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Abstract

In this study, we investigated anti—inflammatory and anti-oxidative
constituents from ‘Shiranuhi ((Citrus unshiu Marc. X C. sinensis Osbeck)
X C. reticulata Blanco)’ leaves and branches. 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.

Five phytochemicals were isolated from the extract of ‘Shiranuhi’ leaves;
sinensetin (1), isosinensetin (2), 5-desmethylsinensetin (3), 7-hydroxy
-5,6,3",4 -tetramethoxyflavone (4) and hesperidin (5). As far as we know,
compounds 2, 3 and 4 were isolated for the first time from this plant. On
the anti-inflammation studies using RAWZ264.7 cells, the EtOAc fraction
and compounds 1-4 inhibited the production of NO, PGE. and
pro-inflammatory cytokines (TNF-a, IL-18B, IL-6) effectively. For the
anti-—oxidation tests, the compound 5 showed strong ABTS' radical
scavenging activity with SCso 25.8 uM, and its activity was comparable to
a positive control BHT (SCsp 29.8 uM).

Seven constituents were isolated from the extract of ‘Shiranuhi’
branches; nobiletin (1), sinensetin (2), tetramethylscutellarein (3),
6-hydroxy-5,7,3",4'-tetramethoxyflavone (4), 5-desmethylsinensetin (5),
cirsimaritin (6) and hesperidin (7). As far as we know, compounds 4, 5
and 6 were isolated for the first time from this plant. On the
anti—inflammation studies using RAWZ264.7 cells, the EtOAc fraction and
compounds 1, 3 and 4 inhibited the production of NO, PGE., and
pro—inflammatory cytokines (TNF-a, IL-1B, IL-6) effectively. For the
anti-oxidation tests, the compound 4 (SCsy 128.7 pM) showed stronger
DPPH radical scavenging activity than BHT (SCsy 402.2 puM), a positive
control. Also, the compound 4 (SCsy 17.9 uM) showed stronger ABTS®

- xii -



radical scavenging activity than BHT (SCso 29.8 uM), a positive control.
Based on these results, it was suggested that extract and isolated
compounds from ‘Shiranuhi’ leaves and branches could be potentially

applicable as anti-inflammatory and/or anti-oxidative ingredients.
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ol A#ES AFESF Y. Vacuum liquid chromatography (VLC)oll+= silica gel
(0.002-0.025 mm, Sigma Co.)S AFE3t¥©S™,  medium pressure liquid
chromatography (MPLC, Biotage Co.)oll&= KP-C18-HS (Biotage Co.) AH <&
AFE3}3 ). Silica gel chromatographyel+ silica gel 60 (0.04-0.063 mm,
Merck Co.)& AF&3}91al, gel filtration chromatographyel+ Sephadex™
LH-20 (0.1-0.025 mm, GE healthcare Co.)& AM&3}Sith #2 #go] AL
¥ thin layer chromatography (TLC)+= precoated silica gel aluminium
sheet (silica gel 60 Fass, 2.0 mm, Merck Co.)& AF&3FSITE TLC ZdolAl
g 2452 desty] Yste] UV lamp (254 nm)E AF&3AY, visualizing
agentol] HAAIZl $F heat-guns ARESFe] AZAIZATE Visualizing agentZ+

KMnO; F8N(3% KMnO4, 20% KsCOs, 0.25% NaOH) % 1% anisaldehyde-5%

e g4 AL 93 FFE =A== microplate reader (Sunrise™

.%
®
(@)
[aS)
=S
@
)
il
£
olr
ol
38
o
r—{u:

Aol A%l NMR (nuclear magnetic resonance
spectrometer)< JNM-ECX 400 (FT-NMR system, 400 MHz, JEOL Co.) =&
AVANCE I (FT-NMR system, 500 MHz, Bruker Co.)E ©o]&3}9omH, NMR =
4 8= CIL (Cambridge Isotope Laboratories, Inc.)¢] NMR & &vj= CDCls,
DMSO-ds& AH8-sk3itt.
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Figure 2. Picture of ‘Shiranuhi  tree.



3. e &4 H7t

(1) RAW264.7 cell W<k

Murine macrophage cell line®l RAW264.7 cell2 american type cell
culture (ATCO)EHEH EYwol 100 U/mL  penicillin, 100 pg/mL
streptomycin®} 10% fetal bovine serum (FBS, Gibco Inc., USA)e] &f¥
dulbecco's modified eagle’s medium (DMEM, Gibco Inc., USA) A S A}-&35}o]
37T, 5% COp &7 wjFstglon, 2d tAC R A wjgasitt.

(2) Nitric oxide (NO) A oA &4 A

24 well plateo]l RAW264.7 cell& 2 X 10° cells/well® #3381 37C, 5%
COp 23l A 18A1F & wiFslaith. 1 ng/mLe] LPSE ¥ 3l wix= st
Skl samples Z42F A Elsko] 24413 vkl o] 5 A NO &2 Al
HjF N 100 pl¢} Griess Al2F(1% sulfanilamide, 0.1% naphthylethylene
—diamine in 2.5% phosphoric acid) 100 pLE &3tsle] 96 well plateo] A 105

ot WEAIZL F 540 nmellA FHES SASIY. AAHE N0 &2 Alx

F

S=(IC0)E Tkt

(3) PGE; ¥ A4 cytokine A JA &4 54

24 well plated] RAW264.7 cell& 2 X 10° cells/well2 #5383 37C, 5%
CO, z73stollA] 18A1ZF A wiFallth 1 pg/mLe] LPSE XE3hsle wiA= wgh



Skal samples ZH2b A gsto] 2443 wjgstdltl. o] AE wjg Ao i
PGE, ¥ AAZA cytokine A =S 247 PGE; (R&D Systems, USA),
TNF-a (Invitrogen, USA), IL-1B (R&D Systems, USA), IL-6 (Invitrogen,
USA) enzyme-linked immunosorbent assay (ELISA) kit& A}-&-3ko] A =Fs1S]
o, FFEdd 3 TEAAFTAY e 0.99 oot I, 7F Al59

PGE;, ¥ H9ZFA cytokine A Ad&o] 50%Y W] A8 s%(C50)E -3F

(4) MxE =54 H7HMTT assay)

24 well plated] RAW264.7 cell& 2 X 10° cells/well2 #5383 37C, 5%
CO, 2SN 1847 4 Bl 1 pg/mLe] LPSE ¥akale w2 wa
3L sample 717} A ste] 24413k WIFesATh ol F 500 pg/mLel B

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)&
A7kske] 37 ColA) 3A1%F WAL T, 5L AASE o7]e] DMSO%
Fhshol Aobgliz AES Mgekel 47 formazan WAEL AT O 96

g

e

well platedl] %71 % microplate readerE ©]83f 570 nmolA SF ==

stttk Cell viabilitys ta3 28 2o 98] %= AAE AL

Cell viability (%) = (Abssample / AbScontro) < 100

AbScontrol : /\]-‘E—'-

il
L)
N

)

o

N,

O
~
O
u)
o
ofo
1
lo,

]
AS)
1

W o = g -
. = = o 5
Abssample . ]\] E——Eé' 7&]7}'{ E]__'E‘%o"q‘q %—_—, =



2) &irst
(D F 4= &% 54

T Z9dles §%¥ 542 Folin-DenisW20& 3-8&3ato] Attt A& &9
100 pLoll =54 900 L= 7}slod total volume®o| 1 mL7} %= 3435t}
o] 7]l Folin-Ciocalteu’s phenol reagent 100 pLE 3 7}8te] oA 383t
HES A1 7131, 7%(w/v) Na,COsz 8 200 pL& 7Fste] &34t & S/ 700 pl<
Yol total volume©o] 2 mL7} HXEZ 3&ste] oA 1

°o]Z 96 well plateo] %71 &, microplate readerE ©|&3}o] 700 nmol A

A7 WS A AT

F4=g S48k Gallic acids XFEAR AREste] AT ZEHATA

1.0~
09
0.8 -
0.7 A
0.6 1
0.5 1
04
03
02
0.1
0.0 T . . .

