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Abstract

In this study, Prunus pendula for. ascendens (Makino) Ohwi was
examined to identify the anti—oxidative and anti—inflammatory constituents.
The chemical structures of the isolated compounds were elucidated by
analyzing the spectroscopic data including 'H and *C NMR spectra, as
well as the comparison of the data to the literature values.

Five phytochemicals were isolated from EtOAc fraction of P. pendula
for. ascendens leaves; ursolic acid (1), prunasin (2), methyl p—-coumarate
(3), kaempferol (4) and astragalin (5). As far as we know, compounds
1-5 were isolated for the first time from this plant.

The content of the 70% EtOH extract and EtOAc fraction, including
compound 5, were analyzed quantitatively using high pressure liquid
chromatography (HPLCQ).

On the anti-—oxidation tests, the compound 4 (SCs 100.2 uM) and 5
(SCs0 255.3 uM) showed good DPPH radical scavenging activity than
positive control (BHT, SCso 247.3 puM). Also, compounds 3 (SCso 158.4 1
M), 4 (SCso 53.3 uM) and 5 (SCsy 180.3 uM) exhibited potent ABTS"
radical scavenging activities compared to BHT (SCs¢ 34.0 uM).

For the anti—inflammation studies using RAWZ264.7 macrophage cells
stimulated with LPS, EtOAc fraction and compounds 4 and 5 inhibited the
production of nitric oxide (NO), prostaglandin E; (PGE»), pro—inflammatory
cytokines (IL-18 and IL-6), expression of iNOS and COX-2 protein,
significantly.

Based on these results, it was suggested that extract and isolated
compounds from £Z. pendula for. ascendens leaves could be potentially

applicable as anti-oxidative and/or anti-inflammatory cosmetic ingredients.
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I. A48 2 43 T4

AT Az F&, & &9 % &Eeld AR8HE &viES Merck
(Darmstadt, Germany), WA 3t (Siheungsi, Gyeonggi—-do, Korea) ¥ OCI
(Seoul, Korea)?] A& AR5t Vacuum liquid chromatograpy (VLC)el
+= silica gel (2-25 um, Sigma Co., St. Lois, MO, USA)S Al&3sF o, gel
filteration chromatography®l+= Sephadex™ LH-20 (25-100 pm, GE
Healthcare Life Sciences, PA, USA)S AM&3}3t}h. &2 44 AFE-3 thin
layer chromatography (TLC)+= precoated silica gel aluminium sheet (Silica
gel 60 Fus4, 2 mm, Merck Co., Darmstadt, Germany)E& A}&3}3it}. TLC 4
AM ZHE =d5S #Rls] flste] UV lamp (254 nm)E AHS-shAY, &4
Alefell HAAZ F heat gung AREERe] HAE AZIv. TA AJefo R =
KMnO; F&M(3% KMnOs, 20% KyCOs, 0.25% NaOH) % 1%
anisaldehyde-5% H,SO,Z& Z Qo uwla} AFE3FSI T

B B4 AAS 99 FPE

L=

e

o= microplate reader (Sunrise™,
Tecan Co., SpectraMax® ABS Plus, Molecular Devices)E& o] &3t} #g
H I EES Fx BAS7] 98] AFEE nuclear magnetic resonance
spectrometer (NMR)< JNM-ECX 400 (FT-NMR system, 400 MHz, JEOL
Co.olH, gm= CIL (Cambridge Isotope Laboratories, Inc., Tewksburyk,
MA, USA)e} MerckAte] NMR -8 &wuj2 CD3;OD, CDCls, pyridine-dsE A}
23} t). High pressure liquid chromatography (HPLC, Waters Co.)ol+
Shiseido column (CAPCELL PAK Cigs, 4.6X250 mm, 5 ym)& AF&38lar, 7
=7 UV detector (Waters 2998, Waters Co.)E Al&3stdemn &=
HPLC-grade®] MeOH¥ H,O (Fisher scientific Korea Ltd., Gangnam-gu,

Seou)E AF&3F3A T}



2. A=

Aol AVeH WUV (Prunus pendula for. ascendens (Makino) Ohwi)

~

ARERS 1 485)2 2017d 99l AFA=AA G AR sAT. A7
Hipg ole 54 Ax

Az 3 45t A&tk (Figure 1).

Figure 1. Picture of Prunus pendula for. ascendens leaves.
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SHUE 9 640.6 g& 70% EtOH 9.0 Lol ¥ AF-&oA

24 hr WWSAATE FEAR ABE B o5 FHo] ol g3te] ofolur sty

%
on, olg} e WHoR FEd At fiste] TUd 2o R 23] ¢ WHE
AN G, o Tste] dojH ofMe 37-40T 9 & AoA] 3)A 1F E=7)

(rotary vacuum evaporator)® &=35}% 70% EtOH F=%& 339.0

dofzl 70% EtOH F=+= 50.0 g& S 1 Lol d5A7la 28 ZAur)s
olgste]l 4 =AMl wEt A oR 88t n-Hex, EtOAc, n-BuOH %
HyO fractions A3Att. olef & W

50.0 g& &vf 23319 ch(Figure 2).

