =4

Ot

SFEE E7) FE2E 9 BIEd tiste] ABTS' radical 27 4S =438+

6.25-100 pg/mLe] sx=2 FePsielom, Zkztel i3] SCsosk
S Aatstgdth. A9 Ad EtOAc 2 n-BuOH ®8E9] SCsoikel ZH7 13.4,
12.7 ng/mL= F=& %9 & B ES H8] 43 ABTS' radical 274 &

A o] Vel tH(Figure 33, Table 7).

6.25ug/mL ®125pug/mL  ®25ug/mL M50 yg/mL M 100 pg/mL
100

» (o2} (o]
o o o

ABTS+ radical scavenging activity (%)
N
o

o

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

Figure 32. ABTS+ radical scavenging activities of extract and solvent
layers from Hydrangea petiolaris stems. The data are expressed as a
percentage of control and represent the mean =+ SD of triplicate

experiments.

Table 7. SCso values of ABTS' radical scavenging activities for extract

and solvent fractions from Hydrangea petiolaris stems.

Extract n-Hex EtOAc n-BuOH H.0 BHT

SCso

36.2 56.1 13.4 12.7 77.4 7.8
(ng/mL)
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2) =o€ set=o 24 A9 A

Fir
il
o

(1) DPPH radical &4 &4 =4

S4a 27|28 RBad g3Ee ulstel DPPH radical 2AEA 75}
Atk A7 FEE 6.25-100.0 M9 w2z st on Z+zto] thal] SCso
S AxbsknE A8 23 compound 6-89 SCso ko] 63.5, 73.1, 77.1 uM
2

=
DPPH radical &7 &40 9= AL <13 tH(Figure 34, Table 8).

ftlo
e
off

6.25 uM
=125 M
=25 UM
=50 UM
=100 uM

DPPH radical scavenging activity (%)
n
[«]

cpd. 1 cpd. 2 cpd. 3 cpd. 4 cpd. 5 cpd. 6 cpd. 7 cpd. 8 Ascorbic
acid

Figure 33. DPPH radical scavenging activity of the compound 6-8. The
data are expressed as a percentage of control and represent the mean =+

SD of triplicate experiments.

Table 8. SCso values of DPPH radical scavenging activity for the

compound 6-8.

Ascorbic
1 2 3 4 5 6 7 8 ]
acid
SCso
(D >100 >100 >100 >100 >100 36.5 73.1 61.7 51.6
1

(methyl linoleate 1; PB-sitosterol 2; daucosterol 3; oleanolic acid 4;

ursolic acid 5; catechin 6; epr/—catechin 7; lyoniside 8)
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(2) ABTS" radical &7 &4 =4
SET 27125y a9 3tgEd tiste] ABTS' radical 2424 S 543}
2

%
S At A8 23, compound 6-82] SCso @] 19.9, 42.0, 24.9 pM
=

ABTS" radical &7 &4o] &= AS g2l tHFigure 35, Table 9).

P>

120

-
o
o

o]
o

6.25 uM
=125 M
H25uM
H 50 uM
= 100 pM

ABTS* radical scavenging activity (%)
H (o))
o o

N
o

cpd. 1 cpd. 2 cpd. 3 cpd. 4 cpd. 5 cpd. 6 cpd. 7 cpd. 8 Ascorbic
acid

Figure 34. ABTS" radical scavenging activity of the compound 6-8. The
data are expressed as a percentage of control and represent the mean =+

SD of triplicate experiments.

Table 9. SCsop values of ABTS" radical scavenging activity for the

compound 6-8.

Ascorbic
1 2 3 4 5 6 7 )
acid
SCso
(D >100 >100 >100 >100 >100 19.9 420 24.9 36.2
8

(methyl linoleate 1; B-sitosterol 2; daucosterol 3; oleanolic acid 4;

ursolic acid 5; catechin 6; epi—catechin 7; lyoniside 8)

_46_



T
!
<
70
T
BH
o

(1) Nitric Oxide (NO) A oA &A

°|

Kol
=

RAW264.7 cell

=
i)

~N

=K

93\
A3}, np-Hex

5

A (MTT assay)S &l

2 Az =

Al &g

(2]
Sai

EtOAc &9 &0l A

A=1]
P2

3l

ol A
12.5-50 u

oF
TR

)

yus

o]

pze]

Hr
A

S

o] ERt A

puzel

M

|9k A3

g %

3)

A3 A

Bl
o

0

NO A

2 EtOAC g =0l

A3} n-Hex

—
fie)

A

g/mlL FxolA 7+

31.0, 36.0 pg/mL=zZ &A= A (Figure 36,

0
o

37).
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Figure 35. Effects of extract and solvent layers from Hydrangea petiolaris
stems on NO production and cell viability in LPS-induced RAW264.7 cells.
The cells were stimulated with 0.1 pg/mL of LPS only, or with LPS plus
Hydrangea petiolaris stems and 2-amino-4-picoline (positive control, 10 p
M) for 24 h. The data represent the mean * SD of triplicate

experiments. *p < 0.05; **p < 0.01
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Figure 36. Effects of n—Hex and EtOAc layers from Hydrangea petiolaris
stems on NO production and cell viability in LPS—induced RAW264.7 cells.
The cells were stimulated with 0.1 pg/mL of LPS only, or with LPS plus
n-Hex and EtOAc layers from Hydrangea petiolaris stems for 24 h. The
data represent the mean £ SD of triplicate experiments. *p < 0.05; #**p <

0.01
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(2) PGE, @ A=A cytokine (TNF-q, IL-1B, IL-6) A4 A g4

