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Abstract

For the development of functional cosmetic ingredients, we investigated
bioactive components from Pourthiaea villosa branches as well as black
radish (Raphanus sativus L. var. niger) roots and aerial parts.

Dried plant samples were extracted with 70% aqueous ethanol, and
crude extracts were subjected to solvent fractionation according to
polarity. The chemical structures of the isolates were elucidated by
analyzing the spectroscopic data including 1D and 2D NMR spectra, as
well as comparison of those in the literatures. The screenings of
bioactivities (anti—oxidation, anti—-inflammation, and anti-melanogenesis)
were evaluated for each fractions and isolated compounds.

P. villosa branches showed good activities for anti—oxidative and
anti-inflammatory effects. Seven compounds were isolated from ethanol
extract of P. willosa branches; ursolic acid (1), arjunolic acid (2),
daucosterol (3), myricanol (4), myricetin (5), myricitrin (6) and quercitrin
(7). As far as know, compound 1-6 were isolated for first time from 2.
villosa. Among the isolates, compounds 4-6 showed potent free radical
scavenging activities. Also, the compound 4 showed strong anti—
inflammatory activity.

Black radish roots showed anti—inflammation and melanogenesis
inhibition effects. Six compounds were isolated from the ethanol extract
of black radish roots; 3-(£)-(methylthio)methylene—-2-pyrrolidinethione
(1), ascorbigen (2), B-sitosterol (3), palmitic acid (4), a-linolenic acid (5)
and 1-linolenoyl glycerol (6). Among the isolates, compounds 4-6 showed
anti-inflammatory activities and compound 1 showed potent melanogenesis
inhibition activity.

Black radish aerial parts have shown potent activities for anti—oxidative
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and anti-inflammatory effects. Eight compounds were isolated from
ethanol extract of black radish aerial parts; kaempferitrin (1), kaempferol
3—-0O-a-L—arabinopyranoside—7-(O-a-L-rhamnopyranoside (2), afzelin (3),
loliolide (4), p—coumaric acid (5), ethyl caffeate (6), fulgidic acid (7) and
tryptophan (8). Among these compounds, compounds 1, 2, 3, 5 and 6
showed good free radical scavenging activity. Also, compound 6 showed
strong anti-inflammatory activity.

This study demonstrated that extract of P. vi/losa and R. sativus L. var.

niger could be applied in the industry as cosmeceutical ingredients.
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Table 1. The categories of functional cosmetics

g = A tH(Table 1).
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(hydroperoxide), NO (nitric oxide) =©°] ¢t}."

ojglgt LA ES At EFS AAE] S A o] JFERe
superoxide dismutase (SOD), glutathione peroxidase (GSH-px), catalase &
o] @irst g7t Skl Aol FEES FAANAFANE, AFshA AE A
3 == e v L sk Wolwe] B d ol doju kst A=
2 HASA A Fo] FAHol v w37t X HEY. oo Fgolide] I A

- drsAE Bkl s YEAAE IHAA v

it
Y
N
et
ol
30
rlr
fo
o

—

2y
- AsAl FRe A A FrkskAe A AAstA R RS F e
W A A3 Ao = ascorbic acid, tocopherol, flavonoid, carotenoid % ©]
A3, A FAsiAel = dHlmA FakstAlQ] butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), tert—butylhydroquinone (TBHQ) &°] it}
(Figure 1). spx|vt 43 dibstAle] -9 a2olA EtAstAY o= Fof A
b @ 71 A QIR g3t 4tk Hav) ok olo] A< A g
o

= Tkl AAAoHA AA ] By bt e S 7H HA FAaksiAl

HO
: @]
HO O
HO OH
L-Ascorbicacid a-Tocopherol
o) OH OH
OH OH
BHA BHT TBHQ

Figure 1. Chemical structures of anti—oxidants.



B Y A, ol=4, vlolgla B AW =¥ AE TS EAste] A sk
e o A AEE 2" ST ol EAsks WEHEM WsaR &

=
H % LPS (lipopolysaccharide) ol <& A=wtAl ¥H INOS (inducible

_1]::

nitric oxide synthase), COX-2 (cyclooxygenase-2), tumor necrosis factor-
a (TNF-a), interleukin-6 (IL-6) % IL-1B9} #& A5 wiZiAEe] #vE
AN, o5 dF WiAIEY BEE dFS ASATIE=  leukotriene,
prostaglandin @ nitric oxide (NO)9] th& A2+ ol ¥ dH(Figure 2).""
Nitric oxide (NO)i= NO synthase (NOS) &4 ¢]3] L-arginine Z4-H
A BdE, ddxd 9 doaga, AE gk W T odd e 7
S YERHAIRE, NOZF Aol #Fo g EAlstH Alx &35 of7]gitt. NO9
Ao #esti= NOSi= ZAAl constitutive NOS (cNOS)9} inducible NOS
(NOS)Z Y= 4 Jow, o] & INOS7F 9% A=olut pro-inflammatory
cytokine Soll o8] A& WA W ool NOE ALY

ot

COX (cyclooxygenase)+= arachidonic acidE prostaglandin®. = H3ZA]7]+=
ar2H, COX-1, COX-2& Y= & Utk COX-12 AuolA fHnz, d4
o] FA4, AF Vs 74 o AA] YA sl FgsA, COX-2+= ¢
<= "7 &322l prostaglandin E; (PGE2)E FAAIAH A3 HAHES o

Zo] #Bosla Y= Ao A Yt



LPS

__— TLR4

Pro-inflammatory
cytokines

Nitric oxide

iNOS

\

COX-2 > PGE,
*TLR4 : Toll-like receptor * COX-2: Cyclooxygenase-2
* LPS : Lipopolysaccharide *TNF-o: Tumor necrosis factor-alpha
* NF-kB : Nuclear factor-kappa B *IL-6 : Interleukin-6
* MAPK : Mitogen activated protein kinase *L-1B : Interleukin-1B
*iNOS : Inducible nitric oxide synthase * PGE, : Prostaglandin E2

Figure 2. Inflammation mechanism in macrophage cell.

e INOS, COX-2¢F 28 aas A7l 248 9354 285 A=
sk FeSAEA S A TheAdel kil & g flom, olfd AT AAlS
v 2 ghsh avE dEdle] o EF R olEYE fdfshed Eas

= s ol ZE&H At AFA Nt FASARE 2HRo|=

rlo

(hydrocortisone, prednisolone, dexamethasone )¢} H|Z~H| & o] = 7| (aspirin,

indomethacin, ibuprofen )2 Y& 4 d+d, 5 A5Hbse T2 uj7iAl
=

a8y ol FASAES A9, AEE R AEES 55 2ddTa dEA 3l
i o

ov* sERol=A FUFAL 3 SFFAA Agol



4. v

A} (melanin) 35 A8 AA S =
TAEHE A ARow w3 7|A Tl

=

2_9_51_

I

tyrosine

Tyrosinase l O

COOH
He Tymsmase o Mo orasH HO

dopaquinone

i

<~

dopachrome

STERN
:@D m

DHICA

N/

EUMELANIN

A &=
XA oA tyrosinase, tyrosinase related protein-1 (TRP-1), TRP-2,
5o 9% tyrosine] AFEpNFS3} FANRS

o

=

s et

c?dodom

SRR =N FISENE R

melanocyte?] melanosome?©]

23] A4 Dok (Figure 3).%
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H,N COOH

benzothiazines

Y

NH,

N
\>—(COOH)
=

benzothiazoles
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HOOC

PHEOMELANIN

Figure 3. Mechanism of melanogenesis in melanosome.



