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Abstract

In this study, we investigated identification of anti-oxidative and
anti—inflammatory constituents from Syzygium aqueum Burm.f. Alston
branches and Neofinetia falcata Thunb. Hu callus. 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.

Four constituents were isolated from the extract of S. agueum branches;
3-O-methylellagic acid 3'-O-a-L-rhamnopyranoside (1), 3-O-methylellagic
acid 3'-0O-a-L-3"-0O-acethylrhamnopyranoside (2), pinocembrin (3) and
desmethoxymatteucinol (4). As far as we know, compounds 1, 2 and 4
were isolated for the first time from this plant. For the anti—oxidative
activities, the EtOAc and n-BuOH layers showed potent DPPH, ABTS"
radical scavenging activities. Also, among the isolated compounds,
compound 1 exhibited stronger ABTS' radical scavenging activity than
ascorbic acid (positive control). In an anti-oxidative activity assay using
HaCaT keratinocyte, the compounds 3 and 4 protected the cell against
oxidative stress by H:0s. For the anti-inflammation studies using
RAWZ264.7 macrophage, the EtOAc layer reduced expression of iNOS and
inhibited the production of NO, PGE.; and pro-inflammatory cytokines
(IL-1B, IL-6). Moreover, compounds 1, 3 and 4 inhibited the production
of NO, effectively.

Three phytochemicals were isolated from the extract of N. falcata callus;
kaempferol 3-O-robinobioside (5), B-sitosterol (6) and daucosterol (7).
As far as we know, all of the compounds were isolated for the first time
from this plant callus. The EtOAc layer and compound 5 was examined
for their anti-—oxidation activities by DPPH and ABTS® radical assays. As

a result, EtOAc layer and compound 5 showed anti—oxidative activities.

~ xiii -



For the anti-inflammation studies, the EtOAc layer inhibited the
production of NO, PGE; and pro-inflammatory cytokines (TNF-a, IL-18,
IL-6), effectively.

Based on these results, it was suggested that extract and isolated
compounds from S. agueum branches and N. falcata callus could be
potentially  applicable as anti-oxidative and/or anti-inflammatory

ingredients.
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II. A5 2 3y
1. Ak 2 77

2 AT AR F&5 29 2 24 AE Zdol AFEE W& Merck,
OCI % tiAstae AFS ARt &4 AE &8 FAZAA AEH
Medium pressure liquid chromatography (MPLC; Biotage Co.)ol+=
KP-C18-HS (Biotage Co.) Z¥& AF&stlaL silica gel chromatographyell &
silica gel 60 (0.04-0.063 mm, Merck Co.)& AM&3at1om, gel filtration
chromatographyoll+ Sephadex™ LH-20 (0.1-0.025 mm, GE healthcare
Co.)& AF83FIth. X3h  thin layer chromatography (TLC)E precoated
silica gel aluminium sheet (silica gel 60 Fgs4, 2.0 mm, Merck Co.)E A}-&3}
Ak TLC AelA 89 =455 &<lstr] fste] UV lamp (254 nm)E At
£33 A visualizing agentol]l HAAIZ] I heat-gung o|&dt] HERAIF L.
Visualizing agent®+ KMnO, 8 (3% KMnO,, 20% KyCOs, 0.25% NaOH)
2 anisaldehyde (1% anisaldehyde, 5% H,SOpE Z o) we} AL-&313iT),
e SRtEEs TEREAS] fsted AREE NMR  (nuclear  magnetic
resonance spectrometer)< JNM-ECX 400 (FT-NMR system, 400 MHz, JEOL
Co.) = AVANCE I (FT-NMR system, 500 MHz, Bruker Co.)¢|™, NMR 7%
4= CIL (Cambridge Isotope Laboratories, Inc.)¢] NMR #-& 8w|= CD;OD,
CDCls % CiDsNE AREsiith el &4 ANS Ad 3% SAHd+=
microplate reader (Sunrise™, Tecan Co.)E AF&3t9tt. E8% 3gE9 &
ZF Ao AF8-% high performance liquid chromatography (HPLC; Waters
2695, Waters Co., USA)o|+ Sunfire™ C18 (5 gm, 4.6 X 250 mm, Waters
Co., USA) AHE A&sisien, AE7]= UV detector (Waters 2998,
Waters Co., USA)E AF&-3t3i ).



2. A2 &4 H7t

T EYvs % SAL Folin-DenisH#3& &8&3te] AAjstdlon, xF&4
= gallic acidg AH&sH3lth. #=E4d 3 A% 100 pLel <7< 900 uLE 7}
&}o] 31X Al 7] 2 Folin-Ciocalteu’s phenol reagent 100 plL& #7}&te] &3tslk
t}, o]Z AholA 3EIF WEEAIZl 3 7T%(w/v) NapCOs &9 200 pLE 7}sta
S 700 uLE #H7kstel & 2 mL7b H=H ST o5 A2elA 1A
HES- A 71 & 96 well plateo] 200 pL® %7 microplate readerE ©] 83}
700 nmol A FFEE SASAT oW AR F E s FFS gallic acid

o FEel WE FFE e olgdtel AW EF

N

A 32M (Figure 1)S Z3)

10 -
=
=
S 08 -
e y=0.0022x +0.0077
[} —
8 06 R2=0.999
]
=
s
2 04 A
<
02 -
0.0 . . . . . .
0 5 10 15 20 25 30

Gallic acid concentration (pg/mL)

Figure 1. Calibration curve of standard gallic acid for quantification of

total polyphenol contents.



=242 querceting AFE3LG T 96 well plated] T &2 2 Alg 15 ulLe

0.1 N NaOH 15 uLE #H7}ste] = 180 ulL7} &
T2 Zglsit), o] E AeoA] 1AI7F ¥EEA)Z] & microplate readerE ©]83%
o 420 nmelA FFE=E SAHSUAT. olu A8 FT TR i-ol= TS
quercetin®] F=ol W FF= %S o8&t AdE xE=HA(Figure 2)

& S BaEden, REAATAY gk 0.99 oot

0.5
7 04 1
=
[
N
T 03 - y=0.011x - 0.0035
5] =0.999
=
2
5 02 -
=
<
0.1 -
0.0 : . . . . . . . .
0 5 10 15 20 25 30 35 40 45

Quercetin concentration (ng/mL)

Figure 2. Calibration curve of standard quercetin for quantification of total

flavonoid contents.



t}. DPPH radical &7 &4 =4

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical &7 ZA A3 Blois &
W Ps g&ste] At dExwoex A dAbst E#<l BHTS

vitamin CE 2 24# 72 ascorbic acidE AFg3IYTh 96 well plateo] oz

2 A2 20 pLet ethanol® &&A]71 0.2 mM DPPH radical €9 180 uL=

=

ot

et} o] AFLoA] 208-7F WFSAIZI B microplate readerE o] 83}
. Radical &71&2 obgle] 2o tigjste]

Sl
9] radical &AE°] 50%Y W AE &

i
o
_OL
32
o

515 nmolA FH=E
&2 Yl TS 74 A
(SCs0) & T3FA .

bl

Radical scavenging activity (%)

= [1 - (Abssample - AbSblank) / Abscontrol] > 100

ADbScontrol }\]JEJ—% %7]”3}%] 01%‘% lg_%%g_]
Astample : /\]E% 7_&]7]-@’ 1?_]_—%%@19] *E‘%E

Absblank . }\]-‘El—g__g] %%E
2}, ABTS' radical 274 &4 =4

ABTS (2,2'-azino-bis(3-ethylbenzothiazoline—6—-sulphonic acid)) cation radical
a7 44 23S Re 59 WHHS &85t AASAH. 2w om x4 <l
rkst =4< BHT®F vitamin CE 2 €4e#xl ascorbic acidE AH&3sF3AT.
ABTS' radical €92 7.0 mM ABTS® 2.45 mM potassium persulfate=
112 Z9ste] A, daddA 16A1%F &9t vhEAA Axstqon, o] g
700 nmel A FFE7F 0.78+0.027F H =5 ethanol®2 81X ste] dgo] A3
t}. 96 well plated] v 2 Alx 20 plLet 32X ABTS' radical €< 180
Ol oA 2087 WHS-AIZl ¥ microplate readers

o] &3te] 700 nmolA FF == =A3}c). Radical 2488 olgle 2o o



Jato] wE-g = Yeldch =3 ZF A8 radical £78&0] 50%Y weo] AR

Radical scavenging activity (%)