NO XA A4 8345 2 n-Hex ¥ EtOAc w8 Eo] disle] PGE, ¥ A<
573 cytokine (TNF-q, IL-1B, IL-6)°] thgt oAl &S sandwich ELISA
kitg o]&3 F43s3tt A3 A3, n-Hex 8% 50 pg/mL sXA PGE,
2 IL-1BE 27t oF 19%, 22%E AP o™, EtOAc &+ 50 pg/mL &%=
A+ PGE;, TNF-a ¥ IL-1BE ZtZ} oF 41%, 23%, 35%% A3 th(Figure
38).
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Figure 37. Effects of n—Hex and EtOAc layers from Hydrangea petiolaris
stems on PGE., TNF-a, IL-18 and IL-6 production in LPS-induced
RAW264.7 cells. The cells were stimulated with 0.1 pg/mL of LPS only,
or with LPS plus n-Hex and EtOAc layers from Hydrangea petiolaris
stems for 24 h. The data represent the mean = SD of triplicate

experiments. *p < 0.05; **p < 0.01
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iINOS 2aS Aafst=A] &<2lsl7] 98] western blot analysisE 3§33 tt.

A3 A3, n-Hex % EtOAc &£ &°lA NO A4 A A3 dFdFe=

~
INOS @9 d BdS v% oEHoz At AS A3 tH(Figure 39).
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Figure 38. Effects of EtOAc layer from Hydrangea petiolaris stems on
levels of INOS protein in LPS-induced RAWZ264.7 cells. The cells were
stimulated with 0.1 pg/mL of LPS only, or with LPS plus n-Hex and
EtOAc layers from Hydrangea petiolaris stems for 24 h. Whole cell
lysates (20 pg) were prepared and the protein was subjected to 10%
SDS-PAGE; expression of INOS and P-actin were determined by western

blotting. B-action served as a loading control.
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3) u]l:ﬂl Sk A] /\Iﬁ‘j 7;331/]_

h (e} =
(1) Melanogenesis 1A &4

B16F10 melanoma cell& °©]&3le] 55 =7]9 FE& 9 w3 g3
Ay YA A g4 2 AE 54 (MTT assay)S S8tk B4, 55
2 7 £E8ES 100 ng/ml w52 A9S 183 27, n-Hex 3 EtOAc 3
oA dabd RS dA 8] A AR AE FAo] UEh AE =40 gle
HejollA F7F e APty 43 A3, n-Hex #8+E0°] 10-40 pg/mL
SEAA AE A Qlo] vE oEHow g APE AdAGE AS &s

A tH(Figure 40, 41).
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Figuer 39. Effects of extract and solvent layers from Hydrangea petiolaris
stems on melanin contents and cell viability in a—-MSH induced B16F10
melanoma cells. The cells were stimulated with 100 uyM of a-MSH only,
or with a-MSH plus Hydrangea petiolaris stems and melasolv (positive
control, 20 pM) for 72 h. The data represent the mean £ SD of triplicate

experiments. *p < 0.05; **p < 0.01
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Figuer 40. Effects of n-Hex layers from Hydrangea petiolaris stems on
melanin contents and cell viability in a-MSH induced B16F10 melanoma
cells. The cells were stimulated with 100 uM of a—-MSH only, or with a
-MSH plus Hydrangea petiolaris stems for 72 h. The data represent the

mean * SD of triplicate experiments. *p < 0.05; **p < 0.01
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(2) Intracellular tyrosinase #3f] &4

A 54 glo] dWaid S A n-Hex #8859 % 10-40 pg/mLol
sl A3 Ul tyrosinase A3 A& SAHSIST 2 23, n
o] Wald A At FAS AEFFORE AE Y tyrosinased] EHS FE 9

=R o 7 AFHATE AL el tHFigure 41).
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40 =
i =
0
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a-MSH

Intracellular tyrosinase (%)

Sample (ug/mL) - 10 ‘ 20 ‘ 40

n-Hex layer

Figure 41. Intracellular tyrosinase activity of n—Hex layer from Hydrangea
petiolaris stems in a—-MSH induced B16F10 melanoma cells. The data

represent the mean £ SD of triplicate experiments. *p < 0.05; **p < 0.01
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T (Hydrangea)®ll &3k A=52 T8 WFEOR AMREH gtoy 4
A= =] o, 7] B HYE Ao r ofgste]l I oy meo] FEHA 3
Uh26 =00 FR7 opAlof Bl Holu|g7tE EFEte] o 409 Fol Ui =
o= A=, vk, A Fol vk IulelA AYdHeRE ol& Thedt
T ot E8e AAS(Hydrangea serrata seringe var. thunbergii
sugimoto)°l FE  °lF ol F=I} AEEY F8 ARLoEE

thunberginol, phyllodulcin, hydrangenol?} #-& isocoumarin A9} rutin,
kaempferol, quercetin ¢ ¥3%t% flavonoid7} Y+=4 o]83 EHELS 7,
ahat, @S L], kst 5 s Ay A4S 7HA A dnhenes

ekt 25 UEWHEA ddHern: &8 7HA

7F e A AAE F27] f8 ey 3 TR 5= (Hydrangea

o
VLC, MPLC ¥ open column chromatographyE ©]-&3] 8s}a i

&2 'H, PC NMR B #d2 F3 725 &daslth 1 23, 555 27
ZHE methyl linoleate (1), B-sitosterol (2), daucosterol (3), oleanolic acid
(4), ursolic acid (5), catechin (6), epi-catechin (7), lyoniside (8)& 2|3}

At o] e A7 Baxst At AHR0lE, EdE A olE B &9
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