0 5 10 15 20 25 30

y=0.037x-0.017
R?=0.999

Absorbance (700 nm)

Gallicacid concentration (ug/mL)

Figure 3. Calibration curve of standard gallic acid for determination of

total phenolic contents.
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F TR0l g% FAHLS Davis 5o WH2LS §&351o] AAST. AR
20 15 pLol ethylene glycol 150 uLE 7}ste] €3k & 0.1 N NaOH 15 uLs
HA7Fste] Ao Al 1AZE WESAIFTE ©o]E 96 well plated] 31

microplate readerZ ©]-83te] 420 nmolA FFE=E =43} Querceting

y=0.007x+0.138

Absorbance (420 nm)
[
oo

R*=0.997
0.6
04
0.2
0.0 . . .
0 50 100 150 200

Quercetin concentration (ug/mL)

Figure 4. Calibration curve of standard quercetin for determination of

total flavonoid contents.
(3) DPPH radical &7 &4 =4

DPPH (1,1-diphenyl-2-picrylhydrazyl) radical 27 &4 2¥-2 Blois 59
WW22s S8kl AAISE3Ith DPPH free radicalel W3k Alg9] Aabgolss
A7) 918, A& 20 plol 0.2 mM DPPH €9 180 uLE 7}3le] 2o A
2027 WA TE Microplate readerE AF&3te] 515 nmolA SHE=E =7
akQlaL, radical &7 A4 v 22 A od %= ALEJAT. =3, 7

L%
A 29 radical 27 &4 WMELo] 50%Y W A8 FE(SCs)E T3t}

_1‘]_



Radical scavenging activity (%)

= [1 - (Abssample - Absblank) / Abscontrol ] X loo

AbScontrol - ABE H7tehA] Ee dhe--gof
Abssample DA BRE JU3 WS g dlo] T

AbSpnk : ABTY 4=
(4) ABTS" radical ~2A &4 54

ABTS" radical 27 &4 2382 Re &9 WH28& S8&sto] AAS AT
ABTS" radical 27 #4<& =74s7] €3, 7.4 mM ABTS® 2.6 mM
potassium persulfateE &gslo] A2, dhoA 1641 &2t wHs-A1A ABTS'
radicalS FAAIH o] &AS ethanolZ 3Aste] 700 nmolA FFE7}
0.78+0.027} =Xk== gA4ste] Aol AEeivh. Als 20 plel 343
ABTS" &9 180 pLE& 7kate] ZAF2ellA 156 &<+ ¥H3-A7]3 microplate
readerE ©]&3}o] 700 nmolA FHE=E F5H43FSE Radical &7 A2
bl o Ao o)s) E AAer o, 7+ AJ59 radical 2 A WEgo)

50% wWe] A8 §%(SCs0)E T3t

Radical scavenging activity (%)

= [1 - (Abssample - AbSblank) / AbScontrol ] > 100
Absconrol © AEE H7FEHA] @2 WHEEHO FHE

. ~ = o S
Astample . }\]JEJ—% 71(5117}‘—?} ]13__0_%0_]‘-]‘04 ’1—%‘““7 =

AbSblank : /\]v‘Ej’—E’—‘O/] %%E
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I a7 1: #A3 d F259 I R s 24 42 47

Az B e #A8E 9 1.5 kgs 70%(v/v) EtOH 30 Lell ¥aL o)A 24
AIRE aREsITE AE=AI7 AR S S o3 FAAE o] &sfo] ofdnt HEpgle
H, ole} 2 o FeEg Ak tiste] FUI 2How 23] ¢ wiE A
A odate] dolrl oA 40T o]ste] F& AolA I 2
FZ7](rotary vacuum evaporator)® &=3t% 70% EtOH F=E&E 4320 g2
AATt Lol 70% EtOH FE= 20 g= =7 1 Lol d&er7]a, & 2
7S o] gd FA £Ao uwEl ¢=xH o w2 F33te] p-hexane, ethyl acetate,
butanol, water fractiongs ¥USH, o]&} 2 WHow 83 ¢ Wy AHAlst

n-
o, FE&E & 180 g& &9 333 tH(Figure 5).

s

>
Ol
o
4%
s
%

Dried leaves of 'Shiranuhi' (1.5 kg)

((Citrus unshiu Marc. x C. sinensis Osbeck) x C. Reticulata Blanco)

70% EtOH, stirring, 24 h, 3 times

(
Extract 432.0 g (28.8%)

Extract 180.0 g

Suspended with H,O
I
n-Hex Fr. EtOAc Fr. n-BuOH Fr. H,O Fr.
(13.8 g, 7.7%) (7.0 g, 3.9%) (32.9 g, 18.3%) (116.6 g, 64.8%)

Figure 5. Extraction and solvent fractionation of ‘Shiranuhi’ leaves.
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2) Ethyl acetate 3% =9]

,9_1]H

Q Ao 7z} BESE T ethyl acetate 8 E

r-111
401'

5

AE3tst7] 918k vacuum liquid chromatography (VLCO)E 83t} 89
=45 5, 10%% Fole= wWHo=R  n-Hex-EtOAc (0~100%), EtOAc-MeOH
(0~100%)& 2+ 300 mLA &&3le] % 30709 fractions FATHFr. V1-30).
VLC fraction® & Fr. V8-11 (328.4 mg)2 wet&S A&3s] AAA s}
compound 3 (115.7 mg)S AAaL, Fr. V15, 16 (295.6 mg)> ©d 31g=<l
compound 1= &< AT}, Fr. V17-19 (211.8 mg)< Sephadex LH-20 A
(CHCl3:MeOH=30:1)& 433} compound 1 (51.3 mg) % compound 4
(12.0 mgE w3t e, Fr. V22 (526.5 mg)T Sephadex LH-20 ZAH
(CHCI3:MeOH=20:1)% 33} compound 2 (36.5 mg)S sttt &3l
Fr. V25, 26 (580.6 mg)< &S AFE-3| AZ2A st compound 5 (110.2 mg)
= It (Figure 6).

EtOAc Fr.5.0¢g

VLC

n-Hex-EtOAc (0~100%)
EtOAc-MeOH (0~100%)

step gradient (5 or 10%), 300 mL each

Fr VI Fr. V8-11 Fr. V15, 16 Fr. V17-19
’ (328.4 mg) (295.6 mg) (211.8 mg)
Recrystallization Sephadex LH-20 CC
with MeOH CHCIl3:MeOH=30:1
Compound 3 (115.7 mg) Compound 1 Compound 1 (51.3 mg)

Compound 4 (12.0 mg)

Fr. V22 Fr. V25, 26
vee » vee Fr. V30
(526.5 mg) (580.6 mg)
Sephadex LH-20 CC Recrystallization
CHCl3:MeOH=20:1 with MeOH
Compound 2 (36.5 mg) Compound 5 (110.2 mg)

Figure 6. Isolation of compounds from ‘Shiranuhi’ leaves.
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1) Compound 1, 29 +% &A

Compound 1& C NMR spectrumo Al 2071¢] carbon ¥ =7} #F&w, 1
% S¢c 56.2, 56.2, 56.4, 61.6, 62.3 % 6y 3.89 (3H, s), 3.93 (3H, s), 3.95
(3H, s), 3.97 (3H, s), 3.97 (3H, )¢ A= E3 5702 methoxy group®]
A= o] = flavonoid =AH Holet odstditt. &g, 6 177.39 HJAE
3 =2 ol carbonyl groupo] £A41¢S & 4 glem, 'H NMR spectrum
AA &y 6.94 (1H, d, J = 8.7), 7.29 (1H, d, /= 2.2) ¥ 7.47 (1H, dd, J =
8.7, 2.2)9] ¥A = Ho} flavonoide] B ringol A= ortho- 2 meta-coupling
S 3= 3709 aromatic protong <A 4 Ar}t. &y 6.57 (1H, s) % 6.78
(1H, )¢ ¥=A%E sp? EAS 3 carbonoll A3sla %= protonl &, ol&
HolHE g o s F324S Z3 compound 1€ sinensetin (5,6,7,3,4'-penta
-methoxyflavone) 2.2 <l %t (Figure 7-9, Table 1).

