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ABSTRACT

This study was carried out to investigate Dbiological activities of
phytochemicals isolated from major plant resources distributed in Jeju Island
as Citrus sunki Hort. ex Tanaka (Jinkyul), Sasa quelpaertensis Nakai (Jeju
joritdae), and Petalonia binghamiae (J. Agaradh) Vinogradova (Miyeokse).

The peel of Citrus sunki is a rich source of polymethoxyflavones (PMFs). In
this study, a PMF-rich fraction (PRF) was obtained from the peel of C. sunki
by hot-water extraction and subsequent fractionation with n-hexane. Six PMFs
and two demethylated PMFs were isolated by Semi-prep LC, and their
chemical structures were identified by 'H NMR and ">C NMR spectroscopy.
The phytochemicals and PRF in C. sunki inhibited NO(Nitric oxide)
production in lipopolysaccharide (LPS)-induced RAW 264.7 cells(Mouse
leukaemic monocyte macrophage cell line). 5,7,4’-trimethoxyflavone, sinensetin,
nobiletin, tangeretin, and PRF inhibited more strongly than other PMFs. We
did the toxicity test in RAW 264.7 cells, using MTT assay and lactate
dehydrogenase (LDH) release to compare the potential cytotoxicity of eight
PMFs and PRF. As the results, the tangeretin and PRF were showed very low
cytotoxicity in RAW 264.7 cells at 50 pM concentration. Also, We studied
anti-oxidant effect by DPPH radical scavenging activity. DPPH radical
scavenging activity was not observed in PRF and PMFs for the study of
anti-oxidant effect.

Sasa quelpaertensis NaKai is a native plant, which is distributed widely
throughout Halla mountain of Jeju island. Its dried leaves are being used as a
tea for the treatment of diabetes in Asia countries including Korea. We
isolated phytochemicals using 80% EtOH from S. quelpaertensis, and seven

compounds were isolated for the first time. We also investigated 12 of



isolated compounds for DPPH radical scavenging activity. As the results,
3-O-p-coumaroyl-1-(4-hydroxy-3,5-dimethoxyphenyl)-1-O-b-glucopyranosyl
propanol and tricin 7-O-b-D-glucopyranoside were showed more active than
other compounds. And 2,3-dihydroxypropyl 9Z, 12Z-octadecadienoate showed
a strong inhibition on LPS-induced NO production in RAW 264.7 cells, but
not showed any effect on the MTT assay.

An edible brown alga, Petfalonia binghamiae called ‘miyeokse’ is a traditional
food in Korea, which is widely distributed in the Pacific, along the coasts of
Korea, Japan, China and West of the USA. Its crude EtOH extract was eluted
on reverse phase chromatography, and two compounds (fucoxanthin,
fucoxanthin isomer) were isolated by Semi-prep LC. The anti-oxidants activity
of those compounds were not observed on DPPH radical assay. The
fucoxanthin isomer showed higher anti-inflammatory activity than fucoxanthin,
and both compounds did not show any effect on the MTT assay.

In summary, several phytochemicals in C. sunki, S. quelpaertensis and P.
binghamine showed biological activities such as inhibition of NO production
and DPPH radical scavenging activities, suggesting that these might provide

the leads for anti-inflammatory or anti-oxidative drugs.
Key word : Citrus sunki Hort. ex Tanaka, Sasa quelpaertensis Nakai, Petalonia

binghamiae, RAW 264.7 cell, DPPH radical scavenging activity, anti-oxidant,

anti-inflammatory.

_Xi_



HRo] QAMY 2 2141 7] o]l F Tl&d, A H SHFETAE M ZA vEd AL
B FETT Qs IR G EA, AAA Tld=rt b F AR oA
B A A - FEHARY shE FEED A Y, 2006, H&3], 2007;
Kwon et al, 2004). o]z]3F nlo]QAtdel A4z o4 FHZ ABFFo T4z
7| WER Qe 3o FErre] ALK R Frhstal vk A4
7 B A e gl mE kglet AFEFY ZL A4F AW E0
AAVGHEA, i1l A%7 4he] A g
(27, 19%). ol Azte] HHS A = A Foly AdA A AL e 4
EAZFE AgEd Vlss vEhlle 2 Fohdio]l AF AW XEAZE
ARESE7] Sl A2 ofEe] aAfEE A% dFEol &Es] APHL 9
HE3A S, 2007, da Rocha et al, 2001; Kwok, et al, 2001; Rice-Evans, et al,,

O

1996; Sies, 1997).

AEAAS Bz dHA don, AEAA 2,100 F (&4 E 338%F), sid=t

TE 25 37004F 5 oF 7,8004F o]ite HEFTTIEAo

FAAA R, 2003). E3F AFEE HA

AEF dd= by 5] A == A Jdvk 2 F Al

F AHFEFL 2Fo 2, dRgto] AR AFAA AujE JthAAE 5
2005; AR 2007).

rjg
!\’
o
o
o
£
o
M

e
olr
L
ki
¥0,
=
ox T
oX
re
—
\O
[0e]
x
2
N
ol
L
o
=
H

X
X
1>
ol
ol
fr

olzF FAANYERREH FF BT B2 HESS AA Agd /&5t

=13
=<3
SE&HIL om, ol5dt =82 AR/ AFAY, ¥ ABdE A VHsta



At (Dvorak, 2006; Marcucci, 2001; Schapoval, 1998). 53] IAAE2REH E3
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Fig. 1. The relationship between the free radicals and antioxidant in the

human body.

L=

o

A A AE

1gste] A AAC] e XS BAsE T

A gaAtAR BEe @A A (superoxide radicals, hydroperoxy radicals,

i

organic peroxide radicals, singlet oxygen, hydrogen peroxide, hydroxyl
radicals)E¢] AFsjel e ZEHS 7] wpo] A|2™E 2T gIHCross,
1987). stAIRE ol23t 22 wro] AlAFoA sy HA X3 BAHLNALR ISty
A+3} &2 & (prooxidant) @} A+3} o] 4| & 2 (antioxidant)©o] #¥  ALE)

zZog 7|2A =W, A37x 2AEd A7 oxidative stress)7} FibE o] Faj A<l
MELEN 2 Hyd A3 454 ®oh(Alamdari et al., 2008). o]# 3+ Ak3}H

@ jeju



2
>,
u
»
o
ol
r
e
>
fr
o
n
~
fo:
]Iloll
_O|L
fr
>
hry
&
X
Jo
:(I)LL
r>~
24
fu
=
H
g

g AFLEo] AT NS ARAE Ak FFo] B5Holu, ojn)
FHE MaE AZW METZSole HATHel ol §HI, 1 F o 2% A=
hel Bl vt HE BQPEE AARFE FNL EE BYHLGD ¥

lif
fr

A 8 7](free radical)2 W3}A B} (Defeng and Cederbaum, 2003). ©]
g fr2l71e) uEe 2w A% 2 BgEE
zA i, t71e g, 2, UV, g3tdE, degaabd S o 44" (Bohm
et al., 2001; Defeng and Cederbaum, 2003; Yao et al., 2008). o]&{ sl A} &

71 AAY g 2 ARshA S-S dein, o veolrt o, ¥, A%
W, ZalAsel e whgdss gdoye gooz zHg3lrh(Al-Dabbas et al,
2007; Letelier et al., 2008). wetA &stalAlv &4ksl & 4 (glutathione, vitamina

2]

z

oo
2,
o
)
=
O,
fr
M
r O

A, vitamin C, vitamin E, superoxide dismutase, catalase, glutathione
peroxidase)& A&t G4t AAHES AAStE HRHoZ JESte &G4
2E AAS] Y3 AFEo] =] YrhFig. 1; Ripple et al., 1997).
24 AskAl = 71 Bol o855+ 33EL BHA(butylated hydroxy
anisol)¢} BHT(butylated hydroxy toluene) 53 22 3A3}1%E ©|tH(Branen,
1975). dutd oz H=A4 FA Az de AFE-FHIT = BHAS BHT=

o el A 283 g4 WEel wol LS g, A2 T4 AF
B7hEe AW 73 @war ohe HF 4 A R, W, 4, £8

A ol AT 54 FFEE dodle Aer dHA™A, ol50] e o2 7}

473 THE UEiE FasAS 27 99 B A7E0 ST Y
(Katiyar et al., 2008; Lee et al., 2007; Rice-Evans et al., 1995). 4tstA| & 7) gt
371 g8l AABRHH A% K7 £ASL DS AT HoHg 2R
ABTS (3-ethyl-benzothiazoline-6-sulfonic acid), DPPH (2,2-diphenyl-1-picryl

hydrazyl), FRAP (ferric reducing antioxidant power) ORAC (oxygen radical



absorption capacity) #AH Fo| AFEF3 Q=d|(Thaipong et al., 2006), o]
St gAY F REHoE AfF fFE 7l sk &AASE BEAste o] DPPH

gz 24 ¥ o] th(Schlesier, et al., 2002). DPPH )t

(N
ME
1%
it
flo
e
ofN
o
)

s FHots S E DPPHY SUAEE 7|E0E FH =4 &9

I} gatste S 7HESHAl ®o(Tsimogiannis and Oreopoulou, 2006). &, DPPH=

Axs 402 4P BB TZE su Y= Fig 20149} o] 515 ~

7 nmel 4 Al F5E etk el Hel Buze 2484 Hu 7
b glolAA Bk oz gzTel FRE @I vlmsle] HRg

Uehfo]l A8 g9y =7, gz AAZYE, Itz AR FASH "t
(Bortolomeazzi et al.,, 2010, Chandrasekar et al., 2006; Endo et al., 2006).

14 =

12 -

1.0 =
0.8 o

0.6 =

Absorbance
517 nm

0.4 = -

DPPH
0.2 =

il
I ] 1 1 1 1 1
300 350 400 450 500 550 600 650

Wavelength(nm)

Fig. 2. Absorbance change at 517 nm caused by the reaction of anti-oxidants

with the free radical of DPPH

dutx o7 FFukS(inflammation reaction)d |F¢] A= (A, ufolzix
el tal 28 FolA ¥-gshe wolvkyg F sz, oF X=Fo] dAgstH |
AM L] wolRkgo] EA43lE1 &3 HAM T A dF vEge Wllo]

= we = Bu|ste] gZurgo] f2Eith(Abul and Abbas, 2006).

)
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7Ies s 5, &7l AFEEAA AAAHYI JFS Frh(Bosca et al,
2005; Nathan, 1992). Y542 4337 LPS (lipopolysacchride)= I#-2-4d1 9]
Ao A5, RAW 2647 AEot ZE thAAZx == @RI

"

(monocyte)ol 4] tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6)

~

interleukin-1b (IL-1b)$} 22 HAFA Alo]E 7] (proinflammatory cytokine)2 3
WA ASEEE, LPSE AHdst] AZE AFAI|IHE AE= oo o
oAdk-g o 24 NO (Nitric oxide)g AAAZITHHEZ 5, 2009, Axtelle and

o

H

O+

Pribble, 2001). NO<= nitric oxide synthase (NOS)Z}= NO A4 &4 o5 A
A= =4 NOSE= L-arginine®] guanidine group¥} HE-§-3}&| L-hydroxyarginine 2.
22 AFATZ olF HZF 2HEQ NO9 Lcitrullinee 2 AAI=E it}
(Furchgott and Zawadzki, 1980; Kim et al.,, 1999). NOS<= Al 7% ¥Eej7} =)
ste Ac® EA k. 2 F inducible NOS (iINOS)E 9% wH3olA zZH%
cytokine¥} bacteria AFE¢1 LPS9} endotoxin Soll &8 HAIGA A &) =
7}t (Nathan, 1992). L1PS= A AH XA nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-kB), extracellular signal-regulated
kinase (ERK), c-Jun N-terminal kinase (JNK), p38 T3 22 HARIAEZ I3}
= toll-like receptor(TLR)-4e] o8k 2z H2E @43t A|AH iINOSse}
cyclooxygenase-2 (COX-2)E& A7 o]&L2 Z}Z NO< prostaglandin E2
(PGE 2)2 A4 A Z1th(Fig. 3; Kim et al, 2010). o]u}] AA=HE NOE O ¢} whg
te] Al Eoll 7FF toxicdk ONNO (peroxynitrite)S A A A target A|Eo] o3t

F4e A5, AxS AFES fEIAY dFHee A EUE,

ol# g AW S5 IAAANA A= NO= AW Holrls, AsdE7]
BEd, dBgy o g AYriss AL %EP(Choi et al, 2007;

Ryu et al, 2003). 2 & 439 NO 4A4L vty gols ZolA F& AAA



NO<| 7<)

é-_]__

Rig

@tk 2ol 9% weH 2L iNOSH o

[e]
3=

A

19 A%

A MR
THStuehr et al., 1991; Yang et

A e ol

Mr

el

Hlo

ki3

< °o}7]

4y

otk &a A lrhAla) A, 2010; Tracey, 2002).

COX2
(PGE,

iINOS
(NO production)

RAW 264.7 cell

production)

I -
L 3

Inflammatory

response %
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Fig. 3. NO production and inflammation reaction in RAW 264.7 cells.
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n. 23 2@ sz

Part 1-1. A% ¢ PMFs %4 & (PRF)3 PMFse] 4|84

1. o2 1%

ZEFE %7 (Rutaceae)®] ZHE ol (Aurantioidecae)dll £dhe A B & A]
Tanaka (HF)= ZEot#E 8% (tribe)o 2 il 35&0] EIAFTL ZEF
(tribe Aurantioideae)2 40153} 602 EFHT glon AAZ AulHe AL
24 (Citrus), FZ<;(Fortunella), B 2}<(Poncitrus)®] 3<0]t}. o] & 349 A4
EEXE QEdA T3 FEFd A ofrlor E FEFS o5 Fold U=
F4sta Ut

A WEHE FUdA AstEE Y FodA 7 2L EFS JER
T AEL 20014e VlESoE sto] gE Ao A&Hoz Hasta JlE
ZAl Aot ole) wrs] g AJAREES 2003 d 584 THEI 2007'd 77.8 THEQ

AAFE ASDE 2001045 H Hd of GBUE $E) ANFe FADL 9

&
al., 1990), #&9 #F&& A9stie HFE FAEER AyEH JrkKroyer,
1986; Pratt and Hudson, 1990).

Eotiroled g 202 GG ou|ste flavusol Al FHE UL HAHE,
el o, £, BE, Ao, £ T AEd FHELSH EAlste A4 sgEd
dFolth ol ZHtEzol=Es CeCr-Cest 2ol 15719 'fA4E 7|8 242
= diphenylpropane?! EZdlE FEZA F 719 #Hd a5 olF 2T
FF AR, SI=FA7I(-OH) 3 HEAIZI(OCHz)e 2 Sl 23|



flavones, flavanones, flavonols, isoflavones, anthocyanidins, ﬂavanols(or
catechins)9] 67l F+Z2=2 EFEHU(Fig. 1-1). A7FA AEA 4,000 oF
gtR zo|=7} B3 F ¢ th(Kuhnau 1976; Tripoli et al, 2007). E8tRxo|=& 9
24, dddEY] 24, F9 4, AdHRNE A e, FdaH 71, %
g S3 2o g AyTHES JHAT Qe ™ (Brown, 1980; Choi et al,
2007; Deschner et al., 1991; Elangovan et al, 1994; Rump et al, 1995; Terao et
al.,, 1994, Tzeng et al, 1991), lipoxygenase, cyclooxygenase, monooxygenase,
xanthin oxidase, mitochondrial succinoxidase, NADH-oxidase, phospholipase
A2, protein kinases®} 7S A AV HUZE FEstE G454 thdk oA
gA4T BOFEIT e(Cao et al 1997).

Flavones Flavanones Flavonols
(&) |
o @ 7 OH
Isoflavones Flavanols (Catechins) Anthocyanidins

Fig. 1-1. Chemical structures of typical plant flavonoids.

AERe g AEE Hd B2 ZHExol=E THote AEE T}
A Bl thekel ZTelHol=E I8t thBocco et al., 1998; Mandalari
et al, 2006). ERHAHOE ZFd ZEAseE ZFHEo|=Z ’citrus flavonoid’
(Fig. 1-2)8} 29, &z 60 oFo] ZgR o=} RuFE QtH(Kuhnau 1976;

@ jeju



Nogata et al., 2006; Tripoli et al., 2007), ©] & PMFs= ZA&fFAw A3} (Zhou
et al., 2007). PMFse &d# 27, g, d4ksl, &4, gntolgs, ddur &
e AYH, THFY LFHALEFTES Nt = A58 e L ¢
A AtH(Kobayashi and Tanabe 2006, Wu, Y.Q., 2006; Anagnostopoulou et
al., 2005; kawaii et al, 1999; Yanez et al.,, 2004; Jayaprakasa et al., 2000; Li et

al., 2006).
R
OR, Flavanone
Eriocitrin: R=rutinose. R;=0OH, R,=H
RO 6] Neoeriocitrin: R=neohesperidose, R;=0H, R,=H
Narirutin: R=rutinose, R;=R,=H
Naringin : R=neohesperidose, R;=R,=H
R4 Hesperidin : R=rutinose, R,=0H, R,=Me
OH O OR Neohesperidin : R=nechesperidose, R ;=0H, R,=Me
‘ 2 Neoponcirin: R=rutinose, R,=H, R,=Me
R
@ o Flavone
I Rutin : R=H, R,=0H, R,=H, R:=0-rutinose
R Isorhoifolin : R=rutinose. R,=R,=R;=H
3 Rhoifolin : R=neohesperidose, R,=R,=R;=H
OH O R Diosmin : R=rutinese, R,=0H. R,=Me, R;:=H
OMe Neodiosmin : R=neohesperidose, R, =0H,R,=Me, R:=H
R
MeO o} Polymethoxyflavone(PMFs)
| Sinensetin : R=H, R;=OMg, R,=H
Nobiletin : R=R;=0OMe. R-=H
MeO R Tangeretin : R=OME, R,=R,=H
OMe O Heptamethoxyflavone : R=R,=R,=0Me

Fig. 1-2. Chemical structures of Citrus flavonoids (Nogata et al., 2006).