Dried leaves of Prunus pendula for. ascendens (Makino) Ohwi
6406 g

70% EtOH, stirring, 24 h, 3 times, room temperature
Y
Extract
339.0¢
(52.9%)

Extract
50.04g

l Suspended with H,O

Y / Y Y

n-Hex Fr. EtOAc Fr. n-BuOH Fr. H,O Fr.
279 11.0g 1129 19.2 g
(5.4 %) (22.0 %) (22.4 %) (38.4 %)

Figure 2. Extraction and solvent fractionation of P. pendula for. ascendens

leaves.



g & dojxl 7t FEEF T EtOAc w8%E 5.0 g& =4 wet oA
Ao g AE337] ¢35t silica gel® %13 glass columns ©|-&3le] VLCE
FSAh gle] FA4S 5-10% ¥olte WHoR n-Hex:EtOAc (0-100%),
EtOAc:MeOH (0-100%)2 ZF 300 mL® &=3to] & 32709 fractione 93U
tHEFr. V1-32). Fr. V9= &< 3}3tE<l compound 1 (40.6 mg)®E el ¥ Sict.
Fr. V23 (836.3 mg)<2 Sephadex LH-20 column chromatography (H,O:MeOH
= 1:1)DE 3359 compound 2 (130.6 mg), compound 3 (13.6 mg) %
compound 4 (143.9 mg)E 3%, Fr. V24 (7704 mg)+= Sephadex
LH-20 column chromatography (H,O:MeOH = 1:1)& 433} compound 5
(158.0 mg)E &8t th(Figure 3).

EtOAc Fr.
5049
VLC
n-Hex-EtOAc (0~100%)
EtOAc-MeOH (0~100%)
step gradient (5%)
Y 300 mL each
Y Y Y Y [
Fr. V9 Fr. V23 Fr. V24
Fr.vi (40.6 mg) (836.3 mg) (770.4 mg) Fr. V32
l Sephadex LH-20 C.C Sephadex LH-20 C.C
Hz0 : MeOH =1:1 Hz0 : MeOH = 1:1
Compound 1 Compound 2 Compound 6
(130.6 mg) (158.0 mg)
Compound 3
(13.6 mg)
Compound 4
(143.9 mg)

Figure 3. Isolation of compounds from Z. pendula for. ascendens leaves.



4. A2l 244 B}

1) &4tz

(D) F s 3F 574

% ZYde ¥% 54 Folin-Denisl” H& $83ta] A8t Gallic

]

1 mg/mLe =2 Axg §F s xF4
AaAE AT sEEE 348 gallic acid B8N 7t Al &
3| Ak qlet. o 7]
=

oA 3 min W%

12

==

100 puLE= microtubed] FH 3l SH 900 plLEs 7}she]
A}

100 uL Folin-ciocalteu’s phenol reagentE % 7}35}¢]
A713L, 7% (w/v) NaCOs &9 200 pL, S5 700 pLE 7}sto] 233k o

Ao A 1 hr ¥F&AZITt}E o] % 96 well plateo] 200 ulL® %74 microplate

A AL S S AR & EYde g% Stsidlal, 25344

0.8 -

o
[e)]
1

y = 0.03x - 0.0377
R? = 0.9947

Absorbance (700 nm)
o
N
1L

o
N}
1

0 5 10 15 20 25 30
Gallic acid concentration (ug/mL)

Figure 4. Calibration curve of standard gallic acid for quantification of

total polyphenol contents.



T =t o= % 542 Davisl® ¥la 8&3kol AT Quercetin
5 ¥FEHAE A 1 mg/mLe sE2 AlFd 5 M E)
S 24d3H5th 96 well plated] H=M® 348 quercetin EF&NH 7z A2

g 15 uL¢} ethylene glycol 150 pyLE ¥ 32 0.1 N NaOH 15 pLE #H7}3sl¢]

Ao A 1 hr W& A1Z1 & microplate reader® o] €3t 420 nmolA &4 %=
= 4590 222 AFESt A A TAE S8 ARy F E

06 -
05 A
04 A

03 -+

y = 0.0142x + 0.0125
02 -

Rz = 0.9991

Absorbance (420 nm)

0.1 A

0.0 T T T T 1
0 10 20 30 40 50

Quercetin concentration (ug/mL)

Figure 5. Calibration curve of standard quercetin for quantification of total

flavonoid contents.
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(3) DPPH radical 274 &4