Tyrosinases tyrosines 3,4-dihydroxyphenylalanine (DOPA)E 7 A
DOPA-quinone®2.2 4FgtA| 71}, TRP-1<2 5,6-dihydroxyindole-2-carboxylic
acid (DHICA)<S indole-5,6—quinone-2-carboxylic acid® H$A| 71t} TRP-2
+ DOPA chrome tautomerase® Z}-8-3}¢9] DOPA chromes DHICAZ #%HA]
1A Ak Bk AepdMEe] A Estel T8k dA =4 ARl MITF
(microphthalmia—associated transcription factor):= @old Ao o3 +=
TRP-1, TRP-2, tyrosinase 59 @&d& 3%t ofo] we} MITF, TRP-1,

TRP-29] 24§ 714 oA Fal 3% vy g 7

=
%
e
+
%0,
%)

Al v A2 arbutin, kojic acid, 7=
glom o]E5L tyrosinase?d S JA & mwgHE JeERNA HYh. Arbutin
d

< Wepd o AFAQl L-tyrosine® AAA o2 2H-g-3 Aot

Az di F-2Rgo] ®asar glo] ol& JWdskr] s A e v 24

ZA NS 918 AT wel FaEa 9t

2 AT AFddA AAske G- (Pourthiaea villosa) 7FA 2 =
Y (Raphanus sativus L. var. niger) F=%3 3 E2] tpsd A S 7
sk, fa Awe = T2 58S &3 754 sEE AAd 2AEA Y

28 b Fas nug sl

p)



3 9 ddEd FEo Alg" £vj52 OCI (Seoul,

M

Az F=E, &
Korea) ¥  th# 3} (Siheungsi, Gyeonggi-do, Korea)?] A|&ES AF&3}3It)
Vacuum liquid chromatography (VLC)d& silica gel (2-25 pum, Sigma Co.,
St. Louis, MO, USA), normal-phased column chromatography (CC)el+=
silica gel (40-63 pm, Merck Co., Darmstadt, Germany), gel filtration
chromatography (GFC)dll&= Sephadex™ LH-20 (GE Healthcare Life
Sciences, PA, USA)o] AF&50tt. Medium pressure liquid chromatography
(MPLC, Biotage Co., Uppsala, Sweden)oll:= KP-C18-HS 120 g (Biotage
Co., Uppsala, Sweden), high pressure liquid chromatography (HPLC,
Waters Co., MA, USA)dl = Atlantis® dC18 column (4.6 X 250 mm, 5 pm,
Waters Co., MA, USA)& AH&-sk3lal MPLCSH HPLC &#j& HPLC-grade?]
methanol?} water (Fisher scientific Korea Ltd., Seoul, Korea)E A}&3}3lt}.
22 Ao AF8F thin layer chromatography (TLC)+: precoated silica gel
aluminium sheet (Silica gel 60 Fgs, 2.0 mm, Merck Co., Darmstadt,
Germany)& AF&3FQlth. TLC dellA #8d E22E5S 2187 fste] UV
lamp (254 nm)E AR, B A efo] HAHAZ F heat guns ©]-&3}
AZAZ G B AJeko 2= 1% anisaldehyde-H;SO; £ 3 KMnO; 8
(3% KMnOs, 20% K2COs, 0.25% NaOH)& F 2ol whe} ARg-3shlth,

T E e AYdAH JdTE 9% FHE= FHd= Sunrise™ (Tecan
Co., Mannedorf, Swiss)E ©]&3}3tt. FxEA o]8% NMR (nuclear
magnetic resonance spectrometer)< JNM-ECX 400 (FT-NMR system,
JEOL Ltd., Tokyo, Japan)¥®} AVANCE II (FT-NMR system, Bruker Co.,
Billerica, MA, USA)E ol&3t3lem, NMR 54 &vji= CIL (Cambridge



[sotope Laboratories, Inc., Tewksbury, MA, USA)¥} MerckA 2] NMR #-&
L] & methanol-di, choloroform—d, pyridine—ds, dimethyl sulfoxide-dE A}

g3heie.
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1) giks)

(D) = ZYds g=F =4

Zo =5 39 S Folin-Denis®™ WS wWdsto] AAs9t. A=
S Y3 F=AA T AAo = gallic acid F5% S o] €351t} Gallic acid 1

mg= DMSO:EtOH=1:1 €9 1 mLel ¢ stock solutiong A|ZF3d}il, o=
two—fold-dilution®& ]3] 15.625-500 pg/mL7} H =& X5t FH]5FA
. 7 AEE2 1 mg/ml F52 &ujof Ho Fulsgin. 2k A5 100 ulLE
microtubeell F3til FHSF 900 pLE 7kate] A aGith. ©17]el 100 upL
Folin-ciocalteu's phenol reagentE #7}sle] & &3te] Ao 3E7F wx|sh
¥, 7% NayCO3 &4 200 pL, S/ 700 pLE Hol Zitate] A2eA 14
2 5lo] microplate readerE ©]-&3] 700 nmolA S
FEE S50 Alse SAES xTAATAd sty EeluEe &

AN
2 Bustglon, EEUYTA ke 0.99 ool itk

s

rE
olo
>
©~y
o
.
o
0%
ofrt
12
o
N
of

4~

(2) & ZHwolE g3 574

% THHwol= e Davis” WHES Wyt AASGT 2 ARES 1
S 96 well plated] Alm €9 15 plL9} ethylene
of &3talth of7]9 0.1 N NaOH 15 plL& ¥al 37C
o A1 1At &<QF WS = microplate readerE ©]83le] 420 nmolA FHEE
AR, £FFS querceting o835t FE=HAATAES AL o= H

F ZPHolE s st mER AT rf i 0.99 o]l

_‘I‘I_



(3) DPPH radical &7 &4

ANge 4 Fo FHOIY free radical 24 8L Hristes WY SOl sy
olty, W9 radical> HbgAdeo] AA EQFASEA|NE, DPPHE 43S free
radicals 7Hd 3tgH&=4 515 nmol A 3 S5 dehll= Bepde] =
ojt}. Fx|¥F DPPH7}F &itsl EAZRE F42E Fo Hol 2 2-diphenyl-
1-picrylhydrazine (DPPH-H)o] HW »gAoz Wl En 515 nmol Ao &3

O]

b gasl Hed, oldd LS olgatel AR Fia sHL 5T &

3l
HuH S 96 well plated] FE=HEHE 343 A58 &4 20 pl¢t 0.2 mM

O T

i

DPPH (in EtOH) &< 180 pL& Z§ate] 2ollA 20-3047)
microplate readerE ©|-g€3te] 515 nmolA FFEE S5

| Z*(positive control) © &2+ L-ascorbic acid (vitamin C)¢} BHTE A&
st om, gz AAE(%)S T A ol ALteAaL, 7 Alme] AAE
A4 MBgol 50 wWe] AE E% (SCs)E T3t

o 1

Asample - A

Radical scavenging activity (%) =(1—- o blank ) 100

control

Acontrot © 915 nmol| A DPPHe &3%
Asample : 515 nmoﬂ/\ﬂ A]JEJ_Q]- DPPH E]_]_—%o_]‘-]‘cq E%E

Aplank - 515 nmollA A= ZA|9 SF=

_12_



(4) ABTS" radical &7 &4

ABTS [2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)] radical &
7 g AFe Aol ¥l ABTSYF AbstEd =4S o= ABTSY

=
radicale] @AE =4, o] F=ZMe] ABTS' radicale] d2+3 E4d 3 whsshd

ABTS" radical 27 @42 Re & Pellegrin 59 BH*s Wgste] 543}
Stk ABTS' radicals @43at7] #1381 7.0 mM ABTS (in D.W) &3} 2.45
mM potassium persulfate (in D.W) €8S 1112 &33e] 16A17F oA
WA 71t} o] &N ethanol® 3FA3sle] 700 nmolAd &3%=7F 0.78 =+
0.0027} === zdste] dgo] AHE-sh3itt,

96 well platedl] sFx¥HE 3A3 A5 & 20 ulLe ABTS €9 180 ulL=

Z3tate] 1587 Aol A wkS-A17]l & microplate readerE ©]-83F% 700 nm

) Z(positive control) 2.2+ L-ascorbic acid (vitamin C)¢} BHTE A&

stalon, gtuzd 28 (%) vl Aol oa ALl 4 Alme] &g

>

d W&ol 502 Wl AR % (SCs0)E T8t

o -1

A

. .. -A
Radical scavenging activity (%) =(1- Sa“Ke blank ) 100

control

Acontrol - 700 nmollA ABTSS] &3 %
Asample © 700 nmel A A| 29} ABTS whg-ole] F3w

Apank = 700 nmoll Al Al& #}A 9] FH=

_13_



2) &<

(1) RAW 264.7 M3 Hjek

RAW 264.7 cell& w}9-29 A A EMurine macrophage cell line)=
ATCC (American Type Cell Culture, USA)o|A &< wo} 10% FBS (fetal
bovine serum, GIBCO Inc., NY, USA), 100 U/mL penicillin ¥ 100 pg/mL
streptomycin®] ¥ DMEM (Dulbecco's modified Eagle medium, GIBCO,
NY, USA) #jx|E ARg3sle] 37T, 5% CO, incubator Z71oA wjgslt o,
2-3¢ Ao A WS APl

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

24 well plated] RAW 264.7 cell& 2 X 10° cells/well&2 &

5% COp =Astoll A 18A1%F wikdt & Aol ARgstltt. A WA celld

N
_OL
=
w
Q
«o

W AE 1 pg/mL LPS (Lipopolysaccharide)’} X ¢t¥l wjx|&2 s 3 A|g =
sEER 747 Tbske] 2443 widsidth. A E NOO 42 Griess Alef
(1% sulfanilamide, 0.1% naphtylethylenediamine in 2.5% phosphoric acid)<&
ol-g3to] AlE g Fo| EASE NOy o ez A3 Alx vk A
% 100 puLe} Griess AleF 100 uLE &%3te] 96 well plateo]A] 10% &<
SA 71 3 540 nmolA FFEE SAHFIT. AAE NO9 %S sodium

nitrite (NaNQO2)Z ©o|-83}e] standard curveE FAls] Attt iz o=

=3

= 2-amino—-4-picoline (10 pM)S AF&-3}3At}.