PMFs ZolA ZE3yd] 7P #e %oz ZAsE AL nobiletin
(5,6,7,8,3 4’- hexamethoxyflavone)¥} tangeretin (5,6,7,8,4'-pentamethoxyflavone)
o]t}(Nagato et al., 2006; Raman, et al, 2005). Noblietin& <17+e] Af-olA X

Ead

(synovial fibroblasts)e} m}-9-2=9] o)A A X (macrophages)ll Al &4 &4 7HA

Tt BuEa(Lin et al, 2003), hamster®] X7 32| A E(sebocyte) <]

@ jeju



A4S AAA L HAAEHE FHAIZIH(Sato et al., 2007), ZHH-S B Hst=
Aol E2HE AMAE 8F4E2Q human fibrosarcoma HT-1080 A|3EZ ) A] 3}

N

T4 Holg Uehll= MEK oA 9&8& ste ez ¢d#A th(Miyata et al,
AMo 2HE Ao|Z nobiletin® THA}
AHE <l 3'4’-didemethylnobiletine @3 3¢t 77} Fo{E nobiletin® v} FTj
Hdoes A7 23 HuEArk(Llai, et al, 2008). Tangeretin® <17+ #H ¢ (lung
carcinoma)d| 4 p38 MAPK, JNK, AKT @49 oAE E3

o

2008). X3} nobileting Fo3F ml-g-~

cyclooxygenase(COX)-27} 28 IL-1B(E5 w2 mj/f &= cytokine)S < A
S H(Chen et al., 2007). E=3F 17F th7d A 9H(colorectal carcinoma) Aol A] A}o]
9 &4 71 A(cyclin-dependent kinases, Cdk) A A Q1 p213} p278 A
A1 Hwk ol Cdk 29} Cdk 4 ¢ &4 oAAZE F5 G 1719 cell-cycles
o} A 5} (Pan et al., 2002), W4 (leukaemic HL-60) A E2o] A& A= =
4L s HuE3 Quh(Hirano et al, 1995). Nobiletin¥} tangeretin £] o =
AEFAS w3 PMFs7 EAi3ida 4 k. 2 5 sinensetin
antioxidative &¥te} <QIFte] AHEF I} dFFHHAY vES HIATIH
(Akowuah eta al., 2004, Amazad hossanin et al, 2009; El-Shafae, 2002),
5-hydroxy-3,6,7,8,3 A’-hexamethoxyflavone2 human leukemia AJ3XoA ROS
(reactivie oxygen species) A4, growth arrestt DNA £d4°=2 fEF Gene
153(Growth Arrest and DNA Damage induced-153, GADD153)e] wtd )
caspase &AL 3| apoptosisE FE=thn B A E I THPan et al, 2007).

FHZ 5] s PMIse 7153 7471 A2 E A PMEsE &2
e A7 =3 @8] AP k. Li 5ol M2, 244 /4 Z=rED
#} 9 2 FE] nobiletin® &F Ao 7 B ste HHIHL et al, 2007), 47 I4
dej7tA 2EnEIHY WS AMESRA] &fal, 1% (chiral) 2RI FA £F
Aoz HE g Tl nobileting v WHE AASHCHLL et al, 2006). T
3 HL-60 AlZo] oAA< PMFse} hydroxylated PMFsE 72732 RE 2
1, £8 % PMEs25E EUE PMPsE @Aste] 259 i ok &
B UL et al, 2007). 28]i H]5E&A4 A PMFse F38 &
©]-83}o] nobiletin} tangereting E#3t= WHE HIEtHRaman, et al,

Olt

ofr
filo

_10_



2005). 221} PMFs 3922 &£ - BA 7zl 3 d+E52 BAW, PMIsE
O dote 2AEY Ax Wi did d7es A AFI dHoln £A
3= 2 gErE AAste el tdd By gAd 1= AATVIs
o) Basly] WES] YRR PMFsE T Fiols £4EL PMRsE o 94
St AERNLRE 227 S48 QR4 FEED UTH(Abe et al,
2007; Fan et al., 2007; Li et al.,, 2007, Wang et al., 2008).

ek B dFold= PMEsE o Ffste AlF A2 sy =257
F&3 AeEAE e PMFsE o i3 =4 EPRE)S st =3
PREe] 8 8719 PMFsE Z=zvtEIvye o838t £ - 3531,
PRFst 708 PMFe] 2413}, 949 4L vludozn 59 754 44 2A
#8 7Hs8S AR stk

_11_
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2. A8

)
o,
rE

2-1. A8 2 A8 7]7]

1) A=

B AFo) Algd" AF 58 AF(Citrus sunki Hort. ex Tanaka)S Aol A
pe
=

SEHAA T AAZA F7lA 20073 1Y€ ~ 29 4

Fig. 1-3. Photograph of Citrus sunki Hort. ex Tanaka.

2) Aok

Agayo] FfiEe| e EFREol=Y FFE Fdstr] 23 EEEHEE
rutin, naringin, hesperidin, quercetin, naringenin, hesperetinte Sigma-Aldrich
Chemical (St. Louis, MO, USA)ALS] ®FA|9FE, sinensetin, nobiletin, tangeretin

£ Wako Pure Chemical Industries (Osaka, Japan)Al2] ZFEA|FS ARSI T

_12_
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3k Al59 AHAAY B olFAY AFXE 3 Lul= Tisher Scientific

Rig

Korea(Seoul, Korea)Al2] HPLC 55 £Uwl& AM&39iT).

3) HPLC system

NEF2HEEH PMFse HA, A% EFHE 98] HPLC system (WatersA}, 2695
Alliance system, USA)& A&3t9th HPLCE F=, 29 B, AEAEFY7,
PDA ZZ7](Waters A}, Waters 2998 photodiode array detector, USA)Z T4 5
of lom, A5 F=Z9 &2 100 pLo|th.

4) NMR Spectrometer

TZEAM o]g&® NMR (Nuclear Magnetic Resonance) £3%7]= 400 MHz
FT-NMR (JEOL A}, JNM-LA, Japan)2 o] £3t%1, =4 A 4wl MerckAl<]
CDCls& AH&-3HAT.

0L S/HFE 7tsta 100C 2 7F238t 1A &

Hanil Science INdustrial.,

2
A
e
o,
s
in)
12
2
™,
e
4 o>
-
e
2
flo
o,
o>
™
AU
N

Supra 25K, %+=h)& |83}
HA 2 ATtk AL F2oA AT F SR AL, I F Y F
ZdL8 77} n-hexane, chloroform(CHCI3), ethyl acetate(EtOAc), n-butanol
(BuOH)Z 33]o] AA guj2HsAch 2t SmjE 8= 37%%7|(Buchi R-200,
Switzerland)Z A}&3le] 40CoA Ags=stt

_13_



2)

kel

T2
8

s

Al
quercetin, naringenin, hespereting Ztz} 100 mg, nobiletin, tangeretin Z+z+ 10

ZA

2
o

il

ol A% EAE 3 FFLNL rutin, naringin, hesperidin,

t

mg, sinensetin 5 mgS 10 mL DMSO(dimethylsulfoxide)ol| &3]3+ 3 58 &F<F
ze3 &3417]2 100 mL2 {39t 28y EFEEAY FEE ruting 7]
F2o2 0.01, 0.03, 0.05, 0.1, 0.25, 0.50, 1.0 mg/mL7} H=5F ZA| s}
4Ho g ARG

£

°|

i
=]
N

W
il

B0l Ba

‘E“‘i’]%‘% MeOH= %—3]]:_]_— ._,%_ %EO]:Q EtOAcE 7;‘5}7]—?3’]-04 5_5_ %?_ 3_':*%

N
o

_VE

€272, 050 pm HZE2(PTFE, polytetrafluoroethylene) FA}7] =
(Advantec Toyo Roshi Kaisha Ltd., DISMIC*-13pp, Japan)2 oj7}ste] BAA 8
2 ARSI T ZgtRxo]l== HPLC (WatersAl, 2695 Alliance system, USA),
Sunfire™ Cis
E FAstY FHEHLS EAstHTE. &8de ZHzF 0.5% acetic acid/acetonitrile®}

L/min %02 28 £ FoF FetHiol=S 45}

i3

H (250 x 46 mm ID. 5 pm), 10 pL FYF3], 28 2= 40T

_14_



Table 1-1. Gradient elution condition for HPLC separation.

Time (min) Flow (mL/min) MeCN (%) Water (%)

1.0 20 80

1.0 40 60
15 1.0 40 60
18 1.0 60 40
24 1.0 60 40
27 1.0 90 10
30 1.0 90 10
31 1.0 20 80
37 1.0 20 80

Table 1-2. Linear regression results of standard calibration curves using nine

flavonoid standards.

Standards i A° B¢
Rutin 0.999636 9.94 x 10° 218 % 10™
Naringin 0.999584 318 x 10° 5.58 x 10°
Hesperidin 0.999556 3.24 x 10° 1.13 x 10°
Quercetin 0.999605 1.60 x 10’ 9.81 x 10*
Naringenin 0.999554 8.89 x 10° 1.16 = 10*
Hesperetin 0.999542 8.16 x 10° 1.08 = 10*
Sinensetin 0.999593 4.47 x 10* 2.64 x 10°
Nobiletin 0.999574 3.64 x 10* 5.68 x 10°
Tangeretin 0.999598 4.46 x 10* 7.27 x 10°
r": correlation coefficient; Linear equation formula: y = Ax + B; y = peak

areas; A" slope; B intercept; x = concentration (mg).

_15_



4) PMFs9] £

PMFse] 2#E 7z7%3 A2 15 kg SatEol=e Wz EdsH
n-hexane & ES HAA st AT E£FHE prep-LCE= Waters 2695
Alliance system<, 2§ #AH-L Symmetryprep'™ Cis A8 (7.8 x 300 mm ID.
7 1m)S AMEEE, AE LEE 40CE 43519t PMFsE PDA HZE7|ES

o]-&3te] 200 ~ 400 nm 2 UV FH=A AEUL, o542 MeOHH}

Table 1-3 Gradient elution condition for prep-LC separation.

Time (min) Flow (mL/min) MeOH (%) Water (%)
0 1.8 20 80
36 1.8 90 10
38 1.8 90 10
40 1.8 20 80
47 1.8 20 80

23. A2 BA H7

A8 HAAFASs =HL Blosis W (Blois, 1958)¢] wa}, DPPH(Simga,
USA)E AM&ste ZFAstsith A4 dAlgkgel 3AA171 PMFsg 0, 6.3, 125,
25.0, 50.0, 100.0 uM %= 100 pL & 96 well plated] ¥F35t1 04 mM DPPH

|4 FF F7eAth 28 96 well plateS XpEdefol Al 2083 ¥HE-A

Y

17 nmoll 4 FFES SHRAL FIE g AEe) FIES JFoz ¥
B

5
3t r, WEF L2+ ascorbic acids}t

o

HA (Sigma, USA)E Alg&3l.om,

_16_



b

Acontrol = Uﬂ%% 7@7]’ E‘_%Ql'] %%E

Asample = /\]—JEJ— 7@7]' E]_.%QH '—%%E

2) A AlE v

A A (R RAW 264.7)5 3= AMEFEH(KCLB)L2HEH £ o}
ALE-3F9ar, 10% fetal bovine serum (FBS; Gibco, USA)3} 1%  penicillin
/streptomycin (P/S; Gibco, USA)o] X% Dulbeccos’s Modifid Eagle Medium
(DMEM; Gibco, USA) Bl R Z Al&-35le] 37C, 5% CO, &2 7)ol A vl d3st Tt

3) MTT assay

AZ7F AE 4Rl PR
Zegole YL =AY th(Ferrari et al, 1990). RAW 2647 AHIE
DMEM Hj A& o83} 96 well plateo]] 3x10* cells/well2 @11 244 7F vl ok3}
Foh g3 o 7)9) 0, 6.3, 125, 25.0, 50.0, 100.0 uM FE2] A|E8E Yl 3k A
7k, @Al LPS (Sigma, USA)E 100 ng/mLo] H == H7}3k & 2447 w35t

I

fr
ol

F2 24s] skl MIT 2Agez n

f

N

t}. °o]& 3-(4,5-dimethylthazol)-2,5-diphenyl-tetrazolium bromide (MTT; Amresco,
USA)E HF 04 mg/mLe] HEE Y3 3 AZF wjF & wiAE A A,
200 pLe] DMSO(Amresco, USA)E 7}sle] formazan FHAES |3|A]7]2
microplate reader (Bio-tek, USA)Z 595 nm 3FoA FF=E FHIH. Al
55 A3 Lo AEFAHLS AEE AHdsA @& T FHEE Hlaste] 3
7hetlon MEEAHL tgo Ao o5 AEsTh A= 343 vhE AdY
T AEE FY Boe g Jepfgith

_17_



Cytotoxicity (%) = 100 - (Acontrol - Asample)/ A controt X 100

Acontrol = %%% U] ‘/ﬂ E] E_

Asample = %%% ‘/ﬂa%

4) LDH assay

AZ wjgele ol st AE £48 27

]_
=335t thHe et al., 2002). RAW 264.7 A|XE DMEM RS o]&3te] 96

ol
fr
=
)
T
Sis
1%
it
lo
fru
=X
Hd
Biiy
ox
o

well cell culture plateo]] 3x10* cells/well2 Y1 24X 7F vt &, o 7)ol 0,
6.3, 125, 25.0, 50.0, 100.0 uM FE2] A|5E Y 3+ A|7F 8j%3L LPSE 100

ng/mLo] EE=5 75 & 22417+ wjgatitt. 2el wjeke 50 pLel LDH =
A ZFA(LDH Cytotoxicity Detection Kit; TaKaRa, Japan) 50 pLE Y31 ®hHg-
AlZaL, HClY) HF =7 02 No| HES Xgsty v-e-2 ZAARAH. o=
microplate reader2 490 nm g A FF=E SHSHT. YA Tz
M E6) Triton X-100 (Sigma, USA) 28-S HZ 1%7} HEE A3 A% vjF
AL Argaigon AZ A uge ol Hoz AEedrh ARt 33 wu

oh
A

43 F ded gl BEeE veiglt.

|

CytOtOXiCity (%) = 100 x (Asample = Alower control)/ (Aupper control ~ Alower control)

Asample = /\]—JE—'— ‘/ﬂa%oﬂ }\1 HJ%% DH %}\é
Alower control = /‘].:E_w_g’]' Triton-X100 %—QH U] '/ﬂ

Aupper control = 1 Triton-X100 %—Ql‘] 7@7]—/\] Hg—%

5) NO A% =74
RAW 264.7 M ZA AdE NO 42 GriessHS o] §3le] NO, HEHZ

243} Griess 42 Al Zujeke 100 pLeo}

96 wellol 4 1027F ¥FA1Z]1 & 540 nmo| A &

u} Griess A 2F& 1% (W/v) sulfanilamide¢} 0.1% N-(1-napthyl)ethylenediamine

_18_
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3.2 ¥
3-1. PRFS] Az 2 FF2A

A AH(C)S ol8dte] ERtiols FFEEZY FHEE FUdsnh

O HPLC zZErEaxl ZARE Hm 371A Jeoz vpyo] ukFig. 14):
Group 1(# 27} Z3€ ZglHcolE),

Z), Group 3(EHHEA7I7F 2¥E ZelHkxo|Z). PMFs7t 7

Bo] zHE
Group 3¢] ¢ ©& % 7H9] Groupell Hstel o4 APAA 74 2 W E
A 23 gl AL EYUSA7} 2% EPRwolEs) e EdtHiols

(PMFs-rich fraction, PRF) AZWH-ES 7fEstr] sk, ¢4 2
+ EE FEI9 4
HAFE vlo} Zo] @4 FEEL Group 39 ZHEE|=E /3 AT
et 7 BEA AdAE Ze PMEsE FE35h7] d8 w4 SuiQd
n-hexane, CHCl;, EtOAc, n-BuOH-& A}-&35}e &
o] ¥ PMFse] ke <16t thFig. 1-6 ~ 1-9, Table 1-4).
7t BEEol et e PMFse FHS Table 140] oFstsith
n-hexane £ 3% &L sinensetin, nobiletin, tangeretino] Z}z} 34, 2144, 5404
mg/g&i 758%2] PMFs &3S UEI AT n-hexane £8 &2 0 & £3&
H3 71 =2 PMFs 248 E Jeh 7] wZoll “PRF (polymethoxyflavone-
rich fraction, PRF)’2} ®Hslgt. CHCl; £3ELS n-hexaneRth T

flo

sinensetin(35.5 mg/g)¥} nobiletin(259.4 mg/g)S {3t AR T, tangeretine
2846 mg/geZ PRFET AHA EAHGW. EtOAc?} n-BuOH &L
n-hexane¥} CHCl; EEERXRU nobiletin¥} tangeretin®] F#HFL  H YA g,
naringin¥} hesperidin®] g#2 F EIHT 74 eyt €5 FEEY
R ol S Group 1°] tFE Groupol H|&| Be Foz At U

_|_4

il

lo
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), Group 39lA4&= n-BuOH #3E& ALstaie 7MY @2 FHFE Eio. 2
g g FIERH dojxl &3
Et HEHA &S

3] n-hexane £ 3 &9 = sinesetin, nobiletin, tangeretin®] 3= 9]¢ Group

ot
i
_E
1154
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o
e
it
K-
>
Q
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o
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il
)
f
tr
£

Group 20 ZAste Eetiiol=9] FaE vhehbA edglth e)3 PMFs
gla A EE Group 3 M99 HEE A7 B4 tha Fe IS 7
]

= Z2 2 Hol n-hexane 35, = PR

=
rr
Kl

= 222 7423 3719 PMFs
= o %L PMFsE Ffele Aoz dAAHTh mabd 7b =& PMFs
zZ4HE YE = n-hexane 859 Um A 4E5<S Semi-prep LCE AME-3}
o sttt
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Fig. 1-4. HPLC chromatogram of flavonoid standards.
Chromatogram peaks were divided into three groups, based on the
HPLC separation results: peak 1, rutin; peak 2, naringin, peak 3,
hesperidin; peak 4, quercetin; peak 5, naringenin; peak 6, hesperetin;
peak 7, sinensetin; peak 8, nobiletin; peak 9, tangeretin, Group 1,
flavonoid glycoside type; Group 2, flavonoid aglycone type; Group 3,
PMFs type.
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Fig. 1-5 HPLC chromatogram of hot water extraction.

Group 1, flavonoid glycoside type; Group 2, flavonoid aglycone type;
Group 3, PMFs type.
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Fig. 1-6. HPLC chromatogram of hexane fraction(PRF).

Group 1, flavonoid glycoside type; Group 2, flavonoid aglycone type;
Group 3, PMFs type.
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Fig. 1-7. HPLC chromatogram of CHCl; fraction.

Group 1, flavonoid glycoside type; Group 2, flavonoid aglycone type;

Group 3, PMFs type.
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Fig. 1-8. HPLC chromatogram of EtOAc fraction.

28.00

Group 1, flavonoid glycoside type; Group 2, flavonoid aglycone type;

Group 3, PMFs type type.
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Fig 1-9. HPLC chromatogram of n-BuOH fraction.

Group 1, flavonoid glycoside type; Group 2, flavonoid aglycone type;
Group 3, PMFs type.
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Table 1-4. Flavonoid contents extracted by n-hexane, CHCl;, EtOA¢, n-BuOH and hot water.