éxg

DPPH (1,1-diphenyl-2-picrylhydrazyl) radical A~7A &A]

free radicalS 7}z HeA DPPH7F &4tsl B2 H-H

DPPH-H [2,2-diphenyl-1-picrylhydrazine]©]
2o gavt dopbl M AE olgstel FuH e 54

DPPH radical &7 &4 AdL BloislY

g9 Mo w W

Aate] Aol AREsETE 96 well plateol] A
3248k 0.2 mM DPPH &9 180 plL* #7}s}¢]
% microplate readerE ©]&€3}e] 515 nmolA
S BHTE AME8 o™, radical AA &L U2

|2Fstd o ZF Al&9] radical &2AE0] 50%Y

A3
ax

rlo

4c+

o[o
l‘ﬂ

F-Hﬁ

—Ol;l\ﬂi{‘.:
_ﬂ

—|—‘

%?,

.ﬂ

Radical scavenging activity (%)

[1 - (Abssamplc

- AbSblank) / Abscontml ] X 100

2= x
al. 4

Ab Scontrol :
Abssamplc :
AbSpank -

Al

_’l’l_



3

(4) ABTS" radical &A &4 =

[2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)] radical %

ABTS 2
A 2 APe T F9HE ABTS/F AtgtHw AE5AS = ABTS
radicale] A=, o] HZ4o] ABTS' radicale] 34itst &4 whg-shd
wfel FA4 ABTS=E f¥ i F3=o a7 dojul H= e s o838t
Fst wHe SA4L v

WS S8etel AAlEalt

ABTS" radical &4

7.0 mM ABTS €93} 245 mM potassium persulfate

174 ABTS' radicals @A Z T o] £

L HNS REtOHZE 34

EF hAel A WhEA

&) 700 nmell A FFE7F 0.78+£0.027F HEF A st} Ao ALESITh
96 well plateo] A&} xS 20 ¥ @& & A3 ABTS' radical &

% microplate readerZ o]
&3t 700 nmeof A BHTE AR&3k3i o,

radical &=A&L et 22 Ao st %= Adtsislern, Zh A9

radical 2AE°] 50%¥Y

Radical scavenging activity (%)
[1 - (Astample - Absblank) / ADbScontrol ] < 100

Abscontrol :
Abssample : }\]-“:Tx-'é‘

AbSplank Al
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2) &4
(1) RAW264.7 A3 vk

v}9-2~ 2 A E(Murine macrophage cell line)?l RAW264.7 AX3¥ American
Type Cell Culture (ATCC)ZFE FUHol 1% penicillin/streptomycin (100
U/mL penicillin, 100 pg/ml streptomycin)® 10% fetal bovine serum (FBS,
Gibco Inc., USA)o] &% dulbecco’s modified eagle’s medium (DMEM,
Gibco Inc., USA) #jA| & AR&3le] 37C, 5% CO, & S.E incubatorel] B Y3}
dom, 2-39 HFo 2 A st

(2) Nitric oxide (NO) A A &Ad

24 well plated] RAW264.7 cell& 1.5 X 10° cells/well& ¥F3}al 37T,
5% CO, Z7o)A 18 hr w3t} 0.1 pg/mL9 lipopolysaccharide (LPS)E
Eshels WA 2 wEstal samples Z2bZE A Elste] 24 hr wlSSEITE o] 96
well plateo] AXEv|Y A5 100 pLet Griess A|2F(1% sulfanilamide, 0.1%
naphthylethylenediamine in 2.5% phosphoric acid) 100 plLE £33} 10
min HFEA1Z1 3 540 nmoll Al microplate readerZ o] &3ty SF =S =As}
ATt olw AFE NO &2 AlE ik Foll EAlst= NOy o ez 54
o, ¥FEHL sodium nitrite (NaNO»)E AFE3te] FE=HAH AL S5

R, FEHPATAM ke 099 oot HERTeRE

2-amino-4-picoline (10 pM)& A}&3}3Ith.

(3) A 54 FH7FMTT assay)

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)+
24 well plated] RAW264.7 cell& 1.5 X 10° cells/well& ®F3t1 37C, 5%

COy =74 18 hr wi&atglth. 0.1 pg/mLe] LPSE X &3l= AR udts}
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& Z47F Adste] 24 hr wigegith olF 500 ug/mLe] Ek
MTT Alek& 7bste] 37°CelAM 3 hr WHSAIZL -, e N2 AAS T Aot

)
(il
-3
)
=
wn
©)
il
N
o
ol
ol
£
o)
>
N
k1

J= MES} WHgsle] A7 formazan
microplate reader& ©]83%to] 570 nmolA SHEE AL MX AEE

2 olgle] Ao tidst] %= AlLFsISi
Cell viability (%) = (AbSsample / AbScontror) X 100