= [1 - (Abssample - AbSblank) / Abscontrol ] <100

AbScontrol : /\]E% 7_(1:17]'—8]'X] %‘8‘ ‘?_%%0—119] %%E

(1) HaCaT cell vjeF

Immortalised human keratinocyte cell line?l HaCaT cell2 Korean Cell

Line Bank (KCLB)ZHE IEYHtol 1% penicillin/streptomycin (100 U/mL

penicillin, 100 pg/mL streptomycin; Gibco Inc., USA)¥ 10% fetal bovine

serum (FBS; Gibco Inc., USA)o] &-/% dulbecco's modified eagle’s medium

(DMEM; Gibco Inc., USA) #iA]] 37C, 5% CO, 74 wjgsiaiorn, 3¢ 7t
o7 A st

(2) st i(H0) 2 e AE &4 e Alx ne a3

HaCaT cell& 96 well plated] 1.0 X 10* cells/well& 353l 37C, 5%
COy =719 AlE vjF7]ol A 24413F vigstit. AE vl s AAT 5
A A=5 F71998 HiO0.5 Agfste] A= wjFr]olA 3083w gstdt.
kst A|EE dulbecco's phosphate buffered saline (1 X DPBS; Gibco Inc.,
USA)® 23] AlFetal FBS7F S A &2 iAo A58 s=d=2 Aejste]
e 5 AE wlFrIol A 24417 mlekEItE o] % 500 pg/mLel FEZ MTT



(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) -1 X7}
st 37 C, 5% COp Z319] A wjg7|oll A 3AIZF BEGAIZTE Aolgle AlE
o} wk$-3le] A7l formazan FZ =9 DMSOE 7}ste] £3]A]7]3L microplate

readers ©]&3to] 570 nmollX FFE=E SASA Al AEE2 ofg el A

of Hiydste] %= JeERASAT

Cell viability (%) = (AbSsample / AbScontror) X 100

Abscontrol : }\]i% @7]:6]'Z] 01%_’8‘ E]_%%Qll]‘q %%E
Abssample : /\]E% @7}@' g_%%o_l}g] %%E

2) &4
7}, RAW264.7 cell H]%F

Murine macrophage cell line?l RAWZ264.7 cell American Type Cell
Culture (ATCO=ZHFYH F¢dol 1% penicillin/streptomycin (100 U/mL
penicillin, 100 pg/mL streptomycin; Gibco Inc., USA)¥ 10% fetal bovine
serum (FBS; Gibco Inc., USA)o] &% dulbecco's modified eagle’s medium
(DMEM; Gibco Inc., USA) ¥i=]ell 37°C, 5% CO, $7delA wjdatsion, 29 7t

Aoz A vjgsAt.
L}, Nitric oxide (NO) A oA &4 A

RAW264.7 cell& 24 well plateo] 1.5 X 10° cells/well& 253l 37T,
5% COy =31 Al wiF7lelA 1841 wiFet3ivt. 0.1 ng/mLe] LPSE EF
xR westa AR5 R 47 Agste] AlE vl A 24417 w g
3T o]% 96 well plated] AE ¥ 5N 100 pLE 3)53}aL griess Al

°F(1% sulfanilamide, 0.1% naphthylethylene-diamine in 2.5% phosphoric

_11_



acid) 100 uLE #H7tste] Aol A 103t WAl TE ©] % microplate reader
£ o]&3te] 540 nmelA FFEE SASINY. ATEZE sodium nitrite

o wE FHE 4
ol &3le] A AFHAATLNE 3l AFHo] WEEE YElon, 1FHA
Aol Pk 0.99 ootk ek 7 Alse] NO A4 Aslgo] 50%Y W]
A& E%ICs0)E T8tk

32

t}. PGE; ¥ A¥95A cytokine A4 oA &4 54

RAW264.7 cell& 24 well plateo] 1.5 X 10° cells/well& 253l 377,
5% COy 2719 Al wj7lol A 18A1%F wisiitt. 0.1 ng/mLe] LPSE X%
st WA 2 WSkl AR E FREE ZH7 Aelste] AE HlET oA 2441 7F H]

Fatsich. olF Qojzl AE W FENA PGE, % APZ4 cytokine B4

i

O]

steke 7}7F PGE, (R&D Systems), TNF-a (Invitrogen), IL-6 (Invitrogen) %

IL-1B (R&D Systems) enzyme-linked immunosorbent assay (ELISA) kitE

_12_



t}. Western blot analysis

RAW264.7 cell& 60 mm culture disholl 2.0 X 10° cells/dish® &®F3ata
37C, 5% CO, 279 AXE wgr1olA 18417 wjda3ich. 0.1 ug/mLe] LPS
E X9 AR wgsta AlRE FREE 42 Agste] Al sl 24
AP afFsEiTE. ol F AIE g Aee Al7lstal AR phosphate
buffered saline (PBS; Sigma Co.)2& 23] A&3 & lysis buffer (1 X
RIPA, 10 mM Tris-HCI (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 fluoride)E AF&3te] 4To|lA overnight = lysis
AR G s BEskz] 918 15000 rpm, 15 min, 4T 2722 ¢
AEE et 9Md FX= bovine serum albumin (BSA)S X To=E
bradford A]°F& AR&dto] F=FeRltt.

A dMAS 8-12%°  SDS-polyacrylamide  gell  #7]d%F3lar
poly-vinylidene difluoride (PVDF) membrane®] oAt} whuldo] dols
membranes 5% skim milk7} 323%%¥ TTBS (0.1% Tween 20, Tris-buffered
saline)ol] ¥l Ao A 9087} blocking A7l &, TTBS &Moo=z 33] A3}
Attt Membrane¥ 1z} AS HFE-A17]7] Y8l B-actin antibody (1:20000,
Sigma), iNOS antibody (1:1000, Santa Cruz Biotechnology) % COX-2
antibody (1:1000, BD)E AH&3te] 4CellA overnight ATt 12k A §h&
o] #% membraned TTBS &do=z 53 AH3ATE.  Membrane}
peroxidase—-conjugated® 22} &A(1:5000 %+ 1:20000, Santa Cruz
Biotechnology)& -=olA 1A|ZF ¥b-& A|Z1 3 TTBS fd0 =2 53] A3
o}, @ Ae WEST-ZOL (western blot detection system, iNtRON) -89S
o] g3 ECL 7|23 we A7l ¥ Chemidoc (Fusion solo S, VILBER

LOURMAT, France)& o]&3}o] Z}zto] vuld uty Hw =R b=

=~

i
Mo
ol

_13_



3) AE =A H7FHMTT assay)

HaCaT cell @ RAW264.7 cell& Z+7} 1.0 X 10% 1.5 X 10° cells/well& &
T3kl 37 C, 5% CO, =39 AXEZ njt7]oll A 18A1FF B 24 A17HA vl &l
t}. HaCaT cell& FBS7} shi-% A &2 wjx|ol], RAW264.7 cell2 0.1 pg/mL

Fel mj Aol A 2E s=E2 22 Agste] Al mjF7]olA 244

o
=
)
wn
N
N
=<
ot

ZF wjekstgith. o] 500 pg/mLe] %2 MTT (3-(4,5-dimethylthiazol-2-y1)
-2,5-diphenyltetrazolium bromide) &N FH7lsle] AE wjg7]o) A 347 HE

SA T Aoldl= AlEZeF wkEE-sled A7 formazan A= DMSOE 718k

a9

4321711 microplate readerg ©]&3ste] 570 nmollX FHFEE SAHSST

MEZ AEES ofgo] Ao st = YERNRIT
Cell viability (%) = (AbSsample / AbScontro) X 100

Abscontrol : }\]E% %7]"8]—%] 0151_*8_‘ 1%]_%_%_

s}
=L
Astample : /\]E% 71%]7]'@' ]?__%%0—11}9] 'g‘%l‘:—

_14_



29| g2 Sunfire™ C18 ZH& o] &8 HPLC
H 3HekE2 methanolel o] 742} 31.25, 62.5,
125, 250, 500, 1000 ng/mLe] =2 A|Ze ¥ syringe filter® o 7}3le] &
g e e SAEAT S F, peak WAS ot 37 WAAES
o] &3t FFHUATAS FA s tHFigure 3). °l54S 0.1% acetic acid7} &
¥ FF9 methanold AFE39 1l 452 1.0 mL/minl 2 3o, A&7+
UV detector (265 nm)E A3t €5 AL gradient mode® 30 min &

oF methanol®] H]&< W3A 7] =AsGHTable 1, 2).