Flavonoid contents (mg/g)

Standard n-Hexane (PRF) CHCI; EtOAc n-BuOH H,O
Mean RSD Mean RSD Mean RSD Mean RSD Mean RSD
Rutin ND - ND - ND - ND - ND -
Naringin ND - ND - 118.2 3.1 42.3 14.1 2987 1.0
Hesperidin ND - ND - 7.3 24.7 259 17.3 1420 25.0
Quercetin ND - ND - ND - ND - ND -
Naringenin ND - ND - ND - ND - ND -
Hesperetin ND - ND - ND - ND - ND -
Sinensetin 3.4 1.7 35.5 1 4.1 25.8 1.5 16.6 22 0.7
Nobiletin 2144 0.7 2594 0.8 291 0.4 10.4 0.0 16.8 1.0
Tangeretin 5404 0.3 284.6 0.8 31.9 0.2 9.8 0.5 13.5 1.2
Extract yield (%) 0.15 0.31 0.64 0.77 -
PMFs (%) 75.8 58.0 6.5 21 3.2
Flavonoid (%) 75.8 58.0 19.1 9.0 47.3

Mean values were calculated from three repeated experiments. RSD represents relative standard deviation (%) and ND means

not detected.
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31 1 L n-hexaneg 33]o] Ax &L gstdth Aol FFqE AAF=7E
AFR-SFe] 60C oA F=38te] 25 g9 PRFS 2tk PRFE MeOH:EtOAc(1:1,
v/v) §mi2 3% ¥, HZE((PTIE) FA] ZHE ofFste PMIs £¢& 9
sk A|E 2 AESEAE. o 2 Semi-prep LC} 238 AHE AMESte] 3
Ne] PMFs =4S X3 6719 PMFs$} 2719] hydroxylated PMFs-2 £3]
s} th(Fig. 1-10). " PMFso] 33t7zE 'H-NMR (CDCl;, 400 MHz)7}
BC-NMR (CDCls, 100 MHz)& ©]8-3te] &<lst4irt.

i
)
i

Hot water extration

Added 1L n-hexane

.............................................................

..............................................................................

Preparative LC, Symmetry Cygcolumn

I A < ' W ) e

i PMF1 ;i PMF2 ii PMF3 ;i PMF4 ;i PMF5 :i PMF6 ;i PMF7 ;i PMF$ |

Fig. 1-10. Schematic diagram for isolation of eight PMFs.
Eight PMFs were obtained from the peels of C. sunki by hot-water
extraction and subsequent fractionation with n-hexane, and then six

PMFs and two demethylated PMFs were isolated by semi-prep LC.
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33. PMFs¢] 31872z el

Ag#HH2RE 28 E 87 PMFse 'H-NMR#} “C-NMRej] ~HE- do|e}
£ Table 1-59 1-69 VER AT E3F 7} sltE9] T2 £3HHFS Fig. 1-289
LERH ATt

H 2 PMF 19] 3t 'H-NMR ~#HEZS 2¥ K™, 397, 3.93, 3.89 ppmoiA]
HE gho] 391 370e] ©d A (singlet)7} FAFHAL, o= FHAd mFd HEA
717y A%E PMFsl oz oAU =3k 7.852H, d, J=8.5 Hz)=} 7.02(2H,
d, J=8.5 Hz) ppmolA Z}Z} ortho-couplinge] A== AL =2 Hol Fig. 1-119
Ast 2o Fxo Fart 2FE #Hd FFEQ] AR dFHIAL, 658(1H, d,
J=24 Hz)3} 6.39(1H, d, J=24 Hz) ppmoll A meta-couplinge] dojvtes Ao
Hol Bet e Tz HY FER o|Fold PMFsY Zolgtx oZFHioh
E3 639 ppmoll A T2 F4 9} coupligdtA] @ ©Y &8 H(singlet olefin) 4
4 937t #FEHE 0 & Hol #E(-CH) +47t AHE AL 5T + AN
THFig. 1-12). PMF 1¢] "C-NMR ~HEHo A& 177.9 ppmolA 17He] 7128
d7]9F 1601 ~ 1622 ppm2 AbA7t X 3E o|F A G| EAst= A7 oS
A3, 127.87 114.6 ppmo A= Fig. 1-11¢] A Fx¢] 4719 &7t 2z AR
27l H=7b BAFYTE £ 56.6, 56.0, 55.7 ppmellA] 371 wlEA]7]7}F =)
st= ez #TAHAFig. 1-13). olHdt AAES FIstA o FFES
5,7 4-trimethoxyflavone®. 2 o &3tg 1, Ad AFoe dXFS ATt
(Machida and Osawa, 1989).

Ez)® PMF 2¢] 'H-NMR ~¥E8S A¥rm, 402, 398, 3.96, 3.84 ppmd
A 4ol ©d H=zvb FAEI, 787(2H, d, 9.0 Hz)t 7.01(2H, d, J=9.0
z) ppmo A ortho-couplingo] == Aoz Hol Fig. 1-119 A} ZL F
z9 a7t 2% dd FFE F2UAS dSFsdth 28 2 o @Y &
H 4 F9=2(651, 641 ppm)= UE F4 139 couplig 3HA e HE £
7 dE AL 42 F JYArhFig 1-14). "CNMR 2= EHAE 177.9 ppm
oA 17e] Ft2Ed7eh At XgE 57 olF AFE ®avh 1305 ~
1641 ppmo Al T E=& PME 19} nlzbx| 2, 12787 1145 ppmol A

T
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he] Bask 2z @A vhe] Fast BRHQL, WEA ] H2F 617, 567,
564, 55.6 ppmol Al #F = A(Fig. 1-15). |23 ZHE5& FTHotA o] sgE
L Tetra-O-methylisosutellarein® 2 77 ¥ ¢l th(Machida and Osawa, 1989).

B H € H
H Qj’
G 1 \ 4 J‘Qp
Fig. 1-11. Chemical structure of PMFs deduced from 'H-NMR and “C-NMR

spectrometry.

PMF 3¢ 'H-NMR ~HEHS AwrE™, 750(1H, dd, J=8.8, 2.2 Hz), 7.33(H,
d, J=2.2 Hz), 6.96(1H, d, [=8.8 Hz) ppm®lA] ortho, meta-coupling®] &%=
AL g Hol, Fig. 1-119] C&} 2L FZE e dHd g Eo] e AR 4
=593, 397, 3.95, 393, 3.92, 387 ppmell A 5702 HIEA77} e AoE B
Ze ok w3 2 e v 2H W F4 =686, 6.51 ppm)7t == Y THFig.
1-16). "C-NMR £HEHo A= 1780 ppmdA] 2R D7 T =8} 618, 612,
56.1, 55.9, 55.8 ppmell A HEA|7] d =7} #AFHATE EFF 1402 ~ 158.0 ppm
NA ka7t AFE o|FZATY vt BEEUL, 934 ppmelAe AT X%
g o]FAF Atold BAVF EAsle AR oS53} thFig. 1-17). wakA PMF
3L sinensetin®l Aoz FAHINNL, AFAFIE AAsIY T (Machida and
Osawa, 1989).

PMF 431 7%, 'H-NMR ~HE# A, 6701 ®EA| 7] 5 3(4.10, 402, 3.97,
3.96, 3.95, 3.957} #aA= AL, 758(1H, dd, J=8.6, 2.0 Hz), 741(1H, d, J=2.0
Hz), 7.00(1H, d, J=8.6 Hz) ppm¥} 7| ortho, meta-couplinge] #Z = FHo
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2 Ho}, Fig. 1-11¢] Co] F+x22 /F3slst}t. =3+ 6.61 ppmoll A coupligstA] ¢
= e LdH 4 732 35 Y(Fig. 1-18), PC-NMR ~HEHo| M=
1775 ppmol A 7t2Hd 7] 339} 624, 621, 619, 61.7, 56.3, 56.2 ppmdl A 67
o] WEA 7] W=7t BaAEQHFig. 1-19). 2L o] FFES APATFe} Hlw
B Az EFEZ=E A}RH nobileting! Aoz FlEtHRaman et al,
2005).

PMF 591 7%, 'H-NMR 2®E&H 4], 570 w|EA]7] 5]3(4.09, 4.01, 3.94,
394, 388 ppm)7} TAEUT, 7887 7.0241A4 couplig A5 9.0 Hzdl
ortho-coupling-& &<Q13}¥ 1, =3+ 28 H T4 @Y 9 =H(6.59 ppm)7t &2 5
ATHFig. 1-20). °C-NMR ~HEH A& 'H-NMR £~HEH7} A3 5709] o
EAl7] H=Z(622, 620, 618, 616, 555 ppm)ot 17He] 2R 7] = (177.3
ppm)7t HEA =, 674 a7t AFE o]FZAY ©4(138.0 ~ 161.1 ppm)7t
#E=E A (Fig. 1-21). Ay AT vlwg Az PMF 52 tangeretin® 2 <215
St (Raman et al., 2005).

PMF 6% PMF 3% §A18F AaFe] 'H-NMR ~HEZHLS Jepf it 570
EA7] ¥=(4.02, 400, 398, 397, 3.97 ppm)7} BEE T, 759(1H, dd, =8.6,
20 Hz), 743(H, d, [=2.0 Hz), 7.01(H, d, J=8.6 Hz) ppm¥} T 7l ©d Iz =z
Bo} Fig. 1-119] C¢t 2L 22 =31 rhFig. 1-22). "C-NMR A3 E Hof 4]
= 1781 ppmoll A 7I2R 7| 3 =29} 61.7, 56.8, 564, 56.3, 56.2 ppmo A H| =
Al 719 F=zZ7F BREQT £33 1495 ~ 156.7 ppmol A AtaTt X $H o|F A
T vt HEEG, 928 ppmollAE AT X SE o] FAY Alolddl ®©aA
AL AoR oS5 THFig. 1-23). PMF62] NMR AHEHLS Mol vl
3 E A3t o] IFEL sosinenseting] A Z FAE I tHQizhen and Chen,
2010).

PMF 7-& 4.12, 3.99(9H), 3.96 ppmol| A 57]¢] w]EA]7]¢} 1255(1H, s) ppmo]
A g R BEFAIZITE e ALeE ASHAUAN. I 7.61(1H, dd, J=8.7, 21
Hz), 7.43(1H, d, J=2.1 Hz), 7.02(1H, d, [=8.5 Hz)$} 6.62 ppmolA] ©d <A
Tt BREAL, HE-E I =27t PMF 49} ofF fALgE fIx|oA] #2E A
(Fig. 1-24). et PMF 7& PMF 4 FzA] 3 7le] v EA| 7|7} 3| T=EA 7|2
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g PMFsgd Zeleti f5& & Ak "C-NMR ~HEHAAE, 5719 ¥
EA17)(62.3, 62.3, 614, 564, 563 ppm)7t BEEAT, 7] A2vt B o=
A% & 79 Fl=rds] 921833 ppm)7l B2 HATHFig 1-25). PMF 7¢] A
B oA Aol vlws] E Z#, 5-demethylnobiletingl Ze 2 ZA =gt

2
ot

(Li et al., 2006).

PMF 8 X3t 'H-NMR ~¥HE&EoA & 7)o T 3 =71 1259 ppmelA] &
ZE AL AQstais PMF 5004 #ztd tiFEe] a9 fAbgh 43S B
t}. w3 PMF 58t} 3 7i7F A HEA 7] 332412, 399, 3.96, 3.91 ppm)7}
D= 9T, 792(2H, dd, J=9.0, 2.2 Hz)s} 7.06(2H, dd, =9.0, 22 Hz) ppm<& H
ol AL & Hol Fig. 1-11¢] A Fx22 438 £ UUTH(Fig 1-26). "C-NMR
2HERFGAE HEA 7] 332= PMF 58t & 7i7F A& /i) 327t B
Atk E3 3 sjo] FtE2Rd ] T A(1832 ppm)7t BEEE ZOF Kol PMF 7
7 ol g e HEAV|7F S ERAIZIZ XFE PMFsd oz {5531
(Fig. 1-27), A3 A7+ vlas) & Za o] HE2 5-demethyltangeretingl .o
2 A=Y THLi et al, 2006).

o3 AT ZHE] PRF B EA 8719 PMFs 3HES B 2 A5
T, NMR ~9E82 BHE omd 27 37 ol4el WEAL7 2d Feel

PMFs7} ZA13-2 3elstyutt. 28]z o83t Ay 2 EH sinensetin, nobiletin,
tangeretin®]o| = PMF 1, PMF 2, PMF 6, PMF 7, PMF 8] PRF ol &% <]
9182 solshglTh(Fig. 120).
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Fig. 1-12. "H-NMR spectrum of PMF 1 in CDCl; (400 MHz for 'H).
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Fig. 1-13. ’C-NMR spectrum of PMF 1 in CDCl; (100 MHz for “C).
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Fig. 1-14. '"H-NMR spectrum of PMF 2 in CDCl; (400 MHz for 'H).
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Fig. 1-15. ’C-NMR spectrum of PMF 2 in CDCl; (100 MHz for “C).
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Fig. 1-16. '"H-NMR spectrum of PMF 3 in CDCl; (400 MHz for 'H).
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Fig. 1-17. ’C-NMR spectrum of PMF 3 in CDCl; (100 MHz for “C).
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Fig. 1-18. '"H-NMR spectrum of PMF 4 in CDCl; (400 MHz for 'H).
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Fig. 1-19. >C-NMR spectrum of PMF 4 in CDCl; (100 MHz for “C).
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Fig. 1-20. '"H-NMR spectrum of PMF 5 in CDCl; (400 MHz for 'H).

-OCH,:S

6 | Jiy>
7, |8 5
|

180.0  170.0  160.0 150.0 140.0 130.0 1200 110.0 100.0 90.0 80.0 70.0 60.0 50.0

= ~ oo = 3 - Wi LSS
= =g 22z%F 2 - @ o ) S S & SEeSEr
1= o = e T z = - e = Fas Fo—=r=
- - mmes = g T XF i S e
- - - = ~ e r = = P el —
~ g %53 = oo . = [ &S D

CDCl; (100 MHz for “C).

w
<
e
9,1
=

Fig. 1-21. "C-NMR spectrum of
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Fig. 1-22. '"H-NMR spectrum of PMF 6 in CDCl; (400 MHz for 'H).
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Fig. 1-23. ’C-NMR spectrum of PMF 6 in CDCl; (100 MHz for “C).
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Fig. 1-25. °C-NMR spectrum of PMF 7 in CDCl; (100
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Fig. 1-27. ’C-NMR spectrum of PMF 8 in CDCl; (100 MHz for “C).
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PMFs Compound name Ri R» Rs Rq Rs Re
PMF 1 (5.8 mg) 5,7 4 -trimethoxyflavone OCH; H OCH; H H .. OCH;

PMF 2 (875 mg)  Tetra-O-methylisosutellarein OCHs; H OCH; OCH; H  OCHs

PMF 3 (8.5 mg) Sinensetin OCH; OCH; OCH; H  OCH; OCH;
PMF 4 (474.1 mg) Nobiletin OCH; OCH; OCH; OCHs; OCHs; OCH;
PMF 5 (1124.9 mg) Tangeretin OCH; OCH; OCHs; OCHs; H  OCH;
PMF 6 (17.6 mg) Isosinensetin OCH; H OCHs; OCH; OCHs; OCH;
PMF 7 (13.6 mg) 5-Demehtylnobiletin OH OCH; OCH; OCH; H  OCH;
PMF 8 (57.1 mg) 5-Demehtyltangretin OH OCH; OCH: OCH; OCH; OCH;

Fig. 1-28. Chemical structures of eight PMFs isolated from PRF (n-hexane
fraction). Six PMFs and two demethylated PMFs were identified
based on their 'H-NMR and "C-NMR spectra. Each PMFs were
confirmed by comparison of the NMR spectral data with those

reported in the literature.
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Table 1-5. "H NMR chemical shifts of eight PMFs (CDCl; & ppm).

PMFs _OH Ar-H -OCHj
oME 1 7.84(d, J=9.0Hz, 2H), 7.02(d, J=9.0Hz, 2H), 6.61(s, 1H), 6.58(d, 3.97(s, 3H), 3.93(s, 3H), 3.89(s, 3H)
J=2.4Hz, 1H), 6.39(d, J=2.4Hz, 1H)
4.02(s, 3H), 3.98(s, 3H), 3.96(s, 3H),
PMF 2 7.87(d, J=9.0Hz, 2H), 7.01(d, J=9.0Hz, 2H), 6.56(s, 1H), 6.41(s, 1H)
3.84(s, 3H)
A 3 7.50(dd, J=8.8, 2.2Hz, 1H), 7.33(d, J=2.2Hz, 1H), 6.96(d, J=8.5Hz, 3.97(s, 3H), 3.95(s, 3H), 3.93(s, 3H),
1H), 6.86(s, 1H), 6.51(s, 1H) 3.92(s, 3H), 3.87(s, 3H)
M 4 7.58(dd, J=8.6, 2.0Hz, 1H), 7.41(d, J=2.0Hz, 1H), 7.00(d, J=8.6Hz, 4.10(s, 3H), 4.02(s, 3H), 3.97(s, 3H),
1H), 6.61(s, 1H) 3.96(s, 3H), 3.95(s, 6H)
4.09(s, 3H), 4.01(s, 3H), 3.94(s, 6H),
PMF 5 7.88(d, J=9.0Hz, 2H), 7.02(d, J=9.0Hz, 2H), 6.59(s, 1H)
3.88(s, 3H)
M 6 7.59(dd, J=8.6, 2.0Hz, 1H), 7.43(d, J=2.0Hz, 1H), 7.01(d, J=8.6Hz, 4.03(s, 3H), 4.00(s, 3H), 3.98(s, 3H),
1H), 6.63(s, 1H), 6.48(s, 1H) 3.95(s, 6H)

7.61(dd, J=8.7, 2.1Hz, 1H), 7.43(d, J=2.1Hz, 1H), 7.02(d, J=8.5Hz, 4.12(s, 3H), 3.99(s, 9H), 3.96(s, 3H)
PMF 7  12.55(s,1H)
1H), 6.62(s, 1H)

7.92(dd, J=9.0Hz, 2.2Hz, 2H), 7.06(d, J=9.0Hz, 2.2Hz 2H), 6.61(s, 4.12(s, 3H), 3.99(s, 3H), 3.96(s, 3H),
PMF 8 12.59(s,1H)
1H) 3.91(s, 3H)

J, coupling constants; s, singlet; d, doublet; dd, double doublet.
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Table 1-6. °C NMR spectra data for eight PMFs (CDCl;, § ppm).