AbSconrt © N EE H4SHA e We oo FYE

AbSsample ABE H7bsk vkegolo &34
(4) PGE; ¥ A¥9354 cytokine A4 A &4 54

24 well plated] RAW264.7 cell2 1.5 X 10° cells/well& EF3stal 377,
5% COy 7oA 18 hr w3tk 0.1 pg/mLe LPSE X33 wiAZ Wl
#okal samples ZH7b A 2lste] 24 hr v Fslsivy. o] Al i< & #

7_1]-

PGE; (R&D systems,

ol

oH
oh

tlo

2}
stil PGE, ¥ d954 cytokined A4 FFS 7}
USA), TNF-a (life technologies corp., USA), IL-18 (R&D systems, USA)

2 JL-6 (Thermo Fisher scientific, Austria) enzyme-linked immunosorbent

assay (ELISA) kitE AF&3te] AZslad). 7 354 v%o & F3% @&
S olEsly XFHAAFAE AP o, TFEH AT rz%k% 0.99 o]4to]
At}

(5) Western blot analysis

60 mm petri dishel RAW264.7 cell& 2 X 10° cell/dish® #F33 37T,
5% COy Z7A 18 hr widstsdtt A wdA| 71 cellS 0.1 pg/mLe LPS7}
x3hE wixE wEstal samples ZH7; A gste] 24 hr v gelit). o] & A|lE

W As S A ASe] cold PBS (phosphate buffered saline, sigma Co.) =

_14_



M3 & lysis buffer (1 X RIPA, 10 mM Tris-HCl (pH 7.5), 150 mM
NaCl, 1% Nonidet P-40, 2 mM EDTA, 1 mM EGTA, 1 mM NaVO3, 10

mM NaF, 1 mM dithiothreitol, 1 mM phenylmethylsulfonyl floride)E ©]-&3}

o 4C ZZA overnightAl A lysis Al Zth. @A AFFAnks #25t7] 3]
15,000 rpm, 20 min, 4C Z7do=x JAEF skt oz AHZS 93
bovine serum albumin (BSA)E ¥ 9= bradford A %S Alg3l o, 5
ARTAE A8t AR, EEHA T P2 0.99 oot}
AeFsl gz 20 ulLE 8-12%29 SDS-polyacrylamide gelol A7|%53a

transfer stacke ©]&3l poly-vinylidene difluoride (PVDF) membrane®l
transfer Al Zth @A o] Ao]lE membranes 5% skim milk7} E£&H TTBS
(0.1% Tween 20, Tris-buffered saline)el]l ¥ il 24 90 min blocking A
71 &, TTBS &92=® 33 AlHet3tt. membraneo] 12} A w3 A]7]7]
Q&) INOS antibody (1:1000, Santa Cruz Biotechnology), COX-2 antibody
(1:1000, BD Biosciences) % B-actin antibody (1:20000, Sigma)E 3] 4] 35}¢]
AFg3LE A, 4C Z7oA overnight AlZTh 1z ®¥F$o] Y membranes
TTBS &o= 53] A% ¥ Horse Radish Peroxidase (HRP)7} Z3td 23
A (1:5000 T+ 1:20000, Santa Cruz Biotechnology)E =24 1 hr W&
AlZL &, TTBS &e2 53] AFsisitt. @de WESTAR NOVA 2.0
(CYANAGENm, Italy) &9% eo]&s] ECL 71&¥ W& AlZl $, chemidoc
(Fusion solo, VILBER LOURMAT, Germany)< ©]&3to] zbzhe] whajz g
FSl T

L3

oo
AEE gl

ol
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5. HPLC analysis

LU 9 FEES 2R dste] Leld SUES 44 2 4Y 24

& HPLCE Fdsiditt. A4 F52, 29& 2 223 dFEEs

71+ UV detector (260 nm)E AF&38F3t}.(Table 1-2).

Table 1. HPLC chromatographic conditions of the control factors.

Control Factor Conditions
Injection Volume 10 pL
Shiseido CAPCELL PAK C18
Column
(4.6 X 250 mm, 5 pum)
Mobile phase A: H.0O, B: MeOH
Flow rate 1.0 mL/min
Column Temperature 40T
Wavelength 260 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
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1) Compound 19 +% %A

Compound 1€ C NMR spectrumel A & 30719 carbon =9 'H NMR
spectrumo Al 7702l methyl groupS X§st= Y2 W99 aliphatic signals
HIEFO 2 triterpene & | ASFATE §¢ 180.45 E3 1709 carbonyl”] 7} 9l
o™, & 139.7 R 126.19] HAZ Hol F2F o] 17]¢] o]sZAde] =S o
stk w3k §¢ 78.69 ¥ A= deshielding ¥ ZO® Mol Ayl e
sp’ carbon®& 4T £ Utk olE dHoHE nygoerm RS T

compound 1€ ursolic acid (3B-hydroxy—-12-ursen—-28-oic acid)® 2

t}(Figure 6-8, Table 3).

g

29

N e

~

24

Figure 6. Chemical structure of compound 1.
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Table 3. 'H and C NMR data of compound 1 (400 and 100 MHz, pyridine-d).