Compound 2% 'C NMR spectrumell A 2070¢] carbon 3|37} #&¥w, 1
% S¢ 56.1, 56.2, 56.4, 56.7, 61.6 % 6y 3.95 (3H, s), 3.95 (3H, s), 3.97
(3H, s), 3.98 (3H, s), 4.01 (BH, s)¢ a5 Fal 5714 methoxy group©]
AgtE o] = flavonoid =44 Aolg} o AFsgdtt. E3F compound 22 NMR
spectrum data’} Cg % Cgoll dE3t= ¥ aE A|9lstalE compound 13 w9
frAabgh Ao 2 Hol methoxy group®] 6¥o] o} 8¥ )Xo X|gk=o] 9l+=
7% oldEAY Holgt distdla, ols HelHE wEom F3E T
compound 2% isosinensetin (5,7,8,3",4'-pentamethoxyflavone) 2. & Q1% it}

(Figure 7, 10, 11, Table 1).
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OCH; O

Compound 1

OCHj o)

Compound 2

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

Compound 1 Compound 2
No.
& (int., multi., J Hz) Sc &y (int., multi., J Hz) Sc
2 161.2 160.6
3 6.57 (1H, s) 107.4 6.61 (1H, s) 107.2
4 177.3 178.0
5 152.6 152.1
6 140.4 6.43 (1H, s) 92.5
7 157.7 156.6
8 6.78 (1H, s) 96.4 130.7
9 154.6 156.4
10 112.9 109.0
1 124.1 124.1
2' 7.29 (1H, d, 2.2) 108.7 7.41 (1H, d, 1.8) 108.5
3' 149.3 149.3
4' 151.9 151.9
5' 6.94 (1H, d, 8.7) 111.2 6.98 (1H, d, 8.2) 111.2
6' 7.47 (1H, dd, 8.7, 2.2) 119.7 7.58 (1H, dd, 8.2, 1.8) 119.7
5-0OCHs 3.97 (3H, s) 62.3 4.01 (3H, s) 56.7
6-0OCH3s 3.89 (3H, s) 61.6
7-OCHs3 3.95 (3H, s) 56.2 3.98 (3H, s) 56.4
8-OCHs3 3.97 (3H, s) 61.6
3'-OCHj3 3.97 (3H, s) 56.2 3.95 (6H, s) 56.2
4'-OCHj3 3.93 (BH, s) 56.4 3.95 (3H, s) 56.1
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Figure 8. '"H NMR spectrum of compound 1 (CDCls).
o f L
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Figure 9. '°C

NMR spectrum of

compound 1 (CDCls).
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= =2 = =3 5y lorr
s - ~ =3 = - b R i Bt
r— - -~ &= =1 =] =

Figure 10. 'H NMR spectrum of compound 2 (CDCls).

"""" 1200 13 """"1'ao'o'"""g'oE;"""'s'.n'b""w'r"-ioh"""'éd_b"""
| | N / AN\
2 2 = Fa5 SEZE
& g g EEE 1

Figure 11. C NMR spectrum of compound 2 (CDCls).
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2) Compound 3, 49 % &4

Compound 3& “C NMR spectrumol A 1970¢] carbon ¥ =7} #&F=m 1
§c 56.2, 56.2, 56.4, 61.0 ¥ &y 3.91 (3H, s), 3.95 (3H, s), 3.96 (3H, s),
3.97 (3H, )9 3= Z& 47019 methoxy group®] ZA3%rE<o] A= flavonoid
=729 Aolgt ot =3, §c 182.79] ¥ AE T3 ¥A ol carbonyl
group®] &AETS & 4 9o 'H NMR spectrumol A &; 6.95 (1H, d, J =
8.7), 7.30 (1H, d, /= 1.8) ¥ 7.49 (1H, dd, J = 8.7, 1.8)9] AR Ho}
flavonoid®] B ring®l A= ortho- % meta-coupling= k= 370¢] aromatic
proton®] A&S <43 F 9tk 6y 6.52 (1H, s) % 6.56 (1H, s)9 FI+=
sp? EAS = carbond] AESIA Y protonl®E, o5 Ho|EHE ulgo R
F31262 23] compound 3& 5-desmethylsinensetin (5-hydroxy-6,7,3",4’
—tetramethoxyflavone) &2 1% A tH(Figure 12-14, Table 2).
Compound 4+ C NMR spectrumol Al 1970¢] carbon ¥ =7} #&Hw, 1
= 6¢c 56.2, 56.2, 62.0, 62.3 ¥ &y 3.93 (3H, s), 3.94 (3H, s), 3.96 (3H, s),
4.01 (3H, 9)9 IH3E F3 4709 methoxy group®] A3 o] A+ flavonoid
=AY Aolgt ddstdt. ©ol& &3l compound 4= compound 3¢ X °]A
AA =, flavonoid®] A ringol *[gk7]e] A7} & Aolgt o|4fstlnt. st
TZ AL 98 2D NMRe! HMQC % HMBCE =#3}9 . HMQC spectrum
S E3 Zt7Fe] protond carbon Alo]¢] one bond 2% YAES &1E a1,
HMBC spectrum #2418 &3] proton¥} carbon A}¢]2] long range couplings
st HA x5 dAdeidlth. ol HolHE HEOoR £327s Ed
compound 4+  7-hydroxy-5,6,3,4 -tetramethoxyflavone2. & 1%t}
(Figure 12, 15-18, Table 2). &A71x] o] 3= disi= 'H NMR data®t
delA don, & =4 PC NMR datas A& #H3ich
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Compound 3

OCHj o)

Compound 4

Figure 12. Chemical structures of compound 3 and 4.
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Table 2. 'H and C NMR data of compound 3 and 4 (CDCls)

Compound 3 Compound 4
No. (400 and 100 MHz) (500 and 125 MHz)
Su (int., multi., J Hz) Sc &u (int., multi., J Hz) Sc
2 164.1 161.5
3 6.52 (1H, s) 104.4 6.56 (1H, s) 107.1
4 182.7 177.6
5 153.3 149.4
6 132.7 138.2
7 158.9 154.7
8 6.56 (1H, s) 90.7 6.86 (1H, s) 99.4
9 153.1 154.0
10 106.2 112.8
1 123.8 119.8
2' 7.30 (1H, d, 1.8) 108.8 7.30 (1H, d, 1.8) 108.8
3' 149.4 151.5
4' 152.4 152.0
5' 6.95 (1H, d, 8.7) 111.2 6.94 (1H, d, 8.7) 111.3
6' 7.49 (1H, dd, 8.7, 1.8) 120.2 7.48 (1H, dd, 8.7, 1.8) 124.2
5-0OCH3s 3.94 (3H, s) 56.2
6-OCH3 3.91 (BH, s) 61.0 4.01 (BH, s) 62.3
7-0OCH3 3.97 (8H, s) 56.4
3'-OCHs 3.95 (BH, s) 56.2 3.96 (3H, s) 62.0
4'-OCHj; 3.96 (3H, s) 56.2 3.93 (3H, s) 56.2
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Figure 13. 'H NMR spectrum of compound 3 (CDCls).

180 G 1"‘0 D- 160 0 0 13‘3 Cl 1’1] D I].O 0 1000 9{].0 800 70.0 60.0 50.0
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Figure 14. *C NMR spectrum of compound 3 (CDCls).
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Figure 15. 'H NMR spectrum of compound 4 (CDCls).
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Figure 16. *C NMR spectrum of compound 4 (CDCls).
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Figure 17. HMQC spectrum of compound 4 (CDCls).
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Figure 18. HMBC spectrum of compound 4 (CDCls).
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3) Compound 59 +% A

Compound 5% C NMR spectrum®lA] 2871¢] carbon ¥ =7} ##=w, 'H
NMR spectrumel A4l &y 3.12-3.629] overlap =] = o8 719 proton I =
¢} 2ol anomeric proton®| dE3= 6y 4.52 (1H, d, J = 0.7) 2 &y 4.97
(1H, d, J = 7.3)9 935 53 flavonoid &4l 2719 fetde] A= o] 9l
T 7xY ol dAstdtt. 1% §¢ 55.6 2 &y 3.77 BH, )¢ HAE &3
1709 methoxy group % &¢ 197.09] 3|32 & Sl 1719 carbonyl group®]
A el EAIgS ddakleh e, 6y 6.89 (1H, dd, /= 8.2, 1.8), 6.93 (1H,
d, /=1.8) ¥ 6.94 (1H, d, /= 8.2)¢ A= Ko} flavonoid®] B ring®l A
2 ortho- ¥ meta—couplings 3= 3709 aromatic proton®] 2™, &y 6.11

(1H, d, J = 2.2), 6.13 (1H, d, J = 2.2)¢ ¥AZ Ho} A ringel A=

o

meta—-coupling<S s+ 2709l aromatic proton°] & o sk 4 2l

Flavonoid =4l A=l 3= 2709 &9 F s 6y 1.08 (BH, d, J =
6.4) 2 &y 4.52 (1H, d, J = 0.7) Y3 AHEZE 2 coupling constant#< &
3l a-forme| rhamnopyranoside® o43st3lal, t& shvb= 6y 4.97 (1H, d, J
= 7.3) 949 coupling constant@ts &3l B-form®| glucopyranoside’} A%t
Hol s Aolgt AT & vk olE HoHE HIEoR F328E 3
compound 5% hesperidin (hesperitin-7-rutinoside) 2.2 221 % )t} (Figure

19-21, Table 3).