PMFs G G G Cs GCs G Cs G Cio
PMF 1 162.2 107.9 177.9 160.1 96.3 164.1 93.0 160.9 107.9
PMF 2 162.3 107.7 177.9 152.0 92.6 156.6 130.5 156.4 109.1
PMF 3 161.9 106.4 178.0 152.0 140.2 158.0 93.4 154.5 1111
PMF 4 1612 107.1 177.5 1443 13822 151.6 147.9 148.6 115.0
PMF 5 162.3 106.6 177.3 144.0 138.0 151.3 148 3 1477 1148
PMF 6 160.8 107.4 178.1 1522 92.8 156.7 130.8 156.5 109.2
PMEF 7 1643 104.0 183.3 1498 136.8 153.2 133.2 1462 1072
PMF 8 164.2 104.3 183.2 149.6 136.8 153.2 133.2 146.0 1073
PMFs ot c' foX cy' Cs' Cs' P

Cs Cs C G c' Cs'
PMF 1 1240  127.8 1146 1610 1146 1278 5656 ] 56.0 ] ] 55.7
PMF 2 1239 1278 1145 1607 1145 1278 567 ; 564 617 ; 55.6
PMF 3 1235 1086  149.1 1521 1087 1198 618 612  56.1 ; 559 558
PMF 4 1242 1088 1495 1521 1114 1198 624 621 619 617 563 562
PMF 5 1238 1277 1145 1611 1145 1277 616 622 620 618 ; 555
PMF 6 1243 1088 1495 1520 1114 1198  57.1 y 568 617 653 562
PMF 7 1238 1283 1149 1630 1149 1283 P 614 624 619 ; 55.8
PMF 8 1240 1115 1498 1527  109.0 1204 : 614 623 623 564 563
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3-4. DPPH 8tz &~H &4

PRF¢} 2288 EZ % 8719 PMFso] th3t DPPH stz &A XS =3
3t Ayl A3 T4 PRFE v Z3+ 8/ PMFEsolA{e] DPPH #o|zt

AL TEEA FUtH(data not shown).

3-5. NO 44 A3 &7

PRFE H| %3 8709 PMFsel A g =5 d4st7] f15to] MTT assay
o} LDH assayS AHAISIYTE RAW 2647 tiAA X A5} LPSE A &5}
PRF<} 870¢] PMFsol|l that AEZE5A-S st th(Fig 1-29 ~ 1-37). PRFYI 7
%, 0, 3.1, 63, 125, 25.0, 50.0 pg/mLe] F=Z AHFstYx, Ead 8789 PMFs
= 0, 6.3, 125, 25.0, 50.0, 100.0 pMe] TS =2 HM=E Atk 1 2
7} HEE ] A BA AETEAHL JERER ¢9tth. PRF, PMF 7, PMF 894 th
Ao AIEZEA0] A=A, Aol E FFE vAA d= mud Y=Hoh
et HEEA EAA AL FU 279 AIEE M X A2 te] PRF9}
JzXEH £2¥ 8719 PMFsd tigh NO A4 AAETE 235 thFig. 1-38
~ 1-46). DPPH #t]Z AASIE v =,

o] PMFs 33252 NO 44
& FaAZT PRFE LPSE Aed 4 tlzdo] vt NOo| 448 5=

o]

oQEAoa ZTAAZIL, 50 ug/mL FEIANHAE A4 tHxFE F£F712 NO A4
S AaAIE Aoz A THFg 1-38). PMF 181 ¢ th2 PMFso| H]3}
of 7Hd Hold NO A4 Asise Yepdde. 100 yM F=2 PMF 185 g
S A7} 97.6%2 NO A4 Asf&S Vel th(Fig. 1-39). kA3 o} 2 PMFss}
22 PMF 29 NO A4 oA ave B A ZFUdrt(Fig. 1-40). = PMF 3%
PMF 6& Z+7} 439%9} 54.6% 52 NO A 275L EAH(Fig 141, 1-36).
PMF 4= 737% %9 NO A4 &ASS B (Fig 142), MIT 2404} 50
UM = A AlEe FFE mA= ASE ey, LDH 24

40 Yeh A gfe AL R Hol AlZ FAHEOE AXE F4& oA &9
UehlE Aoz FHHTHFig 1-33). PMF 55 PMF 48} H|<=

AR a2ASS l'ﬂ_‘}iE]-(Fig. 1-43). =3+ PMF 55 MTT$ LDH E Ao A <F7te]

i
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Fig. 1-29. Cytotoxicity of PRF on LPS-stimulated RAW 264.7 cells.
Cells were incubated with the indicated concentration (0, 3.12, 6.25,
12.5, 25, 50 png/mL) of PRF for 1 h, and then incubated with LPS
(100 ng/mL) for 24 h. Cytotoxicity was determined by MTT and
LDH assay. The data represent the mean+S.D. of determination

values.
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Fig. 1-30. Cytotoxicity of PMF 1 on LPS-stimulated RAW 264.7 cells.
Cells were incubated with the indicated concentration (0, 6.25, 12.5,
25, 50, 100 pM) of PMF 1 for 1 h, and then incubated with LPS
(100 ng/mL) for 24 h. Cytotoxicity was determined by MTT and
LDH assay. The data represent the mean#S.D. of determination

values.
120 140
PMEF 2 OLDH - MTT

- 120 =
= 100 - £
= N
= L 100 S
S 80 - -
;S [=}
3 - 80
< 60 - =
o s
g B 60 :
o 2
< 40
E 40 T
2 -
S 20 - 20 £

=
0 ‘ . : . ; . . 0

Sample 0.0 0.0 63 125 250 50.0 100.0 um
LPS . + + + + + +

Fig. 1-31. Cytotoxicity of PMF 2 on LPS-stimulated RAW 264.7 cells.
Cells were incubated with the indicated concentration (0, 6.25, 12.5,
25, 50, 100 uM) of PMF 2 for 1 h, and then incubated with LPS
(100 ng/mL) for 24 h. Cytotoxicity was determined by MTT and
LDH assay. The data represent the mean+S.D. of determination

values.
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Fig. 1-32. Cytotoxicity of PMF 3 on LPS-stimulated RAW 264.7 cells.
Cells were incubated with the indicated concentration (0, 6.25, 12.5,
25, 50, 100 uM) of PMF 3 for 1 h, and then incubated with LPS
(100 ng/mL) for 24 h. Cytotoxicity was determined by MTT and
LDH assay. The data represent the mean#S.D. of determination

values.
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Fig. 1-33. Cytotoxicity of PMF 4 on LPS-stimulated RAW 264.7 cells.
Cells were incubated with the indicated concentration (0, 6.25, 12.5,
25, 50, 100 uM) of PMF 4 for 1 h, and then incubated with LPS
(100 ng/mL) for 24 h. Cytotoxicity was determined by MTT and
LDH assay. The data represent the mean+S.D. of determination

values.
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Fig. 1-34. Cytotoxicity of PMF 5 on LPS-stimulated RAW 264.7 cells.
Cells were incubated with the indicated concentration (0, 6.25, 12.5,
25, 50, 100 uM) of PMF 5 for 1 h, and then incubated with LPS
(100 ng/mL) for 24 h. Cytotoxicity was determined by MTT and
LDH assay. The data represent the mean#S.D. of determination

values.
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Fig. 1-35. Cytotoxicity of PMF 6 on LPS-stimulated RAW 264.7 cells.
Cells were incubated with the indicated concentration (0, 6.25, 12.5,
25, 50, 100 uM) of PMF 6 for 1 h, and then incubated with LPS
(100 ng/mL) for 24 h. Cytotoxicity was determined by MTT and
LDH assay. The data represent the mean+S.D. of determination

values.
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Fig. 1-36. Cytotoxicity of PMF 7 on LPS-stimulated RAW 264.7 cells.
Cells were incubated with the indicated concentration (0, 6.25, 12.5,
25, 50, 100 uM) of PMF 7 for 1 h, and then incubated with LPS
(100 ng/mL) for 24 h. Cytotoxicity was determined by MTT and
LDH assay. The data represent the mean#S.D. of determination

values.
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Fig. 1-37. Cytotoxicity of PMF 8 on LPS-stimulated RAW 264.7 cells.
Cells were incubated with the indicated concentration (0, 6.25, 12.5,
25, 50, 100 uM) of PMF 8 for 1 h, and then incubated with LPS
(100 ng/mL) for 24 h. Cytotoxicity was determined by MTT and
LDH assay. The data represent the mean+S.D. of determination

values.
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Fig 1-38. Effect of PRF on the NO production in LPS-stimulated RAW 264.7
cells. Cells were incubated with the indicated concentrations (0, 3.12,
6.25, 12.5, 25, 50 pg/mL) of PRF for 1 h, and then incubated with
LPS (100 ng/mL) for 24 h. The data represent the mean+S.D. of

determination values.
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Fig 1-39. Effect of PMF 1 on the NO production in LPS-stimulated RAW
264.7 cells. Cells were incubated with the indicated concentrations
(0, 6.25, 12.5, 25, 50, 100 pM) of PMF 1 for 1 h, and then incubated
with LPS (100 ng/mL) for 24 h. The data represent the mean+S.D.

of determination values.
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Fig 1-40. Effect of PMF 2 on the NO production in LPS-stimulated RAW
264.7 cells. Cells were incubated with the indicated concentrations (0,
6.25, 125, 25, 50, 100 uM) of PMF 2 for 1 h, and then incubated
with LPS (100 ng/mL) for 24 h. The data represent the mean+S.D. of

determination values.
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Fig 1-41. Effect of PMF 3 on the NO production in LPS-stimulated RAW
264.7 cells. Cells were incubated with the indicated concentrations
(0, 6.25, 12.5, 25, 50, 100 pM) of PMF 3 for 1 h, and then incubated
with LPS (100 ng/mL) for 24 h. The data represent the mean+S.D.

of determination values.
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Fig 1-42. Effect of PMF 4 on the NO production in LPS-stimulated RAW
264.7 cells. Cells were incubated with the indicated concentrations
(0, 6.25, 12.5, 25, 50, 100 pM) of PMF 4 for 1 h, and then incubated
with LPS (100 ng/mL) for 24 h. The data represent the mean#S.D.

of determination values.

120
= PMF 5
£ 100
N
=
8 i o
w 80
(=] ol 8
X
e’ 60 - - —
=
£
b3
S 40
=
£
= 20
o
Z
0 T T T T T
Sample 0.0 0.0 12.5 50.0 100.0 1M
LPS - + + + +

Fig 1-43. Effect of PMF 5 on the NO production in LPS-stimulated RAW
264.7 cells. Cells were incubated with the indicated concentrations
(0, 6.25, 12.5, 25, 50, 100 pM) of PMF 5 for 1 h, and then incubated
with LPS (100 ng/mL) for 24 h. The data represent the mean+S.D.

of determination values.
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Fig 1-44. Effect of PMF 6 on the NO production in LPS-stimulated RAW
264.7 cells. Cells were incubated with the indicated concentrations
(0, 6.25, 125, 25, 50, 100 pM) of PMF 6 for 1 h, and then incubated
with LPS (100 ng/mL) for 24 h. The data represent the mean#S.D.

of determination values.
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Fig 1-45. Effect of PMF 7 on the NO production in LPS-stimulated RAW
264.7 cells. Cells were incubated with the indicated concentrations
(0, 6.25, 12.5, 25, 50, 100 pM) of PMF 7 for 1 h, and then incubated
with LPS (100 ng/mL) for 24 h. The data represent the mean+S.D.

of determination values.
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Fig 1-46. Effect of PMF 8 on the NO production in LPS-stimulated RAW
264.7 cells. Cells were incubated with the indicated concentrations
(0, 6.25, 12.5, 25, 50, 100 pM) of PMF 8 for 1 h, and then incubated
with LPS (100 ng/mL) for 24 h. The data represent the mean#S.D.

of determination values.
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S vtetell A AatElE E 5% ool 2FEAeln AFAHAES X
gats HE 5% Fxol B AA, 2007). oM AFA AAEA
AT Qe AugEe eFugel v 4dE - AAAd ZHA =2
AHAHA LRBL S3A] Hol Pk EZeIHE Zhi qiaoBhm BElE A4S
St = (Citrus aurantium L)9] AZx #A39E AEHOo R FQ3 AR AL ¢
on g, FudY, ddd(anti-shock) A S5 22 vk A@Ade] ok
T 4 A Qlrh(Satoh et al, 1996, Huang et al, 1995; Zhao et al.,, 1989). A+
ANME Aol ek Fars), 34, &4 53 22 AdEA d74 AN
2o F8 74 AR W A7 F OYT B FEAESC
Ao AedES AdF - A FEIHH O W A% AALERE Bt
dhy Qloti(A8Y 5 2009, AAR 5, 1979, oA E F, 199; H=x
Cui et al., 2007; Kang et al., 2000; Lee et al., 2005).

A Fol A A ste AEFode A=) e v E8| A2 (Citrus aurantium), 7+
A (Citrus  benikoji), 738 (Citrus erythrosa), -5 AWCitrus grandis), = (Citrus
nippoloreana), W82 (Citrus platymamma), A-F7(Citrus pseudogulgul), 28 (Citrus
tachibana), A& (Citrus tangerina), -FAHCitrus junos), W= (Citrus leiocarpa) & ©|
UTHAA A, 2007). o] FollA BE, M1E, g, F&, & Fol °E HFE

v = PMFs %8 Hole

ol

Aoz zAE B} rHChoi et al., 2007;
Nogata et al, 2006). 3¢t 24, =2 TA, g &4, dLe =27 &4 53¢
Ze tekdl 7|5A4L JHAE PMFsE 7154 &A2A9 7HA7F =7] w29
PMFsE E#sle s B So] 7idEa ¢Jth(Johann et al, 2007; Ko et al.,
2010; Yoshimizu et al.,, 2004). & AFdAM= AF AildE T =& PMFs &=
< Hole IEEHH PMFsE ¥ &t A EPRR)S st 225
grtslel g B4 FAdFozN HEe] W 7ed AL ZA ] &ET)

AE2HEE PMFsE A7) 93 tHEE9 FZ=9HL alcohol, n-hexane,
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CHCls, acetoned}t 2 {7|8u|E Al&3tth(Hirata et al, 2009; Johann et al.,
2007; Kawaii et al., 2000; Manthey and Grohmann, 2001). o]} Zro] H]=A A
gz ALgetel 7@ BT 228 A Bud @

e

THChen and Montanari, 1998; Li et al., 2005; Li et al., 2007; Li et al.,, 2008).
Xu EQ007)el ola FZe)A A2 ALEHOL ‘A Bele 7%EFe 7Y
2 9% 223 27 PMise] %% 58] WEA 953 Ao Fasrh &
MHoz PMFsE W23 Ui¥29 Zehuwol=: W34 HyEe daid 9l
T}(Siess et al., 2000). o]# 3} o]F 2 PMFss} 22 H|=4 FEE°] €5 F&

F& 282 2/ golAe AR dHA Ut AR PMFse 7%
o2 F#Hols A Fod HE HEAZ|(-OCHy)7t ZdEol Ut
(Dandan et al.,, 2007; Li et al., 2007; Malikov and Yuldashev, 2002). ©]&]3} ‘u|

3} g 234
(n-hexane, CHCls, EtOAc, n-BuOH)E Al&35le] 2358 HAA5Y3, 225H A

mg M
i\
A
oy

ojZ2 PRFZHE =739 Q8 PMFstl sinenstein, nobiletin, tangeretine] Tl
g =g g gelstanh

Zrzro] B E Eo A sinensetin, nobiletin, tangeretinoﬂ 3t S HPLCE
A&t EAE A n-hexane EEEoA 75.8%2] =& PMFs &3S 73}
= Aor FUHYA, CHC, EtOAc, n-BuOH £ 3 E& 7z} 580, 6.5, 21%9)
Z48E e At (Table 14). n-hexane £ &E37 CHCLEEEA PMFs &
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& A(sinensetin, nobiletin, tangeretin)e]of T2 6719 ZElH=ol== HETF
A ggkth Ak CHCl; £ 8 Eo)] i3t HPLC chromatograme] Group 1%}
Group 2014 BEFEHE o & =7 AFEHE AL Hol, EFEHE o9
o tE FFEEo| T Jdv ALz AEHT EtOAc £ E7 n-BuOH
B =oA= PMIFs ZE=20 Hla vy B2 ZHXol=<l naringin}
AN & 7 2859 dxHI 2R
F2d & 582 #93% A} n-hexane, CHC;, EtOAc, n-BuOH &2 7t
0

=
®
o
®
g
o}

l
u_?L'
Jo
it
2
ass
fr
=,
lo
fru

15, 031, 0.64, 0.77%2] F& &2 HYH(Table 14). n-hexane 2 EL
o, Mg AL FEEES B, CHS ¥
BT =& FE238S Bt CH 4
sle AZE FZ8u2 AFRE £ %101}, n-hexaned A EZRE AZS A
z 5k gmj o]t}(Akoh, 2006). wakA n-hexaned <&
TFEEEZRFE 7P F2 PMFsS =AM E <7 S8 AMSEE /718 F
71 At §-7)180 2 B35 T, n-hexane EEES ‘PRFZE s
PRF 24 &% HPLCEHH EA3 m=z2rtEa#: A Group 39 HEE A
ol 4 eht= 3709 FFE Z(sinensetin, nobiletin, tangeretin) 9o &= & 7Y
o] & ¥ZAE5o°] HEHJrHFig 1-6). drtze =z ZAFI o= EAG 37
o] PMFs 9o % t}okdl PMFPsSo] A3ttty d&# & dth(Iwase et al., 2001;

w3 =& ZA4Y 9 n-hexane £3
&

ri

Machida and Osawa, 1989). ®3t 252 HEE A7tS I F-E Group 3 29

M
5=
olt
E

Choi et al, 2007; Green et al, 2007; Wang et al., 2008). ZHE=Z
PRF 24 & Y Group 39 HEE Alzbel YEhte Ja28EH E tE PMFsE
ol EAZ= AL A5E + Uvk. WA PRF 2AEZFH -3 PMFso
s 2eE JAsAeh 1A A8 dxA9 15 kg dF FEF T 9L

25 go PREZ AT, ol e 22 HEL 017%2 Lhehfqich dojr
PRF A &% semi-prep LCE Al&3le] HPLC ZE2ntEITH 2] Group 3 H£9]
5L EFHI ZI EAME sinensetin, nobiletin tangeretin &= 379
PMFss} 3 7§] S| =5A]717F 2188 29 PMFs 2 ¥ £33t PMF 1,
PMF 2, PMF 3, PMF 4, PMF 5, PMF 6, PMF 7, PMF 8<& 'H-NMR¢} “C-NMR
2~HER A ZF PMFse] W EA|7] /|49F Aart 2&8E o|F 2 a7t ¢
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AR, e Ft2E )7 sE Aoz #EHT. A42be] PMEss £43%
23 PMF 12 5,74 -trimethoxyflavone, PMF 2% tetra-O-methylisosutellarein,
PMF 32 sinensetin, PMF 42 nobiletin, PMF 52 tangeretin, PMF 62
isosinensetin, PMF 72 5-demethylnobiletin, PMF 82 5-demethyltangeretin® 2
A tH(Dandan et al., 2007; Li et al., 2006; Machida and Osawa, 1989).
PRFOIA £3HE 87h9] PMIs 5 243 3 T ZFE=dL2 64.3%2 2FHEE
< YERAT =3 £3HE 5709 PMFse| £3 = 7.3%E WEAT 281
HPLCE ©]£3}4 sinensetin, nobiletin, tangeretin®] =2 B35 B ZHil,
758%<] #Fol 64.3% FE BIHE&S Hix, EBFHE uwA 57 PMIse
73% ol ¥Fe vehd FeE FHHEU. o|AFH PRrA IFEH HYIH
PMFse] g 5 §3stH, PRFY HA A PMFs 32 758% 5T T &2
85% T2 PMFsE $frote 4= ZoE Addn. o#g idd £3o
2HE dojxl PRF 2AELS duldgoa PMFsE ¢7] 9a AHgEE f7]8n