Compound 1 (pyridine-ds)

No.
Su (int., multi., J Hz) 8¢

1 39.9
2 28.6
3 3.48 (1H, dd, 6.4, 10.3) 78.6
4 39.5
5 56.3
6 19.2
7 34.0
8 40.2
9 48.6
10 37.9
11 24.1
12 5.51 (1H, t, 3.2) 126.1
13 139.7
14 43.0
15 29.2
16 25.4
17 48.5
18 2.66 (1H, d, 11.4) 54.0
19 40.4
20 39.9
21 31.5
22 37.7
23 1.25 (3H, s) 29.3
24 1.05 (3H, s) 17.1
25 0.91 (3H, ) 16.1
26 1.08 (3H, s) 18.0
27 1.27 (3H, s) 24.4
28 180.4
29 1.02 (3H, d, 5.9) 17.9
30 0.97 (3H, d, 5.5) 21.9
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Figure 7. '"H NMR spectrum of compound 1 (pyridine-ds).
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Figure 8. >C NMR spectrum of compound 1 (pyridine-ds).
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2) Compound 29 ++% &%

Compound 2%+ 6y 7.58-7.59 (2H, m), 7.47-7.45 (3H, m) ¥ &: 135.0,
131.1, 130.3, 129.1¢9 A& &3l Q! aromatic ringe] Yoo AT =+
A}, s o] anomeric protonel| siEEl= &y 4.24 (1H, d, 7.3) % &¢
102.0, 785, 77.9, 74.8, 71.6, 62.99 6719 #AE T3 B-form9
glucopyranosideZ} 171 AgH o] A& ddstdth §c 68.5 2 &y 591 (1H,
9)9 ¥ 3E deshielding @ ZAOo&E Hol AA¢} e1Hs] 9= carbond proton

ol& oate 4 glom, §c 119.59 ¥ A DEPT-135°% %3] 4%} carbon®

31223} H w3t compound 2% prunasingS <1 tHFigure 9-11, Table

4).
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Z—0Ollt

Figure 9. Chemical structure of compound 2.

Table 4. 'H and C NMR data of compound 2 (400 and 100 MHz, CDs;0D).

Compound 2 (CD3;0D)

No.
Su (int., multi., J Hz) 8c
1 119.5
2 5.91 (1H, s) 68.5
3 135.0
4 7.59 (overlapped) 130.3
5 7.45-7.47 (overlapped) 129.1
6 7.45-7.47 (overlapped) 131.1
7 7.45-7.47 (overlapped) 129.1
8 7.58 (overlapped) 130.3
1' 4.24 (1H, d, 7.3) 102.0
2' 3.26-3.34 (1H, m) 74.8
3' 3.26-3.34 (1H, m) 77.9
4' 3.26-3.34 (1H, m) 71.6
5' 3.26-3.34 (1H, m) 78.5
3.91 (1H, dd, 2.2, 11.9)

6' 62.9

3.70 (1H, dd, 6.0, 11.9)
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Figure 10. 'H NMR spectrum of compound 2 (CDs;0D).
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3) Compound 39 +% %3

Compound 3& 'H NMR spectrumolA &y 7.61 (1H, d, 16.0) 2 &y 6.25
(1H, d, 16.0) ¥ 72] chemical shift %3 coupling constant &= %3l trans
form®] o]FA%ol Aes AT & Avk =TI 6y 7.39 (2H, d, 8.7 &u
6.81(2H, d, 8.7)¢9 ¥a+= AHE ZF coupling constant o= Hol A=
J= AT aromatic ringe] A& AT = A
k. 6y 3.77 (3H, s)9 I A+ AE #Y deshielding ¥ Z S 2 RO} methoxy
group®] &= ettt

o

13C NMR spectrumol 4

o
R
9,
Ir

ortho-coupling= &

Aol ¥ 7M9 aromatic ringS E3Hete] F 10719
carbon ¥ 37} #& HAow, §: 51.79] E3= methoxy group® carbon-
A8t BF sp? carbono @ #H=H T 1F §: 168.49 HIAE E3I| ExAb
ol ester 7E27F A5+ ddT F oW olE HoHE HlPor 3233

Hlul skl methyl p-coumarate® Q1% AtH(Figure 12-14, Table 5).

_23_



Figure 12. Chemical structure of compound 3.

Table 5. 'H and *C NMR data of compound 3 (400 and 100 MHz, CDCls).