Compound 5

Figure 19. Chemical structure of compound 5.

_26_



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

Compound 5
No.
&y (int., multi., J Hz) 8c
2 5.50 (1H, dd, 12.3, 3.2) 78.3
2.77 (dd, 16.9, 3.2)
3 42.0
3.12-3.62 (1H, overlap)
4 197.0
5 165.1
6 6.11 (1H, d 2.2) 95.5
7 163.0
8 6.13 (1H, d, 2.2) 96.3
9 162.4
10 103.2
1 130.8
2 6.93 (1H, d, 1.8) 112.0
3' 147.9
4 146.4
5' 6.94 (1H, d, 8.2) 114.1
6' 6.89 (1H, dd, 8.2, 1.8) 117.9
4'-OCHs 3.77 (3H, ) 55.6
1" 497 (1H, d, 7.3) 99.4
2! 3.12-3.62 (sugar H) 72.0
3" 3.12-3.62 (sugar H) 75.4
4" 3.12-3.62 (sugar H) 69.5
5" 3.12-3.62 (sugar H) 76.2
6" 3.12-3.62 (sugar H) 66.0
1 4.52 (1H, d, 0.7) 100.5
2" 3.12-3.62 (sugar H) 70.6
3" 3.12-3.62 (sugar H) 70.2
4" 3.12-3.62 (sugar H) 72.9
o' 3.12-3.62 (sugar H) 68.2
6" 1.08 (3H, d, 6.4) 17.8
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21. C NMR spectrum of compound 5 (DMSO-dj).
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Figure 22. Effects of extract and solvent fractions from ‘Shiranuhi’ leaves
on NO production and cell viability in LPS-induced RAW264.7 cells. The
cells were stimulated with 1 pg/mL of LPS only, or with LPS bplus
‘Shiranuhi’ leaves and 2-amino—-4-picoline (positive control, 10 uM) for 24 h.
The data represent the mean = SD of triplicate experiments. *p < 0.05;

*xp < 0.01
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Figure 23. Effects of EtOAc fraction from ‘Shiranuhi’ leaves on NO
production and cell viability in LPS-induced RAWZ264.7 cells. The cells
were stimulated with 1 upg/mL of LPS only, or with LPS plus EtOAc
fraction from ‘Shiranuhi’ leaves for 24 h. The data represent the mean *+

SD of triplicate experiments. *p < 0.05; *xp < 0.01
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(2) PGE; ¥ AAF4A cytokine A4 A &4 A

LPSZ 5ol =8 YAAEXE AESA cytokines WH|eHA H=H ol &

Bolel 9% WMo YEE LobE & vk $Agh o EOAc ®IAZAM o]

<
12
2
ok
4
fosd
rir
B
|

ro
ol
o
N
do
ol
o
s
U
)
&
NE
2
ul®d
ol\
oX,

3l cytokineS 4w}
cytokine (TNF-a, IL-1B % IL-6)Z sandwich ELISA kitZ 743}t =
A, §A3F 9 EtOAc 3 &E2 PGE;, TNF-q, IL-18 % IL-69] S oA

S goldk & o (Figure 24, 25), Z+7+e] ICsoke]l 52.1, 23.2,

A71= A o1e 4= A
31.3, 31.0 ng/mL= &Aoo A& A5 H(Table 4).
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Figure 24. Effects of EtOAc fraction from ‘Shiranuhi’ leaves on PGE, and
TNF-a production in LPS-induced RAWZ264.7 cells. The data represent

the mean = SD of triplicate experiments. *p < 0.05; #xp < 0.01
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Figure 25. Effects of EtOAc fraction from ‘Shiranuhi’ leaves on IL-183
and IL-6 production in LPS-induced RAWZ264.7 cells. The data represent

the mean = SD of triplicate experiments. *p < 0.05; *xp < 0.01

Table 4. ICso values of EtOAc fraction from ‘Shiranuhi’ leaves on PGEy

and pro-inflammatory cytokines production in LPS-induced RAW264.7 cells

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

ICs0 (ug/mL) 52.1 23.2 31.3 31.0
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2) &kt &4

Gallic acidE ¥TE2ZE AFEStY] 30 A4AS FAsta, X3 o F=
4 B 5 dHE F s dES SASYH. FEE L REE9 T
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139.6
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g | 742
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Total phenolic contents (mg/g GAE)

Extract n-Hex EtOAc n-BuOH H,0

Figure 26. Total phenolic contents of extract and solvent fractions from
‘Shiranuhi’ leaves. The data represent the mean =+ SD of triplicate

experiments.
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Figure 27. Total flavonoid contents of extract and solvent fractions from
‘Shiranuhi’ leaves. The data represent the mean = SD of triplicate

experiments.

_35_



(3) DPPH radical &7 &4 =A

B3} ol 52 % B3 & tsle] DPPH radical 274 244 FA8 )
23S 62.5, 125, 250, 500, 1000 pg/mLe] s=& APt on, zhzbo] os)
SCsoats AXslATh. 1 23, 70% EtOH %%, EtOAc #38 %, n-BuOH
g8 2 H,0 B8 SCsgtel Z2h 532.5, 253.4, 291.4, 773.1 pg/mL=

DPPH radical &7 &49] &S A8 tH(Figure 28, Table 5).

H625ugmL ®125ug/mL =250 pg/mL ™ 500 pg/mL  ® 1000 pg/mL
100 -

DPPH radical scavenging activity (%)

Extract n-Hex EtOAc n-BuOH H,0

Figure 28. DPPH radical scavenging activities of extract and solvent
fractions from ‘Shiranuhi’ leaves. The data are expressed as a percentage

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

Table 5. SCs¢ values of DPPH radical scavenging activities for extract

and solvent fractions from ‘Shiranuhi’ leaves

Extract n—Hex EtOAc n—-BuOH H,0 BHT

SCso (ng/mL)  532.5 >1000 253.4 291.4 773.1 80.9
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(4) ABTS" radical &4 &4 =4

A sl o) &8 9@ B3 Eo thste] ABTS' radical 27 @43 =433}
Age 15.625, 31.25, 62.5, 125, 250 pg/mLe] sE2 APsom, 247t
3l SCsoaks AR 1 A3, 70% EtOH FE%E, EtOAc w3 &,
n~BuOH #8& 2 H,0 8 &9 SCsoate] 712t 85.9, 39.8, 66.0, 147.0 ng/mL
% ABTS" radical &7 &4o] &5 &elstlth(Figure 29, Table 6).

m15625ug/mL ®™3125pug/mL  ®62.5pug/mL  ®125ug/mlL =250 pg/mL
100 -

80 -
60 -
40 -

20 -

ABTS" radical scavenging activity (%)

Extract n-Hex EtOAc n-BuOH H,0

Figure 29. ABTS' radical scavenging activities of extract and solvent
fractions from ‘Shiranuhi’ leaves. 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 fractions from ‘Shiranuhi’ leaves

Extract n—Hex EtOAc n—-BuOH H,0 BHT

SCso (ug/mL) 85.9 >250 39.8 66.0 147.0 6.7

_37_



dr
Y
oty
717
-3
>,
M
vk
i,
oty

ol
i
2
=
ot
o
ul%s
e
oX,
o
|y
o
_0|L
N
4o
:oé
=
\\)
[@))
e~
ﬂ

A= skt (Figure 30).

3k, Compound 4% Z7F40.2 100, 150, 200 pMe] FEolA A8 23
gto] sk oEAH O R NO M-S JAlsts AS st th(Figure 31).
Compound 1, 2, 3, 49] ICsoate]l Z+7} 116.5, 63.4, 148.8, 162.1 yM= &A
ASS el tHTable 7). ©] & compound 129, 2309 tajx+= TNF-a,
[L-18 R IL-69 A4E dAlst= 7oz &9 &40l luo] Hilsof 3lo
H, JA7HA & &4 71 A57F Hol JA %2 compound 3, 4 s}

F7149l A9e AASAT

|
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Figure 30. Effects of isolated compounds 1-5 from ‘Shiranuhi’ leaves on NO production and cell viability in
LPS-induced RAW264.7 cells. The cells were stimulated with 1 pg/mL of LPS only, or with LPS plus isolated
compounds 1-5 from ‘Shiranuhi’ leaves for 24 h. The data represent the mean * SD of triplicate experiments.

