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oF | B APfME £ &2 FEE 9 guf EFE g4ts), g AL Elety RS B
gsto] slelrz s Jpgstet. datst A4S E9lsty] Y5kl DPPH 9 ABTS =ttt &7 84 =
Astgon, 4 FAL [PSE S RAW264.7 AZEAA nitric oxide (NO) A4 oA axtz =As}

et A 2, AoPAHelE BTN $4a FAUSH 2 FE BAL SIsion] AzuEsd
£ sl V10 4E ARS Belskdn NMR dold EAS ekl shiras sAstt:
Hydrangenol (1), prunin (2), astragalin (3). £2]% 3}HE 1-3¢f diste] HPLC &4& —’,‘—ouoP 75_‘14—
hydrangenolo] 4= £ 559 8 ZJRo=2 RIS & 1-39 &4 %“3% <l

T4 o] NOS| BHE GAAIIE A0 delstet, (9] A7 AR Wgon fx % FEEE A
Q st 2 Y A=A Bgo| s Ao Az,

FAo] 7=, Gk, I JAE £

Abstract : In this study, the extracts of Hydrangea macrophylla (H. macrophylla) flowers were
investigated for the anti—oxidative and anti—inflammatory activities, and their active constituents were
identified. The anti—oxidative effects were tested by DPPH and ABTS' assays. To evaluate
anti-inflammatory activities, LPS—induced RAW?264.7 cells were examined. Among the extracts, the
ethyl acetate fraction showed potent radical scavenging activities and inhibition of nitric oxide (NO)
production. Chromatographic purification of the extract led to isolation of the compounds;
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hydrangenol (1), prunin (2) and astragalin (3). The chemical structures of the constituents were
elucidated based on spectroscopic data including NMR spectra, as well as comparison of the data in

the literature values. Quantitative analysis by high pressure liquid chromatography (HPLC) determined
hydrangenol (1) as the major constituent. Isolated compounds 1-3 decreased the NO level without
causing cell toxicities. Based on these results, it was suggested that the extract from FH. macrophylla

flowers could be potentially applicable as an anti—oxidative and/or anti-inflammatory ingredients.

Keywords  Hydrangea macrophylla, Anti-oxidation, Anti-inflammation, Natural product, Isolation
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Ao F&, 80 ¥ 9 {8 J& =
AHgE SuE2 Merk, OCI ¥ tiAstZe] A
ES AESHTE Medium  pressure  liquid
chromatography (MPLC, BUCHI Labortechnik
AG)olE  flash pure select (Cis, BUCHI
Labortechnik AG) ZHE Argsidict. T84
= I8t nuclear magnetic resonance (NMR)+&
JNM-ECX 400 (FT-NMR system, JEOL,
Japan)& o]&std o NMR 54 8uj= CIL
AF] NMR #4 g2 CD;OD, DMSO-ds&
ARg-stiet.
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o HHE AHASHT}E o|gA ofFfste] dojx
9‘43 40C olste] =8 oA A JF 557
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FEE 750 g2 S/Fol AT F4 wA
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Hydrangenol (1) '"H NMR (400 MHz,
CD;OD) 6y 1093 (1H, s, 8-OH), 9.64 (1H,
s, 4-OH), 7.52 (IH, t, 8.2 Hz, H-6), 7.33
(QH, d, 8.7 Hz, H-2", 6) 6.89 (1H, d, 8.7
Hz, H-7), 6.87 (1H, d, 7.7 Hz, H-5), 6.80
(2H, d, 8.7 Hz, H-3", 5), 5.66 (1H, dd, 2.7,
12.3 Hz, H-3), 3.39 (1H, dd, 12.3, 16.4 Hz,
H-4), 3.12 (1H, dd, 2.7, 16.4 Hz, H-4), 3C
(100 MHz, CD;OD) & 169.4 (C-1), 160.9
(C-8), 1578 (C-4), 140.6 (C-4a), 136.3
(C-6), 128.4 (C-17), 1283 (C-2, 6", 118.4
(C-7), 1154 (C-5), 1152 (C-3, 5), 108.4
(C-8a), 80.5 (C-3), 33.5 (C-4)