(3) PGE, % A=A cytokine (TNF-a, IL-18, IL-6) A4 oA &4

24 well plateol RAW 264.7 cell& 2 X 10° cells/well®& ®F3sta 37T,
5% CO, ZZ3FAA 18AI7F vjkst & 1 wjdA|Z] cell® WiAE 1 pg/mL

LPS7} 23td miA = nglsto], AlgE =R 247 H7lel 2443 wj<kakal

_14_



ok ol A WY FeHe PGE; % cytokine S sandwich ELISA
(Enzyme-linked immunosorbent assay) kitE ©]83}o A3 oW, PGE,
9 7} cytokine w3 t)d standard curve?l r? ke 0.98 o]Atolglth.

(4) INOS % COX-2 &g e oA &4

i

60 mm culture dishel]l 9 X 10° cell/dish® MZE EF35ta, 37T, 5% CO,
8k A 18A1ZE Mt & A A celld] A& 1

WA R wgsto], ARE sEER 47 HUbe] 244170 wiFsilvh. o] - ul

ug/mlL LPS7} 323

A& AASFIL cold PBSZE AlF3d % lysis buffer (1XRIPA; 10 mM
Tris—HC! [pH 7.5], 150 mM NaCl, 1% Nonidet P-40, 2 mM EDTA, 1 mM
EGTA, 1 mM NaVOs, 10 mM NaF, 1 mM dithiothreitol, 1 mM phenyl

methylsulfonyl fluoride)E ©]-&3] 4T, overnights] lysis A7l &, A&

(15,000 rpm, 20 min, 4C)3te] vz AbGoul BEgsgict, did s

rir

BSA (bovine serum albumin)< standard® Bradford A]¢FS A}83te] A &s)
S}
Aesl dwE 20 pugS 8-12%° SDS-polyacrylamide geldl d7]9&3}aL

poly-vinylidene difluoride (PVDF) membrane©l transfer A|Ft}. @l zo] A
o]¥] membranes 5% skim milk7F X33H TBS-T (0.1% Tween 20,
Tris-buffered saline)oll 23l -2 Al 2A|%F blocking A7l §, 12 A<} vk
SAZHTE 12 @A HEE-S INOS antibody (1:1000, SantaCruz), COX-2
antibody (1:1000, BD) ¥ B-actin antibody (1:20000, Sigma)E ©]§3}%]
4CollA  overnight HEGAIF T o]% TBS-T {do=z 53 AHAH £
peroxidase-conjugated ¥ 2%} 3+A(1:5000 %=+ 1:20000, Santacruz)e} A<
oM 1A17E WAL § TBS-T &= 53] AHsgity. @Wd2 WESTAR
NOVA 2.0 (CYANAGEN, Italy) €& o]&3] ECL 7|&d3 wks A7l 5
Chemidoc (Fusion solo, VILBER LOURMAT, Germany)< ©]&3lo] z}zhe]

wuld e YRS gelshgich
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3) vy

(1) B16F10 melanoma A3 Hj <k

Murine B16F10 melanoma cell ATCC (American Type Cell Culture,
USA)ZFE ®F wol 10% FBS (fetal bovine serum, GIBCO Inc., NY,
USA), 100 U/mL penicillin % 100 pg/mL streptomycin®] ¥-+%¥ DMEM
(Dulbecco's modified Eagle medium, GIBCO, NY, USA) HjA| & A}-&3}4] 3
7C, 5% CO, incubator Z7e|A et o, 39 Aoz A wjFs A
kit

(2) Melanogenesis 24 &4

6 well plated] 6 X 10* cells/well2 MXZE EF31 37C, 5% CO, %713}

ol M 24413k vt 5 Al ARSIt A wgAIZL celld] HlAE 100 nM

a-MSH7} 23t WAz wg § A8E s=U= 22 Hdrlsto] 7243 wj<k

off

3tF . o] % BijX]E A|AsFal PBS (phosphate buffered saline)® A& 3F 3,
trypsin-EDTAE A 3sto] MEZE 3|33 343k AlXX+= 1 N NaOH 300
uLE #7718t 70CoAA 30%7F vHSA1A AXEWS] melaning 59 o] 405

nmoll A &P == =A39 ) T O 2 melasolv (20 uM)E AH&-3F3A T

2
BN

ol

(3) Intracellular tyrosinase #3] &4

6 well plated] 6 X 10* cells/well2 MEES BF3ta 37T, 5% COy A3}
o A 24A17F wjeket & A wjd Al celle] WiA]S 100 nM a-MSH7} ¥38h#
WA= wgkelo] A SE wREE 747 HUbe] 72A1%F wiekellh o] % WA &

A ASL cold PBSZE A& & lysis buffer (1XRIPA, 10 mM Tris—HCI
[pH 7.5], 150 mM NaCl, 1% Nonidet P-40, 2 mM EDTA, 1 mM EGTA, 1
mM NaVOs, 10 mM NaF, 1 mM dithiothreitol, 1 mM phenylmethylsufonyl
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fluoride)E ©o]&3al] 4C, overnightdl] lysis A1 &, 4AE2](15,000 rpm, 20
min, 4C)sto] G vt Fejste] a4R 0w ARESHST

96 well plate°] 67 mM sodium phosphate buffer (pH 6.8)°] =<1 8 mM
L-DOPA 160 pL¢} &1 A5 20 pLe E&ste] 37CoA 1-2413F Wk
AZ1 2, 490 nmollA FFE=E SAS

albumin)S standard® Bradford A]9FS AF-83 A&ksle] ®W A3}

t}, A =r = BSA (bovine serum

32

(4) TRP-1, TRP-2 % tyrosinase @z w3 oz g4

60 mm culture disholl 9 X 10* cells/dish& A¥Z EF3ta 37C, 5%
COy ZAdstoll A 24412 wieket 5 A wjek A7 cell®] ¥iAlE 100 nM «a
-MSH7}F 23Hd wiA = wstste] A 85 F=E=E 77 ks 7241%F v et
At o]% HIAE A ASFAL cold PBSE A& 3 ¥ lysis buffer (1XRIPA, 10
mM Tris-HCI [pH 7.5], 150 mM NaCl, 1% Nonidet P-40, 2 mM EDTA, 1
mM EGTA, 1 mM NaV0Os;, 10 mM NaF, 1 mM dithiothreitol, 1 mM
phenylmethylsufonyl fluoride)& ©]&3] 4T, overnightdl] lysis A7l &, <4
12(15,000 rpm, 20 min, 4C)ste] @ld AFoiwt Eejaigicy, duld =
+ BSA (bovine serum albumin)< standard® Bradford A]2FS Alg-3lo] A

st

g

olr

R
Zal dhlE 30 uge 8-12%° SDS-polyacrylamide geldll d7]<E3star

o,

poly-vinylidene difluoride (PVDF) membrane©l transfer A|Ft}. @l zo] A
o]¥] membranes 5% skim milk7F E£33H TBS-T (0.1% Tween 20,
Tris—buffered saline)dll 2iL 7oA 2A]3F blocking A1 %, 12 A<} vk
SAAY, 12 A4 ¥k2e TRP-1, TRP-2, tyrosinase antibody (1:1000,
SantaCruz) % B-actin antibody (1:20000, Sigma)E ©]&3sFe] 4TelA
overnight WrgAIZIth o]F TBS-T &H4o= 53 A|F F, peroxidase-
conjugated ¥ 2xF &A (1:2000 T+ 1:20000, Santacruz)9t Ao A 1417+
RESAIZL 5 TBS-T &4o2 53] AHsigltt. e d2 WESTAR NOVA 2.0
(CYANAGEN, Italy) &< o]&3] ECL 71d3 W& A%l %, Chemidoc
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MTT [3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl tetrazolium bromide]
assayt™ RAW 264.7 ¥ BI6F10 cells well plateo] A3 7o 9bA &3}
aL 37T, 5% CO, =AstllA Aujet 5, LPS (1 pg/mL) E+= a-MSH (100
nM)¢t AlRE s=EE Agste]l stk wiYg $, 500 pg/mL sEE
MTTE #7Fste] 37ColA 3AIZF &b v A &, S AASAT. 7]
o] DMSOE 7tsto] 2opgle= A3z} whg-sto] AX] formazang &A1 v,
o] % 96 well plated] &7 570 nmollA FF=E SAH3STH

A AEELS tael Al oal ALkE At

0

O

A

O

A
Cell viability (%) = —2" x 100

control

Acontrol * ABE H7VshA] Ee HES 2 ol o)

oy
of
H

. o S
Asample . }\]JEJ— E]__'E' %o—qg %%E

3. A4 A

B oATe] BE 4ge $U £ sl 33 W Axstel 49 AR

.