*p < 0.05; *=xp < 0.01
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Figure 31. Effects of isolated compound 4 from ‘Shiranuhi’ leaves on NO
production and cell viability in LPS-induced RAWZ264.7 cells. The cells
were stimulated with 1 pg/mL of LPS only, or with LPS plus isolated
compound 4 from ‘Shiranuhi’ leaves for 24 h. The data represent the

mean £ SD of triplicate experiments. *p < 0.05; **p < 0.01

Table 7. ICso values of isolated compounds 1-5 from ‘Shiranuhi’ leaves on

NO production in LPS-induced RAW264.7 cells

Compound 1 2 3 4 5

ICs0 (UM) 116.5 63.4 148.8 112.9 >200
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(2) Compound 3, 49 PGE, % AA5A cytokine A4 oA 84 =A

D Compound 3

B3} oloA EyH 3gE<l compound 3o Wigk & A A AU}

[L-631 A A Qo= BuYE vyl glom=z PGE, ¥ #HdZEA cytokine

(TNF-a, IL-18 % IL-6) A4 A #45 sandwich ELISA kitE ©]-&3}<

=43kttt A8 23 compound 32 PGE,;, TNF-a ¥ [L-1B9 AWAHS 5%
oEXN 0T A 7T, A HuFEJE A o] IL-69 A H3 A

e RS Atk (Figure 32, 33). PGEy, IL-18 % IL-69 ICsoak2 7H2h
101.3, 123.3, 94.3 uM& &40 &S 418 tH(Table 8).
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Figure 32. Effects of isolated compound 3 from ‘Shiranuhi’ leaves on
PGE., and TNF-a production in LPS-induced RAWZ264.7 cells. The data

represent the mean £ SD of triplicate experiments. *p < 0.05; **p < 0.01
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Figure 33. Effects of isolated compound 3 from ‘Shiranuhi’ leaves on IL-1j3
and IL-6 production in LPS—-induced RAW?264.7 cells. The data represent

the mean = SD of triplicate experiments. *p < 0.05; #xp < 0.01

Table 8. ICs9 values of compound 3 from ‘Shiranuhi’ leaves on PGE, and

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

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

ICs0 (UM) 101.3 >200 123.3 94.3
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@ Compound 4

23} olo A Few 33HE<l compound 40 W & A VA AU B
o] QA komE PGE, ¥ A¥USA cytokine (TNF-a, IL-18 2 IL-6) A4
A &S sandwich ELISA kitE o]&3sle FAsth. 28 23}, compound
4= PGEz9] A4 Aol 43S vAA FAR, TNF-a, IL-18 = IL-62] A
e A AleE AS F91E 5 e (Figure 34, 35), TNF-q, IL-18 %

IL-69] ICsogkel Z47F 129.1, 172.7, 168.2 uM= &4o] &= st

(Table 9).
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Figure 34. Effects of isolated compound 4 from ‘Shiranuhi’ leaves on
PGE; and TNF-a production in LPS-induced RAWZ264.7 cells. The data

represent the mean £ SD of triplicate experiments. *p < 0.05; **p < 0.01
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Figure 35. Effects of isolated compound 4 from ‘Shiranuhi’ leaves on IL-13
and IL-6 production in LPS-induced RAW264.7 cells. The data represent

the mean = SD of triplicate experiments. *p < 0.05; **p < 0.01

Table 9. ICs5¢ values of compound 4 from ‘Shiranuhi’ leaves on PGE; and

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

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

ICs0 (UM) N.A 129.1 172.7 168.2

* N.A. : No activity
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(1) DPPH radical &7 &4

A8} QoA Eeld =] diste] DPPH radical &7 245 S43k3ith
28L& 31.25, 62.5, 125, 250, 500, 1000 pMe] F=2 2 &stgl o, 247t
el SCsoats ATt 2 A3} compound 3, 59 SCsoaba ZHzZ} 944.
708.8 uMZ DPPH radical 27 &4o] <28 gl th(Figure 36, Table 10).

o~
=

m3125pM E625uM EI125uM E250puM E500pM  ® 1000 uM
100 ~

80

60

40 -

20 A

DPPH radical scavenging activity (%)

1 2 3 4 5 BHT

Figure 36. DPPH radical scavenging activities of isolated compounds 1-5
from ‘Shiranuhi’ leaves. The data are expressed as a percentage of

control and represent the mean = SD of triplicate experiments.

Table 10. SCso values of DPPH radical scavenging activities for isolated

compounds 1-5 from ‘Shiranuhi’ leaves

1 2 3 4 5) BHT

SCso (M) >1000 >1000 944.1 >1000 708.8 402.2
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(2) ABTS" radical &4 &4 =4

B8 QoA Eeld 3gEo] sty ABTS' radical 274 &4E& =433
o} AFe 31.25, 62.5, 125, 250, 500, 1000 pMe] sz Magsiglon, 7
Zrell i3l SCsobs ARSIt 2 A3, compound 2, 3, 4, 59 SCsodtel 2
7} 695.9, 157.6, 396.5, 25.8 uM& &A4o] e (Figure 37, Table 11),
£3], compound 5% WFE<¢l BHT (SCs5 = 29.8 uM)®} #+AFsH ABTS'

radical 2274 @A4o] 9oS 3o},

1

®3125)M ®625uM ®125uM ®250uM ®500uM 1000 uM
100 -

80

60 A

40 -

20 -

ABTS* radical scavenging activity (%)

1 2 3 4 5 BHT

Figure 37. ABTS" radical scavenging activities of isolated compounds 1-5
from ‘Shiranuhi’ leaves. The data are expressed as a percentage of

control and represent the mean = SD of triplicate experiments.

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

compounds 1-5 from ‘Shiranuhi’ leaves

1 2 3 4 5) BHT

SCso (UM) >1000 695.9 157.6 390.6 25.8 29.8
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aE

@A $AS 33, el deAE DH A2 BY L AR A7t wE
so] AT, Slel Hsi eldl A BAol glon B4 AR e AT
we nad vk gl wehy B Aveld BAs o $3E 9 pdwe o
¥ el YL s, $As do) FE AR B 5Ys] 7154 4
oo 2 B

F R IAE A HA RN o]& The e dotE At &gl
B2)38 9 70% EtOH FEES 4o 4 &4 wg) #xpxdoz B
n-Hex, EtOAc, n~BuOH, H.O fractiond AATh &v 3 & dojzl 7} 3
ZE % EtOAc #38E9] Wa] vacuum liquid chromatography (VLC) %
Sephadex LH-20 column chromatographyS 335t TrdZ2S Res)al,
'H, C NMR, HMQC, HMBC 5% °]&3l sg&e] 725 #lsglon, &4
I} wluste] F 5719 sES Eel-sA e

w2l¥ 3}3HE2 sinensetin (1), isosinensetin (2), 5-desmethylsinensetin (3),
7-hydroxy-5,6,3",4’-tetramethoxyflavone (4), hesperidin (5)2.& 3Felx] ]
o}, 235 33E 5 compound 1, 55 H-X|3} #HyloA E Haxl Ho| 9l
= 3FEIA T compound 2, 3, 4 FA|S}A Aoz 2 AT
Murine machrophage cell line$l RAW264.7 cellS o] &3 & &4 23 4
3}, EtOAc 3 Eo] 20, 40, 60 pg/mLe] F=olA AEo] tha =S4 glo] NO
o AL JAsE AL Fsigion, T3 PGE, ¥ HA9SA  cytokine
(TNF-q, IL-1B, IL-6)] A4S oA sk 215 Slsisinh. 2ed =l
gk &9 g4 Ad A3}, compounds 1-57F NO9 AAS AAA = A
gl on, &9 &4o] Huwo] A &2 compound 3, 4= F7HAQ F
d 24 71d A5 HAdeglth. 43 43, compound 32 PGE; ¥ HAE4
cytokine (TNF-a, IL-18 % IL-6)9 &AL A= @77 don,
compound 4% PGE; A Ao+ AJ3FS v XA LA vk dA=A cytokine
Q1 TNF-qa, IL-18 % IL-69] RS oAlsts a37t e As gl
A3t Qe gk akst @4 A3 A3, EtOAc +8 =4 7P B 2

=(139.6 mg/g GAE)Y} Zo}R %-0]=(169.3 mg/g QE)E &3t 9on, o

N
[
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Az 2 49 FA3 7HA 1.3 kg= 70%(v/v) EtOH 26 Lol ¥ir 7=
247 adtekith, AEAR AIRE S o3 RS o] &sfte] vt £
om, ojg} L WWow gk FAtel diste] FAI xom 23] ¢ W
AT o] A ofifste] dojxl of B2 40T o]ste] & oA 3 ¥

QL
Jz 32 X

5% 7](rotary vacuum evaporator)® &%3to] 70% EtOH F=% 1874 g&
AT}, Aol 70% EtOH F%E 20 g€ ZF4 1 Lol AeA7]5, 14 2
715 olgd FA £Ald wel &xpFor B33le] p-hexane, ethyl acetate,

butanol, water fractiongs ¥USH, o]&} 2 WHow 83 ¢ Wy AHAlst

n—
o F&E £ 180 g& &1 B35t tH(Figure 38).