Prunin (2) 'H NMR (400 MHz, DMSO-d})
Su: 7.31 (QH, d, 8.7Hz, H-2', 6), 6.81 (2H,
d, 8.7 Hz, H-3", 5), 6.20 (1H, d, 1.8 Hz,
H-8), 6.18 (1H, d, 1.8 Hz, H-6), 5.36 (1H,
dd, 2.7, 12.8 Hz, H-2), 496 (1H, d, 7.3 Hz,
H-17), 3.89-3.49 (sugar peak), 3.16 (1H, dd,
13.2, 17.4 Hz, H-3), 2.73 (1H, dd, 2.7, 17.4
Hz, H-3), C (100 MHz, CD;OD) 6. 198.7
(C-4), 167.1 (C-8), 165.0 (C-10), 164.7
(C-6), 159.2 (C-4), 1309 (C-2', 6", 129.2
(C-1), 116.4 (C-3, 5, 105.0 (C-5), 101.3
(C-17), 98.1 (C-9), 97.0 (C-7), 80.8 (C-2),
78.3 (C-57), 77.9 (C-3"), 74.7 (C-2"), 71.2
(C-4"), 62.4 (C-6"), 44.2 (C-3)

Astragalin - (3) 'H NMR (400 MHz,
CDs;OD) 64t 8.04 2H, d, 9.1 Hz, H-2", 6),
6.87 (2H, d, 9.1 Hz, H-3, 5), 6.37 (1H, d,
2.2 Hz, H-8), 6.18 (1H, d, 2.2 Hz, H-6),
5.24 (1H, d, 7.3 Hz, H-1"), 3.71-3.29 (sugar
peak), *C (100 MHz, CD;OD) 6. 179.6
(C-4), 166.0 (C-7), 163.1 (C-5), 161.6
(C-4), 159.1 (C-9), 1585 (C-2), 1355
(C-3), 1324 (C-2’, 6), 122.8 (C-17), 116.1
(C-3, 5, 105.8 (C-10), 104.2 (C-1"), 100.0
(C-6), 94.8 (C-8), 78.5 (C-3"), 78.1 (C-57),
75.8 (C-27), 71.4(C-4"), 62.7 (C-6")

M

2.4, Sitst &Y

[

2.4.1. DPPH &tz &A &4
2, 2-Diphenyl-1-picrylhydrazyl-(DPPH) =}t
Z 24 &4 AFL Blois 59 HH[10]E S5
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sto] AASEAT DPPH =ttjZef thgh Az
AEolsE 457 Slall, A= 84 20 xL
o] 0.2 mM DPPH (Sigma, USA) €8 180 xL
£  Efdste]  ARolA 2087t HRSAIFTH
Microplate reader (SpectraMax® ABS PLUS,
Molecular Devices, USA)E AF&35}o] 515 nmeol|
A FFEE S5, 7 A= #d &
0] 50%Q "] AR FE(SCs)E ALttt

2.4.2. ABTS" &tz &A &4

2,2'-Azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) fole =z A4 &4
A3e Re 59 TH[11]E S835te] HAsHA
th ABTS™ 2tz &A &4 F4st7] ¢4,
7.4 mM ABTS (Sigma, USA)¢t 2.6 mM
potassium persulfate (Sigma, USA)E Z%o}o]
A2, daoA 16417 59t BRSAIA ABTS' 2
gZ-g PAAAFH. o] S8 700 nmollA 7
T7F 0.78 £ 0.027} HE5F ofetEE 3|45}
Ao ARgstATt. Alm g 20 pLof 3%
ABTS" 89 180 uLE 7toto] Ad-2olA 158
Sob "S- At} Microplate reader® ©]-&3}o]
700 nmolA FFEE SHotAL, 7 A= 2
gz AaAgo] 5029 "o Az FE(SCs)E
A4St

A

2,5, 29 #d

[

2.5.1. Al =%

Murine macrophage cell lineQl RAW264.7
cell2 american type cell culture (ATCC, USA)
ZRE EoFdol 100 U/mL penicillin, 100 u
g/mL streptomycin®t 10% fetal bovine serum
(FBS, Gibco Inc., USA)o] §H8-= dulbecco's
modified eagle’s medium (DMEM, Gibco Inc.,
USA) iz & Atgste] 37C, 5% CO, @71
A wlgplglon], 2-39 AL At Hleels)

t}.