Fom, wE AF A= Hit(mean) £ EHAH(standard deviation)Z 7]
3t e B4 A48 Excel software (version 2007, Microsoft Corp.,

Washington, USA)E AFg3}9] student's t-testES AA|ste] ZH7lskict. &+
AT Atole]l FAIA HAA F p ko]l 0.05 o]sl] AS-E TAHoRE 9y

7F lohar #esglt. #p <0.05; ##p <0.01

>

=)
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A 1A ExYdUF 71X FE2EY s 4 3E S84 HAE AT
1. A=

BV (Pourthiaea villosa)« &7 ¥ (Rosaceae) A &2A4 &g}
gutete] dEEol¢l &m0l ArE AQriste] Bojx o] Eo|th ¢
Fooldol A AAsh YRR fFoli= 5 mel @eth Ae o5ty
S AFR AT BdolAY 71 BtdE ol Zol= 3-8 cm=E ¥
ol gty wA iy A Aufrl ofFue] AT R o] &HIUeH Haje] AH
o] 21 "date] F7)F FOoRE o] gHef gt

AA7HA HaE &

2]
of ZElHANeH,” fi=d

32
._E
o
=2
e
2
-
=2
R
aly
o

-
L)
-

Figure 4. Picture of Pourthiaea villosa (Thunb.) Decne.
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U 7k 750 g& 70% olErE 7.5 Lo Wi A2
A 24A1%F wwrElith, JEAIZL AIRE A o3 A9 ADVANTECARY]

Grade No. 131 filter papergE S3] FENS oslqon, ojef 72 WHO
2 723k dA}o thste] =U3 o R 13 v whE AAEY T o]EH A o

FE o] Z 40T ofske] & FolA I NE F=F7I(rotary vacuum
evaporator)® FF3ato] 70% e FEE 38.6 go AH o T F=
30.0 g& SHF 2 Lol dEA7|a, B

2 o 52 F33le] p-hexane (1.7 g), ethyl acetate (8.3 g), n—butanol (7.4

g) % water (10.8 g) TI&=S dAH(Figure 5).

Dried branches of Pourthiaea villosa (750.0 g)

70% EtOH 7.5 L, stirring, 24 h, 2 times

Extract 38.6 g (5.15%)

Extract30.0 g

Suspended with H,0

' : ! '

n-Hex Fr. EtOAc Fr. n-BuOH Fr. H,O Fr.
1.7 g (5.7%) 8.3g(27.7%) 7.4 g (24.7%) 10.8 g (36.0%)

Figure 5. Extraction and solvent fractionation of £. vi/losa branches.
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gn] 73 3 dojd Z} EIFE F ethyl acetate fraction 5.0 g2 #33}
71 #ske] =4 silica gel
chromatography (VLC)E 333t} n-Hex/EtOAc (0-100%), EtOAc/MeOH
(0-100%)=2 &1l =4 5-10%% Folv WHo= 7t 300 mLY &3t F

30709 fraction= LATHEFr. V1-V30).

glass columng ©|-&38}l% vacuum liquid

Yo
of
P
ot

VLC fraction® % Fr. V6 (35% EtOAc in Hex) 80.4 mg2 7 53 &
o] chloroform& H7}89< w =% & vialol 7FekE powderE 8514
compound 1 (19.3 mg)S ¥dAemH, Fr. V7 (40% EtOAc in Hex) 25.7 mg<
@ 33HE compound 42 E1E S

Fr. V11 (60% EtOAc in Hex) 108.0 mg< CHCIl3-EtOAc-MeOH (5:3:1)9]
SujxAoZ AAAES compound 5 (19.4 mg)S AUt}

Fr. V19 (100% EtOAc) 240.5 mgs CHCl3-MeOH (12:1D)9] Suwixzo=
Sephadex LH-20 CCE %3§3}>] compound 2 (1.6 mg)¢} compound 7 (4.4
mg)S Ao, Fr. V21 (10% MeOH in EtOAc) 710.4 mge CHCls-MeOH
(3:D¢ gz o =2 Sephadex LH-20 CCE &3l compound 3 (14.4 mg)¥}
compound 6 (361.4 mg)S AAHFigure 6).
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EtOAcFr.
50¢g

V.L.C.

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

Step gradients(5%, 10%), 300 mL each

' '

'

'

V1 Vo6 V7 V11
(80.4 mg) (25.7 mg) (108.0 mg)
Recrystallization Recrystallization with
with CHCl, CHCl;:EtOAc:MeOH
=5:3:1
Compound 1 Compound 4 Compound 5
(19.3mg) (19.4 mg)

;

V19 V21
(240.5mg) (710.4 mg)
Sephadex LH-20 CC Sephadex LH-20 CC
CHCl;:MeOH CHCl;:MeOH
=12:1 =3:1
Compound 2 Compound 3
(1.6 mg) (14.4 mg)
Compound 7 Compound 6
(4.4 mg) (361.4 mg)

!

Figure 6. Isolation of compounds from Z. vi/losa branches.
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1) Compound 1, 2

Compound 12 "“C-NMR spectrumol Al & 30702} carbon peak®} 'H-NMR
spectrumol Al 77019 methyl groupS X33t aliphatic signalE<S vlE o=
triterpene &2 A5t PC9 DEPT-NMR  spectrums &3]  171<]
carbonyl (6¢ 178.3)% 170¢] olefin group (4%} carbon &c 138.2, 3%} carbon
8. 124.6) % A7) 2143 9 %9 methine carbon?l &¢ 76.82] 5A peaks
S Folag. oES HIECZ compound 18 F3Yy wlwee] 3B-
hydroxy-12-ursen-28-oic acid, ¥H-&H == ursolic acid¥l<s &<lslth
(Figure 7-9, Table 2).

Compound 2% compound 13 §A}SH %ot} BC-NMR spectrumol A 6
70 methyl group¥} AFA<} 183 93] 2709 methine carbon (¢ 69.8,
78.3)% 178¢] methylene carbon (8¢ 66.4)¢] EA y3E50] #E ALt o=

3 "3 ¥l wdte] compound 2% 2a,23-dihydroxyoleanolic acid, -89S

f

+ arjunolic acid¥S #2135} tH(Figure 7, 10, 11, Table 2).

Figure 7. Chemical structures of isolated compounds 1 and 2 from

P. villosa branches.
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Table 2. 'H and "“C NMR data of compounds 1 and 2 (500 and 125 MHz,
DMSO-d; and methanol-d,).

Compound 1 Compound 2
N T e By Gnt, mult, J H2) 5 §u (int, multi, J Hz)
1 38.4 44.3
2 27.5 69.8 3.68 (1H, t, 3.0)
3 76.8 4.31(1H, d, 5.5) 78.3 3.50 (1H, d, 11.5)
4 38.5 43.0
5 54.8 49.8
6 17.1 19.3
7 32.7 31.8
8 39.4 35.2
9 47.0 48.3
10 36.3 34.1
11 22.9 24.2
12 124.6 5.12 (1H, m) 123.3 5.24 (1H, m)
13 138.2 145.9
14 41.7 40.7
15 28.3 29.0
16 23.8 26.6
17 46.8 47.6
18 52.4 2.10 (1H, d, 11.0) 39.2 2.87 (1H, dd, 4.5, 13.0)
19 38.5 43.2
20 38.4 30.5
21 30.2 33.8
22 36.5 30.9
23 27.0 0.89 (3H, s) 66.4
24 16.1 0.89 (3H, s) 14.0 1.03 (3H, s)
25 15.3 0.98 (3H, ) 18.0 0.95 (3H, s)
26 16.9 0.74 (3H, s) 17.7 0.90 (3H, s)
27 23.3 1.09 (3H, ) 24.8 1.17 (3H, s)
28 178.3 183.0
29 16.9 0.86 (3H, s) 33.5 0.69 (3H, s)
30 21.1 0.87 (3H, s) 24.3 0.83 (3H, s)
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Figure 8. 'H-NMR spectrum of compound 1 in DMSO-ds.
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Figure 10. '"H-NMR spectrum of compound 2 in methanol-d,.
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Figure 11. "»C-NMR spectrum of compound 2 in methanol-dj.
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2) Compound 3