Dried branches of 'Shiranuhi' (1.3 kg)

((Citrus unshiu Marc. x C. sinensis Osbeck) x C. Reticulata Blanco)

70% EtOH, stirring, 24 h, 3 times

Extract 187.4 g (14.4 %)

Extract 180.0 g

Suspended with H,O

n-Hex Fr. EtOAc Fr. n-BuOH Fr. H,O Fr.
(6.0 g, 3.3%) (7.8 g, 4.3%) (22.6 g, 12.6%) (130.2 g, 72.3%)

Figure 38. Extraction and solvent fractionation of ‘Shiranuhi’ branches.
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2) Ethyl acetate &8 =29 &4 A& &g

| B3 ¢ dojx ZF £IFTE F ethyl acetate #8 & 5.0 g& 40l

Mo

2t AE3tst7] 918t medium pressure liquid chromatography (MPLC)E
gt AdHe A4 silica gel (KP-C18-HS, 40+ M, Biotage Co.)S AMg3s}
on, H:0-MeOH (10~100%)¢] &viE gradient £ o2 7} 40 mL¥ &F
gt % 48719 fractions BATHEr. MP1-48).

MPLC fractionE & Fr. MP19 (179.5 mg)= @4 33&E<2 compound 7%
13, Fr. MP25, 26 (146.8 mg)< Sephadex LH-20 ZAH
(CHCl3:MeOH=15:1)% 33}e] compound 4 (33.6 mg)E sl =3k
Fr. MP29-32 (285.6 mg)t silica gel ZA#H(n-Hex:EtOAc=1:2)S 33}
compound 1 (15.4 mg), 2 (47.2 mg), 3 (11.9 mg) % compound 5%} 6°] 4]
o9+ fraction (12.5 mg)S F23F ;. Compound 55 A H-A3} oA
g sHgEol™, compound 62 Z dElxl sigtEolEE T o]4e] i

2y stA] e kth(Figure 39).

rr

EtOAcFr.5.0¢g

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

40 mL each
\]
Fr. MP19 Fr. MP25, 26 Fr. MP29-32
Fr. MP1 > Fr. MP48
(179.5 mg) (146.8 mg) (285.6 mg)
Sephadex LH-20 CC Silica gel CC
CHCl3:MeOH=15:1 n-Hex:EtOAc=1:2
Compound 7 Compound 4 (33.6 mg) Compound 1 (15.4 mg)

Compound 2 (47.2 mg)
Compound 3 (11.9 mg)
Compound 5, 6 (12.5 mg)

Figure 39. Isolation of compounds from ‘Shiranuhi’ branches.
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1) Compound 1, 2, 39 +% &4

Compound 1& C NMR spectrumo A 2170¢] carbon ¥ =7} #FEw, 1
<= &¢c 56.1, 56.2, 61.8, 62.0, 62.1, 62.4 £ &y 3.96 (3H, s), 3.96 (3H, s),
3.97 (3H, s), 3.98 (3H, s), 4.03 (3H, s), 4.11 (BH, )¢ A5 T3l 671
methoxy group®] ZAg = o] A+ flavonoid =AY Aole}t o dstdh. E3h §¢
177.59 v4E E3] =4 el carbonyl groupe] E=AE¢S & 4 Qo !
NMR spectrum®l 4] &y 7.00 (1H, d, /= 8.7), 7.42 (1H, d, /= 1.8) ¥ 7.57
(1H, dd, J = 8.7, 1.8)¢] ¥3a = Ho} flavonoid® B ringol A= ortho- %
meta-couplingS dh= 3709] aromatic protong oA 4= ATt &y 6.63 (1H, s)
o] ¥lAE sp? AL & carbonol AEStA = protono®E, olE HOHE
vlEro 2 {3328 E3& compound 12 nobiletin (5,6,7,8,3",4'-hexamethoxy
—flavone) &2 &2l % tH(Figure 40-42, Table 12).

Compound 2% A F-2]3} QoA 2% 3}3HE<] sinensetin® =2 Q15 Q)
(Figure 40).

Compound 3> '"C NMR spectrumol| 4] <l 271¢] carbon ¥AE *E3ta}
o] & 17709 carbon ¥ A7} #HEW, 1F ¢ 55.5, 56.4, 61.0, 61.8 B &y
3.76 (3H, s), 3.80 (3H, s), 3.85 (3H, s), 3.94 (BH, )9 ¥AE T3 471
methoxy group®] Z2%&% o] A+ B ring®] WA flavonoid =AY Aoz} 9
Aetglth =g, 8¢ 175.69 3 AE F&l A+ el carbonyl groupel &A1
& 4 9lem, 'H NMR spectrumel A &y 7.10 (2H, d, /= 8.7) % 8.02 (2H,
d, /= 8.7) 93¢ AEZk3} coupling constant kS =3l flavonoid®] B ring
o]l M= ortho-coupling= sl A< 27§2] aromatic protong odst = <l
t} &y 6.71 (1H, s) 2 6§ 7.21 (1H, s)¢ A= sp? EXS 3t carbond 2
&atal = protono &, o]F HOlEE MY o ® F¥3BE F3 compound 3+
tetramethylscutellarein (5,6,7,4’-tetramethoxyflavone) 2.2 -2l = 1 tH(Figure

40, 43, 44, Table 12).
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OCH; O

Compound 1

OCH; O

Compound 2

OCH; O

Compound 3

Figure 40. Chemical structures of compounds 1-3.
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Table 12. 'H and "“C NMR data of compound 1 and 3 (400 and 100 MHz)

Compound 1 (CDCls) Compound 3 (DMSO-ds)

N e (int, multi, JHz) & 6y (int, multi, JHz) 8¢
2 161.2 160.2
3 6.63 (1H, s) 107.0 6.71 (1H, s) 106.0
4 177.5 175.6
5 144.2 151.5
6 138.2 139.7
7 151.6 157.4
8 147.9 7.21 (1H, ) 97.3
9 148.6 153.9
10 115.0 112.0
1 124.2 123.0
2' 7.42 (1H, d, 1.8) 108.7 8.02 (1H, d, 8.7) 127.8
3' 149.4 7.10 (1H, d, 8.7) 114.4
4' 152.1 161.8
5 7.00 (1H, d, 8.7) 111.4 7.10 (1H, d, 8.7) 114.4
6' 7.57 (1H, dd, 8.7, 1.8) 119.8 8.02 (1H, d, 8.7) 127.8

5-0OCHs3 4.03 (3H, s) 61.8 3.80 (3H, s) 61.8

6-OCHj3 3.96 (3H, s) 62.4 3.76 (3H, s) 61.0

7-0OCHs 4.11 (3H, ) 62.1 3.94 (3H, s) 56.4

8-0OCH3 3.96 (3H, s) 62.0

3’-0OCH3 3.98 (3H, s) 56.2

4’-0OCHs 3.97 (3H, s) 56.1 3.85 (3H, s) 55.5
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Figure 43. 'H NMR spectrum of compound 3 (DMSO-d).

e bttt b R A aaniinin s as Dol iyt i A daidchodl
L e
180.0 1700 160.0 150.0 140.0 130.0 1200 11oo 100.0 0.0 80.0 700
Wy T4 W= = = = el == sy r—~
= e o = 5 &5 = ~
= 26 o= Dy L o = =+ = = ~
w = = -~ - i = —
Lne ganan m o 1= == = -

Figure 44. *C NMR spectrum of compound 3 (DMSO-dj).
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2) Compound 4, 5, 6, 79 +% 54

Compound 4= C NMR spectrumol A 1970¢] carbon ¥ =7} #Z=m 1
Z &c 56.2, 56.3, 56.6, 62.7 & &y 3.96 (3H, s), 3.98 (3H, s), 4.02 (3H, s),
4.03 (3H, )9 3= Z& 47019 methoxy group®] ZA3%rE o] A= flavonoid
FAd Aolgt sty Eek, 6 177.39 HAE F3 A ol carbonyl
group®] &AETS & 4 9o, 'H NMR spectrumol A &; 6.97 (1H, d, J =
8.7), 7.34 (1H, d, /= 1.8) ¥ 7.561 (1H, dd, J = 8.7, 1.8)9 FAZE Hol
flavonoid®] B ring®l A= ortho- % meta-coupling= k= 370¢] aromatic
protong A& 4 9t} § 6.62 (1H, s) @ § 6.84 (1H, 9)¢ HAE sp? &
A& dl= carbonol A%l 9 protonl®E, olE Hlo|EHE nigow F3IFHP
S %3 compound 4+ 6-hydroxy-5,7,3",4 -tetramethoxyflavone 2.2 2+l 5]
Ath(Figure 45-47, Table 13).