No. Compound 3
Sulint., multi., J Hz) Sc

1 129.1
2 7.39 (1H, d, 8.7) 130.1
3 6.81 (1H, d, 8.7) 115.9
4 159.5
5 6.81 (1H, d, 8.7) 115.9
6 7.39 (1H, d, 8.7) 130.1
7 7.61 (1H, d, 16.0) 145.2
8 6.25 (1H, d, 16.0) 115.0
9 168.4
10 3.77 (3H, s) 51.7
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Figure 14. *C NMR spectrum of compound 3 (CDCl3).
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4) Compound 4, 59 +% &4

Compound 4¢] C NMR spectrumelA &<l 27018 HAaE x3Hele] %
1570¢] carbon ¥ A7} Y= Ao R Hol B-ringe] A<l flavonoid =2 <]
d dshdt. 1 F, ¢ 177.49) 9 AE F38) 17019 carbonyl group®] &S
etk '"H NMR spectrumel Al 6y 8.06 (2H, d, 8.7) % &4 6.89 (2H, d
8.7 =9 AE 73} coupling constant #S Edl A E ortho-couplings 3
3 Qe WAFFS] aromatic ring= &21& 4+ Auh T=% §y 6.37 (1H, d

1.8) 2 &y 6.17 (1H, d, 1.8)9 Ia+= M= meta—couplings 3sFal 9l

oo & oo

rr

aromatic ring?] proton¥= o33ttt o]& Ho|HE HFoR #324S F
compound 4+ kaempferol® & &1 E A HFigure 15-17, Table 6).
Compound 5% 'H % C NMR spectrum®™4] A3}, compound 49} -FA}3H
TZoe AR o, P9 anomeric protone] dEIE Sy 5.25 (1H, d,
7.3) EH §c 62.7~104.19) 6709 HIE E3| B-forme glucopyranoside’} 2

@5l e ARt ol dolHE wWgoR RBAB uwsol

Oft
2

-

%Y
compound 5% astragalin (kaempferol 3-0O-B-D-glucopyranoside)® 2}Q1%]
Ak Figure 15, 18, 19, Table 6).
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Compound 4

Compound 5

Figure 15. Chemical structures of compounds 4 and 5.
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Table 6. 'H and *C NMR data of compounds 4, 5 (400 and 100 MHz, CDsOD).

Ne. Compound 4 (CD30D) Compound 5 (CD3;0D)
Sy (int., multi., J Hz) Ec Su (int., multi., J Hz) Sc
2 148.1 158.6
3 135.5
4 177.4 179.6
5 162.6 163.2
6 6.17 (1H, d, 1.8) 99.3 6.20 (1H, d, 1.8) 100.0
7 165.6 166.1
8 6.37 (1H, d, 1.8) 94.5 6.39 (1H, d, 1.8) 94.8
9 158.3 159.1
10 104.6 105.8
1 123.8 122.9
2' 8.06 (1H, d, 8.7) 130.8 8.05 (1H, d, 8.7) 132.4
3' 6.89 (1H, d, 8.7) 116.4 6.88 (1H, d, 8.7) 116.2
4' 160.6 161.7
5' 6.89 (1H, d, 8.7) 116.4 6.88 (1H, d, 8.7) 116.2
6' 8.06 (1H, d, 8.7) 130.8 8.05 (1H, d, 8.7) 132.4
1" 5.25 (1H, d, 7.3) 104.1
2" 3.18-3.75 (m) 75.8
3" 3.18-3.75 (m) 78.5
4" 3.18-3.75 (m) 71.4
5" 3.18-3.75 (m) 78.1
3.18-3.75 (m)
6" 62.7
3.18-3.75 (m)
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Figure 16. 'H NMR spectrum of compound 4 (CDs;0D).
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2. HPLC &4 A}

EtOAc #3& I3° YWHFE AZF T prunasin (2), astragalin (5),

kaempferol (4)& z}z} 13.2, 25.3, 35552 3Fel ¥ A tH(Figure 20).

n
k=
70% EtOH extract & PDA : 260 nm
o
1 — E
4 o~ © —
0.20 Z s
] @ o
] c : 9
0.15+ e Q.
1 s ’ @
] €
> 4 (¢}
<
= 0.10 ‘
] = ‘\ J
oos] i g Lo
1 I - f ‘ =2}
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Figure 20. HPLC chromatogram of 70% EtOH extract and EtOAc

fractions.
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HPLC % 4] Aye AEATY sEHE F=2xFH)9 Ja9 AAHGyF)
RaL, B A A tdste] 22k AR ES
AEskth. 1 A SHivy 9] FEEA] prunasin (2), astragalin (5),
kaempferol (4)o] Z}Z} 51.5, 5.9, 71.7 mg/ge] &&Fo] A HRQ o, n-Hex
8 EoA kaempferol (4)°] 6.7 mg/g2] o] EAHSh EtOAc 3 &9
Al prunasin (2), astragalin (5), kaempferol (4)o] Z}z} 68.4, 11.0, 258.8
mg/ge] o] FRlF Ao, n~-BuOH w8 E A astragalin (5)°] 39.0 mg/g
o] &&Fo]l FRIHAUT. A4S T3 FEE EtOAc T =lA flavonoid &+
2l astragalin(5)®] 3+&Fe] ob=F i Hof