229 ol8T FEIWHRG WS M2 BT ol

NI

=
N
=3
€]
=
jaV]
=
a
<
g
=
§
ja¥]
=

1998, Raman et al.,, 2005). o]¢} Z2 o|-f &
& ol&3ste Zlo] Brh A& F o)1, AR E {8 ZoE ddHEHT
2] ¥ PRF} 8709 PMFsoll &k 3pqbslt av& #&3 27, DPPH oz
aA BAHL et A @ttt dubzo g ZatH-olEE kst A Hout
oa 4HA Ak Yu F5(2005)0 ostH FrEe] Fi-Eol A= Rutin (32.18%),
Scutellarein (18.32%), Neoeriocitrin (17.18%), Kaempferol (12.79%)e] 10uM &%
oA DPPH @tjZt £A @A4L ztetka B st 1, hesperiding 100 uM &
ZoAM 37% FF £ T8-S R H sty th(Wilmsen, et al., 2005). 3}
Agt DPPH 2tz &4 &4o] #Ee ZFgEol=9 Fx= PMF 1 ~
PMF 89] 7|EFZ(Ce-C3-Co)ot TL3Y, wlEA717F obd 3| == A](-OH) 7|9}
HEA 7 2gE e FEEolE FE2E ZH1 Ut ol F2F AolE
215t DPPH &tz 4% o] PMFso A]

LPSE a3t NOZ AAA7l RAW 2647 a4
PMFse] thg NO 44 Asl&S #FSIUTEH PRF 2AELS FE EHo=
NO A4S ZHAaAZHI, 50 ug/mLe] FTAE 75% $%F9 NO¥ 233

A

E

e
2
X
=
=
=
[
M
)
rit



ot =3 PMF 1 ~ PMF 89 NO A4 Aslis=s U3t A7 PMF 28 A%
HEE PMFsolAl % 9EXo=2 NO A4S ZaATE ALz Il
Choi 5(2007)¢] ®Eig W&ol wzw, g e FHE e tIFs
flaovnoid % PMFs(nobiletin, tangeretiny= &9 ZA3 LH3I o] Uotxn
Hustga, vwd Z8td o]l = nobiletine] 7}F¢ 43 NO A A3 &
e EJdua Hust B A7 AT X nobiletin(PMF 4)Z &3 RAW
2647 A ZoNA 5% NO 44 A3&(163%) EIUTH

et 2 AFATNAE HEFEA 7S o ©E NO A Asfgs 4 22
¥ PMFsoll tiste] wlma] Hokth 43 Z¥ PMF 2& 4719 wlEAI7|E Zte
PMFsZ AJ4¥ NO9 Z4E veERA] estrh. stAet 4719 v EA]7]5 ztx
UAE PMF 8o 4& 73.6% ¢ NO7F S = o] th& PMFse] H]3| 32 NO A4
Ae&<S AUtk PMF 3, PMFE 5 PMF 72 571¢] w|E4]7]2 zt= PMFsE 454
~ 59.8% 49 NO7} ZA=<3, PMF 4= 6719 HEA7]& ztE PMFs=
16.3% &< NOZF Z4 =tk o8 s ZuzHE #H5A 7|7t & PMFsd+
E NO A4E #aA71n dee FIT F Ak A Zd 8719
PMFs =04 PMF 1°] 7} Hoju NO 44 A3 &@24%)< yehy itk PMFs
2 PMF 17} PMF 25 Al&jslas A2FE #WEA 719 o wat NO 84S 7
AA7E AL 2t aga PMFse] Z17] o2 84 Ao ZEE wEA
719k NO A4 A3 @4gzie] BAE AWERS Y T3 Jade BEHA
Loxth =3 PMFs X9 5479 #AS AHEA T ZFqA AE=
e WFAI719 Fut ZF9IR o AdaEgle] 2ElE RE PMFsoll A vERGA] ¢k
otk shAI gk o]Hd AL Ho B PMFsE thae g sle] 259 Fx9 o
EA7|%ke] BAZS wms] Bo2 PMPse Fx9 NO A4 A3 &4, 29
A AEZEAT] BAZ s B FBav) vzn Al "ET o83 sy 3=
s} FAve BAZEE Bo §8% 38 725 4538 d 5 7] gE
T}(Bergmann and Yagen, 1989; Cao et al,, 1997; Rice-Evans et al., 1996).

&O

rlo

RAW 2647 AlZo| A INOSE ZZ Yo &AAZE BF =& ko] NOE AA
SHA Ho] E57 FSS FaslH(Nathan, 1992), f3Ake] Wo] & A7A 59
x

=
£4e 2T oHd FEREL TFF AR FE LHEDGtuchr et



al., 1991). siAzk B A4 PRF A4 ET 8719 PMFszFEH Xt} 73
NOAMA A&l H7lUESS Fdsle 2482 F3dsHA EJr} o]zstk 287"
T sinensetin, nobiletin, tangertin 5o dtsle] AR Y A2, tFE PMFs

o e ZE71d d7= A AFT FE2 doz ol Wi ¥ AFHU o
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Part [1-2. AlF =3 AR 27 2 A7aA

ZE g F= B (Gramineae), th}F-olz}(Bambusoideae)e] 8l U< (Sasa)dll

s A=Tog &5, T, A2 HIED obrol =Tkl de EEsta 9l
thH(Nakajima et al,, 2003; Park et al., 2007). Zeltl= HA 5o +4dslw Z=
< A8, Mete 60d FUIR ofF E=A dojuH, Jistel A4S st

% £HS gale Aoz 48 A ok (Numata, 1970; Campbell, 1985;, Makita,
1992, Kitamura and Kawahara, 2009). ZIF FolA AFZ3(Sasa
quelpaertensis Nakai)= A|F= et Ao Agh AgFoz EIste Ao o
fFEoa B33 oA difRe Z5& o|Fo A&sia vt 28 W Fol
A= Z (S, borealis (Hack.)) Makino)$} H]5=3}A| gk ) E&E 71X]7} Ze}A]
A ggew 7171 Zal H(node)d] FEj7F gt etk SANER delA AHAH

o AR dTe FE I8 JEXAHS FAHCE o|FoA gt zH
b e 7R T5(28.79%, 59.87%), W& A(6.33%, 2.42%), ZA|HH(3.43%,
1.21%), 3%(3.76%, 0.99%) & L¥t A&Ee g&Fol Eon, acetic acid, citric
acid, succininc acid, oxalic acid, tartaric acid, formic acid, malic acid, fumaric
acid 59 714 = EtH(2 g, 2008). E3F 2t 4L ZF(21.3 mg/g),
24114 mg/g), PH1HI%(285 mg/g), FEF(43 mg/p) B9 T4 2
o}lm:=4H93.3 mg/g), EX3FA M4 linoleic aicdE T $&ale ez 4y
A UtHEFZ 5, 2008). Tanaka 5(1988)2 ZBltfoll A triterpene Ald I FE
9l friedelin, glutinol 53 Z#}Rxol= AlF 3FES isoorienting &3}
o, 23} FASE dFEo] EAsHn dH A HFEFol A4 nomoorientin,
orientin, vitexin, isovitexin, naringin-7-rhamnoglucoside, luteolin, tricin T3 Z

o ZgRolE AEo] FAFTHLu et al., 2005).
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H 2 5o 2R W3 g3 A Aok HES AER SIEES E
ot o i3 AgEdEe Q] AF g2 dFEcl FI¥EHIL Atk
Nakajima 5(2003)2 tricin®] HE|E Zr= 6719 A& flaonolignanse Sasa
veitchii 2 3-8 Eg]st¥tty H sttt Hasegawa 5(2008)2 S. kurilensis = 5
kureilensin A9} kureliensin B9] 415+ flavone glycoside 2%, 27]9] tricin #%
A, 2719] tetrabenzoateE E#] 3ttt 28]l Sakai 5(2008)2 S. albo-marginata
AA EEZH 5708 EdE sigEo]l A FAWA Erte] ] £ (anti-human
cytomegalovirus) &AL ztom, I F tricino] 7 £& A4S Helva B
St9 . Jeong S(2005)2 S. borealis2HFE] (+)-5,5-dimethoxylariciresinol 9}
(35,5R,6S,7E)-5,6-epoxy-3-hydroxy-7megastig-men-9-one-2 £ 3}, =3+ 6.
borealis2 F-E E8] 3+ (-)-syrin-garesinol ¢} tricin2 FE A3 ZHA = F8&
8121 p-glycoprotein®] A A2 283ttt B3 tHJeong et al, 2007). L
il Lim 5(2007)2 zZgltho A E73 isoorientine] 4k} & ~E g 27} AT
739~ phosphatidylinositol 3-kinase signaling2- &3}% ARE(antioxidant response
element)ol] Z3sle] sl EA(algl a4 ot S5 adh)e] AAHS F7HA7]= A
AR N2 Gutsts age Boltn Rusigoh Park S(2007)2 o] zx
B £33 tricin®} 37§¢] flavone glycosideo] t3t @Ats} &4 A7ES 351
BHTe} BHARUT $3 ZAHe zZetty Husd. Choi 5(2008)2 S.
EZREH 28 2Ef 22 fUE 1k ¥IxFozHH ¥
AN 7|5FNE HIEE anti-apoptotic BAS Ztetiy B

at
50100 RA Aol HlTe FES C57/BLE] mhe2olA ded A% A4

g
s
24
&
A
o

w32 Bualgch $£71% S(Q000) S. borealisZHE tricin, tricin 7-O-p-D-
glucopyranoside, luteolin 6-C-a-L-arabinopyranosideS ##5}$1 1, Lee 5(2007)
7} Jeong 5(2007)2 271¢] H|2H 3} gE(friedeline, 3-hydroxyglutinol), 17]¢]
29 AE(squalene), p-hydroxybenzaldehydeZS £ 3}$th.

AFZHU(S. quelpaertensis)®] ‘d&] W A= AL 5o #Alol F7ts
I QY. An 5(2008)2 AlFZB oA 3 p-coumaric acid7} =z Al E
A= & 2E(melanocyte-stimulation hormone, MSH)2. 2 58 Fid #Halds

=

AAste mMEFHRE Zrevy BustYa, Lee $(2008)2 mhg-xo 7H
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odureltty B3t} Sultanas) Lee 5(2009, 2010)2 AlFZs oA 3-O-p-
coumaroyl-1-(4-hydroxyl-3,5-dimethoxyphynyl)-1-propanone,  3-O-p-coumaroyl-1-
(4-hydroxy-3,5-dimethoxyphenyl)-1-O-b-glucopyranosylpropanol, (E)-3-hexenyl--
glucopy-ranoside®] 371 Al 3}&E3 N-p-coumaroyl serotonin, N-feruloyl
serotonin, p-coumaric acid, 3-hydroxy-1-(4-hydroxy 3,5-dimethoxyphynyl)-1-
propanone, saikochromone, isoorientin, daucosterol, lutein, tricin-3’4’,5-tri-O-
methyl-7-O-B-glucoppyranoside & 7|3t R ustch

dJrRE e uds T, TF 55 AT HTeHerR Fgo] Ho
stow, dAY B4, ¥4 LA, A8HE £

o &4, Id7 FAHELE zZa gJol(Nakajima et al, 2003; Lu et al, 2005;

By
_|_|>L
ofo
-
kr
_|_|>L
ofo
i)
zl
oy
b
_|_|>L

~

Kurosumi et al., 2007; Hasegawa et al., 2008; Sakai et al., 2008) Atd & &&=

7t #03 HrbET Yok B A7E AFE A Adstn e AF
(o]
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Fig. 2-1 Photograph of Sasa quelpaertensis Nakai.

2) Ao
230 Yol 3%, $71E Y 2 2o

Korea (Seoul, Korea)Ale] HPLC 53 &nj

ok
i
o
:(I)LL

AF2H 8052 Fisher Scientific

AgSGT. 4 49 22RhED

i

=]
#3 ZWAZE Silica gel 60 (0.040-0.063 mm, MerckAh)S AM-&-3t9ch 282
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Semi-prep LCE 93+ M=z 4A]= Silica gel 100(RP-18, 230400 mesh, Merck
ADe AFgEtTh = NMR 244 8= MerckAle] CD;OD9} DMSO-dsZ A}
£33

3) Semi-prep LC

23 AHEL Semi-prep LC (WatersAl, 2695 Alliance system, USA)E A}-&3}
o BH3HTE o] wf Semi-prep LC= 2718 Hx, ZH B, AFAEFY7,
8 £37], PDA HE27|2 FAFH e, AE FZo {2 100 uLe]th

4) NMR Spectrometer
TZEA o]g&® NMR £#7]= 400 MHz FT-NMR (JEOLA}, JNM-LA,
Japan)& o] €819, &ulE MerckAle] CD;OD9} DMSO-deS AL-&-3HSAT

222 24 Ede £

CAA sFAZH. &
g 1L A8 A]7]2, 7] n-hexane, CHCl;, EtOAc,
of Z4z} 334 ERpH o ' phEsle] &3 £ I FE7
52315 HFig. 2-2)

= 7]|(Buchi, R-200, Switzerland)E& A}&-35}¢] 407
]

r
2
i
o
A
e
i
filo
oM
I

zt 23 &S MeOH &mo] 50 mg/mL FE& %9 % H=ZE FH=E o7
&te] Semi-prep LCo FJst¢th BHE HEL WA 210~600 nm 734 9ol
A PDA HZE71E AH&ste] HES FREE HAT 5, HFHCE 280 nm 7
FollA AZrEIRS dojulo] HE&S st (Table 2-1).



Sasa quelpaertensis Leave

Extracted with $0% Ethanol

Filtrate Residues

Evaporated

Ethanol extracts

Dissolved in water and extracted with Hexane

Hexane layer Aqueous layer

Evaporated Extracted with ethyl acetate

Hexane Fraction

Ethylacetate layer Aqueous layer

Evaporated

Extracted with n-Butanol

Ethyl acetate Fraction :
Saturated with water

n-Butanol layer Aqueous layer
Evaporated Evaporated
n-Butanol Fraction Aqueous Fraction

Fig. 2-2. Schematic diagram for fractionation of S. quelpaertensis.

Table 2-1. Gradient elution condition for Prep-LC separation.

Time (min) Flow (mL/min) Water (%) MeOH (%)
0 1.6 80 20
55.0 1.6 0 100
65.0 1.6 0 100
67.0 1.6 80 20
75.0 1.6 80 20
-85 -
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3) CHCl: ¥} EtOAc 23 & A& 2
CHCl @ FtOAc B3 EL ¢4 Ag712d zznEaddH o2 n-hexane,
EtOAc, MeOH 8| & ARE-sle] &5ttt CHClL; 28E&E 1928 g& #&E &
Foll T dd AZnEOY T HYo] 9& F ol &WlE AMESte 353
th. &8 HS n-hexane:EtOAc(8:2, v/v) &0l 300 mLE 7}ste] A H T
AxA o2 EtOAc H| €L 100%7A] Z7HA17]1 & HZEFAH o2 EtOAcMeOH (11,
v/v)el H=5 A5tk o83 d¥AES T3l 4 6709 fractions AU,
°l& 100 mg/mL §%7F HEE F3 & HZE dHE AFUh 73" &
< Semi-prep LCol F3l 210 ~ 600 nm HHNA AHEE HESHT 9
] AL&E Semi-prep LCe E#Z7-& Table 2-2¢} o] AAsx, 23 A9
2 0CE FAANA 25 S £ £33 EtOAc £ EL 467 g9

ARE AMgSte] CHC, 2323 $U% oz 432 2asisrh

CHCI, Ext. (19.28g)

Normal-phase column chromatography(750g)

| l l l .. |

Fr.1(1.06g) ||Fr.2(338.1mg) ||Fr.3(353.6mg) | | Fr.4(1.55g) Fr.5(3.50qg) Fr.6(6.93qg)

Fig. 2-3. Schematic diagram for isolation of CHCl; fraction.

EtOAc Ext. (4.67g)

Normal-phase column chromatography(750g)

Y Y Y
Fr.1(12mg) ‘ ‘Fr.2(685.6mg) H Fr.3(1.73g) ‘ ‘Fr.4(781.1mg)‘ ‘Fr.5(620.3mg)‘ ‘Fr.6(446.4mg)‘

Fig. 2-4. Schematic diagram for isolation of EtOAc fraction.
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4) n-BuOH &8 & & =7
Fig. 2-3%} Zo] FAL7] viEd] €xHe ¥ A7t2AL AY I =z =20t
By A|2"Ee 3% T MeOH 100 mLz ZA3AHTE o7]d 100

mg/mL F%=7} HEE F3 n-BuOH THES Yol &Y FHTH &Fd L oA

Table 2-2. Gradient elution condition of CHCl; and EtOAc fractions for prep-LC

separation.
Time (min) Flow (mL/min) Water (%) MeOH (%)
0 iNC 80 20
60 148 0 100
70 1.6 0 100
X2 1.6 80 20
80 1.6 80 20

Table 2-3. Gradient elution condition of n-BuOH fraction for prep-LC separation.

Time (min) Flow (mL/min) Water (%) MeOH (%)
0 1% 80 20
40 1.6 26.7 73.3
41 1.6 80 20
48 1.6 80 20
— 67 -
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Fractions
R

) g | Absorbent
Syrlnge‘t {:} Cotton

=

ML o

Needle

a

A
/
R
/

Reverse phase
silica gel

Ny ¥

Fig 2-5. Syringe column system for the preparation of n-BuOH fraction.