2.5.2. NO A4 94 &4

24 well plateo] RAW264.7 cell& 2.0 x 10°
cells/well2 B3} 37C, 5% CO, Z7A5}o)A
18A1ZF A wjstgdel. 1 xg/mLe] LPSE ¥
st= HiAE n¥sty FEEE A=E 47 7t
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Stof 24A17F visFGITt. o] A HjeF AT
100 u L8} griess reagent (Sigma, USA) 100 u
E 2ot 96 well platedlA] 10 59t Hhg
AlZ1aL 540 nmelA S8EE SAsHATE B4
H NO9 2 sodium nitrite (NaNO,, Janssen
Chimica, Belgium)& ZEZE4=2 ARgote] 24
e FEHATAE T AxE gl Foll EA
st NO; 9 FHIZ ZAstglen ZF Ag9
NO A4 Asfi&ol 50%¥ o] Az F=(ICs)
E A4St

253, AlZ 5/ FH7HMTT assay)

RAW264.7 cell& 24 well plateo]l 2.0 x 10°
cells/well2 £5F3}3L 37C, 5% CO, Z75}of|A
18AIZF A e F, LPSe} AmE sEHE FA
of Aste] 2443 wiFSteh. widE Az
500  pg/mLe] thiazoyl blue tetrazolium
bromide (MTT, Biosesang, Korea)E #7}5toq
37TCoNA 3-4A1ZF ¥RGAIZ] &, F5HS AlAst
%t} o]F DMSOE 7Fste] Aotgls Mlazet wt
S5t A7 formazan JHAEE |sA7]2L 570
nmolM FFEE SAsH A BEE(R)S A
~tshaint.

2.6, HPLC ME 2A

= Z FEEY AEE B fsky
70% oeHe FE8 20 mge HWEE 2 mLof =
ol & 0.45 um syringe filter2 oTA|Z] &
2 A AREStt. HPLC E4L2 Merk9]
HPLC grade H,O @ methanol (MeOH)S ©]
got] 71&7] gEjgie=r  Eooiqla, ol
HPLC 7]7] B4 9 ga AL Table 19 Y
Etfidict. 24 7]712 HPLC (Waters 2695
separation module system, USA)2} PDA
detector (Waters 2998, USA)E AFEsIgioH o
o] B4 S/Wit Waters®] Empower system=

ol-g-3tltt.

27. S 24

nE AYe 33 yrEo 2 AHASEN §A4 2
Ao Hdit EEFWAHmean + SD)E YERN
o], Student’s rtestH-= ©]85t p-valueZt
0.05 w9kl AL FAHCR Foido] e A
o2 wysirt
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Table 1. HPLC Chromatographic conditions of control factors

Conditions of HPLC analysis

Column

Kromasil Cig (4.6 X 250 mm, 5 gm)

Column temperature 40C
Injection volume 10 pL
UV wavelength 230 nm
Flow rate 1.0 mL/min
Time H,O MeOH
Mobile phase conditions for 0 I 20
gridient elution 30.0 30 70
32.0 0 100
35.0 0 100

Table 2. SCsyp values of extract and solvent fractions from H. macrophyila flowers on
DPPH and ABTS" radical scavenging activities

Fractions DPPH (xg/mL) ABTS" (xg/mL)
Extract 100.9 42.7
Hex >500 433.4
EtOAc 164.1 45.2
BuOH 103.7 50.3
Water 151.2 58.0

3.1. == £ FE2 ¥ S0 2&=9 us
St
= o

SgitaoE hydroxy  radical  ((OH),
superoxide radical (O)¥ T2 27 FrjZo]
poH, olg2 & HAAE 7HAar §lo] whgAdo
o9 Eob Al Weld AEaptel At
doA AU thfgt &4 doXit. gutyo=r
WA gom EAste Aol gof Frize
AAE o} Sd oz =2 vhgAdo] AEE
& SIcH12L olst 2ol WA AggoA ot
q;‘;_}% 275 =gol 3 EFA AR
R FEE 1T & ok TEd 2 AY
A= ‘315’7‘4 ¢Hgt eitZ 2 EX|sk= DPPH
9 ABTS™E olgste] = & 55 9 81
welES iy A7) BAE Sl 353

| 2= gt 4F A1 70% EtOH
% o] SCso#tel ZrzF 100.9, 42.7 ug/mL=E

=

_EL

NIF‘

o wﬂ H

o|% 714 $43t DPPH 9 ABTS' @dZ 47

o] 52 Eelstelth(Table 2).