8x 109 -
7x10°

6x106 -

5%106 4
y =6917.7x + 24239

4x106 4 R?>=0.999

Area

3%10° 4

2x100 4

1x10°

0 200 400 600 800 1000 1200
Concentration (pg/mL)

Figure 3. Calibration curve for quantification of kaempferol 3—O-robinobioside.
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Table 1. HPLC chromatographic conditions of the control factors

Control Factor

Conditions

Infection volume

Column

Mobile phase

Flow rate

Column Temperature

Wavelength

Detector

Separation Module

10 pL

Sunfire™ C18 (5 pm, 4.6%250 mm)

A: 0.1% acetic acid, B: methanol

1.0 mL/min

40T

265 nm

Waters 2998 PDA (Waters, USA)

Waters 2695 (Waters, USA)

Table 2. Gradient elution condition for HPLC analysis

Time (min) A (%) B (%) Flow (mlL/min)
0 90 10 1.0
5 55 45 1.0
25 45 55 1.0
30 0 100 1.0

_16_



M A5 1: SAR} 74 &89 343 3 39 84 48 47

1. A=
A ma Y (Myrtaceae)dll &ob= A=olt. ke RO A o] Ao}

Fie] o2 Fyobrlop Afo] Parxloln, ‘Fito] B Abw g e w0
= 5o olol B9l water appled HF Aol R L& HolAw F7

I AZEol e, opatgk Azts JHY dvl= &2 FFo] 2 AujEn,
0

B2 Bl Eof vk SAw oAz BAbg ApKel o@ A B4 9 fE A
Fol| gk A= Hawo] x| formg B Ao BEAly 7HA] EE 2
| FE =0 Ae 24 IRlsta vdd fa RS Ee-sAslth

Ao AMeH EAN(Syzyvgium agqueum Burm.f. Alston) 7FA(AEHIE
474)= 20164 1290 AFA] L5 Fl AR FHAdA 5z 2dsE
SHATRNA AFsEAT. AFF EARL HAE w2 dx F Eete] AR

3 tH(Figure 4).

Figure 4. Picture of Syzygium aqueum tree.
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2. BANE A0 2%, 28 9 B4 4R B

D 24} 710 % 9 ) 2

>
N
=1
rE
ol
ol
38
)
il
n
>
N
>
nl
e
)
s
£
&
o}
)
Ll
s
ofo
ol
ol
£
£
1%
=
e
ol
ol
38
o

2
Z=7|(rotary vacuum evaporator)® &%3} 70% EtOH F=E& 148.8
Atk Ao 70% EtOH FE% 15.0 ¢& 75 1 Lol degA7]a £ Zu7)

2 o8l 34 2l weh Easow
¥

ME
tot
ol
-
2
(@)
pt
oy
<
Q
(@)
0]
it
aQ
=
o
3
lon
[
=
Q
j}
=5
ME,

water layerES At} ole} @& W

90.0 g& &l &8 H(Figure 5).

Dried branches of Syzygium aqueum 500.0 g

70% EtOH, stirring, 24 h, 3 times

Y
Extract 148.8 g (29.8%)

Extract 90.0 g

Suspended with H,O
Y

EtOAc layer n-BuOH layer H>O layer
10.6 g (11.8%) 14.7 g (16.3%) 63.4 g (70.4%)

Figure 5. Extraction and solvent fractionation of S. agueum branches.
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I

2

m.
A
A

2) Ethyl acetate %&9]

EAN

Gl 8 & dojzl 7 RIEE F EtOAc I E 5.0 g2 T4 wet A
] medium pressure liquid chromatography (MPLC)E <=3 3}%it}.

AHS A4 silica gel (KP-C18-HS, 40+M, Biotage Co.)S AF&3F3iom,

H;0-MeOH (20-100%)°] &ml& gradient 7122 7} 30 mL¥ &Z3}o]

48719] fractions HUATHEr. MP1-48).

MPLC fractiong % Fr. MP9 (99.8 mg)¥ Sephadex LH-20 column

ofe

chromatography (CHCl3:MeOH = 5:1)& 433} compound 1 (13.4 mg)<
g st¥ . Fr. MP12-14 (119.2 mg)= Sephadex LH-20 column
chromatography (CHCl3:MeOH = 3:1)& <33} compound 2 (8.4 mg)E
g ekgleh. Eh Fr. MP27 (14.6 mg)¥ Fr. MP36 (19.7 mg)< @Y &3&

2 717} compound 33 compound 4% el xSl tH(Figure 6).

EtOAc layer 5.0 g

MPLC (C1g)
H,0-MeOH (20-100%)
Flow rate : 10 mL/min

30 mL each
Y
Fr. MP9 Fr. MP12-14
Fr. MP1 (99.8 mg) (119.2 mg)
Sephadex LH-20 CC Sephadex LH-20 CC
CHCI3:MeOH = 5:1 CHCI3:MeOH = 3:1
\
Compound 1 (13.4 mg) Compound 2 (8.4 mg)
Fr. MP27 Fr. MP36
(14.6 mg) (19.7 mg) Fr. MP48
\
Compound 3 Compound 4

Figure 6. Isolation of compounds from S aqueum branches.
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w
AL

gle slgEe Fx 24
1) Compound 1, 29 +% &A

Compound 1& C NMR spectrumol|A 217§¢] carbon ¥ =7} #&EEH, =1
= 8¢ 112.9904 154.29] alE3t= 127019 93E £ 2709 aromatic ring©]
ZAZHE ddetinh =9, 6c 1604 2 160.59 FJAE S 2709 ester
group®| A ol &3S & 4 dow, 2709 sy 7.46 (1H, )=t T
fol 2 ), ellagic acid %YL o383tk 6c 62.2 2 &y 4.18 (3H, )9
deshielding® methyl group? ¥ 3E E& F# ol methoxy groupe] X3}
Ho] S & 4 Atk sy 3.49-4.37, §c 72.0-73.89 FAEI T
anomeric®l aFst= &y 5.65 (1H, brs), §¢ 104.0¢] 32 2 §; 1.22 (3H, d,
J = 6.4 Hz), 6§c 18.09 ¥aE sl & uw, a-forme rhamnopyranoside
7F AgE e FERE AT F dd AgS 72 5485 flel 2D NMR?!
HMQC ¥ HMBCE 7433tk HMQC NMR spectrume %3] 27+2] proton

of

I} carbon AFe]9] one bond A% YAE &2l a2 HMBC NMR spectrum
A& F3 proton¥ carbon ARe]l€] long range couplings SQ1s}Sltt, 1 A3},
methoxy group¥ B AF HAE &lsto] A 725 sttt ol&
olHE Mg o R #3H0S F3 compound 1 3-O-methylellagic acid
3'-O-a-L-rhamnopyranoside = & <1% 1 tH(Figure 7-12, Table 3).
Compound 2¥ 'H % ¥C NMR spectrum %4 23, compound 13 wj$- &
AbSE oY §c 172.99] I AE T3 A Wl carbonyl group®] EA]&-S
A5l &y 2.17 (3H, s) E &c 18.09] I AE F3| methyl groupe] =A%
= disiit. ols  HelHE uwEow #3095 Fdl  compound 2%
3-O-methylellagic acid 3'-O-a-L-3"-O-acethylrhamnopyranoside®  &<l% ¢tk
(Figure 7, 13, 14, Table 3).
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Compound 2

Figure 7. Chemical structures of compounds 1 and 2.
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Table 3. 'H and C NMR data of compounds 1 and 2 (400 and 100 MHz)

Compound 1 (CDs;0D)