Compound 3 'H-NMR spectrum 4 Z¥} &y 5.36 (1H, d, / = 5.0 Hz)
9] signal2FE sp¥ EAL zt= olefin %Y protong dAEtg o, &y
4.01 (1H, m)Y signalZ2%E A7|SAHE=7F 2 AA7F 2148 9+ methine
protonS A TE 8y 4.61-3.979 4 YERY peak HEE £33 1719 Wol
As Bolgt oA 4 9llem, sy 5.10 (1H, d, J = 7.5 Hz)9| anomeric
proton®] coupling constant® Ea ©] @2 B-forme 7FA 3L & Holg}t o
Eirass

BC-NMR spectrum #4] A3} % 35709 carbon peakZ Felatgomn, o
% 67019 methyl group (6¢ 20.5, 19.9, 19.7, 19.5, 12.7, 12.5)% 671¢]
sugar carbone ‘&3 sterol ¥WiEA ALY sFEUS AdstATh ¢ 141.3,
122.4 peak™ protono| A= o439 W olefin group® carbon®]™ &c 79.19
A Aa7h QA= methine carbong ekl @l FHE YC-NMR
spectrumoll 4] &: 103.0, 79.0, 78.5, 75.8, 72.1, 63.39 67019 signalE¥}
'H-NMR spectrum®] 4] anomeric proton® coupling constant #t< %3s}o]
B-D-glucopyranosided 2 <43ttt ©o]E WY SR compound 3 #3373}
H| L3} sitosterol 3-O-B-D-glucopyranoside, ¥-8™ S 2+= daucosterold S

stol 3t tH(Figure 12-14, Table 3).

OH
Figure 12. Chemical structure of isolated compound 3 from

P. villosa branches.
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Table 3. 'H and C NMR data of compound 3 (500 and 125 MHz,
pyridine—d;).

Compound 3
No. .
e &y (int, multi, J Hz)

1 37.4

2 30.5

3 79.1 4.01 (1H, m)
4 39.8

5 141.3

6 122.4 5.36 (1H, d, 5.0)
7 32.5

8 30.7

9 50.8

10 36.9

11 21.8

12 40.4

13 42.9

14 57.3

15 25.0

16 29.0

17 56.7

18 12.5 0.66 (3H, s)
19 19.7 0.95 (3H, )
20 34.6

21 19.5 0.99 (3H, d, 6.5)
22 32.6

23 26.8

24 46.5

25 29.9

26 20.5 0.93 (3H, d, 6.5)
27 19.9 0.91 (3H, d, 7.5)
28 23.8

29 12.7 0.87 (3H, d, 7.0)
1 103.0 5.10 (1H, d, 7.5)
2' 75.8 4.61-3.97 (5H, sugar H)
3' 79.0

4' 72.1

5' 78.5

6' 63.3
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Figure 13. 'H-NMR spectrum of compound 3 in pyridine—d;.

ZO0TEOT —

EFZEL ——

ZETTIPT —

o

10 ppm

20

30

40

140 130 120 110 100 a0 80 70 60

150

NMR spectrum of compound 3 in pyridine-ds.
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Figure 14.
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3) Compound 4

Compound 4+ 'H-NMR spectrum 4] A¥, §; 7.14 (1H, d, J = 2.0
Hz), &y 7.02 (1H, dd, J = 10.0, 2.0 Hz), &y 6.78 (1H, d, J = 10.0 Hz)

signalES %3t M ZE ortho—, meta—couplingS dFil U= 3] aromatic

(o3

aromatic ring®] USLS dAEATt. =3 5y 3.96 (1H, t,

l

riu

peak= 7|5 %=7F 2 A4rF A 0= methine proton¥ds e 4 3l
Rom, &y 3.89 (8H, s) 3.85 (3H, 9)° peakE2 Aidts &3F% methoxy
group &2 o AHatgi ),

"C3 DEPT-NMR spectrum® &3te] & 217019 carbon®] &S st
o o]52 2709 methoxy carbon (8¢ 61.7, 61.5)3 77§¢] aliphatic carbon
(6¢ 69.1, 40.0, 35.6, 27.9, 27.0, 26.6, 24.0), 1270¢] aromatic carbon (8¢
152.7-117.3) signal ¢ o4 & AATh 2719 methoxy carbons A2
U A peakES T3] o] 33E0] diarylheptanoid Al¥E <] &R oided 4=
Ao HMBC spectrumol 4] aromatic ring®] 6y 6.82 (1H, s)9] signal©]
T o2 aromatic ring?] carbon®l §c 126.6¥% A4 #IAAE YEl= o=
Ho} o] &L cyclic diarylheptanoid 3+E= oAb 9l o)

T3 HMBC spectrume %3] & 61.7, 61.59 methoxy groupE°] Z+zt
aromatic ring®] carbon?l Sc 148.4, 141.09] carbonE3} dAH A<
Qls} a1, COSY spectrume E3F¢] aliphatic carbonE9] wlEdS oatst 4= 9l
At olds AnE=S nigow E3PI vwd A3 compound 4E

myricanold = #2135} v (Figure 15-20, Table 4).

B

o,
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Hgéo 6

H,CO
HO

14
Figure 15. Chemical structure of isolated compound 4 from

P. villosa branches.

Table 4. 'H and C NMR data of compound 4 (400 and 100 MHz,

methanol-d).

Compound 4
No.
Sc Sy (int, multi, J Hz)

1 126.6

2 124.3

3 148.4

4 141.0

5 150.3

6 124.0

7 26.6 2.73 (1H, m), 1.11 (1H, m)
8 27.0 1.95-1.82 (2H, m)

9 24.0 0.96-0.94 (2H, m)
10 40.0 1.57-1.51 (2H, m)
11 69.1 3.96 (1H, m)

12 35.6 2.28 (1H, m), 1.67-1.61 (1H, m)
13 27.9 2.85 (2H, m)

14 131.8

15 130.6 7.02 (1H, dd, 8.0, 2.0)
16 117.3 6.78 (1H, d, 8.0)
17 152.7

18 134.6 7.14 (1H, d, 2.0)
19 130.4 6.82 (1H, s)

20 61.7 3.85 (3H, s)

21 61.5 3.89 (3H, s)
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Figure 16. 'H-NMR spectrum of compound 4 in methanol-d;.
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Figure 17. "»C-NMR spectrum of compound 4 in methanol-d,.
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Figure 18. COSY NMR spectrum of compound 4 in methanol-d;.
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Figure 19. HMQC NMR spectrum of compound 4 in methanol-d;.
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Figure 20. HMBC NMR spectrum of compound 4 in methanol-d;.
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4) Compound b5, 6, 7

Compound 5% PC-NMR spectrum< £3] & 13709 carbon peak”} ¢l
o o F & 146.8¥ §c 108.69] signalE< W* carbonl = YEFSIL,
% 1571¢] carbon peakES &3l flavonoid AlEe sIFgEZ o4& 4 AU

'H-NMR spectrum +4 A3, §; 7.34 (2H, )& &3 flavonoide] BFo]
AT FEE 7HAAL e Aelet A & dlen, =3 6y 6.37 (1H,
d, /= 2.0 H»)¥} &y 6.17 (1H, d, J = 2.0 H2)9| signals &3l flavonoid A%k
o] meta-couplingS dtal QS Holg} d=38Lt. o] nigo g B33 vl
3to] compound 5% myricetingd 2 22135 tH(Figure 21-23, Table 5).

Compound 6& 'H-NMR¥} C-NMR spectrum< %£3] compound 59 3]

A" T2 AT 5 dden, Fo FEj= 6. 103.8, 73.5, 72.3, 72.2,
72.0, 17.89] 6709 carbon peakE3¥ 'H-NMR spectrumol| A WERE &y 5.32
(1H, d, / = 1.5 Hz), 0.96 (3H, d, J = 6.1 Hz)9 54 peaks< %3 a
-L-rhamnopyranoside® 9|3} th o] vlE S ® compound 6 myricetin
3-0O-a-L-rhamnopyranoside, &4 -& myricitrin® = AR #3173 o
A gke 213k th(Figure 21, 24, 25, Table 5).

Compound 7€ 'H-NMR#} *C-NMR spectrum< B ®3 A3} compound 6
7} H52e FEHE BolE flavonoid WIB AR o8ttt 'TH-NMR spectrumel
A 6y 7.33 (1H, d, /= 2.0 Hz), 7.30 (1H, dd, J = 8.5, 2.0 Hz), 6.91 (1H,
d, /7 = 85 Hz)9 signale2 3l flavonoide] B%ol M= ortho-, meta-
couplings skal SA&S < = U olE wEew FFY3} Hlulsho]
compound 7 quercetin  3-(O-a-L-rhamnopyranoside, ¥-8WHOZ+=

quercitrin® & @213 tHFigure 21, 26, 27, Table 5H).
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OH O

Compound 6 Compound 7

Figure 21. Chemical structures of isolated compounds 5-7 from

P. villosa branches.
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Table 5. 'H and "C NMR data of compounds 5-7 (500 and 125 MHz,

methanol-d).