32 £33 £ FEE Y 20f 2ES9| &S
£

ASHEgol A 7BEHQ NO+= L-arginineof 4
NO synthase (NOS) ol @-dHrt. NOSel+=
endothelial NOS, neuronal NOS, inducible
NOS (NOS)EJ Al 7k Feli7h qlem, o5 F
INOSefl 9§t NO 442 #Hzjstdos Fqagh
AgZ vk It oz ARl NO= Al
FolAY FdE AAste a7 HANHEY]
&= ShAT O &4 HEEer
lipopolysaccharide (LPS)e} &2 tha]A|Le]
A3t Qo] ool sl 49E NOE 4
SUIAA AA &AF ZZA &4 9 Az}
£ dosle Aoz deA Qi3] o]
M=ol g aE &dstr] s iAo
LPS =& 7Fste] NO W HAFA AfelE7RI

oro{

5:

o,

[
_V}igmlomﬂﬁmm

| i o]\
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75)} EtOAc —‘?—QJ%O] *ﬂioﬂ EHO]' 5
NO9 s 62.1% XM]A]?]‘; AL ol
THFigure 1A). 4ol 93t EtOAc &
il 12.5-100 pg/mLe] 5= HHYR oA
?F Ay, 50 pg/mLolote] sXofA A
ol NOS| AL = ozoz oAl
oI5t om [Csoat2 42.0 pg/mLE
thHFigure 1B).

—-

o
=]

u?l

A

Job e Jf o 2 ¥R O, ol O, 19
w, o
mlo

o,
<:'II
¥R

]_

3.3. &= Eo2RH E2E = 7=
S3
st 8 gd 24l %
EtOAc 92l wiste] MPLCE Fafsto] T
=2d& 25 % C NMR& o8}

1o
==
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o] sigHEo] 725 FIstg
Al
o

Su 6.80, 7.339] mIaE Fof thAFxL] H
17t A= e9)E isocoumarin A|EQ] sHHE
2 dietgoen FA[14]& S5t hydrangenol
2 golstatt. siE 2, 32 19709] carbon T
A7t EETW 6y 3.49-3.89, 3.29-3.719]
overlap Eo] Q& o 7l proton TIAL}t o
9] anomeric proton®] WFs= S 4.96 (1H,
d, 7.3 Hz) 9 6y 5.24 (1H, d, 7.3 H»2| =
AE 59 flavonoid &7l S&o] shH 4
AEo] Q= FxY Aol didstdrt. ol Hl
oleiE vheor RAllS, 167 Hetel s
E 2% prunin (naringenin—7-O-glucoside), 3}
= 32  astragalin @ (Kaempferol-3-O-
glucoside) 22 1= QI tH(Figure 2).

A) B NO production M Cell viability
140
u

~ 120
§ 100
z L
g 80
S 60
E
g 40
=20

o | mm i

LPS

Sample (50 pg/mL) - Extract

+
Hex EtOAu BuOH Water

(B) ® NO production H Cell viability

2 o » o D =
S S 5 & © o

Percent of control (%)

LPS
EtOAc (ng/mL)

” I I I . L
0 4-
125 10()

Fig. 1. Effects of extract, solvent fractions (A) and FEtOAc fraction (B) from H.
macrophylla flowers on NO production and cell viability in LPS—induced

RAW264.7 cells.

The data represent the mean + SD of triplicate experiments.