Compound 2 (CDs0D)

o Sy Gnt., multi., JHz) 8¢ &y (int., multi, JHz) 8¢
1 113.3 113.1
9 142.0 142.1
3 142.4 142.5
4 154.2 154.3
5 7.46 (1M, s) 112.9 7.52 (11, ) 113.5
6 113.6 113.4
7 160.5 160.6
1 113.2 113.0
9 143.6 143.9
3 138.7 138.7
4 153.6 153.7
5 7.46 (1M, s) 113.0 7.57 (1M, s) 114.9
6 114.5 113.8
7 160.4 160.5
1" 5.65 (1H, brs) 104.0 5.66 (1H, brs) 103.8
on 3.49-4.37 72.1 3.46-5.27 71.0
3" 3.49-4.37 72.2 3.46-5.27 72.1
4" 3.49-4.37 73.8 3.46-5.27 75.5
5" 3.49-4.37 72.0 3.46-5.27 69.8
6" 1.22 (3H, d, 6.4) 18.0 1.26 (3H, d, 6.4)  21.2
3-OCH; 4.18 (3M, s) 62.2 4.18 (3H, s) 62.0
CO0 172.9
CHs 2.17 (3H, s) 18.0
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Figure 8. 'H NMR spectrum of compound 1 (CDs;OD).
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Figure 9. '3C NMR spectrum of compound 1 (CDs;0D).
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10. HMQC NMR spectrum of compound 1 (CDs;0OD).
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11. HMBC NMR spectrum of compound 1 (CDs;OD).
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Figure 12. The key HMBC NMR spectrum of compound 1.
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Figure 13. 'H NMR spectrum of compound 2 (CDsOD).
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Figure 14. *C NMR spectrum of compound 2 (CDsOD).
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2) Compound 3, 49 +% &4

Compound 3& 3C NMR spectrumS £3] thd <l 2709 carbon

flo

Kl
oot
_O|L
£

.
Z 15709 carbone] = A& A<l flavonoid =4S i 4 gt 1

!

Su 7.39-7.49 (5H, overlapped)® =& &3l flavonoid® B ringe] o
ZdS & F dor, § 197.59 ¥ F+= carbonyl groupl®E oA = 9
Sy 2.77-3.09 2 §c 44.3, 80.69] ¥ AE F3 flavanone =4YUYS & F o
o, o]& HelHE Hgox #33S F3 compound 3+ pinocembrino =
Skl H] Sl tH(Figure 15-17, Table 4).

Compound 4= 'H @ C NMR spectrum %41 23}, compound 33 §A}3sH
FZelu 6y 2.01 (3H, s), 6y 2.02 (3H, s) ¥ §¢ 7.6, 8.39 A7} 1 YEhG
Aoz Hol 27§¢] methyl groupo]l A= o hS Zeolet o4dsiditt. ol d
OlHE vtgo g #¢%E& F3] compound 4% desmethoxymatteucinol® <15

At Figure 15, 18, 19, Table 4).
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OH O

Compound 3

Compound 4

Figure 15. Chemical structures of compounds 3 and 4.
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Table 4. 'H and »C NMR data of compounds 3 and 4 (400 and 100 MHz)

Compound 3 (CD3;0OD)

Compound 4 (CDs0D)

e 6y (nt., multi, JHz) 6 6y (int., multi, JHz) &
2 5.46 (1H, dd, 3.2, 12.8) 80.6 5.43 (1H, dd, 3.2, 12.4) 80.2
3 2.77 (1H, dd, 3.2, 17.4) 2.80 (1H, dd, 3.2, 16.9) m
3.09 (1H, dd, 12.8, 17.4) 3.05 (1H, dd, 12.4, 16.9)
4 197.5 198.1
5) 165.6 160.5
6 5.94 (1H, d, 2.3) 96.4 104.3
7 168.6 164.4
8 5.90 (1H, d, 2.3) 97.3 105.1
9 164.8 159.2
10 103.5 103.4
1' 140.6 141.0
2', 6 7.49 (2H, dd, 1.8, 8.7) 127.5 7.51 (2H, overlapped) 127.3
3' 5 7.39 (2H, overlapped) 129.8 7.39 (2H, overlapped) 129.8
4' 7.39 (1H, overlapped) 129.9 7.39 (1H, overlapped) 129.6
6-CHjs 2.01 (3H, s) 8.3
8-CHjs 2.02 (3H, s) 7.6
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Figure 16. 'H NMR spectrum of compound 3 (CDs;OD).
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Figure 17. ¥C NMR spectrum of compound 3 (CDs;0D).
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Figure 18. 'H NMR spectrum of compound 4 (CDs;OD).
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Figure 19. C NMR spectrum of compound 4 (CDs;0D).
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4. =AH 7HA] FEE 2 289

7bF EdE g9 54

AL 7HA] FEE 2 B 2EEY T
N FFAATAAE T FEE X &
gallic acid®] % (GAE; gallic acid equivalent)2.& 3Hitsle] A=A 1 4
7, EtOAc % n-BuOH 8 &o] B2 Z8#=(270.6, 283.5 mg/g GAE)S &
Fretal Al ol vE FAkst &4 A9 Aot ddHo] s Alolgt o4

A tH(Figure 20).
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Figure 20. Total polyphenol contents of extract and solvent layers from
S. aqueum branches. The data represent the mean £ SD of triplicate

experiments.
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=it 7 FEE H S S8 & SEExclE @RS quercetin EE
SN FFHAANAE B8 FEE L & BEEY TF 1 g9 TRk 3
= quercetin® %(QE; quercetin equivalent) 2.2 3HAFste] =AYy 12 A
7}, EtOAc w8 & 7MY B2 49 F#tRx0]=(89.2 mg/g QE)E FH3sta
AATE ol v kst dg AY Aol o] d& Aol dgsidtt

(Figure 21).
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Figure 21. Total flavonoid contents of extract and solvent layers from .S.
aqueum branches. The data represent the mean £ SD of triplicate

experiments.
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t}. DPPH radical &7 &4 =4

o

A3} 7bA]) 258 2 4] 288 g)sle] DPPH radical 427 24
afelth. A3 3.125, 6.25, 12.5, 25 pg/mLe] s== dsiglon, 747}
ato] SCeotks AR L A3, T EYulsd SdE o= ko] BUd
EtOAc % n-BuOH #%=9 SCsedtel 24+ 10.6, 10.5 pg/mL= dizxa<l
ascorbic acid ¥ %2 DPPH radical &7 &4o] A& &2ls th(Figure

22, Table 5).

=
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o

)

120 A

100 A

80 A
m3.125 pg/mL

60 - = 6.25 ng/mL
=125 pg/mL
40 A 25 pg/mL

20 A

0 - : , -

Extract EtOAc n-BuOH H,0 Ascorbic aicd

DPPH radical scavenging activity (%)

Figure 22. DPPH radical scavenging activities of extract and solvent
layers from S aqueum branches. The data are expressed as a percentage

of control and represent the mean = SD of triplicate experiments.

Table 5. SCso values of DPPH radical scavenging activities for extract

and solvent layers from S. aqueum branches

Extract  EtOAc  n-BuOH 1,0 Asggirdblc

SCso (ug/mL) 17.8 10.6 10.5 >25.0 6.4
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2}, ABTS' radical &4 &4 =4

of thate] ABTS' radical £274 A4S =

2A} A 22% 9 g0 2%
5, 25 ng/mLe] FEZ aAsjelon], 7zt
7}

gateich. A9 3.125, 6.25, 12.

tiato] SCsogt= ZAAbetditt. o1 A, & ZYdlsd SdtEmol= ko] #e
g EtOAc 3! n-BuOH #&8E9 SCsfkel ZHzF 5.8, 6.1 pg/mLz thx<l
ascorbic acid T ¥ ABTS" radical &~A Aol A& FQlssitt

(Figure 23, Table 6).

120~

S
> 100 A = - -
£ I
2
S 80 A
a m3.125 pg/mL
=
E 60 - 6.25 pg/mL
a2 125 pg/mL
=
Q 40 A 25
2 pg/mL
[
St
@ 20 | -
=
-]
) -

0 A T T T )

Extract EtOAc n-BuOH H,0 Ascorbic aicd

Figure 23. ABTS" radical scavenging activities of extract and solvent
layers from S. aqueum branches. The data are expressed as a percentage

of control and represent the mean = SD of triplicate experiments.