Compound 5% A FA3 oA ¥ 3 &3 5L3 5-desmethyl

—-sinensetin®. & 21 & 1t} (Figure 45).

Compound 6 "C NMR spectrumol A th3 <l 270¢] carbon ¥ A5 ¥3H3}
o & 17709 carbon A7} #AFAHY, 15 §c 56.4, 60.09] HIAE 3] 27
9] methoxy group®] A% ¢l B ringo] thA <l flavonoid 249 Hole}t

sttt w3k §c 182.39] YA E F3] A ol carbonyl group®] E=Agt
S o 4 9o, '"H NMR spectrumollA &y 7.13 (2H, d, /= 8.7) % 7.96
(2H, d, /= 87) 979 A% coupling constant #t& &3 flavonoide] B
ring®ll A2 ortho-coupling= 3l WA 27019 aromatic protons ¢/
T Atk 6y 6.84 (1H, s) 2 § 7.04 (1H, )¢ A% sp® £4L s carbon
of Agstal 9= protono®, olE HPelHE ulgom Fiss Fa
compound 6 cirsimaritin (5,4’ -dihydroxy—-6,7-dimethoxyflavone) 2.2 2+l
= A ch(Figure 45, 48, 49, Table 13).

Compound 72 ¢4 HA3} QoA Eeld =7} 5US hesperidino = &

Q1= AtHFigure 45).
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OCH; O

Compound 4

Compound 7

Figure 45. Chemical structures of compounds 4-7.
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Table 13. 'H and "“C NMR data of compound 4 and 6 (400 and 100 MHz)

Compound 4 (CDCls) Compound 6 (DMSO-ds)

N e (int, multi, JHz) & 6y (int, multi, JHz) 8¢
2 161.6 164.0
3 6.62 (1H, s) 107.3 6.84 (1H, s) 102.6
4 177.3 182.3
5 144.2 152.6
6 136.9 131.8
7 152.4 158.5
8 6.84 (1H, s) 96.4 7.04 (1H, s) 91.7
9 152.0 152.0
10 112.4 105.0
1 124.3 120.9
2' 7.34 (1H, d, 1.8) 108.8 7.96 (1H, d, 8.7) 128.5
3' 149.4 7.13 (1H, d, 8.7) 115.9
4' 152.1 161.4
5 6.97 (1H, d, 8.7) 111.3 7.13 (1H, d, 8.7) 115.9
6' 7.51 (1H, dd, 8.7, 1.8) 119.8 7.96 (1H, d, 8.7) 128.5

5-0OCHs3 4.02 (3H, s) 62.7

6-OCHj3 3.93 (3H, s) 60.0

7-0OCHs 4.03 (3H, s) 56.6 3.73 (3H, s) 56.4

3'-OCHs 3.98 (38H, s) 56.3

4'-OCHs 3.96 (3H, s) 56.2
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Figure 46. '"H NMR spectrum of compound 4 (CDCls).

T P e R W A iy Lk i St i Y
1800 1700 160.0 150.0 130.0 1200 50.0 80.0 T0.0 60.0 50,
wy - = = wy = = oo = i B o g
- & L) = W T T % Shoerog
b= z ~ = o= wielo — T
™ - T =} = o g of  Suw
o~ = = = o= [ -

Figure 47. *C NMR spectrum of compound 4 (CDCls).
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Figure 49. C NMR spectrum of compound 5 and 6 (DMSO-dp).

_60_



w
o
N
ot
L
N
e
i
(e
we,
i
et
(e
Lo
m (
oX,
>
o
i
i

2] 3}
FEE Y 8
cell & . 2 & EEE
o] &35t NO A4 o Sz I BEE 5
g ol BA WU AT = S 54357l 98 RAW
- —l}\é(MT 264.7
assay)< ¢ .
= = Jé’]—?jq

O 2
T=

il
%,
i
M
tot
o
fljo
—
o

o
. Ax
EtOAc & ﬁﬂr EtOAc &g =lA4 NO ’
=35 A
90% ©] 4 =°] 100 pg/mL &% 87 oAl B = EQls
g A ZHand)e el 28% B2 sk gure
20, 40, 60 pg/mL = AL el ulet AE EE Halot o
] e U . = LA —
[SR=NY oA A3 F714 2 NO=
520 - SEE- . =5 =
]\ﬂ‘l—oﬂ EH?J_ = 6\1; %lsg‘é_]_?j\q— = %/\‘]O] - o
=4 glo] NO S o - LA FAE A -
da Alsk= EtOAc <&
= 51 ¢

30.3
3 pg/mL=E 2

paus
o
o
o
_O‘L
38
[o
)
o
(@}

f
rl

- 61 -



120

100
Q
S
=
= 3k
=
5 60
=]
=]
e
a
o 40
4
20 sk sk
: - o
LPS - + + + + + + +
Sample - - Extract n-Hex EtOAc n-BuOH H,O 2-amino-
(100 pg/mL) 4-picoline
120
100
< 80
£
Z 60
]
-
3 40
20
0
LPS - + + + + + + +
Sample - - Extract n-Hex EtOAc n-BuOH H,O 2-amino-
(100 pg/mL) 4-picoline

Figure 50. Effects of extract and solvent fractions from ‘Shiranuhi’ branches
on NO production and cell viability in LPS-induced RAWZ264.7 cells. The
cells were stimulated with 1 pg/mL of LPS only, or with LPS bplus
‘Shiranuhi’ branches 2-amino-4-picoline (positive control, 10 uM) for 24 h.
The data represent the mean = SD of triplicate experiments. *p < 0.05;

*xp < 0.01
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Figure 51. Effects of EtOAc fraction from ‘Shiranuhi’ branches on NO
production and cell viability in LPS-induced RAWZ264.7 cells. The cells
were stimulated with 1 upg/mL of LPS only, or with LPS plus EtOAc
fraction from ‘Shiranuhi’ branches for 24 h. The data represent the mean

+ SD of triplicate experiments. *p < 0.05; *xp < 0.01
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(2) PGE; ¥ AAF4A cytokine A4 A &4 A

LPSE ¢5o] =¥ thAAxE A9S5A cytokines FHISHA H=H ol &
gote] A5 ¥ ARE ZolE 4 Utk ¥AF 7HA EtOAc wEENA o]
218 cytokineS drid JAT = d=x FAs] 95k PGE, 2 AASA
cytokine (TNF-a, IL-1B % IL-6)Z sandwich ELISA kitZ Z43}it}

A, A8 714 EtOAc +3
A7 AL gest = A om(Figure 52, 53), PGE,, 1IL-1p % IL-69]
[Csodte]l ZH2 45.7, 42.1, 45.0 pg/mLE @A o] LSS <13t thH(Table 14).
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Figure 52. Effects of EtOAc fraction from ‘Shiranuhi’ branches on PGE:
and TNF-a production in LPS-induced RAW264.7 cells. The data

represent the mean £ SD of triplicate experiments. *p < 0.05; *xp < 0.01
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Figure 53. Effects of EtOAc fraction from ‘Shiranuhi’ branches on IL-1j
and IL-6 production in LPS—-induced RAWZ264.7 cells. The data represent

the mean = SD of triplicate experiments. *p < 0.05; #xp < 0.01

Table 14. ICsy values of EtOAc fraction from ‘Shiranuhi’ branches on PGE,

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

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

IC50 (ng/mL) 45.7 >60 42.1 45.0
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Figure 54. Total phenolic contents of extract and solvent fractions from
‘Shiranuhi’ branches. The data represent the mean * SD of triplicate

experiments.
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Figure 55. Total flavonoid contents of extract and solvent fractions from
‘Shiranuhi’ branches. The data represent the mean * SD of triplicate

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

B2} 712 FEE 2 2850 thste] DPPH radical 274 4S8 SH3A
b A3 62.5, 125, 250, 500, 1000 pg/mLe] F==2 A&si on, zhztd)
sl SCsogks AAFeATE L 23 70% EtOH %%, n-Hex 38 &, EtOAc
B | Z+7} 987.6, 999.3, 147.2, 196.0 pg/mL
% DPPH radical &7 &4l A&+ &<kl th(Figure 56, Table 15).