L4 Aolgt dAstgtHTable 7).

dlo
o
dob

s, P L Gl

Table 7. Contents of isolated compounds by HPLC.

compound 2 compound 4 compound 5
(prunasin) (kaempferol) (astragalin)
70% EtOH extract 51.5 5.9 71.7
n-Hex fraction - 6.7 -
EtOAc fraction 68.4 11.0 258.8
n—BuOH fraction - - 39.0
H2O fraction 2.0 - -

unit : mg/g
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Figure 21. Total polyphenol contents of extract and solvent layers from
P. pendula for. ascendens leaves. The data represent the mean * SD of

triplicate experiments.
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ZF TR wolE e AT 89 quercetin® ETEHATAS T3 SHUT
of &S 1 g st U quercetin® F(QE;

=
5
quercetin equivalent) &2 3ZH4bste] FAskqlty. 1 A¥, 70% EtOH F&E,

350 1

295.0
300 A 278.7

250.5
250 A

200 A
150 A

100 1 91.8

Total flavonoid contents (mg/g QE)

50 A

70% EtOH Ext n-Hex EtOAc n-BuOH H,0

Figure 22. Total flavonoid contents of extract and solvent layers from Z.
pendula for. ascendens leaves. The data represent the mean = SD of

triplicate experiments.
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(3) DPPH radical 274 &4

EtOAc, n~BuOH % H,0 #3 &9

100 A

DPPH radical scavenging activity (%)

70% EtOH Ext n-Hex EtOAc

Aaqstgon], 217k Yste] ey

7S 50%

ALbetdet, 1 A3, 70% EtOH FE&,
SCsoatel Z+7zF 134.4, 129.5, 108.7, 137.8
ng/mLE, x BHT (SCso: 261.0 pg/mL)¢b Hlalate] BSOS of thxawth
=9 DPPH radical &7 A& Jel 2t (Figure 23, Table 8).

n-BuOH

H,0

BHT

£125 pg/mL
& 25 pg/mL
%50 pg/mL
® 100 pg/mL
8200 pg/mL
5400 pg/mL

Figure 23. DPPH radical scavenging activities of extract and solvent

fractions from /7. pendula for. ascendens leaves. The data are expressed

as a percentage of control and represent the mean = SD of triplicate

experiments.

Table 8. SCs9 values of DPPH radical scavenging activities for extract

and solvent fractions from P pendula for. ascendens leaves.

Extract n—Hex

EtOAc

n—-BuOH

H20

BHT

SCso (ng/mL) | 134.4 >400

129.5

108.7

137.8

261.0
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(4) ABTS" radical 27 &4

ol

B35 th3te] ABTS' radical 274 42

25-100 pg/mLe E=x =z st on,

v

g

]_
2y 2kl thakod SCooth=

s 2% 6.
Attt 1 A¥, & EYHEd EgRxol o] WYY EtOAc %
n-BuOH #38E9] SCsoakel ZH2F 27.2, 27.0 pg/mL=E radical &7 4o
== st th(Figure 24, Table 9). A< a3 Egds % E¢tH o=
&} free radical &7 &4 o] FA4kst asyte] FAAAY Aes A8
ATk

120 -

100 )

80 A

#6.25 pg/mL
#1255 ug/mL
%25 pg/mL
850 pg/mL
100 pg/mL

B [e2)
o o
1

ABTS* radical scavenging activity (%)
N
o

70% EtOH Ext

n-Hex

Figure 24. ABTS' radical scavenging activities of extract and solvent
layers from F. pendula for. ascendens leaves. The data are expressed as
a percentage of control and represent the mean * SD of triplicate
experiments.

Table 9. SCsy values of ABTS'

radical scavenging activities for extract

and solvent fractions from P pendula for. ascendens leaves.