Table 6. SCso values of ABTS" radical scavenging activities for extract

and solvent layers from S. aqueum branches

Extract  EtOAc  n-BuOH IO Asggirdblc

SCso (ug/mL) 9.5 5.8 6.1 >25.0 5.7
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uh, A¥E BE g3

(1) M2 54 H7HMTT assay)
AR} A FEE B & 8 Eo] diste] AlX kst S-S S48 9
g HaCaT cell& o] &3t ME SAHMTT assay) R s+ 2(H002 %
H AE E4 t AE Be g3E sl WA, Ao AMEE AR
=S A7) 98 HaCaT celldl tiste] &&= 2 &1 £8=9 Ax 54
o152 10, 20 pg/mLe] FXo A Al
¥ AEEO] BF 80% oot wEkA B APoM AREE AR sEE
80% ol4tel A¥ AEES UEE Hi ¥E9l 10, 20 pg/mLe AAELAT
(Figure 24).
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Cell viability (%)

Figuer 24. Effects of extract and solvent layers from S. aqueum branches
on HaCaT cells wviability. HaCaT cells were treated with different
concentration of samples, and cytotoxicity was then determined by MTT

assay. The data represent the mean * SD of triplicate experiments.
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0 : . :
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Cell viability (%)
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Sample - - Extract ‘ EtOAc

(B)
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0 |
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H,0, (4 mM)
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Figure 25. (A) Cell viability on HsOs-induced cell damage in HaCaT cell
system. (B) Cell protective effects of extract and solvent layers from S.
aqueum branches on HyOs-induced HaCaT cell. 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.
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2) &<

7}F. Nitric oxide (NO) A4 A &4 A

EASE A FEE

RAW264.7 cellS o] &3] NO AA oA &4 2 AE EHMTT assay)s

%e,
oo
=2
i
et
i
2
=
_Cr'ﬂ
9
o%
g
lie]
oX,
o
%
o
_0|L
N
o
o

ettt WA, FEE 2 & BIFEL 100 pg/mLe] FEE AYS 15
Atk 2 A3, EtOAc #3E0°] 100 pg/mLe] FXolA AXe that 54 glo]
61.1%2] NO S JAst= AS gedsdth(Figure 26). wahA] Aol ojst
=4 §lo]l NO A4 Al &4o] 39 EtOAc 8o 3] F718o=z =
Aol 9l W99l 12.5, 25, 50, 100 pg/mLe] FZA AES W3
A3}, BAL 7FA] EtOAc EEELS A ¥ th3 54 glo] v = g&EH o2 NO
golslg o, ICsat2 51.6 ng/mL= A ¥ A tH(Figure

RS oA A

rulo

27).
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Figure 26. Effects of extract and solvent layers from S. agueum branches
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 S
aqueum branches and 2-amino-4-picoline (positive control, 10 pM) for 24 h.

The data represent the mean £ SD of triplicate experiments. **p < 0.01
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Figure 27. Effects of EtOAc layer from S. aqueum branches on NO
production and cell wviability in LPS-induced RAWZ264.7 cells. The cells
were stimulated with 0.1 pg/mL of LPS only, or with LPS plus EtOAc
layer from S. aqueum branches for 24 h. The data represent the mean =*

SD of triplicate experiments. *xp < 0.01
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u. PGE, B4 oA &4 A

NO A4S JArZ A} 7HA] EtOAc 238 &0 tiste] PGE, AA oA &
’d<& sandwich ELISA kit®= AT AP 540 3l B9 125, 25,
50, 100 pg/mLe] &%=z dstgiom, ofo] tsto] ICsaks ALttt 2 2
7, PGE:9] AARS % &A= dANIIE AL FAsisien, PGE,9]

[Csotk= 47.9 ng/mL%E &2 ¥ A tH(Figure 28).
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LPS + + + + +
- 12.5 25 50 100

EtOAc layer (ng/mL)

Figure 28. Effects of EtOAc layer from S. aqueum branches on PGE,
production in LPS—-induced RAW264.7 cells. The data represent the mean

+ SD of triplicate experiments. **p < 0.01
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t}. INOS 2 COX-2

g

& ]

=
=

NO AAS AT A} 7FA] EtOAc #3E] tidte] iNOS 2 COX-2
W Wy S ghelatgitl. o A, INOS v e] S o]FEF o R oA
A7lE AL Felaon, COX-2 dde B JI&S nAA e Ao
2 ol ¥ tH(Figure 29).
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Figure 29. Effects of EtOAc layer from S. aqueum branches on the levels

of INOS and COX-2 protein. The iINOS or COX-2 protein levels in each

sample was normalized to the quantity of [—actin.
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2}, AASA cytokine A AA &4 SA

INOS @ d o] Iads oA ZA} 7HA] EtOAc 8=l tiate] A<
d cytokine (TNF-a, IL-6 % IL-1B)e] A4 <A &4d-& sandwich ELISA
kit2 A3l Age 540 gle W9l 12.5, 25, 50, 100 ug/mLe] &%
= Ageplon, zhztel] diake] 1Cxfke AMtatgith. 1 A3}, EtOAc #3182
TNF-a®] S dAlet=d 9FS vAA &2 ¥ (Figure 30, Table 7),
[L-6 3 IL-1B9] #AEE v d&Hom A= AL F1lsdt). 1L-69]
ICs0%k2 100 pg/mL oAl om, IL-18¢] IC5#k< 68.7 png/mLz 15 A
H(Figure 31, Table 7).

0 I I
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Figure 30. Effects of EtOAc layer from S aqueum branches on TNF-a
production in LPS—-induced RAW264.7 cells. The data represent the mean

+ SD of triplicate experiments. *p < 0.05; *xp < 0.01

- 44 -



120 -

100 A

80 -
60 -
40 -
20 -
0
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EtOAc layer (ug/mL) - 12.5 25

120 4
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IL-1 production (%)
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Figure 31. Effects of EtOAc layer from S aqueum branches on IL-6 and
IL-1B production in LPS—-induced RAWZ264.7 cells. The data represent the

mean * SD of triplicate experiments. **p < 0.01

Table 7. ICso values of EtOAc layer from S aqueum branches on

pro—inflammatory cytokines production in LPS—induced RAW264.7 cells

TNF-a IL-6 IL-1B

ICs0 (ng/mL) N.AC >100.0 68.7

* N.A. : No activity
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g gt 24 2 29

) &Aakst

7}. DPPH radical 27 &4 =4

EA ZFA A e shgkEe] tiste] DPPH radical 47 #4dS 57433
t}. Compound 2+ ©E 3tst&Ey 23t AEl= 859 compound 1, 3, 4
of thate] AFE HPslct. AHL 25 50, 100, 200, 400 M) Hx= 2

p s
st or, Zhzto] thste] SChoaks Attt L 23}, compound 12 SC
e 828 uyM=E 7} 2 DPPH radical &7 &Aool &S st
(Figure 32, Table 8).

100 ~
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=25 uM
=50 uM
=100 uM
200 uM
m400 uM

60 -

40 -

20 A

DPPH radical scavenging activity (%)

Compound 1 Compound 3 Compound 4 Ascorbic acid

Figure 32. DPPH radical scavenging activities of isolated compounds 1, 3
and 4. 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 activities for isolated

compounds 1, 3 and 4

Compound 1 Compound 3 Compound 4 Ascorbic acid

SCso (uM) 82.8 248.0 255.3 43.2
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. ABTS' radical 274 &4 =#

At 7hA ol A EelE 33Eo] tete] ABTS' radical 271 @48 A3}
Aok A9 125, 25 50, 100 pMe] F=E Fgsiglon, Zpzbe sk
SCsoats AT, 1 23}, compound 19 SCsote 17.9 pM= oz

ascorbic acid®t} © & ABTS' radical &7 Ao A2 FAAsATh

(Figure 33, Table 9).
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[\ (=)
(=] (=)

Compound 1 Compound 3 Compound 4 Ascorbic acid

Figure 33. ABTS" radical scavenging activities of isolated compounds 1, 3
and 4. 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 isolated

compounds 1, 3 and 4

Compound 1 Compound 3 Compound 4 Ascorbic acid

SCso (uM) 17.9 73.5 86.8 26.8
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o A¥E HE a3
(1) M2 54 H7HMTT assay)

AR TEA A EElE gtebEel wiete] AlE ks S-S S7487] fel
HaCaT cell& o]&3te] AlX SAHMTT assay) 2 HoOp2 2% AE &4}
ek Al B3 5aas g9 WA, Ao AeE sgee] v=5 Ao
7] 98 HaCaT cellel thste] &AL 7hAelM we]d gtz AX SA4S
golstgitt. 2 A3, compound 12 50, 100 uM9] Fxo A AlEo] that 54
o] YElro™ compound 3, 4= AXE AFEEo] EF 80% o]dolAtt. uehA
A A1gE geEe] TR 80% ol MXE AEES Yehe Ha

FEQ 50, 100 pM=E AAsigl e, Axe] tg 54 e compound 1

AHe APeA FAHFigure 34).