E625ug/mL ®125pug/ml ®W250pg/mL ®500 pg/mL ™ 1000 pg/mL

100 -

80 -

60 -

40 -

20 A

DPPH radical scavenging activity (%)

0 . s — . . ;
Extract n-Hex EtOAc n-BuOH H,0

Figure 56. DPPH radical scavenging activities of extract and solvent
fractions from ‘Shiranuhi’ branches. The data are expressed as a
percentage of control and represent the mean =+ SD of triplicate

experiments.

Table 15. SCsp values of DPPH radical scavenging activities for extract

and solvent fractions from ‘Shiranuhi’ branches

Extract n—Hex EtOAc n—-BuOH H,0 BHT

SCso (ng/mL)  987.6 999.3 147.2 196.0 >1000 80.9
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(4) ABTS" radical &4 &4 =4

(Figure 57, Table 16).

H15625ug/mL ®W3125pugmL  ®62.5ugmL  ®W125pug/mL  ®250 ug/mL
100 -

80 -
60 -
40 -

20 A

ABTS" radical scavenging activity (%)

Extract n-Hex EtOAc n-BuOH H,O

Figure 57. ABTS' radical scavenging activities of extract and solvent
fractions from ‘Shiranuhi’ branches. The data are expressed as a
percentage of control and represent the mean =+ SD of triplicate

experiments.

Table 16. SCsy values of ABTS" radical scavenging activities for extract

and solvent fractions from ‘Shiranuhi’ branches

Extract n—Hex EtOAc n—-BuOH H,0 BHT

SCso (ng/mL)  115.8 216.8 25.0 42.2 107.8 6.9
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(1) Nitric oxide (NO) A oA &4 =4

FABF 7ROl A e stgEel e I &S SH4sh] s RAW264.7

cell& ©o]&3st] NO AG A &4 2 A2z ZHQMTT assay)= Felskaith.

%

100, 200 pM¢] sx=® 2AdS H3sgon, 1 23 compoun

+ WrHe] compound 1, 32 AMXE H4

A Fdeol As= Gk tH(Figure 58).

Compound 4+ F7F8 o2 AX =Ao] glv % HHQ 10, 20, 30 uyM<]
ZolA AAE xdsto] NOo S AAlste AS &elstlth(Figure 59).

Compound 1, 3, 49] ICs0at= Z+2F 97.9, 95.9, 18.2 yM= &4 o]

ot

[e}e]

=

%2

o fa

018t tH(Table 17). ©] & compound 1368 PGE, @ TNF-a¢ A4S A

A8t
= 7Idem g9 240l lwol ®Base] vk @AM F9 24 71 AT

g

o
-
= 71" =%, compound 3372 PGE;, TNF-q, [L-18 ¥ [L-69 A <o

=

7F Hol A %2 compound 49 thate] F7H4] A S skl
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Figure 58. Effects of isolated compounds 1, 3 and 4 from ‘Shiranuhi’
branches on NO production and cell viability in LPS-induced RAW264.7
cells. The cells were stimulated with 1 pg/mL of LPS only, or with LPS
plus isolated compounds 1, 3 and 4 from ‘Shiranuhi’ leaves for 24 h. The

data represent the mean = SD of triplicate experiments. *p < 0.05; #xp < 0.01
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Figure 59. Effects of isolated compound 4 from ‘Shiranuhi’ branches on
NO production and cell viability in LPS-induced RAWZ264.7 cells. The
cells were stimulated with 1 npg/mL of LPS only, or with LPS plus
isolated compound 4 from ‘Shiranuhi’ leaves for 24 h. The data represent

the mean = SD of triplicate experiments. *p < 0.05; #xp < 0.01

Table 17. ICso values of isolated compounds 1, 3 and 4 from ‘Shiranuhi’

branches on NO production in LPS-induced RAW264.7 cells

Compound 1 3 4

IC50 (UM) 97.9 95.9 18.2
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(2) Compound 42 PGE, ¥ HAZ=A cytokine A A &4 =54

B2)8 7k oA el 31§E<l compound 40l tlg &<l @A 71 AL
Hiwo] A For=w PGE; R HAASA cytokine (TNF-q, IL-18 % IL-6)
A A 24dS sandwich ELISA kitE o]&ste A&, Ad 4,
compound 4+ PGE.9] XA Aol &S v XA &A7F TNF-q, [L-13 2
[L-69 AL oA Al7]= AS delsk o (Figure 60, 61), TNF-a, IL-1B
IL-6%] ICsowkel Z+2t 10.1, 22.3, 20.4 uM= A o] Us<= &1kt Table 18).
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Figure 60. Effects of isolated compound 4 fraction from ‘Shiranuhi’ branches
on PGE, and TNF-a production in LPS-induced RAW264.7 cells. The data

represent the mean = SD of triplicate experiments. *p < 0.05; *xp < 0.01
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Figure 61. Effects of isolated compound 4 fraction from ‘Shiranuhi’ branches
on IL-1B and IL-6 production in LPS-induced RAW264.7 cells. The data

represent the mean = SD of triplicate experiments. *p < 0.05; *xp < 0.01

Table 18. IC5y values of compound 4 from ‘Shiranuhi’ branches on PGEy; and

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

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

ICs0 (UM) N.A 10.1 22.3 20.4

* N.A. : No activity
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(1) DPPH radical &7 &4

H-A8F 7HA oA e stek=ol tHetel DPPH radical &7 248 =433t
Compound 2, 5, 7 (Figure 36, 37) % 6382 kA dhalkst &do] By wp Q)

compound 1, 3, 4°] tlsle] AdS JdsIey. A2 15.625, 31.25, 62.5,
125, 250, 500 pMe] == dgstglom, ztzto] s SCsoits AlRtetadvh. L
A3} compound 49 SCsogte] 128.7 uMZ thxw¢! BHT (SCso = 402.2 uM)E.th

$8F DPPH radical 47 €4¢] &5 @18t HFigure 62, Table 19).

m15625yM ®3125uM ®625pM EI125uM E250pM B 500 uM
100 -

80 -+

60 -

40

20 4

DPPH radical scavenging activity (%)

1 3 4 BHT

Figure 62. DPPH radical scavenging activities of isolated compounds 1, 3
and 4 from ‘Shiranuhi’ branches. The data are expressed as a percentage

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

Table 19. SCso values of DPPH radical scavenging activities for isolated

compounds 1, 3 and 4 from ‘Shiranuhi’ branches

1 3 4 BHT

SCso (uM) N.AC N.AC 128.7 420.2

* N.A. : No activity
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(2) ABTS" radical &4 &4 =4

HFA13) 7R oA Eeld stekEo] tiete] ABTS' radical &7 &4& 543}
Sk A2 15.625, 31.25, 62.5, 125 pMe] == Fastglom, 2tz s
SCso#ts AAMEIATE. 1 A3, compound 49 SCsogke] 17.9 pMzE o ZFtel
BHT (SCso = 29.8 pM)Et}F 478 ABTS® radical &7 #/4do] s &<l
3t tH(Figure 63, Table 20).

®(5625uM ®3125,M ®62.5uM H125uM
100 -

80 -
60 -
40 -

20 A

ABTS* radical scavenging activity (%)

1 3 4 BHT

Figure 63. ABTS" radical scavenging activities of isolated compounds 1, 3
and 4 from ‘Shiranuhi’ branches. The data are expressed as a percentage

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

Table 20. SCsy values of ABTS" radical scavenging activities for isolated

compounds 1, 3 and 4 from ‘Shiranuhi’ branches

1 3 4 BHT

SCso (uM) N.AC N.AS 17.9 29.8

* N.A. : No activity
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V. 5 28 9 13
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