*p<0.05, **p<0.01 compared with control.
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3.4, $£32 & FZ2 U EtOAc 2EEE29 M2
24
ST

F2E 9 EtOAc E9E 9] T2 e
S gelstr] 95t HPLCE &3 A4, A% &
g Psiiint. B4 2, &EeE e H
2= A ZHretention time, RT)2 ZtZt prunin
(2) 13.08, astragalin (3) 15.6%, hydrangenol
(1) 259802 ZRI=ickFigure 3). =
i AEEY FF2 FE&FH)e 139 HA
Hl(yZ)oll tigh ARFAS st AR
gAoll tiedsto] Zbzto]l AR fteke 4RSS
1 Ay = E FE2°14 hydrangenol (1),
prunin (2), astragalin (3)o] 4zt 27.0, 18.9,
OoH 0O 20.5 mg/ge] T=Fo] FRIF e, EtOAc EE
EolA ZFzZF 121.5, 101.6, 76.5 mg/go] T-&=
o] = Aoz SRIFLE

3.5. &= EL=RRH EIE =EEe 9
A
= o

OH

= ZolA 299 2RHEES 50, 100, 200,
300 M FEE 247 A A9
Fole o]sls}oq NO /uw%k% =2

Compound 3

Fig. 2. Isolated compounds 1-3 from A & 300 M lr_E ;qal:',- oA shete %—1‘:— mle]

SHAIRE 20% kel NO A4 oAl 4ol 3le

macrophylla flowers. =
W, 2 1, 32 AE 54 glo] NO°| A4e
A)
2,00
1.50-
2 C
1.00]
050 * w ‘N‘
000 MMM»/ L _AJW_ SO | S
0.00 5. 00 10. OD 15 00 20 00 25 00 30‘00 35.00
Minutes
(B) 3.501 H C
3.00 |
2,50 ’
2.00 ‘
= 1.50
1.00+
sl W,WJ www —

0.00 1000 1500 2000 25100 30,00 35.00

Fig. 3. HPLC chromatogram of 70% EtOH extract (A) and EtOAc fraction (B) from H.
macrophylila flowers at 230 nm (A; prunin, B; astragalin, C; hydrangenol).
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® NO production M Cell viability

o » 2 D
3 & 38 3

B
S

Percent of control (%)

20

0

+ + + + + + +
100 200 300 50 100 200 300

LPS - + + + + +
Sample (uM) - - 50 100 200 300
Compound 1

Compound 2 Compound 3

Fig. 4. Effects of isolated compounds 1-3 from H. macrophylla flowers on NO production and cell
viability in LPS—induced RAW264.7 cells. The data represent the mean + SD of triplicate
experiments. *p<0.05, **p<0.01 compared with control.

50% ol AA AEATIE Ao=m UEHH
(Figure 4). 3= 11 32 & oJ&EHo=
NO9| AAS AsfrARS ICsoft> 22
265.8, 146.4 pM=Z ZRIstc}. o5
i 7} 12k 1A o] F817k1
factor—kappa BINF-« B) pathwayE XA L
24 NO A4 oA &/do] Hirxo] glej[17,
18] F7FAQ1 711 A7t Z8YskA] kst

f
Tlo
2
N
2,

T Ao Fg ddf oJste] W
o2 Qo] 7R ekl otk el
gk Aol wobAaL glow, olof wat w3k
219t AZHAE At 71548 A-ookE 9 s
ol tigh A7t ghds] RaE QIeH19]. o]
2 Qlsto] M2 7154 a4 gl digh o
FES FrFt ot Al fEgt
phytochemical2 1o f-&% ot A=j2A
< H{sta qlo] 7164 A9 MEe Ao
2 7 9tk ojddle AES F At o
doz Aiste] stout AAE vAE, &, 5
F A 5 A EAcs BE AL tgeR
ALl tigt A7 FHSIsHA o]FelA L 9l
tH20]. ole] wef, B AFofAE = E X

3

2o Fyeh B GA BHS AT f

A = Z 70% oeE FE2ES A o
g2t B&l5lo] Hex, FtOAc, BuOH, water E&8&
< don et FHS ST A, FEE
I Hex 282 ALe e S0 2= o
st @43t Bz A7 S-S Fstart.
g &4 A 23} EtOAc 2EE°] 50 #
g/mL o5t FkoA Az tigh 54 §lo]
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w29 sEe 'H 2 PC NMRE ol8s] +
25 F4seH w3} Hwste] hydrangenol
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3 2 322 9 EtOAc 2983 HPLC &
BASH A hydrangenol ()& 32 29 FQ
Aieln, R slRHEEl ditt 3 24 4
g2 53 ¢t NO A4 A8 a3t e
gRlskqiTt. oFe] A AME HECoR L=
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