=50 uM
=100 M

Control Compound 1 Compound3  Compound 4

rlo

120 4

100 4

80 -

60 A

40 A

Cell viability (%)

20 A

Figure 34. Effects of isolated compounds 1, 3 and 4 on HaCaT cells
viability. HaCaT cells were treated with different concentration of samples,
and cytotoxicity was then determined by MTT assay. The data represent

the mean = SD of triplicate experiments.
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(2) HAFstr M0 2 e Al S tid A2 e 53

AR ZHAell A EelE SghEel tiete] HaO0® sl Al &4l gk Al
¥ RS g¥iE A WA, A AREE Hp0:9 s=&5 Astzl A8l
HaCaT celldl] tate] H0:91 AE 545 Selshsith. 1

oM AE AEEL 63.7%% HAHAT. Wb 2 AENM= 6 mMe] Hy0z
£ Agste] E4E M) 50, 100 pMe] #el¥ sek=S Agsidn. 1 A3
50 pMe] F%xollA compound 3, 49 AME AEES 27 68.2%, 68.9%°]H,
100 pM®] sXlA compound 3, 49 Ax AEES 77t 77.3%, 77.9%= <
A=At wekA EAL 7ROl A FElE &3tE<Q] compound 3, 4= 100 pM
o] FEolAM H0.% i AMxE E4el tiete] 2474 21.2, 23.8%9 AE BZ

a97F 98-S #elstdthFigure 35).
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Figure 35. (A) Cell viability on HyOs-induced cell damage in HaCaT cell
system. (B) Cell protective effects of isolated compounds 3 and 4 on HsOq
—induced HaCaT cell. 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.
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2) ¥4
7}F. Nitric oxide (NO) 234 oA &4 4

AL ZEAelA wEelE sigbEdd distel e gAS SAs] #8l
RAW264.7 celle ©]&3te] NO AA oA &4 2D AX SAHAMTT assay)S
sHelatdtt. Compound 2 & 3tg&E3 &3t AHl® 2ol compound
1, 3, 49 diste] Ade Asiglon, 23E 100, 200, 300 pMe] TR
sttt 1 A3, compound 1, 3, 4= 300 pMe] sXol A AEe] th3t A
o] & oEH o2 NO AL AAs= AS Felst o™, compound 3, 4

9] ICs03ke zHzF 239.0, 262.1 pM= 15 th(Figure 36, Table 10).
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Figure 36. Effects of isolated compounds 1, 3 and 4 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 1, 3
and 4 for 24 h. The data represent the mean * SD of triplicate

experiments. *xp < 0.01

Table 10. ICso values of isolated compounds 1, 3 and 4 on NO production

in LPS-induced RAW264.7 cells

Compound 1 Compound 3 Compound 4

IC50 (UM) >300.0 239.0 262.1
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(A)

(B

Figure 37. Picture of Neofinetia falcata (A) and solid medium condition of

Neofinetia falcata callus (B).
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olxl o] E 37-40T olste] & oA 3 I

=7|(rotary vacuum evaporator)® &=3}>] 70% EtOH F=E& 1208 g

S Atk AR 70% EtOH F=E 20.0 g 16.7 g& 72 =575 1 Lo &
S =

Bl 2 ZAur]E o]&

\l

q

s
e
il
i
S
(@)
ije]
filo
o

3
acetate, n-butanol, water layerES Ldt}t. 70% EtO
2 WHo=Z 43 ¢ wHg AAste FEE F 1167 g& &v] £35St

(Figure 38).

Dried powder of Neofinetia falcata callus 251.2 g

70% EtOH, stirring, 24 h, 2 times

Y
Extract 120.8 g (48.1%)

Extract 116.7 g

Suspended with H,O
Y

EtOAc layer n-BuOH layer H>O layer
4.6 g (3.9%) 12.4 g (10.6%) 81.5 g (69.8%)

Figure 38. Extraction and solvent fractionation of N. falcata callus.
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2) Ethyl acetate 8 =2] &4 A+

o

nj 28 5 dojxl 7+ F¥ =5 T EtOAc 8% 3.9 g2 4 weh A&

Lot
ol

7] 93] medium pressure liquid chromatography (MPLC)E <=3 5}3it}.

a4+

N
N

S A} silica gel (KP-C18-HS, 40+M, Biotage Co.)& A}g3t9ion,
H;0-MeOH (10-100%)¢] &wl& gradient 7102 7} 40 mL¥ &&3te] F
47719 fractiong BATHFr. MP1-47). MPLC fraction® % Fr. MP19 (62.2
mg)= 9 33HE2Ql compound 5% &2lE AT

EtOAc 8+ 0.8 g2 silica gel column chromatography (CHCl3:MeOH =

30:1—-10:1)E 33}e] compound 6 (8.8 mg)S F&33dtH(Figure 39).

EtOAc layer 3.9 g EtOAc layer 0.8 g

MPLC (C1g)
H,O-MeOH (10-100%) Silica gel CC

Flow rate : 15 mL/min CHCI3:MeOH = 30:1—-10:1
40 mL each

| Fowpie | Fr. Sit Fr. Si8
Fr. MP1 (62.2 mg) Fr. MP47 (8.8 mg) (110.3 mg)

Compound 5 Compound 6

Figure 39. Isolation of compounds 5 and 6 from N. falcata callus.
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oX
™
ME
k)

3) n-butanol £33 &9 A

d&55 T nBuOH #&+E 5.0 g2 40 ot A

M

L 78 & Aol 7}
£3}3}7] 93] medium pressure liquid chromatography (MPLC)E 3313

AFE A% silica gel (KP-C18-HS, 40+ M, Biotage Co.)& AF&3F3 o,

=

oy

H;0-MeOH (10-100%)¢] &wl& gradient 3102 7} 40 mL¥ &&3te] F
45719] fractions L JTHFr. MP1-45). MPLC fraction® & Fr. MP19 (131.0
mg)s= oA 283 compound 5% el Tt

n-BuOH #38& 2.1 g2 Sephadex column chromatography (MeOH = 100)

5 4383}l compound 7 (3.6 mg)S 233 tH(Figure 40).

n-BuOH layer 5.0 g n-BuOH layer 2.1 g
MPLC (C1g)
H,0O-MeOH (10-100%) Sephad_ex LH-20 CC
Flow rate : 15 mL/min MeOH =100
40 mL each
Y Y
Fr. MP19 Fr. Se8
Fr. MP1 (131.0 mg) Fr. MP45 Fr. Set (36 ma)
|
Compound 5 Compound 7

Figure 40. Isolation of compounds 5 and 7 from N. falcata callus.
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S|
A

w
e
e

ge ggEe] =
1) Compound 59 +% &4

Compound 5% ¥C NMR spectrumoll Al th3 <l 270¢] carbon 3 AE ¥3He}
o] & 257§¢] carbon ¥|=7} #FHAH. 1 F &y 8.09 (2H, d, /= 9.0

6n 6.89 (2H, d, /= 9.0 H)®] 9|35 &3} flavonoid®] B ringe]l W3 39
S ok F gdoen, §: 179.7¢ I A carbonyl grouplZ oA 4= 9t} 'H
NMR spectrumel A &, 3.50-3.79¢] proton =A<} &y 5.04 (1H, d, J = 7.6
Hz) ¥ 4.53 (1H, brs)ol 8i%3l= 29 anomeric protonC & Ho}l 2719 o]
Aol = wgAd Aol odsisiv. 1 S 6y 5.04 (1H, d, /= 7.6
Hz), 6y 1.18 (3H, d, J = 6.2 Hz) ¥ & 181 ¥AE T3] a-form?
rhamnopyranosideE o4 = o, T3 453 (1H, brs)® anomeric
proton®] ¥ AE F3 B-form® SIS ddstqlth olE HoHE vfEgo®
3%8 T3l compound 5% kaempferol 3-O-robinobioside® Q1% ATh

(Figure 41-43, Table 11).