23, Qe #7H

5 =% Blois W (Blois, 1958)o] wa} DPPH(Simga,
USA)E ol&3ste SHsItt. WA oA BEd A5 H2] T2 HEho
A7l g 100 L= 96 well plateo]] £F313, 7)o 04 mM DPPH £
< FH7EstE a8l 96 well plateE 234 ejol A 2087 ¥H-S-A171 & 517

I
N
w P
sk
E=)
L
hul
A
fr
>
kil
o
off
k1
il
)
M\
lo
u
0
To
fu
=4
>
ol
B
fJ
N
>
kil
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DPPH ﬂ-l’/]i'—__]' 5\_74 %}‘é (%) = 100 x (Acontrol - Asample)/Acontrol

Acontrol = Uﬂ%% 7@7]’ E‘_%Ql'] %%E

Aample = A8 A7} 93 3T

2) ShA Az ok

) A | E(Mouse RAW 264.7)& 3= M EFLHYKCLB) L2 REH HoF by,
o2 wjYAFE AEE o]gstHtt WAMEE 10% fetal bovine serum (FBS;
Gibco, USA)Z 1% penicillin/streptomycin (P/S; Gibco, USA)e| :E3#
Dulbeccos’s Modifid Eagle Medium (DMEM; Gibco, USA) 8jX| & A}&3sle] 3
7CAM, 5% CO, FL7lol ulokalgct

3) MTT assay

AE7H AE %0l AL 9L Bsr) glate] MIT 2Agez
=g ole] FPHE S tH(Ferrari et al., 1990). DMEM v A& o] &35} 96
well plates] RAW 2647 HZZ 3x10* cells/well2 2aL 2447+ vk & o g
T ARE 7Iek g A wigksta, o47]o LPS (Sigma, USA)E 100
ng/mLo] =2 HUE 3 24178 B owjeksisltE. oAl 3-(4,5-dimethyl
thazol)-2,5-diphenyl- tetrazolium bromide (MTT; Amresco, USA)E 0.4 mg/mL
o] Flx =& Y 3k AIZF ] HiY & A E A AT = DMSO 200 pLE 7}
3} formazan FHEL £3)A]7]2 microplate reader (Bio-tek, USA)Z 595
nm FFAM FREE FAAT AEE HMYF T AEEPLS AEE A
A @S T FHE FS vast Hrletgion AEEAHL tFe] A 9
& ArEAT AlEE 33 WhE Ao ofef A s AEE el HI
o2 YehHAH-
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Cytotoxicity (%) = 100 - (Acontrol - Asample)/ A controt X 100

Acontrol = %%% U] ‘/ﬂ E] E‘

Asample = %%% ‘/ﬂa%

4) NO A A =3

RAW 2647 HEZo|A AAdE NO9 %2 Griess'He ©]&

=335ttt Griess 42 Al Zujoked 100 uL} Griess A 2F 100 pLE T35t

96 wello| A 102 7F ¥F2A]7] & 540 nmol|A] SFEZ2 =A3}e] A A5} 9]

by

) Griess Al2F2 1% (W/v) sulfanilamide®} 0.1% N-(1-napthyl)ethylenediamine

dihydrochloride/2.5% (v/v) phosphoric acid &1-& E3sle] ZASIEY. 28

v)
i NO; AHEAE oJAMUEE EZ8UL A8t TEARTAL 44T

F ol o]gste] AAHE NO g &l

_70_

@ jeju



3. 2

31 F& 9 23
Az AFzY A 20 kg 80% L= FEF51 TF3 F(1657 g), T
F 1 Lol d=gste] fuE2 8 AA8l9a, F&81= n-Hexane, CHC,,

EtOAc, n-BuOHS AF8-313Ath o] &ulE Ex8 oz A7 334 7tste &3
F2EL2 234 L AA HFHo2 CHCholA 1928 g EtOAcolA 47 g
n-BuOH A 257 g £ ES Lot 4o =z B&F 2 PDA HE7171

227 Prep-LCE o] &3] 399l 200 ~ 600 nmojl A 7t HEES FA3HY

thlig. 2:6+11). 2Lt o] 3 #ak BHBL o] AgWelols AAI PEHE
HEe Tgsm A Wobq el madlA Astar. WA CHCLY 292

b

™, Prep-LC ZZuET;A] 22 ~ 328, 45 ~ 532 Ajolo] MR EL Zte=
dJE 52 27 230, 300 nm B4 A FF =S HERAATE EtOAcol A=

16 ~ 30% A}o]2] 300 ~ 320 nme] EF = Z= AHEEo] Bilso| "Wold 3

v
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Fig. 2-6. 2D-contour plot of CHCIl; fraction obtained by PDA detector

system,
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Fig. 2-7. HPLC chromatogram of CHCl; fraction (at 280 nm detection
wavelength).
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Fig. 2-8. 2D-contour plot of EtOAc fraction obtained by PDA detector

system,
4,00
3.00
2 2.00 '.
4 I‘ ||
T |
2 , | -
1.001 ‘ i |
1 | A9 |
B | ./ II‘| H“l“
i \ f L & AR VAVA VS S
| \ ) (WIRAVLLC - T —
LIy s T — *-—H—.I
Q00— S
T T T T ‘ T T T T | T T T T | T T T | T T T T | T T T | T T T | T T
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00

Fig. 2-9. HPLC chromatogram of EtOAc fraction (at 280 nm detection

wavelength).
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Fig. 2-10. 2D-contour plot of n-BuOH fraction obtained by PDA detector

system.
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Fig. 2-11. HPLC chromatogram of n-BuOH fraction (at 280 nm detection

wavelength).
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3-2. sgEe] 7+x 274

SR gozRE Ao CHCh £9&5S &4 Ag7tdzReH 49 29 =
2rtE# 9 (open column chromatography)E o|&35te] 6 719 EIES FI=
sttt 2z B8 ELS Semi-prep LCE o] &3l MEE A7t F3E
BHES §sle] 55001 ~ $5-0079] 7709 FES BEsg, o] 'H NMR
7 °C NMRE Ag3te] O F2ES SR 3519 tH(Table 2-4, Fig. 2-36).

BaE FE SS-001¢] e 'H-NMR ~#HEDLS AHEW, 982(1H, s)
ppme] LHF=E FE9 F=ZrF #AFAEF T, 2709 ortho, meta-coupling® o] F
2 =) A(doublet)7} 7.8(2H, dd, =85, 2.8 Hz), 6.92H, dd, J=8.5, 2.8 Hz) ppmoj
A #RE Aoz ®Bol WAl 1E|(Fig 111, A)S zZE IFE F22 425
THFig. 2-12). "C-NMR ~HE# A& 1909 ppmoA] &d|3]| = 847t ZA)5}
= oz AFHYT, 2 MY 43} ¥2(163.3, 1284 ppm)7t #EFH Yk T3
132.0, 115.8 ppmell A "C-NMR 2~HE " oi=E AlAE] Fejo] T27}
ZAshe ALR JdZSHY, ol#d A} EHE(Fig. 2-13), SS-0012 p-hydroxy
benzaldehydeZ &% = th(Han, 2004).

$5-002¢] w3k 'H-NMR ~HEHL AHREE, 393 ppmol| A 27]¢] o EA]7)
7H A2 g3l dHE EZAste Aoz o FHda, 7252H, dd, J=2.2 Hz)
ppme] o|FA =V} #EE= ZOoR2 Hol Fig. 111, Be wAnze F+z2=2
dZFH Tk 9.77(1H, s) ppmol A L= Feje] 335 Bl rHFig. 2-14).
PCNMR ~HEHAE 494 ppmolA 271e] wEA7|7} BZEEUL, 1929
ppmol A LHSE BAVE EA5= Aoz #AAHAY. =9 2719 43 ©A
(144.1, 1389 ppm)7} =, 149.7, 1083 ppm F A2 Hol T 7fo thA A
g7 WiAdngd 2%"E FxE L UAFE FFSAT weEkA Ss-002:
syringaldehyde )& o &3} th(Fig. 2-15; Kim, 2003).

$5-0039] w3t 'H-NMR ~HEHS AHE™, 370 ppmoA] 1712 o EA] 7]
7b EAQSE AL d=s9a, 7.642H, d, 7.6 Hz)$} 6.76(2H, d, J=7.6 Hz)
ppmo] #FEE Zo2 Hol Fig. 1-11, Ae] Fejo WAz Jejo olsAd I
az d=59ch w3 684(1H, d, J=12.6 Hz)9} 5.78(1H, d, [=12.6 Hz) ppme]
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ol FA2RH A=A FHo Fx7F EATS I SHATHFig. 2-16).
PCNMR ~HEZAE 494 ppmolAd 1718 HEA 7|7 BHEAL, 168.8
ppmo Al dHF = F27t FAEHAJTH 1601 ppmo A= 2haQzpel] o5 g}
HE 43 B4AE dAEY R, 1276 ppmolAE 43 AU B

133.6 ppm} 1158 ppmollAl 271¢] A= thA 47l BaEQ
o|8{3k NMR ~#HEH #E ANE FH 2, o AEL methyl cis-p-

(Fig. 2-17),

hydroxycinnamate©. 2 &3}l th(Ayer and Trifonov, 1995).

55-004= 'H-NMR ~#HE#&7 "CNMR ~HE#Ho|A $50037 - {AFsH
vz 5ol BFEUTE 376 ppmollA 17 w54 7]k 7.639F 6.33 ppmol A o]
% o|3A(2H, dd, J=9.0, 2.3 Hz)o] S5-003% #A% e vehisith aiA gt
7459 6.32¢] couplig A5 Zkol 158 Hz& S5-003 Hr} & A4zke Hol: A
o2 Hol Edx Feo LuW F2E o3etArhFig 2-18). "CNMR ~HE
HolAE s5-0037 EE H= FEZE KA JERSTHFg. 2-19). mhEbA
SS-004= SS-0032] o] A AA Q1 methyl trans-p-hydroxycinnamate®. 2 &3 3 th
(Kwon and Kim, 2003).

SS-005&= 'H-NMR A#E -4 27)¢] deal(-CHy) 3= 356(2H, d, J=5.8
Hz), 3.84, 414Q2H, d, J=1124 Hz) ppme] RJAHE Aoz Hol
2,3-dihydroxypropyl 717} A& He 7 & FHUAI, 535 ppmolA TEFA
(multiplet) 2= 2719] & W] TH A e FEE ASHIYL, ALF A
ol 937} #aF UrHFig. 2-20). 55-0059] "C-NMR ~HEH A= 71.1 ppmo]
A H " ghAot 664, 64.1 ppmoll A T 7S] AAARTE AR E A gagR)
7} BAH ) 1754 ppmol| M= o ~E 79 sl2RY a7} BAEQT, 1288,
129.2, 131.0, 1327904 470 L& &47F AR HJTh =3 127]9 wdd &
Aot gl HY gaAUE HREATHFig. 2-21). weEkA] o33 NMR 2~ EF
A= Axgs H3 Az, o] AHEL 23-dihydroxypropyl 97, 12Z-octadeca
dienoate?l Z o2 FH3IHTHChung et al., 1995).

$5-006> 'H-NMR ~# E &4 1.30(6H, s) ppm L& 1.59(3H, s) ppmol
A 3709 wWEr] =st BEEQTE 143, 248 2.02, 412 ppmo A el Fl=
By Fa9 Td JHS F e wdd vz ExE g8y, 579
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ppmoll A 3 e o]F AT BAsle Fart EATE FAL = AR THFig.
2-22). "C-NMR ~HE &A= 113.7, 173.9, 183.7 ppmol|A] «, B-unsaturated-
vlactoned] SF3t= EAAHA FAAES AP, 652, 885 ppmolA] abi7}
Z2TE gae ¥zE AT o] FFE| a, B-unsaturated-y-lactone, 712
B2y g, 209 wgd g T2la 379 tertiary WY R FAE 2%
zdg FAE & AXUTHFg 2-23). WA o]E B HAF ATt vl w st
(+)-(6S, 7aS)-epilolide] S Q13 4 YATHE719] 5, 2004).

$5-007- S5-0063 A& w-¢ 5AE ~HEHS Btk 'H-NMR £~ E
Al 1.26, 145, 1.74 ppmoll A 3719 wW&7]e} 573 ppme] o|& AFH 447} 3
AHE AT EIF 242, 199, 1.53 ppmolA wga =7l B2EJTH(Fig. 2-24).
PC-NMR AFEoAE S5-0069] TU3F 9Ao] 4 37t et o
SS-006¢ 4] 49.6, 50.7 ppmellAl UEIGE A7t F v AAHE 479 ppmi}
484ppmoll A FAF P}, WA ()-(6R, 7aS)loliolideq]e FEE + YA
(Fig. 2-25), o8& ZAE APATIdE LAsATHE7S 5, 2004).

SHEgozRE dojx EtOAc £ EL A4 IAL FA% # Z=2w]
Edf Pz 6 /o] RFES AT &4 BEELS CHCL 2857 o
W O 2 Semi-prep LCE o] &3} S5-008 ~ SS-012¢] 5709 3}3ELS Ha 5
3, '"H NMRZ} ®C NMRL AME3le] 71 259 =AY ch(Table 2-4, Fig.
2-36

—’

M 55-0089] 'H-NMR ~#H E & 7317} 6.792H, d, J=8.5 Hz) ppm<] T
a7 B#EFHE ASE Kol Fig. 1-11, A9 #Anz Fejo 727 A5 A
o7 253, ®3 587(2H, d, J=5.8 Hz) ppm< HEFE 471 2R 7]
2t A SFHUE T8 268, 3.24, 544 ppmoll A aglycone FEjS] 4 I =7}
Z5 Yt PCNMR ~#HE A& 1963 ppmollA] 7l2Rd T =37} B2
a1, 4l AtAdA AfE Fee B4 fax #EFHAT =3 12337
1151 ppmell A Fig. 1-11, AS] 27} AAFE T, o]= 'H-NMR ~HE#H] o
Z29 Fxox dAstYrhFig 2-26). =3 PCNMR ~HEHo| A =] 1=
o] g3}A o]%37k(128.8, 101.7, 95.8, 94.9, 734, 39.7 ppm)< At} ¥ms] & Z
, EgtE=clE P FxE ZtE dFEIE AT F UANL(Fg 2-27),

o

l"‘]
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AP Aol HWste] naringeningl Ao 2 FRIE T (Mizobuchi and Sato,
1984).

$5-009< 'H-NMR ~#E#o|A 789(1H, d, =158 Hz) ppm3} 6.63(1H, d,
J=158 Hz) ppme] =7} #AAHE o7 Hol EAX Feo Ly Fx7}
SA)sE Aoz Holw 769, 716(2H, d, J=8.5 Hz) ppme} 7.06(2H, s) ppmol
A F3Z7b #EEE 0 F Hol A7) Fig 1-119] At B Jej 9] WS 727
EAsts AR SEHIUT EFF 3.98 ppmoll A 2702 AR A el
o e WEA77F BAEHAL, 3.67 ~ 421 ppm Ato]o] =2 Hol wjA 7}
ZAste SFER d3FE & JdU 22 e FEHY coupligs Ho]
I =27} 2499} 269 ppmoll A BEAEE= Aoz Hol 2719 wHAgATF =25}
= Aoz FZFUuhFig. 2-28). "C-NMR ~HEHGAME 7l2Rd 337}
169.3 ppmoll Al BHE L, 354 ~ 1035 ppmollAE AA AR FgFS Hhe

A7k Qe & Ygen, ol WA BAE AAYL AT & AT

-

offf

fr

o

E3E 568 ppmo A= F 7] HIFEA7] BV EASEE AR AFHIUT E
& 1054 ~ 161.3 ppm Atole] #aAEE I 'H-NMR ~HEH 1] {3

3 % e wgE Puel Fxrt ZAse Aoz ALRED, 1613 ppme] A
S| EEA7]Y] AadArt AgE FEHe gart EAlste AL AT UM
o #FEE 128 EYE d5" F2E £33 2 Blwd 23 S5-009(Fig.
2-29) 3}FEL  3-O-p-coumaroyl-1-(4-hydroxy-3,5-dimethoxyphenyl)-1-O-B-gluco
pyranosylpropanol¢l A2 2 {33} tHSultana and Lee, 2009, 2010).

S5-0102 Zsl el A ®eo] Ed5HE tricind ¢ FAFE vl=Z2 #FFHAH
(Sakai et al, 2008). ®# 'H-NMR ~#|E&0|4 7.5502H, d, J=15.8 Hz) ppmol
A Tig. 1-11¢] B9 728 428 & AR, 6937 646(1H, d, ]=21 Hz) ppm
A =7} #ZEE Aoz Hol, #3EH 7T oA meta-couplings = He
2 =5 TH(Fig. 2-30). E3F 464, 504, 516, 540 ppmol A I I} BIHE
Aoz Hol WigAZt TAste AR AFEHYoh 2 2709 wEA77F &
ZE 3tk P"CNMR 289 E#HE 7l2R 97| 337} 1821 ppmoll 4] B2 E
a, 60.6, 69.6, 73.1, 76.5, 77.3, 100.1 ppmol| A wjFA ] ©47F #AZAF Gk E=3E
270 9] HIEA7]= 56.4 ppmol A BRE QT 283 953 ~ 163.0 ppmel A S}
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Hioleox #ZEE T 54 v=25 #2E + UATH(Fig. 2-31). wabA
S5-0102 tricine]l glucoside’} ZFE FZ2E AH3HT, APAF} s &
A3} tricin 7-O-B-D-glucopyranoside2 &7 é}ﬁi}(Sultana and Lee, 2009, 2010).

55-011¢] 'H-NMR ~HE &M E 762, 6.32ppmol| A couplig 44 Zko] 15.8
¢} 50 HzE Yeplle =2 Hol g 7o Edx FHeeo gy o] EAste

o7 o=, 747(2H, dd, J=85, 3.0 Hz) ppm¥} 6.82(2H, dd, J=85, 3.0
Hz) ppmoll A= #ldg] Feel Fig 1-11¢ A o F+x71 EAlst=s Aoz 4
Z 5§ thFig. 2-32). "C-NMR ZHEZ 1= 179.2 ppmollA] 7l2RY &4}
A5t A2 #HEFGL, 1611 ppmoAe 447 2FE FEo WA
o] Fz271 9= tHFig. 2-33). o]&gt ZI}ZHE SS5-0112 p-coumaric acidZ
B9, AddTe vwsly 4 A}E d& 5 AJTHAn et al,
2008).