Compound 5 Compound 6 Compound 7
No. Sc &y (int, multi, J Hz) 8¢ &y (int, multi, J Hz) Sc &y (int, multi, J Hz)
2 1481 159.6 158.7
3 1375 136.5 136.3
4 1774 179.8 179.7
5 162.6 163.4 159.3

6 94.5 6.17 (1H, d, 2.0) 99.9 6.20 (1H, d, 2.0) 100.0 6.18 (1H, d, 2.0)
7 1657 166.0 166.9
8 99.3 6.37 (1H, d, 2.0) 94.8 6.36 (1H, d, 2.0) 95.0 6.35 (1H, d, 2.0)

9 1583 158.7 163.3

10 104.6 106.0 105.8

1" 1232 122.1 123.1

2" 1086 7.34 (1H, s) 109.7 6.95 (1H, s) 117.3 7.33 (1H, d, 2.0)
3 146.8 147.0 146.6

4" 1370 138.0 150.0

5 146.8 147.0 6.95 (1H, s) 116.5 6.91 (1H, d, 8.5)
6 1086 7.34 (1H, s) 109.7 123.0 7.30 (1H, dd, 8.5, 2.0)
1 103.8 5.32 (1H, d, 1.5) 103.5 5.34 (1H, d, 1.5)
2" 72.0 4.22-3.51 72.2 4.20-3.50

. y (4H, sugar H) 99 (4H, sugar H)
4" 73.5 73.3

5" 72.2 72.0

6" 17.8 0.96 (3H. d, 6.1) 17.8 0.94 (3H, d, 6.0)

_37_



—7.342
6.368
6.364
3.349

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15

4.12 =
200\
2@9:
2.05)=
3.08 -

Figure 22. 'H-NMR spectrum of compound 5 in methanol-dj.
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Figure 23. »C-NMR spectrum of compound 5 in methanol-d.
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Figure 24. 'H-NMR spectrum of compound 6 in methanol-d.
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Figure 25. »C-NMR spectrum of compound 6 in methanol-dj.
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Figure 26. 'H-NMR spectrum of compound 7 in methanol-d.
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Figure 27. C-NMR spectrum of compound 7 in methanol-d;.
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(1) & 9= 2 5 Setieol= 3

% Zovs 339 BE2d gllic acide] ARTAL o] 85k &by
M FEE L BHB 3P 1 g 3 FHEL de

1+ gallic acid® U (GAE;

gallic acid equivalent)2.2 3Hibsle] YeERAQT. A8 Ay, FEEA] 244.7

+ 2.8 mg/g GAE, 3% % EtOAc ¥ BuOH fractiondl A Z}Z} 294.9 +

5.8, 288.1 + 0.9 mg/g GAER #& Zelds &%s YUetd Aok (Figure 28).

Fo 24 querceting AAIFAHAE o] &Ee] F

1o

= St3Fal 9+ quercetin® %U(QE; quercetin
equivalent) &2 2Hibsto] YERJIQlom, AHE Ay}
=

fractiono] A 194.7 + 3.3 mg/g QE
A (Figure 29).
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Figure 28. Total phenolic contents of extract and solvent fractions from

P. villosa branches. The data represent the mean £ SD of triplicate

experiments.
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Figure 29. Total flavonoid contents of extract and solvent fractions from
P. villosa branches. The data represent the mean *= SD of triplicate

experiments.
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(2) DPPH radical &7 &4

)
<
1
~
N

2 guj ¥ &9 DPPH radical 274 &4& 543}

= =
o] 3.13-100 pg/mLe] vE=2 AdS Fgsigion, 7t

-
a

_ir
Atz A REd e

Ho

—

2 A3, Hex EFES A9 55, EtOAc, BuOH, H,0 & =2] SCs
kol Z+z+ 13.8, 10.8, 10.0, 17.1 pg/mL= Wxza+o = ARE3L L-ascorbic
acid (SCsp = 8.8 png/mL) 9] DPPH radical 2A&A o] A& &alsit

(Figure 30, Table 18).

®313pg/mL  ®W625pg/mL ®125pg/mL  ®W25ug/mL W50 pug/mL ™ 100 pg/mL
100 -

[ee]
(=]

S
o

DPPH radical scavenging activity (%)
N [N
(=) (=)

Extract Hex EtOAc BuOH H,0 Ascorbic acid

Figure 30. DPPH radical scavenging activities of extract and solvent
fractions from £ vwvillosa branches. The data are expressed as a

percentage and represent the mean * SD of triplicate experiments.

Table 6. SCs9 values of DPPH radical scavenging activities of extract and

solvent fractions from Z. vi/losa branches.

Extract Hex EtOAc BuOH H,0 Asgé)irdbic
SCso 13.8 >100 10.8 10.0 17.1 8.8
(ng/mL)
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(3) ABTS" radical &7 &4

Fwe U b1 FE2 2 g 2320 ABTS' radical 24 B4S =4
stedth 7 Aol viste] 3.13-100 pg/mlel BE= AWe Aasgon,

2y7r o] SCso #he AASFSI T
a2 A3}, FEFE, EtOAc, BuOH, H,0 23 %9] SCs #tel 242t 6.7, 5.1, 5.7,
11.3 pg/mL= F+o 5 AFE3F L-ascorbic acid (SCsop = 15.5 pg/mlL) H.t}

=2 ABTS' radical &~2A Aol A= 18R (Figure 31, Table 7).

®313pg/mL ®W6.25ug/mL ®12.5ug/mL ®25pg/mL M50 ug/mL  ® 100 pg/mL

100 A

o]
(=]

S
o

ABTS* radical scavenging activity (%)
[)S) [N
(=) (=)

Ascorbicacid

Extract Hex EtOAc BuOH H,0

Figure 31. ABTS" radical scavenging activities of extract and solvent
fractions from £ vwvillosa branches. The data are expressed as a

percentage and represent the mean = SD of triplicate experiments.

Table 7. SCso values of ABTS' radical scavenging activities of extract

and solvent fractions from £ villosa branches.

Extract Hex EtOAc BuOH H,0 AS;:((:)irdbic
SCso
. 43. 1 . 11. 15.
(ug/mL) 6.7 3.7 5 5.7 3 5.5
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3)
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=]
RUS

7FH o2 25 50, 100, 200 pg/mL ==
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9 Ad¥E Alge® NO A4
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®m NO production (%) Cell viability (%)

120
T
100
i *
80
o_\o_ *3k
2 60
e} *k
)
40
20 k%
0 +—— |
LPS - + + + + + + +
Sample - - Extract Hex EtOAc  BuOH H,O0  2-amino-
i 4-picoline
Sample concentration: 100 pg/mL (10 uM)

Figure 32. Nitric oxide production and cell viability effects of extract and
solvent fractions of P vwvillosa branches in LPS-induced RAW 264.7
macrophage cells. The data represent the mean =+ SD of triplicate

experiments. *p <0.05; *xp <0.01

B NO production (%) Cell viability (%)
120

*
100 v -
*
80
S
£ 60 by
g
-
40 o
0 —
LPS - + + + + + +
EtOAc - - 12.5 25 50 100 200

Sample concentration : pg/mL
Figure 33. Nitric oxide production and cell wviability effects of ethyl
acetate fraction of £ vwvillosa branches in LPS-induced RAW 264.7

macrophage cells. The data represent the mean =+ SD of triplicate

experiments. *p <0.05; *xp <0.01
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(2) INOS % COX-2 wald kg oA 24

i

& A3}, INOS Bl o] WHo] FE oEHom gaEE A4S HAT &
omf ol NO 44 oA %7t 2 F 99
o SR COX-29 A9 949l oAl #4L uehiA e st

(Figure 34).
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Figure 34. Effects of ethyl acetate fraction from £ villosa branches on
the levels of INOS and COX-2 protein in LPS-induced RAW 264.7
macrophage cells. The INOS or COX-2 protein levels in each sample was

normalized to the quantity of B-actin.
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(1) DPPH radical &7 &4

Fmeu 7R E 22 E 33E DPPH radical &7 @45 SAs5H3
t} zbzte] 3= Sl thate] 3.13-100 pMe] == 23S WaPste] SCy
= AT

21 A3}, compound 5, 6, 79 SCso atel 22} 11.6, 15.1, 23.3 uyM=Z FT
¢l L-ascorbic acid (SCs = 48.0 pM)E.t} W& SCs #S UEloH olE 3}
= E0] 943 DPPH radical 27 4ol J&S #Fead & JAtH(Figure
35, Table 8).