Compound 5

Figure 41. Chemical structure of compound 5.
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Table 11. 'H and *C NMR data of compound 5 (500 and 125 MHz)

Compound 5 (CD30D)

No.
&y (int., multi., J Hz) 8c
2 158.7
3 135.9
4 179.7
5 163.1
6 6.21 (1H, d, 2.0) 100.1
7 166.2
8 6.41 (1H, d 2.0) 95.0
9 159.5
10 105.8
1 122.8
2', 6 8.09 (2H, d, 9.0) 132.6
3, 5 6.89 (2H, d, 9.0) 116.3
4' 161.8
1" 5.04 (1H, d, 7.6) 105.7
2" 3.50-3.79 72.2
3" 3.50-3.79 75.2
4" 3.50-3.79 70.3
5" 3.50-3.79 75.5
6" 3.50-3.79 67.5
1" 4.53 (1H, brs) 102.0
2" 3.50-3.79 73.1
3" 3.50-3.79 72.4
4" 3.50-3.79 74.0
5" 3.50-3.79 69.9
6" 1.18 (8H, d, 6.2) 18.1
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8,10
8.085
5.894
B.877

<
<

—§.405
—§.212
5.048
5.033
4519
3867
384
3833
B21
812
783
m
T4
4730
T
ane
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g20
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1177

r T T T T T T T T
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& CIE 2 @ L
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Figure 42. 'H NMR spectrum of compound 5 (CD;OD).
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—la.n
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Figure 43. C NMR spectrum of compound 5 (CD;0D).

_62_



2) Compound 6, 79 +% &4

Compound 6& 'C NMR spectrumolA 297§¢] carbon 3= 'H NMR
spectrumel Al 6709 methyl groupd! YIdIIE FIse] HE H 9
aliphatic signalS W} O 2 steroldS AAsIHTE 1 F §c 121.99F 141.09
935 B3 sp” TS ZE carbon®l Y& dlEelal §¢ 72.09] FAE ¢
sp’ A% Hrt} chemical shift ko] deshielding ¥ ZA o2 Ho} A7 L&A

7h 2 A8 AFHA Qe carbong e A FFHA o dolHE wgow

il

!

51342 23] compound 62 PB-sitosterol YU 215U H(Figure 44-46,

Table 12).

e

Compound 7€ 'H @ ¥C NMR spectrum %41 A3}, compound 63 GA}sH
TZoly &y 4.02-4.58, §¢ 63.3-78.99] I A5 T anomericel dMFst= §
1 5.09 (1H, d, /= 7.8 Hz) ¥ &: 103.09] ¥J=a3& =& & o, B-formY
glucopyranosideZt Ao A= WiBA LS didsisint. o5 HeolHE ntg
o2 %L Fd compound 7 daucosterol ¥ <218t tH(Figure 44,

47, 48, Table 12).
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Compound 6

Compound 7

Figure 44. Chemical structures of compounds 6 and 7.
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Table 12. 'H and *C NMR data of compounds 6 and 7 (400 and 100 MHz)

No Compound 6 (CDClj3) Compound 7 (CsDsN)
' &y (int., multi., J Hz) Sc &y (int., multi., J Hz) Sc

1 37.5 37.9
2 31.9 30.7
3 3.53 (1H, m) 72.0 3.85 (1H, m) 79.1
4 42.5 39.8
5 141.0 141.4
6 5.36 (1H, d, 5.0) 121.9 5.37 (1H, d, 4.1) 122.3
7 32.1 32.6
8 32.1 32.5
9 50.3 50.8
10 36.7 37.4
11 21.3 21.7
12 40.0 40.4
13 42.5 42.9
14 57.0 57.2
15 26.3 24.9
16 28.5 29.0
17 56.3 56.7
18 0.69 (3H, s) 36.4 0.68 (3H, ) 12.4
19 1.02 (3H, s) 19.3 0.96 (3H, ) 19.6
20 34.2 36.8
21 0.93 (3H, d, 6.9) 24.5 1.01 (3H, d, 6.4) 19.4
22 46.1 34.6
23 23.3 26.8
24 12.2 46.5
25 29.4 29.9
26 0.84 (3H, d, 7.3) 20.0 0.92 (3H, t, 7.3) 20.4
27 0.82 (3H, d, 6.9) 19.6 0.90 (3H, d, 8.7) 19.8
28 19.0 23.8
29 0.85 (3H, t, 7.3) 12.1 0.88 (3H, d, 7.8) 12.6
1' 5.09 (1H, d, 7.8) 103.0
2! 4.02-4.58 75.8
3' 4.02-4.58 78.9
4' 4.02-4.58 72.1
5' 4.02-4.58 78.5
6' 4.02-4.58 63.3
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Figure 45. 'H NMR spectrum of compound 6 (CDCls)
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Figure 46. *C NMR spectrum of compound 6 (CDCls).
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Figure 47. 'H NMR spectrum of compound 7 (CsDsN).
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Figure 48. C NMR spectrum of compound 7 (CsDsN).
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olg} odst 3 tH(Figure

O

el
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ool

49).

365.1

146.7
I 26.3
|

n-BuOH

80.6

Extract

400

(=3 (=3 f=3
(=3 (=3 o
N N —

(AVO 3/3m) sjudyuod jousydAjod (eyo,

H,0

EtOAc

Figure 49. Total polyphenol contents of extract and solvent layers from

SD of triplicate

+

The data represent the mean

N. falcata callus.

experiments.
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s A FEE Z &) BIE F FH o= $ES quercetin X

ST =) = == S 5.0 =
g9 BEPARNS B FEE U g AR Y 1 gF FRotw

%2

= quercetin® %(QE; quercetin equivalent)2. 2 3k2ksle] ALY, 1 A
I}, EtOAc 2 n-BuOH #8&o] H|5=3t &F9] FetR 0] =(25.5, 30.4 mg/g
QE)E #star A (Figure 50).

100 -
80 -
60 -

40 -

Total flavonoid contents (mg/g QE)

30.4
25.5
20 A
8.8
_
0 T T T
Extract EtOAc n-BuOH H,0

Figure 50. Total flavonoid contents of extract and solvent layers from M
falcata callus. The data represent the mean =+ SD of triplicate

experiments.
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t}. DPPH radical 24 &4 =4

T AY s FE2E Y &) BFE tste] DPPH radical 24 42 54
akolrh. A2 100, 200, 400 pg/mLe] == Hastelon, Zpzte] dste]
SCsotks Asiltt. 1 A3, & ZYvlE ol BARW EtOAc #8+E9
SCsogke] 309.9 pg/mL=Z 7} -2 DPPH radical &~A &4o] A& 2181

}H(Figure 51, Table 13).

100 +

s
£ 80
2
S
«
2 60
gn ® 100 pg/mL
D
g m200 pg/mL
% 40 1 =400 pg/mL
=]
2
«
St
= 20 -
&
A
a
O 4

Extract EtOAc n-BuOH H,0 BHT

Figure 51. DPPH radical scavenging activities of extract and solvent
layers from N. falcata callus. 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 extract

and solvent layers from N. falcata callus

Extract EtOAc n—BuOH H»0 BHT

SCso (ug/mL)  >400.0 309.9 >400.0  >400.0 124.1
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T AYs FEE F & BEE tiste] ABTS radical &7 €4S =

Askoleh. 432 6.25, 125, 25, 50, 100 pg/mLe] FE2 HaPsiglon, 747}

tate]l SCooske Atasich. 2 A, & Edsd) SutHeol= o] B

d EtOAc 2 n-BuOH ¥ &9 SCsatel ZH7t 46.2, 85.7 ng/mL= ABTS'
S IS th(Figure 52, Table 14).