Extract

n—Hex

EtOAc

n—-BuOH

H20

BHT

SC50 (ng/l’l’lL)

34.4

85.7

27.2

27.0

39.9

6.6
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B NO production (%) M Cell viability (%)

Figure 25. Effects of extract and solvent layers from £FZ pendula for.
ascendens leaves 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 P  pendula for. ascendens 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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(2) PGE, A A &4

SHUR o FEEY FIE T IFA FAHS e EtOAc B3 Eo s
THE PGE, XA &S F9lstr] 98] sandwich ELISA kit® 438}

At A8 Ax} EtOAc #3859 th3 PGE,o Aol 5% JEH o7 7FAs)

dom ICs S 45.7 pg/mLE 2=t (Figure 26).

it

120 4

100 +

80 A

60

PGE; production (%)

40 A

20 +
*

0 ]
LPS - + + + + +
EtOAc (ug/mL) 1

Figure 26. Effect of EtOAc fraction from 2. pendula for. ascendens leaves
on PGE. production in LPS-induced RAW264.7 macrophage cells. The
data represent the mean =+ SD of triplicate experiments. #*p<0.05;

#%p<0.01
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(3) A=A cytokine A A &4

Hik EtOAc w8 & et 954 cytokine?l tumor necrosis factor
(TNF)-a, interleukin (IL)-18 % IL-69 XX oA &AL sandwich ELISA
kit FA03, A9 125-100 pg/mLe s== Jgsiglvy. 1 A
EtOAc +8&2 TNF-a9 A4S Ast=d 9&Fs mAA &2 i 1L-6
2 IL-1B9 AAEE s gEHoZ AAFHT. IL-69 ICs %< 100 pg/mL
ol Folar, IL-1B9] IC50 k2 48.3 ng/mL=E 1At (Figure 27,28).

120 -

100 +

80 A

60 -

40 4

20 A
0

LPS - +
EtOAc (ug/mL)

TNF-a production (%)

12.5 25

Figure 27. Effects of EtOAc fraction from £Z. pendula for. ascendens
leaves on TNF-a production in LPS-induced RAW264.7 macrophage cells.
The data represent the mean £ SD of triplicate experiments. *p<0.05;

#%p<0.01
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Figure 28. Effect of EtOAc fraction from . pendula for. ascendens leaves
on IL-18 and IL-6 production in LPS-induced RAWZ264.7 macrophage
cells. The data represent the mean = SD of triplicate experiments.

*p<0.05; **xp<0.01
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Figure 29. Effects of EtOAc fraction from Z. pendula for. ascendens
leaves on the levels of INOS and COX-2 protein. The INOS or COX-2

protein levels in each sample was normalized to the quantity of B-actin.
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(1) DPPH radical &7 &4

28U 9 EtOAc £89&=24%E #eld 8%=° DPPH radical 47 €73
S SAT AEE 25-400 pMe] s sl on, SChks ALt
A3}, compound 4, 59 SCsoat2 100.2, 255.3 pM=Z tixw<l BHT
(SCso = 247.3 uyM)HE T} £& DPPH radical &7 &Alo] &L Foldd 4 9]

Ak (Figure 30, Table 10).
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= 200uM
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DPPH radical scavenging activity (%)
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o
L

Compound 1 Compound 2 Compound 3 Compound 4 Compound 5 BHT

Figure 30. DPPH radical scavenging activities of isolated compounds from
P. pendula for. ascendens leaves. The data are expressed as a
percentage of control and represent the mean £ SD of triplicate

experiments.
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Table 10. SCs9 values of DPPH radical scavenging activities for isolated

compounds 1-5 from P pendula for. ascendens leaves.

Compound No. Compound name SCso (uM)
1 Ursolic acid >400
2 Prunasin >400
3 Methyl p-coumarate >400
4 Kaempferol 100.2
5 Astragalin 255.3
Positive control BHT 247.3
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(2) ABTS" radical 27 &4

o
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Figure 31. ABTS' radical scavenging activities of isolated compounds
from PF. pendula for. ascendens leaves. The data are expressed as a
percentage of control and represent the mean = SD of triplicate

experiments.
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Table 11. SCsp values of ABTS' radical scavenging activities for isolated

compounds 1-5 from P pendula for. ascendens leaves.

Compound No. Compound name SCso (uM)
1 Ursolic acid >400
2 Prunasin >400
3 Methyl p—coumarate 158.4
4 Kaempferol 53.3
5 Astragalin 180.3
Positive control BHT 34.0
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2) &9 B4

m (

(1) Nitric oxide (NO) A A4 &4

S QoA EEE e disted ¥ FHE SAHS HAs
RAW264.7 cell& ©l&3to] NO A4 oA &4 2 AFx SAHAMTT assay)=
shelsoict. 7b #Ed F3HE 100 pM w52 A¥S Was A7, compound
4, 57 AIE 54 glo] oF 47.5, 41.9% NO A4S 9

At} Compound 4, 59 At 9% wjzfxel INOSeF COX-2 whillZ o]
AT E AF26277F Harwo]l lo] F7RAQl JlHdTE A
(Figure 32).
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Figure 32. Effects of isolated compounds from ZF. pendula for. ascendens
leaves on NO production and cell viability in LPS-induced RAWZ264.7
cells. The cells were stimulated with 0.1 pg/mL of LPS only, or with LPS
plus isolated compounds for 24 h. The data represent the mean = SD of

triplicate experiments. *p<0.05; **p<0.01
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