®313puyM ®m625puM ®125uyM ®E25yM ®m50uM =100 uM
100 ~

80 -
60 -
40 A

20 1

DPPH radical scavenging activity (%)

Compound 5 Compound 6 Compound 7 Ascorbicacid

Figure 35. DPPH radical scavenging activities of isolates 5-7 from Z.
villosa branches. The data are expressed as a percentage and represent

the mean = SD of triplicate experiments.
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Table 8. SCsp values of DPPH radical scavenging activities of isolates

1-7 from P villosa branches.

Compound No. Compound name SCso (uM)
1 Ursolic acid >100
2 Arjunolic acid >100
3 Daucosterol >100
4 Myricanol >100
5 Myricetin 11.6
6 Myricitrin 15.2
7 Quercitrin 23.3
Positive control L-Ascorbic acid 48.0
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(2) ABTS" radical &7 &4

Freguy 7R Y Eeld shgh=e] ABTS™ radical &7 245 SA¢)
St Zzte] FRtEEe dshe] 3.13-100 pMe] =2 AdS dste] SCs
e Artskalt

21 A3, compound 5, 6, 72 SCso ate] 242t 5.4, 7.9, 15.8 yM=Z o z=9!
L-ascorbic acid (SCso = 25.0 yM)E.t} £ ABTS™ radical &Aool U+

S & = AAG.(Figure 36, Table 9).

H3.125uM ®625uM ®125uM E25uM E50uM =100 uM
120 -

100 -

80 -

40

20

ABTS* radical scavenging activity (%)

Compound 4 Compound 5 Compound 6 Compound 7 Ascorbicacid

Figure 36. ABTS" radical scavenging activities of isolates 4-7 from P
villosa branches. The data are expressed as a percentage and represent

the mean = SD of triplicate experiments.
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Table 9. SCso values of ABTS" radical scavenging activities of isolates

1-7 from P villosa branches.

Compound No. Compound name SCso (uM)

1 Ursolic acid >100

2 Arjunolic acid >100

3 Daucosterol >100

4 Myricanol 38.2

5 Myricetin 5.4

6 Myricitrin 7.9

7 Quercitrin 15.8
Positive control L-Ascorbic acid 25.0
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2) &<

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

RAW 264.7 cell& o] &3lo] SxgluF 7FA =2y 289 33859 nitric
oxide (NO) A4 Al &4 2 Ax 545 FAsAch 4 72 IgFEES
100 uM == A3¥S APst 23 compound 47} AIESA glo] NO BAS
81.4% <AeS #skitt. Compound 19 7%, 70.8%2] NO A <Al &

&5 Yepfloy M AEEo] 34.8%2 A5 o3 ARdS o

T dAF(Figure 37).
o] A3E wig oz NO A I9A &4do] 43" compound 4] tjsto]

F7FH o R 125, 25, 50, 100 yM == 2AdS ¢ AY3dv. 1 A
compound 4+ 100 uyM F% oJstoll A AMEEA Qlo] & JEFHoE NO A

e JAANAS FAd 5 AAHFigure 38).
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Compound - - 1 3 4 5 6 7 2-amino-
S 4-picoline
Sample concentration : 100 uM (10 uM)

Figure 37. Nitric oxide production and cell viability effects of isolated
compounds from £ villosa branches in LPS-induced RAW 264.7
macrophage cells. The data represent the mean £ SD of triplicate

experiments. **p <0.01

B NO production (%) Cell viability (%)
120
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60

Unit: %

40

LPS - + + + +
Compound 4 - - 12.5 25 50 100

Sample concentration : uM
Figure 38. Nitric oxide inhibition and cell viability effects of isolated
compound 4 isolated from £ willosa branches in LPS-induced RAW
264.7 macrophage cells. The data represent the mean £ SD of triplicate

experiments. **p <0.01
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A8 A7 compound 45 NO AT #HF INOS gulde] Mo »r oFE
Ao FaweE 3g AT F den oE NO A oA #7t Adew
#e FEFE Ul A & AT s AR COX-2 glde] = {9
A oA 24E JehiA a2 FAsdtH(Figure 39).
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Figure 39. Effects of isolated compound 4 from Z. villosa branches on the

levels of INOS and COX-2 protein

in

LPS-induced RAW 264.7

macrophage cells. The INOS or COX-2 protein levels in each sample was

normalized to the quantity of B-actin.
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(3) A=A cytokine (TNF-a, IL-1B, IL-6) A A &4

RAW 264.7 cell& o]g3lo] &g 7kx 25 € 29 compound 4°]
3k 954 cytokine?! tumor necrosis factor (TNF)-a, interleukin (IL)-1
B 2 IL-6 AY oAl 4S5 gdssitt. 23 23 compound 4% TNF-q,
IL-18 ¥ 1L-69 AAS s dFEHoz A A7|e AL AT 5 AUt

(Figure 40).
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Figure 40. Effect of isolated compound 4 from £Z. villosa branches on
production of TNF-a, IL-18 and IL-6 in LPS-induced RAW 264.7
macrophage cells. The data represent the mean = SD of triplicate

experiments. *p <0.05; *xp <0.01
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Figure 41. Picture of black radish roots.
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FEE F 1200 g FA £Ad ug £xHo w2 H3sle] p-hexane
(0.53 g), ethyl acetate (1.6 g), n-butanol (16.5 g) 2 water (101.2 g) &3

=S A K Figure 42).

Dried roots of Raphanus sativus L. var. niger (500.0 g)

70%EtOH 5L, stirring, 24 h, 2 times

Extract 152.0 g (34.0%)

Extract 120.0 g

l Suspended with H,0

\ 4 \ 4
n-Hex Fr. EtOAc Fr. n-BuOH Fr. H,0 Fr.
0.5 g (0.4%) 1.6 g (1.3%) 16.5 g (13.8%) 101.2 g (84.3%)

Figure 42. Extraction and fractionation of black radish roots.
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2) Ethyl acetate +8==25¢H &4 A

2]

A
A

4n] 73 3 dojd Z} EIFE F ethyl acetate fraction 1.0 g2 #33}
7] 93te] A silica gel® FX13F glass columne ©]8€3to] vacuum liquid
chromatography (VLO)E 333l tt. n-Hex/EtOAc (0-100%), EtOAc/
MeOH (0-100%)% &vl 54 10%4 Fol= WHo=Z 2zt 100 mLA &FA]
A & 21709 fractions FAH(Fr. V1-V21)

VLC fractionE & Fr. V49 V5 (30-40% EtOAc in Hex)& &3k 75.5 mg
< CHCI3-MeOH (25:1)9] &wjzA 2 & silica gel CCE 338t compound 3
(14.3 mg), compound 4 (19.0 mg), compound 5 (17.7 mg)S LA™, Fr.
V8 (70% EtOAc in Hex) 55.7 mge H.O-MeOH (4:6)¢] X792 Sephadex
LH-20 CCE F#3}e] compound 1 (14.7 mg)S skt

Fr. V7 (60% EtOAc in Hex) 43.4 mg¥ Fr. V10 (90% EtOAc in Hex)
10.0 mge 77t @dstgESQ compound 6% compound 2= ERIE At

(Figure 43).

EtOAc Fr.
10g

V.L.C

Hex-EtOAc (0-100%),
EtOAc-MeOH (0-100%)
Step gradient, 100 mL each

! ! ' ' ' |

V1 V4V5 V8 V7 V10 V21
75.5 mg 55.7 mg 43.4 mg 10.0 mg
Silicagel CC

CHCl;: MeOH = 25:1
Sephadex LH-20CC

H,0:MeOH = 4:6

Compound 3

14.3 mg

Compound 1 Compound 6 ‘ ‘ Compound 2

Compound 4 14.7 mg

19.0 mg
Compound 5

17.7 mg

Figure 43. Isolation of compounds from black radish roots.
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w
AL

9 el T2 24
1) Compound 1

Compound 1& C-NMR spectrumol|A & 6701¢] carbon peak’} &&= <)
o, 1 F & 194.99 signal carbonyl¥} H]=3 HE|E 7A]= FHOE 4
A 4 A, 8¢ 139.29F 136.19) signalE2 sp €4S AW olefine 739
4z gael 3x ®aR oeiqlth. §¢ 47.1, 27.29 peakEe 2719
methylene carbon® & IWFEJQom o F § 47.19 peaks Aukz <l
methylene carbon®l] H]3] deshielding ¥ Ao =2 Ho} AV|SAEY & U427}t

o] A
T H

ol

IS oldst 4 Ak 6c 17.59] peaki= DEPT(135°)-NMR spectrum
S %3} methyl7] 2 2l %S}

'H-NMR spectrumol Al &y 2.51 (3H, )¢ signale AE3kS %3] methyl
proton®.2 &5l oy Al methyl7]el H]&| deshielding o $laL, o]
9} A% = carbon peakd 38HA o]% Zko] Sc 17.5% methoxy group©l H]
&A= shielding® FHE|ES Ho] E3*S A3 A3} methylthio FEIS 71X
A e Aolgt o 4 gk I sy 7.47 (1H, t, J = 2.8 H»)9 sp
A proton¥ &y 2.73 (2H, dt, J = 7.0, 2.8 Hz)9 signalE< coupling
constant® §3l A= long range couplings 3l = FHolg} a4 A
o} ol ARES wygoz Fd™y wuwg Ay, compound 12 3-(AH)-
(methylthio)methylene-2-pyrrolidinethione ¢S 13} tH(Figure 44-50, Table
10).