55-012¢] 'H-NMR ~HE & AE 768 ppmol e o]F4 339 couplig®]
#AZEA, 713(1H, m)# 6.61(2H, m) ppmo| A= BEA couplige] #HEEH=
Ao R Hol WAz e gaof 479 4 AX7F AEH o2 coupligd T
Zte Ao o ZFrh(Fig. 2-34). "C-NMR ~HE#E A= 171.7 ppmo| A 7}
2Rd B4V EA5te Aoz #EEJT, 1628 ppmoll A= AH4ar ZEE
Bl WiAlaielel Fx7F o E Arh(Fig. 2-35). o|#{ gk NMR ~HEHS df<d
T-¢F vl A} salicylic acidot FARE F2E WER JATHA BN G, 1994).

n-BuOH E g EAxEs FAL7] AE A2¥E AREste] H#3F F, Semi-prep
LCE o443l 1708 d¢ES Falsgier}, 'H-NMR ~HE#@ 7 "CNMR 2~
HEY 2AZA7 S5-0087 TS JFERZ FFFHAD
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Fig. 2-12. '"H-NMR spectrum of $S-001 in DMSO-ds (400 MHz for 'H).
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Fig. 2-13. ’C-NMR spectrum of $S-001 in DMSO-ds (100 MHz for “°C).
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Fig. 2-14. '"H-NMR spectrum of $S-002 in CD;OD (400 MHz for 'H).
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Fig. 2-15. "C-NMR spectrum of $S-002 in CD;OD (100 MHz for “C).
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Fig. 2-16. '"H-NMR spectrum of $S-003 in CD;OD (400 MHz for 'H).
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Fig. 2-17. "C-NMR spectrum of
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$5-003 in CD:;OD (100 MHz for “C).
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Fig. 2-18. '"H-NMR spectrum of $S-004 in CD;OD (400 MHz for 'H).
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Fig. 2-19. "C-NMR spectrum of $S-004 in CD;OD (100 MHz for “C).
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Fig. 2-20. '"H-NMR spectrum of $S-005 in CD;OD (400 MHz for 'H).
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Fig. 2-21. "C-NMR spectrum of $S-005 in CD;OD (100 MHz for “C).

_84_

Collection @ jeju



Proton at the double bond
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Fig. 2-22. '"H-NMR spectrum of

a, f-unsaturated-y-lactone group
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6.93

$S-006 1 in CD;OD (400 MHz for 'H).
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Fig. 2-23. "C-NMR spectrum of $S-006 in CD;OD (100 MHz for “C).
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Three methyl signal

Proton at the doublebond
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J=14.4,3.4Hz~ ~

J=14.0HZ eeees - feeees
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z i E
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Fig. 2-24. '"H-NMR spectrum of $S-007 in CD;OD (400 MHz for 'H).
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Fig. 2-25. "C-NMR spectrum of $S-007 in CD;OD (100 MHz for “C).
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Fig. 2-26. '"H-NMR spectrum of SS-008 in DMSO-ds (400 MHz for 'H).
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Fig. 2-27. "C-NMR spectrum of S$S-008 in DMSO-ds (100 MHz for “°C).
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Fig. 2-28. '"H-NMR spectrum of $S-009 in CD;OD (400 MHz for 'H).
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Fig. 2-29. "C-NMR spectrum of $S-009 in CD;OD (100 MHz for “C).
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Fig. 2-30. '"H-NMR spectrum of SS-010 in DMSO-ds (400 MHz for 'H).
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Fig. 2-31. "C-NMR spectrum of $S-010 in DMSO-ds (100 MHz for “°C).
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Fig. 2-32. '"H-NMR spectrum of $S-011 in CD;OD (400 MHz for
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Fig. 2-33. "C-NMR spectrum of $S-011 in CD;OD (100 MHz for “C).
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Fig. 2-34. '"H-NMR spectrum of $S-012 in DMSO-ds (400 MHz for 'H).
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Fig. 2-35. ’C-NMR spectrum of $S-012 in DMSO-ds (100 MHz for “°C).

_91_

Collection @ jeju



Table. 2-4. °C NMR spectrum data of phytochemicals isolated from S. quelpaertensis (5, ppm).

CN  SS-001 $S-002 $S-003 SS-004 SS-006 SS-007 SS-008 SS-009 SS-010 SS-011 SS-012
1 128.4 129.2 127.6 127.1 - - - 127.1 - 127.2 115.9
2 132.1 108.3 133.6 131.1 174.0 174 .4 784 131.2 164.1 131.1 162.8
3 115.8 149.7 115.8 116.8 113.7 1133 42.1 116.8 105.4 116.8 115.6
4 163.3 143.8 160.1 161.3 36.1 36.9 196.3 161.3 182.1 161.1 131.3
5 115.8 149.7 115.8 116.8 50.7 48.4 163.5 116.8 156.9 116.8 120.4
6 132.1 108.3 133.6 131.1 65.2 67.2 95.8 131.2 99.5 131.1 129.9
7 190.9 192.9 145.0 146.5 49.6 49.6 166.7 146.5 163.0 146.2 171.7
8 116.3 114.9 30.3 50.7 1283 115.2 95.3 115.9
9 168.8 169.3 35.8 27.4 162.9 169.3 161.1 172.1
10 353 27.0 101.7 - 120.1
I 128.8 133.8 140.1
2 128.3 105.4 104.5
3 115.1 149.0 148.2
4 157.7 136.1 164.1
5 115.1 149.0 148.2
6 128.3 105.4 104.5
7 80.4
8 36.9
9 62.7
1" 103.5" 103.8
2" 755 73.1
3" 77.8 76.5
4 71.6 69.6
5 78.1 77.3
6" 62.4 60.6
- 56.4(3-OMe)  51.8(9-OMe)  51.9(9-OMe)  185.9(3a)  185.6(3a)

- 56.4(5-OMe) 88.5(7a) 88.3(7a)

SS-  66.4(C-1), 71.7(C-2), 64.1(C-3), 175.4(C-1"), 34.9(C-2"), 28.1(C-3"), 30.2(C-4), 30.2(C-5'"), 30.3(C-6"), 30.7(C-7"), 26.4(C-8"), 129.2(C-9'), 132.7(C-10"), 26.4(C-11),
005  131.0(C-12), 127.8(C-13'), 26.4(C-14"), 30.3(C-15'), 26.0(C-16'), 21.8(C-17'), 14.7(C-18"),

C.N., Carbon Number.
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Fig. 2-36. Chemical structure of phytochemicals isolated from S. quelpaertensis.

_93_

@ jeju



3-3. DPPH #t]z &7 &4

AFzAa5y 249 12 F9 33E(SS-001 ~ SS-012)¢] DPPH oz 4
A &S =43 A3}, SS-009¢F S5-0100] thxF ¢ BHA, Ascorbic acid® the

digo] oA gk, 5 oEF o2 DPPH &tz 424 A4S Hols e &
ZE itk 283 S5-009% 100 uM EE|A 437%¢9] DPPH etz A7A%S
Ho] 55-010(16.6%)E T} =2 B4 Ueh) AtkFig 2-37).

3-4. NO A A& &4

AFzAN25EH TR 12709 25 NO A4 As &4 FHE7] A3
RAW 2647 thaA|Zo] LPSE AHFsIP 1, o|22E AAE NOY Asfade
gelstdnt. £3 FoE 3 FEY AE wAE dFe FAsr) 91sted MTT
assayE AAlstth 2 A# 12709 3FE F SS-005€ FE oEXHoZ RAW
AZANA AAHE NOS dAst= A7 Ve, 100 pM s=olA= A4
NOE 25T Assts A2z Vel Hojd NO £2AFES Ze EEYS I
stk E3 SS-0057F A E A EoNMe AEEAHL ehR] ekkar(Fig 2-30),
S5-003, SS-009, SS-010 d== F& o&ZAez NOS AHE Adste axs
zke Aoz AT 28 MIT assay 274 A E EE dEo] AX
=442 JERHA] QokthFig 238 ~ 2-49).
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Fig. 2-37. Free radical scavenging activity of compounds isolated from S.

quelpaertensis in DPPH assay experiment.
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Fig. 2-38. Effect of SS-001 on the NO production in LPS-stimulated RAW
264.7 cells. Cells were incubated with the indicated concentrations
(0, 625, 125, 25, 50, 100 puM) of PMF 7 for 1 h, and then
incubated with LPS (100 ng/mL) for 24 h. The data represent the

mean+S.D. of determination values.
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Fig. 2-39. Effect of SS-002 on the NO production in LPS-stimulated RAW
264.7 cells. Cells were incubated with the indicated concentrations
(0, 625, 125, 25, 50, 100 puM) of PMF 7 for 1 h, and then
incubated with LPS (100 ng/mL) for 24 h. The data represent the

mean+S.D. of determination values.
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Fig. 2-40. Effect of SS-003 on the NO production in LPS-stimulated RAW
264.7 cells. Cells were incubated with the indicated concentrations
(0, 625, 125, 25, 50, 100 puM) of PMF 7 for 1 h, and then
incubated with LPS (100 ng/mL) for 24 h. The data represent the

mean+S.D. of determination values.
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Fig. 2-41. Effect of SS-004 on the NO production in LPS-stimulated RAW
264.7 cells. Cells were incubated with the indicated concentrations
(0, 625, 125, 25, 50, 100 puM) of PMF 7 for 1 h, and then
incubated with LPS (100 ng/mL) for 24 h. The data represent the

mean+S.D. of determination values.
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Fig. 2-42. Effect of SS-005 on the NO production in LPS-stimulated RAW

Fig. 2-43. Effect of SS-006 on the NO production in LPS-stimulated RAW
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264.7 cells. Cells were incubated with the indicated concentrations
(0, 6.25, 125, 25, 50, 100 uM) of PMF 7 for 1 h, and then
incubated with LPS (100 ng/mL) for 24 h. The data represent the

mean+S.D. of determination values.
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Fig. 2-44. Effect of SS-007 on the NO production in LPS-stimulated RAW
264.7 cells. Cells were incubated with the indicated concentrations
(0, 625, 125, 25, 50, 100 puM) of PMF 7 for 1 h, and then
incubated with LPS (100 ng/mL) for 24 h. The data represent the

mean+S.D. of determination values.
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Fig. 2-45. Effect of SS-008 on the NO production in LPS-stimulated RAW
264.7 cells. Cells were incubated with the indicated concentrations
(0, 625, 125, 25, 50, 100 puM) of PMF 7 for 1 h, and then
incubated with LPS (100 ng/mL) for 24 h. The data represent the

mean+S.D. of determination values.
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Fig. 2-46. Effect of SS-009 on the NO production in LPS-stimulated RAW

264.7 cells. Cells were incubated with the indicated concentrations
(0, 6.25, 125, 25, 50, 100 uM) of PMF 7 for 1 h, and then
incubated with LPS (100 ng/mL) for 24 h. The data represent the

mean+S.D. of determination values.
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Fig. 2-47. Effect of SS-010 on the NO production in LPS-stimulated RAW

264.7 cells. Cells were incubated with the indicated concentrations
(0, 6.25, 125, 25, 50, 100 uM) of PMF 7 for 1 h, and then
incubated with LPS (100 ng/mL) for 24 h. The data represent the

mean+S.D. of determination values.
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Fig. 2-48. Effect of SS-011 on the NO production in LPS-stimulated RAW
264.7 cells. Cells were incubated with the indicated concentrations
(0, 625, 125, 25, 50, 100 puM) of PMF 7 for 1 h, and then
incubated with LPS (100 ng/mL) for 24 h. The data represent the

mean+S.D. of determination values.
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Fig. 2-49. Effect of SS-012 on the NO production in LPS-stimulated RAW
264.7 cells. Cells were incubated with the indicated concentrations
(0, 625, 125, 25, 50, 100 puM) of PMF 7 for 1 h, and then
incubated with LPS (100 ng/mL) for 24 h. The data represent the

mean+S.D. of determination values.
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FzIHd = AFE9 sE 600 moA 1,900 moll AA FHLSA 2Es
Atk HIZol= L 600 m o]st AMA|He] IR LEFF FELATHAA HE
Hozg BIIHW XE5HYA FFL T I BEXIILS Wzt doh(3HEd,
2009). AlFz e ke steiate] AHAE Pste oz AAFHL 3

AFzHAHALE AHAHCE FE5H7] A% AFEo] 875
AFZANZ Y /K83 A2 HE 2= stdEel 3 7= Al
HuwEa glen o] tst &g 24e Fof FHL UAt(iao et al,
2007; Lu et al, 2005; Sakai et al., 2008; Sultana and Lee, 2009, 2010). & A+-
e AFZY dA F83 SdAEES ¢ st o5 I3t 5
I gA4S AHEgdT

AFzAd Jd2HEE 80% EtOHE 7l & FE2ES o843l n-hexane,

o
o &
rl
:|>4:,'
S
2

ol
(r
il

AL

CHCl;, EtOAc, n-BuOH &mj2 &ujZ 8L AAsa, 22rEdgdH-e o
|35t = 12F 9] GUE A S5-001 ~ SS-012E & A YT 12%9 3}
FE T A sEEL THHA GkAT, SS003(methyl  cis-p-hydroxy-
cinnamate), SS-004(methyl trans-p-hydroxycinnamate), SS-005(2,3- dihydroxy
-propyl 9Z, 12Z-octadecadienoate), SS-006((+)-(6S,7aS)-epilolide), SS-007 ((-)-(6R,
7aS)-loliolid) ¢ 5709 3IFEL zsltoA e Eud IFEYL &UT
F ARG 2P SS-0037 SS-004= 8H 9] ATl Ajse EWA-EHE
AR O ol4AAR] ALz AT S5-0067 S5-007 FEE 10 94X
o] g gyl AP Hez M2 2 BAE 2 oHEAZ FAFHAL A
Tz dadA MY BE FRFE Ko FFEL  S5009  (3-O-p-

rr

coumaroyl-1-(4-hydroxy-3,5-dimethoxyphenyl)-1-O-B-glucopyranosylpropanol ) ©|
At 28l SS-010e ZB oA o] HuEo] X1 Y= tricino] vl FA| 7}
Z2%3 Feo gER HHth shAT A BuE tricin® tricin £
gol gFES B HA FdtH(H7]E, 2000; Nakajima et al., 2003).
2 AFelA EEH 12F9 JFESLS flavonoids 2%, BX3 At 1%,
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lactone AlEe] 3FE 2%, #Hd, TEAE, FEito]l Z2¥E FHY JFER
B2/ 5 3tk ©lE 3FE] tisk DPPH t]d 427457 RAW 2647 A Eo
Aol g4 AL ¥wg A, SS0090] Mg &= DPPH oz 4A A4S
UERQTHI00 uM BZ0lA 437% 39 itz £A%). 28} SS010 E3
100 pM BZo| A 16.6% < DPPH Uz AA5S Bd. a8z o=
Sultana and Lee(2009), Park 5(2007) o] B 13t A7 fAlst it
ATzt A 28 E 12709 SFEES RAW 2647 A X HFste o5
Ae BES 27, RE FEENA AEERAHLS JERA 2tk LPS
64.7 WA A Zo A NO A that Asfl&L 129 Z¥
SEE FllA BEXst Akl S5-0058 A AglA 7 =4 vErgt
(ICso = 41.8 + 1.6 uM). 55-003, S5-004, $5-009, S5-010 HE S w3 & =3

r_{

o2 NO A4S AaAZ71= &947F AR5 100 pM 325 7|FLe2 vlust
A3, 24" NO 434S zhzt 81.1%, 894%, 80.5%, 77.3%C.2 Tha e NO
A AsEES B ICo g2 A= & gtk 283 1 99 JEE
A Asljgdo] BEFHA gkt

ATz3d 92 Fats 53, g, 3, I gt 2 tgs 4S8
U= g ES it e 783 ddAde=

A&, 2009; Ren et al., 2004). =3k oA Aeky el AFHE =2 FAHA =
A EZ (A FY, http://www kfda.gokr), Ad3}7} o|FAd B9 =2 ARII7}
A2 A2 F = FAYL 231 e QEo7|E siuh wEtA AFZB Y
AdH B8-S AsiAE ATzt KREAARE 2ot o5 Agdgel ti
AF7F AFHolth, £ AFE T AFZIAY Yo FHE 12 T AFES
s, o5 AeEdS sttt 2ev B AFelA HPLC Z2rE
O ZFE AvEY 2EE 12F ddE B2 dEEc] 23U 5 EX)
TS AT F ATk BEA AFZENEREH Bok B 3= 854
Aot tEe] NO A4 AsEHS Hole IFEESY A Id 84 714
S syl gk FEHQ A7t ek Ao g HAth
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ALY AEE
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£ e =9

7+ 2 H| = 0|

EoH,
mycosporine-glycino] @o] £o] vt L&A JeHHESA T, 2007, ¥jF=}-B,

efol

o

r

~—
o

—_—

o
(El
Qﬂ

el

o
)

a4 QrhulEA-A, 2004; Takano et al.,

= Ao

LrER

1998). Yan S(1998)2

il
o
&
T
H

(1997 Az

Pt -2 vhetel A

)

=
O

391, Matsukawa

/\g% B a1

3 B4e B

_
o

(Petalonia binghamiae (J. Agardh)

w14
vinogradova)= @] u} & (Scytosiphonales), & w3} (Scytosiphonaceae)dl] <

)

~
fite)

[e]

A 2o A 17 == o8 7 2R AE, Zo
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100 ~ 250 mm, & 15 ~ 50 mm<! W EFo 713 sZFoloh(o]&FH, 2008,
Yoshida, 1998).

g AxFA vldd FEES STl =29 DPPH #tHZzd 2A%
o] vt d#HA AtH(Kuda, 2006; Rhew and Boo, 1991; Xia and Abbott,
1987). E3 H]g4e] 4F FZ2EL STZE F5H Yard nherda] g7t
3} a9l Wds /A asE Rolw, 3T3-L1 Al ¥(Mouse embryonic fibroblast
- adipose like cell line)e] 315 ZZ A7) (Kang et al, 2008), 4+ FEELS
Funk B4 UEE #Ho s Rustgati(Kang et al, 2010). Bano S(1987)L
n] 4] 2 H-E hexadecanoic acid, 24-methylene cholesterol, D-mannitol-2 £ 2] 3}
o B8, Araki F(1991)2 AEs) sFEI FT23El D2 " (phosphati
dycholine)E HE13tYt. Mori 5(2004)2 vjSE vl 942 H¥ fucoxanthin,
apo-9-fucoxanthinone, apo-13'-fucoxantinone %¢| 3} ELS Ea 3%, Uddin
5(1990)2 24-methylene cholesterol, 24-methylcholesta-5,25-dien-3B-0l, 24-
hydroxy, 24-vinyl cholesterolo] EAdltty B usteh E3], ndgs 282y &
2 %, fucoxanthin®} galactosyldiacylglycerol2 X-#F2 DNA polymerases®]
218 AAAA ¢, FES IS Bovn BusHrthMizushina et al, 2001;
Murakami et al., 2002).