120~

100 A

o]
(=]
1

H6.25 pg/mL
m12.5 pg/mL
=25 ng/mL
50 pg/mL
m 100 pg/mL

I
=)

ABTS" radical scavenging activity (%)
8 =

Extract EtOAc n-BuOH H,O BHT

Figure 52. ABTS' radical scavenging activities of extract and solvent
layers from N. falcata callus. 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 extract

and solvent layers from N. falcata callus

Extract EtOAc n-BuOH H>0 BHT

SCso (ug/mL)  >100.0 46.2 85.7 >100.0 7.0
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2) &«

7F. Nitric oxide (NO) A4 oA &4 54

— =
sttt 1 A3, EtOAc 80| 100 pg/mLe %A AxZo] st =4
glo] 16.8%2 NO WAL AAlst= AL st th(Figure 53). wWEka] A X9

& 54 glol NO A4 oAl @4o] $5HY EOAc ¥ HZ dis] F7H4 0
A

B33

O Ad, T A A EtOAc B ES Ao 3t 54 glo] Fx o&EHo

= NO A4 dAste As glsion, [Coat< 39.0 ng/mL= A=A
(Figure 54).
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120 -

100

80 -

60 A

40 -

NO production (%)

20 4 ok *k

0 N

LPS + + + + + +

Sample (100 pg/mL) - Extract EtOAc n-BuOH H,0 2-amino-
4-picoline

120 A
100 -
80
60

40 -

Cell viability (%)

20 A

0
LPS + + + + + +

Sample (100 pg/mL) - Extract EtOAc n-BuOH H,0 2-amino-
4-picoline

Figure 53. Effects of extract and solvent layers from N. falcata callus 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 N. falcata
callus 2-amino-4-picoline (positive control, 10 pM) for 24 h. The data

represent the mean £ SD of triplicate experiments. **p < 0.01
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120

(=3
S

el
(=}

NO production (%)
& D
(=} (=}

[
(=}

0

LPS + ‘ + ‘ + ‘ + ‘ +
EtOAc layer (ng/mL) 12.5 25 50 100
120
100 A
S 80 A
£
ZE 60 -
=]
-
= i
3 40
20 A
0
LPS + ‘ + ‘ + } + ‘ +
EtOAc layer (ug/mL) 12.5 25 50 100

Figure 54. Effects of EtOAc layer from N. falcata callus on NO production
and cell wviability in LPS-induced RAWZ264.7 cells. The cells were
stimulated with 0.1 pg/mL of LPS only, or with LPS plus EtOAc layer
from N. falcata callus for 24 h. The data represent the mean £ SD of

triplicate experiments. **p < 0.01
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NO RS AN F& A2 EtOAc 28 Eo| thalo] PGE, 2 AAFA

6 R IL-1B)9 A A &4+ sandwich ELISA kit®
W9l 12.5, 25, 50, 100 pg/mLe] F=2 713
aklom, Z4zke] tste] ICswks ALtetlth L A3, EtOAc #9&2 PGE; %
AASA cytokined] AAE T oEHoz AAANI= AS Flsdor,
PGE,, IL-6 % IL-18¢] ICsote]l Z+2zF 52.7, 69.8 @ 75.0 pg/mLE <15
t(Figure 55, 56, Table 15).
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120 4

100 4

80 4 o

60 A o

40 A

PGE, production (%)

20 4

ok

LPS *
EtOAc layer (ng/mL) -

0
} 125 25

50 100

120 1

100 A
i *k

80 A

60 A

40

TNF-a production (%)

20 A
0
LPS + ‘ + ‘ + ‘ + } +
EtOAc layer (png/mL)

12.5 25 50 100

Figure 55. Effects of EtOAc layer from N. falcata callus on PGE, and
TNF-a production in LPS-induced RAWZ264.7 cells. The data represent

the mean = SD of triplicate experiments. *xp < 0.01
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40
20
0

IL-6 production (%)

LPS
EtOAc layer (png/mL) _ 12.5 25

120 -

100
S
= 80 1
2
=
9
S 60
S
St
=
S 40 A
1,
o)
Ll
20 A
0
LPS
EtOAc layer (pg/mL) _ 12.5 25

Figure 56. Effects of EtOAc layer from N. falcata callus on IL-6 and IL-13
production in LPS-induced RAWZ264.7 cells. The data represent the mean

+ SD of triplicate experiments. **p < 0.01

Table 15. IC5¢ values of EtOAc layer from N. falcata callus on PGE, and

pro—inflammatory cytokines production in LPS-induced RAW?264.7 cells

PGE, TNF-a IL-6 IL-1B

ICs0 (ng/mL) 02.7 >100.0 75.0 69.8
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1
A

2le 3hgh= o

o
i
o
)
%

m (

1) &kst

7}. DPPH radical 27 &4 =4

T A zoA FElE sHgEe] tiste] DPPH radical &4 45 5433
t}. Compound 6, 7= &4kl g&4o] glo] compound 59 diste] AgS H8ys}
otk 23S 100, 200, 400, 800 uMe] sz zladstolon, olo] diste] SCso
#e Axteint. 1 A3 compound 52 SCsodk 630.5 uME DPPH radical 4

7 gAgo] 98-S 3lEktiFigure 57, Table 16).

100 1

60 - I 5100 pM
5200 pM

5400 pM
800 uM

20 A

DPPH radical scavenging activity (%)

Compound 5 BHT

Figure 57. DPPH radical scavenging activity of the compound 5. The data
are expressed as a percentage of control and represent the mean * SD

of triplicate experiments.

Table 16. SCsp values of DPPH radical scavenging activity for the compound 5

Compound 5 BHT
SCso (uM) 630.5 501.5

_78_



. ABTS' radical &7 &4

T Ay zoA FE shgtEel tisted ABTS' radical &4 €4

=

[e)

=

=
54

o

]_

At Aee 25 50, 100, 200 pMe] sz A3Psgdom o]d tiste] SCsodk
A3}, compound 59 SCsodte] 93.1 pM= ABTS' radical 4

h
7 Aol S-S ERIsIAtHFigure 58, Table 17).

120 4

—_
(=3
(=}

®©
(=}
1

N
(=1

ABTS" radical scavenging activity (%)
[S~] (=)
f=) (=]

Figure 58. ABTS' radical scavenging

Compound 5

BHT

u25uM

=50 uM

1100 M
200 pM

activity of the compound 5. The

data are expressed as a percentage of control and represent the mean =*

SD of triplicate experiments.

Table 17. SCso values of ABTS®

compound 5

Compound 5

BHT

SCso (M)

93.1

28.6
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2) &«

7F. Nitric oxide (NO) A4 oA &4 54

T A=A ¥ sigEol distel F9 @A4E A4 f9
RAW264.7 cell& o]&3ate] NO A4 oAl &4 % Ax ZQMTT assay)s
gttt 9A Fd o] Bid ¥ A= compound 6, 7S Al|EHaL
compound 5° thsle] AHE Fgstgon, AL 125 25 50, 100 uMo]
TE2 Y33 1 23}, compound 5+ NO AAS JAs=d JIFS 1

A G Aoz FdHEH A tHFigure 59).
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NO production (%)

20 A

0
LPS

Compound 5 (uM)

120 +

100+

Cell viability (%)

20 A

0
LPS

Compound 5 (uM)

80 A

60 4

40 A

80 H

60 -

40
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+ ‘ + } + } + ‘ +
12.5 25 50 100

Figure 59. Effects of the compound 5 on NO production and cell viability

in LPS-induced RAW264.7 cells. The cells were stimulated with 0.1 n

g/mL of LPS only, or with LPS plus the compound 5 from N. falcata

callus for 24 h. The data represent the mean * SD of triplicate experiments.

*p < 0.05



(@)
A

g8 e Y B4

1) Compound 5¢] &% 4

T AYzdA EHE stFEE T ARHECR A= compound 59

R

2> Sunfire™ C18 AHE& AFE3 HPLC 248 T8 g o
70% EtOH F=% 1 g9 compound 5+ 14.6 mg (1.46%)°] % o]
W, EtOAc 850 14.4 mg (1.44%)°] siHo] e Aoz ey
53] n~BuOH &&= 87.3 mg (8.73%) 2.2 71 Ho] ¥l U=

3}¢13}9 tH(Table 18, Figure 60).

of

Table 18. The contents of compound 5 isolated from N. falcata callus

Extract EtOAc n—-BuOH H»0

Contents (mg/g) 14.6 14.4 87.3 -
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Figure 60. HPLC chromatogram of 70% EtOH extract (A), EtOAc layer (B),

n-BuOH layer (C) and water layer (D) from N. falcata callus at 265 nm.
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