AF7HA AFE At i xFol B3 A7= FE Z2FIHHA A4

FaH A7t REo (AT, 1988), B B2 I JTA LA

hod
i
do

o
_>|~1_4

o
fu
ic]
"
N
do
o
I
2
lo
fu
N
Og{:,l‘
i)
32
Au)

O
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2. A8

ye
o,
rE

2-1. A8 2 A8 7]7]

1) A=

o}
els] GAAe 227 22E2RE PES 225y 9 ASE EOH,
MeOH-2 TFisher Scientific Korea (Seoul, Korea)A}¢] HPLC 53& A&ttt
w3 2229 AATYS 8 AL G4 54 Silica gel 100 (RP-18, 230-400
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mesh)& MerckAlol A FUsIHT. F2EA ] o]&H NMR &r= MerckAle
CD;ODE A3+t

3) Semi-prep LC

ngae dFFEEERH FFES Edsr]l #3 FHl= Semi-prep LC
(WatersAl, 2695 Alliance system, USA)E Al&3sle EFH3Ee o] dof
Semi-prep LC= 271¢] Hx=, A9 0B, (FAEFYY], &8 37|, PDA A
Z7|2 T Jdom, AR Fxo &%FS 100 p

—
o,
X

4) NMR Spectroscopy

FzE A o]8® NMR £3%7]& 500 MHz FT-NMR (BrukerA}, AVENCE
DRX-500 MHz system, Germany)2 ©]83}% 1, &0j= MerckAle] CD;ODE
A&kt

222, e £

1) A=l

F&
80% ol Et-&

3] A 7HH5 % 7] (Buchi, R-200, Switzerland)E Al-&&te] 40CAA F=Yth =
2¥H FZ2EL fge 100 mLE 748k, 1500 rpmo Al 48 EQF QAR 5l
Azl EEstga, o2 e nBuOH EFEF FU& dAxz] He
ALEste] BHSIgT 23E &= BHZE FA7] EHEZ o335t Semi-prep

noa EEHEL Semiprep LCE AFE35te] 233t 23HE& A=
Semi-prep LC (WatersA}, 2695 Alliance system, USA)E Al-&-3lx, £34 2
PO 2= Symmetryprep' " Cis ZH(7.8 x 300 mm ID. 7 ym)E A&t} o]
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Table 3-1. HPLC isolation condition of P. binghamiae extract.

Time(min) Flow(mL/min) MeOH Water
0.0 1.6 20 80
36.0 1.6 100 0
38.0 1.6 100 0
40.0 1.6 20 80
47.0 1.6 20 80

33. Qe B4 7

1) DPPH #¢ 37 &4

A8 AARFAAS =HE Blois WY (Blois, 1958)¢] wat DPPH(Simga,
USA)E ol&ste] AT WA oA Bt AEE o] T2 HEo
A7l g 100 L= 96 well plateo] EF3FaL, 7)o 04 mM DPPH £
S Hrlstgoh gz 96 well plateE x}FAejol A 20E37F wkg-A171 & 517

=

O -

ik
oX

nmol| A FFEE ST S FEES A8

]Iloll

o7 g3

il
N

7]

391, 2T 2= ascorbic acide} B

o oY Aoz AEsth DPPH @z 474 #A4e DPPHe| 5%

50% #AaE W Yehte AR FEE VIELE ICeZ ®ASHAA, &4 AR
3

HA (Sigma, USA)E Alg35tgom 47

H
N
)

DPPH ﬂ-l‘/]i'—__]' ﬁ\__74 %/‘é (%) = 100 x (Acontrol - Asample)/Acontrol
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Acontrol = Eﬂ%"%‘ 7;(:'}7]' E]_.%QH '—%—'%E

Asample = /\]—JE—'— 7@7]' E]__%QH %%E

2) ThA e H o

) A | E(Mouse RAW 264.7)& 3= A EFLY(KCLB)C. 2 HE HoF by,
o2 HjUAFE AEE o]gstdtt AMEE 10% fetal bovine serum (FBS;
Gibco, USA)Z 1% penicillin/streptomycin  (P/S; Gibco, USA)o| ETH
Dulbeccos’s Modifid Eagle Medium (DMEM; Gibco, USA) HJX| & A}&-3le] 3
7C, 5% COy 3F27]of| A vl %3St}

AET A Al nAE GFL FAUAS] sl MIT BAHO

2 EZ
=g ole] FPHE St tH(Ferrari et al, 1990). DMEM v x| & o] &3} 96

kd

well plateo] RAW 264.7 A
i o7le o3 =2 AIRE 7tete] ¥ A7, HhA] LPS (Sigma, USA)E 100

ng/mlLe] FHEE H7ls F 247F FF wjkE . thA] 3-(4,5-dimethyl

£ 3x10* cells/well2 B3 24417+ v kst 1

thazol)-2,5-diphenyl-tetrazolium bromide (MTT; Amresco, USA)E 04 mg/mLo]
T2 93 3 A7 ¢ s & RS AlAsINE. = DMSO 200 uLE 7}st

Bged Ay FFEE FASAT AEE HYT T AEEGLS AEE AHA

e TH FEE FLS Hlwste] Bristden AEXEAHL g2 A o) 4t
Zotth AR 343 wE dysislon ofef 4o os) AEE e IS
2 R

CytOtOXlClty (%) = 100 - (Acontrol - Asalnp]e)/A control X 100

Acontrol = %%% U] ‘/ﬂ E] E‘

Asample = %%% ‘/ﬂa%
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4) NO A= =4

RAW 264.7 M EZA AAHE NO9 %42 Griess®HS o83l NO, FEejz
=731t Griess #2442 M Eujfd 100 L} Griess A1¢F 100 pLE %35+
96 wellol A 1087+ ¥Hg-A171 F 540 nmoll M FFEE Z3ste] AT o]
u} Griess A 2F& 1% (W/v) sulfanilamide¢} 0.1% N-(1-napthyl)ethylenediamine
dihydrochloride/2.5% (v/v) phosphoric acid &8 &3 3sle] AT 29

I NO, AHFEAL oldLMEF BEFEAS AMEste ZEHEFAE A4S
T o] o]&3ste] AFE NO & AF&Estsith
- 110 -
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3. 2

3-1. sgEe] 29 # 72274

4] 500 g& 80% ANEFEE FE3tH 567 g9 AqEE FEFES AL, F
ZE2HEH v9gdd EZAss FEFEL 27 s AFze A ALE3
n-BuOH 23 &9 Az

YT A7) AY A2Y pEe A

o
_O|L
30
o

Il
EHEH EFHES PDA AEV|E F4% Semi-prep LC system2 Al&-3le] 3%
O AR "] FEEL 3 MY dFES OF
Tl Pe 2L 2= AL A5 Y (Fig. 3-2, 3-3), 33E ~ 3364, 36.3
~ 36.9% Atold] HEE A7+ ztE compound 17 29] FHFEL EFH st 7
Z} PB-0017 PB-0022 HHsigth w8¥®¥ F IFFELS CD:ODE F3I F
"H-NMR(CDCl;, 400MHz)# “C-NMR (CDCLs;, 100MHz)S =45} th(Fig. 3-4
~ 3-8, Table 3-2). P]9HEFE E3 F P& UV FFE 32 450 nmo]
A Al FH=S YT o] E¥Ae PCNMR £2HE3 do]gls} vlm
3 23} PB-0012 fucoxanthin®} & L3 F2E zte FFESQ Hoz THIHSN
1, PB-002&= 8 A7} cis®l fucoxanthing] o] dAAZ A= tHEnglert et
al., 1990; Haugan and Liaaen-Jensen, 1994).
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Fig. 3-2. 2D-contour plot of MeOH extracts obtained by PDA detector

system.
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Fig. 3-3. HPLC chromatogram of MeOH extracts (at 280 nm detection

wavelength).
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Fig. 3-6. "H-NMR spectrum of PB-002 in CD;OD (500 MHz for 'H).
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Fig. 3-7. "C-NMR spectrum of PB-002 in CD;OD (125 MHz for “C).
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Table 3-2. "C-NMR spectrum data for PB-001 and PB-002 in CD;OD.

Carbon PB-001 PB-002 Carbon PB-001 PB-002
No. 6 (ppm) 6 (ppm) No. 6 (ppm) 6 (ppm)
1 35.8 36.8 0 35.1 36.5
2 47.0 49.6 2 45.4 46.8
3 64.3 64.6 3 68.0 69.6
4 41.6 42.7 4 452 46.6
5 66.2 68.1 5' 72.7 73.1
6 67.1 69.1 6' 117.5 117.7
7 40.8 419 7 202.4 204.5
8 197.9 200.3 8 103.4 96.7
9 134.5 135.4 9 132.5 133.9
10 139.1 141.4 10" 128.5 129.6
11 123.4 124.7 11 125.7 125.8
12 145.0 146.9 12! 137.1 138.2
13 135.4 136.9 13' 138.1 139.3
14 136.6 138.0 14' 132.2 132.4
15 129.4 130.8 15' 132.5 133.5
16 25.0 25.1 16' 29.7 29.6
17 28.1 28.3 17 32.1 32.9
18 21.1 21.4 18’ 31.3 31.4
19 11.8 11.9 19' 14.0 21.3
20 12.8 12.8 20' 12.9 13.1
ey 170.5 Y 5 22 21.4 21.9

PB-001 8'-trans
PB-002 8'-cis

Fig 3-8. Chemical structure of carotenoids isolated from P. binghamiae.
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3-2. DPPH #tjz &~HA &4

g2y Ealg® PB-001¥ PB-002¢] DPPH radical &2H AL =335l
Z3} DPPH radical £2H &4 #ZE A Zdti(data not shown).

3-3. NO A4 A& &4

20, 40 uM F= HoNA MTT assayE AAlet9x, 2 A AETE4L el
A 9Fokth LPS2RE =2F RAW 26474 oA PB-0017} PB-002 EF F%
ozxoz NO A4S ZAAIZHATHFig 3-9, 3-10). PB-002(ICs = 106 + 0.6)
7} PB-001RTH ¥ =& NO A4 As&Ade Jehhsid.
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120 160

—_ . PB-001 ONO «MTT
5 1 L 140 =
£ 100 - L I s
= I -
s } H—t L 120 £
[>] =]
“ 80 - _ILH- -
L 100 B
2 -
= 60 80 <
= — L
=
£ g
= - 60 ©
= 40 - s
=) =
2 L 40 £
S 20 - =
z L 20 E
0 T T T T T T T 0

Sample 0.0 0.0 13 25 5.0 10.0 20.0 40.0 pg/mL

LPS - + + + + + + +

Fig. 3-9. Effect of PB-001 on the NO production in LPS-stimulated RAW
264.7 cells. Cells were incubated with the indicated concentrations
(0, 6.25, 12.5, 25, 50, 100 pM) of PMF 7 for 1 h, and then incubated
with LPS (100 ng/mL) for 24 h. The data represent the mean#+S.D.

of determination values.

S
<
1

- 40

H-ZO
0 T T T T T T T 0

Sample 0.0 00 06 13 25 50 100 20.0

[
=]
1

120 160
. PB-002 ONO - MTT
& 140 =
£ 100 A - s
: | —+—F—1 o E
(5 pe [=]
w80 A 1 >
s L - 100 5
R N
= 60 4 - 80 T
S g
E o0 3
B =
= 2
S =
=

LPS - + + + + + + +

Fig. 3-10. Effect of PB-002 oon the NO production in LPS-stimulated RAW
264.7 cells. Cells were incubated with the indicated concentrations
(0, 625, 125, 25, 50, 100 puM) of PMF 7 for 1 h, and then
incubated with LPS (100 ng/mL) for 24 h. The data represent the

mean+S.D. of determination values.
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k)

A
(Kang et al.,, 2008; Kang et al., 2010; Kuda et al, 2006). 3}A|7t n| 4] F
H

4% e ATE A9 olRoiXA @ oW, I F IR HFET

sttt dutd ez hRE 4F FEEC FHE JFEELS HPLCE 53514

8" HPLC Z2rtEIH A vl
BT stoigts shube]l AEgThe] F3etA vehvte Bee W ==t
Sanchez-Machado et al, 2004; Yumiko et al., 2003). S}X| gt ©]Ha] o &L F
EQl A, Fig. 3-2¢F 333 o] shute sigtE AEd td F3=7F 9%
A GEhds SAE Bt oetA B dFdA s mlgd des FEES F
dAERREOY A2FE 745 FA] 2Ye AREste]l AR F, Semi-prep
LCE AREsto 7HE & $3EE Hol= PB-0017 of ¢k
. v Ga oA EE

i

e o W

=

AR FREE Holt

_IC_)I__
PB-002E2 Y3 =7 H £ 3}3ES 'H-NMR

r
iy
>
i
o
_O|L
B
Kv)

o} BC-NMR ~HE A ul¢ B33 Feo Izt BEE ], o]F HEY F
Z B4 dA B3 FAE WA AA st E(Katoh and Ehara, 1990; Mori et
al., 2004; Murakami et al, 2002). 2 Z3} 450nmolA Ho FHE=ES zZ=
PB-001& u|ds2FH ojr Bty H1F fucoxanthine 2 Q1= Yot
PCNMR 2~ EZL AHEHA(Table 3-2), & 3t&E29 °C NMR ~2HEH o]
Be 25 593 g4 JaE HYgAgE 8 Aol 19 g24h 9 XA PB-001&
Z+Z} 1034 ppm, 14.0 ppme] FIE Ho|= FHCS R Hol, EfllA F 9] 33 E
AN, PB-002= 96.5 ppm, 21.3 ppme] =7} #EAHE He
FEle] fucoxanthin o] JAA YL ASFT F UUTE webA,
PB-002 Ho]E}lES AMaAFe} vwalE A} fucoxanthin® 2 F-B TAse 75



A o] FAA ot FLI FF=E FAHAA. AR PB-002= A EANAE AF
A B E A ¢ke Al EEE A (Englert et al., 1990, Haugan and
Liaaen-Jensen, 1994).

PB-0017} PB-002¢] th&k DPPH radical &7 @44 #23 A7 F 33E
tf 3l shaksl avbe TEREA] AT, LPSE A=3F RAW 264.7 A XA NO
e Asfstes Faddel FZ =T PB-001¢F PB-0012 A& 3tst+271
ARgt o] JAA A gF NO A4 A3 &2 PB-0027} wf-¢- 4535 AL ehd
A= grES wekA] PB-0017 PB-0029] &A%-8 7] tid A= e
77 Qsithal AlgHnh

AT s|zFoA B fucoxanthind] w3+ thekdl A& So] HiF
2t} Fucoxanthin®] Q8 A &AL ikl DA (Yan et al, 1999)7) &l 28 x| =}
ZZ|(white adipose tissues)ol| 4] UCP1 2&d-& T3+ |7t & 3(Maeda, 2005),

c

e

kl

o} A4 F %A E (human malignant tumor cells)ol| A4 AM|EEF7]9] a7} N-myc T3
< AAsle LA (Okuzumi et al., 1990) 5o] i s o).

olgg &g ek wHH FE= g3 dF A
2008; Kang et al., 2009; Kuda et al., 2006)°] & A|HA] o
oFE £ el U Aisk AsAL ASHow ZHHT Utk o2 sA
noHZ2REH g fa24 ekl olE8 WAFA BHAE EATE

AN s AAHL AT

=
=

o

r[r
i

r

ol 85ttt AlEHEH.

p
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AAEANA 28 FgizolE, 7I2HxzolE, s SFEHL B2 FF
AES Hg3 AdEds e, 714 2 Ad gFLAE E8E
o B AFoA= AFA A= AE 5 AF(Citrus sunki Hort. ex
Tanaka), A|FZ3lt)(Sasa quelpaertensis Nakai), wu] S 2] (Petalonia binghamiae (.
Agaradh) Vinogradova)2 5B a3t FaAES 2835t 2822 DPPH #
vz EAHI AME NO A4 AsidE S St ol&9 bzt &4d= 3
d &4s st

AFE AH=Ed g HAxH9E EF FE2512 FE2HE n-hexane, CHC,
EtOAc, n-BuOHZ &m|&2Zsl¢th. 22| 1 sinensetin, nobiletin, tangeretin ¥
As AE3led olE EFE FiE PMFs TS A I Ay
n-hexane, CHCl;, EtOAc, n-BuOH ®&E&2 z}7; 758, 58.0, 6.5, 2.1% 2] PMFs

i

d

S JeERATh. E3 PRF(n-hexane & E&)oJA 5,74 -trimethoxyflavone,
Tetra-O-methylisosutellarein, Sinensetin, Nobiletin, Tangeretin, Isosinensetin,
5-Demehtylnobiletin, 5-Demehtyltangretin®} o] 67 PMFs<} 27 demethylated
PMFs& #23t3ltt. olmf &€ 87]°] PMFs9] £F H&& PRI FFEA
Azl wms) 2 23, PREE o 85% Fwo PMFs 2422 35
LPSE A st NOS A4A1Z] RAW 2647 A A Z 4] PRF9} Ee]® PMFs
o thdk NO A4 Adle&S &3 27, PRF ZAEL F& o702 NO A
AL FAaAFAL, 50 pg/mLe] FEA 925% F£9 NO A4 Asfigdde
ERAST 28lE PMFEse] NO A4 #3852 Tetra-O-methylisosutellareinE- A
g EE PMFselA FE oEXHSE NO A4E& ZTaAFeH, 57
5,74 -trimethoxyflavone& 7} 43 NO A4 AHIMEAHS vehhgia, 100
M FE HZ Al 97.6% NO A As)se EYTh

FZINZEE 12F9 JFES FEsHA, o] F 3-O-p-coumaroyl-1-(4-

pr

hydroxy-3,5-dimethoxyphenyl)-1-O-B-glucopyranosylpropanol= AFZ3 e F
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8 AEo=z AU, methyl cis-p-hydroxycinnamate, methyl trans-p-
hydroxycinnamate, 2,3-dihydroxypropyl 97, 12Z-octadecadienoate, (+)-(6S, 7aS)-
epilolide, (-)-(6R, 7aS)-Ioliolide> Z3thellA] A FA Feld steEoldrh. 2
a zk stgkEo] g DPPH tdz &7 #43 NO A4 Asiddes &g
23, 3-O-p-coumaroyl-1-(4-hydroxy-3,5-dimethoxyphenyl)-1-O-B-glucopyranosyl
propanol$} tricin 7-O-B-D-glucopyranoside2 Z}z} 437, 16.6%<] DPPH &tv|Z:
A2AEAHE YERHeH, 2,3-dihydroxypropyl 9Z, 12Z-octadecadiencate= LPSZ
ZA5A1Z1 RAW 264.7 A E] 100 M 5= A4 NO A/do] #Z A = o}
% 953 99 B4S YehRT
S 2HE Fl2Hxol=9 UFQ trans-fucoxanthind} cis-fucoxanthin 2%

o] o] JZAE £ 4 U ©] F trans-fucoxanthin2 w48 F2 4
o2 FAHAA, cis-fucoxanthind o] A EoA H1HE v} gle AFITE
olAH. WAAZRAW 2647 A X)ollA NO A Asigde A3 23,
cis-fucoxanthing 71.7%(ICs = 10.6 + 0.6)9] 43 NO A4 A4S e
iboiss

ot Ze ATE Fole] AXE Fo AYAZIEH o154 AGHRE 2
gstaa, 2 =9 3t F2E RSt B3 2 A4Ee DPPH #vz
AARET DAMEY NO A4 ABAE FAF & AT oldF A7 2
I on AFE AAATE 48T FAZ A FE 22 s I

8% 7zAEE E8E F J& ZAoE 7
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