Figure 44. Chemical structure of isolated compound 1 from

black radish roots.
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Table 10. 'H and C NMR data of compound 1 (400 and 100 MHz,

methanol-d).

Compound 1

No.

¢ &y (int, multi, J Hz)
2 194.9
3 136.1
4 27.2 2.73 (2H, dt, 7.0, 2.8)
5 47.1 3.62 (2H, t, 7.0)
6 139.2 7.47 (1H, t, 2.8)
7 17.5 2.51 (3H, s)
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Figure 45. 'H-NMR spectrum of compound 1 in methanol-d;.
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Figure 46. »C-NMR spectrum of compound 1 in methanol-dj.
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Figure 48. COSY NMR spectrum of compound 1 in methanol-d;.
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Figure 49. HMQC NMR spectrum of compound 1 in methanol-d,.
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Figure 50. HMBC NMR spectrum of compound 1 in methanol-d,.
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2) Compound 2

Compound 22 'H-NMR spectrum ¥4 A3} 8§y 7.61 (1H, d, /= 7.8 Hz,
&y 7.31 (1H, d, J = 8.2 Hz), &6y 7.06 (1H, dt, J = 8.2, 1.4 Hz), 65 6.96
(1H, dt, J = 8.2, 0.9 Hz)9 signalE< &3 °]& protong°| A= couplingst
3l = aromatic ringe] A& AHolgh dAtsrsdh. &y 4.20 (1H, dd, J = 6.0,
3.2 Hz), 6y 4.12 (1H, dd, J = 9.6, 6.0 Hz), &y 3.98 (1H, dd, J = 9.6, 3.2
Hz), &y 3.77 (1H, )¢ signalE& sp’ &4 +%Z Z'E methine protonE 2
HEA 9]l methine proton®] H]3] deshielding® Ao 2 Ho} H7|SAE=7} &
7 Ade e Aolgt o sttt
BC-NMR spectrum 24 A3} & 157019 carbon peak’} #ZH ), o=
Sc 178.99] peaki= carbonyl groupo @ dAe 4= 9low 8] spf EATFE
£ zt= carbon peakEo] #&EEQII, DEPT(135°)-NMR spectrum= 3}
Sc 75.7, 32.0°] 271 methylene carbons €RlIa3ATH ©] 5 §¢ 75.7¢] peak

= A7l E7E 2 AT AN E Ao QT ¢ e, §¢ 88.5, 75.7

115/

o
b

2

9] peakEs 9A| AHAT7F Q- 9+ methine carbon® & o % It}

COSY, HMQC, HMBC NMR spectrum? 53 Z72] A2 A4S g 2
W ospp EA FERE ztE carbonE9 99Z49] indole AEY ITE FHES 2zt

e
N

S dAarst = dder, & 32.09 methylene carbon® carbonyl group
2 methine©] indole¥} <1 & Yo &Helst 4= A}, o]Ae] AyE npgro
A2 vl AP, compound 2% ascorbigend& &5ty tHFigure

51-53, Table 11).

=

“
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Figure 51. Chemical structure of isolated compound 2 from

black radish roots.

Table 11. 'H and C NMR data of compound 2 (400 and 100 MHz,

methanol-d,).

Compound 2
No.
Sc 8y (int, multi, J Hz)

2 126.7 7.20 (1H, s)

3 107.7

3a 129.3

4 120.2 7.61 (1H, d, 7.8)

5 119.9 6.96 (1H, dt, 8.2, 0.9)
6 122.4 7.06 (1H, dt, 8.2, 1.4)
7 112.2 7.31 (1H, d, 8.2)
7a 137.8

1 178.9

2' 81.1

3' 108.9

4' 88.5 3.77 (1H, s)

5' 75.7 4.20 (1H, dd, 6.0, 3.2)
v 0 398 QI dd. 96, 52)
CH, 39.0 3.40 (1H, d, 14.2)

3.22 (1H, d, 14.2)
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Figure 52. '"H-NMR spectrum of compound 2 in methanol-d,.
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Figure 53. "»C-NMR spectrum of compound 2 in methanol-d,.
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3) Compound 3

Compound 3< 'H-NMR spectrum %4 A3, §; 5.33 (1H, d, /= 5.1 Hz)
9] signal olefin %9 protonl & d3tFom, &y 3.50 (1H, m)9 signal
& 227 R dE sp’ A9 methine protono® oA AEATH &y 2.26-
0.6501 41 el th4=<] aliphatic protonE2 &y 1.01 (3H, s), 0.89 (3H, d, J
= 6.9 Hz), 0.82 (3H, t, /= 7.3 Hz), 0.81 (3H, d, /= 7.3 Hz), 0.79 (3H, d
J = 6.8 Hz), 0.65 (3H, s)9] signalE=Z5¥ % 67019 methyl protons <135}
At

BC 2 DEPT(135°)-NMR spectrums %3] & 297019 carbon peak’} %
HAom, o]F §: 20.0, 19.6, 19.3, 19.0, 12.2, 12.19] signalE<> methyl
carbon® & o]5S THste] BSOS W sterol AEE sFERE AGEHAT. S
141.03 6c 121.99] peak™ Z+Z} olefin group?| 4= A9} 3% &AZ o
gt = o, §¢ 72.09] peak= AtA7F 1A E 9+ methine carbono @ <l
H3ic} o2 vigow E&"3 wwd Ay} compound 3& 2% sterol & d)

1}¢l B-sitosterold S #2133 tHFigure 54-56, Table 12).

HO

Figure 54. Chemical structure of isolated compound 3 from

black radish roots.
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Table 12. 'H and C NMR data of compound 3 (400 and 100 MHz,

chloroform-a).

Compound 3
No.
8c 6u (int, multi, J Hz)

1 37.8

2 29.9

3 72.0 3.50 (1H, m)
4 42.5

5 141.0

6 121.9 5.33 (1H, d, 5.1)
7 32.1

8 31.9

9 50.3

10 36.7

11 21.3

12 40.0

13 42.5

14 57.0

15 24.5

16 28.5

17 56.3

18 12.1 0.65 (3H, )
19 20.0 1.01 (3H, s)
20 36.4

21 19.0 0.89 (3H, d, 6.9)
22 34.2

23 26.3

24 46.0

25 29.3

26 19.6 0.81 (3H, d, 7.3)
27 19.3 0.79 (3H, d, 6.8)
28 23.3

29 12.2 0.82 (3H, t, 7.3)
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Figure 55. 'H-NMR spectrum of compound 3 in chloroform-d.
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Figure 56. >C-NMR spectrum of compound 3 in chloroform-d.

_73_



4) Compound 4, 5, 6

Compound 4% C-NMR spectrum< £3te] & 16719 carbon peak”’} 3
ZEdom § 179.69] carbonyl group®} 15709 aliphatic carbon< &<135}%
t} ol & wig oz F3™¥3} nludte] compound 4% palmitic acidyS &<ls)
%1 tHFigure 57-59, Table 13).

Compound 5¢ C-NMR spectrum #+41 Z3}, & 1870 carbon peak”?}
#AEF o, o] F §c 132.9, 131.2, 129.4, 129.3, 129.0, 128.49] signalEs
S Bt 39 oledd 7 e Aol dad 4 gtk 'H-NMR
spectrum= %3l 8§y 5.34 (6H, m, overlap)® peakE2 6712 olefin
methine protonoZ A5t o™, 6y 2.81 (4H, t, J = 6.0 Hz), 2.08 (2H,

m), 2.04 (2H, m)¥ signal> UWHA <l aliphatic proton®] H]3] desheiding ¥

ol

Ao w Hol allylic methylene protonl = |48, &y 0.86 (3H, t, J =
7.6 Hz)2] signal® methyl group®Z ofgslAct. T3 COSY spectrumsS %
atel &y 0.86% 6y 2.08°] A& couplingdtil &S FlElon, olE
HMBCE &3t 6¢c 131.2, 129.09] peakE¥ AA & oS FAT 5 At
149 A9E vigoz FAd"y vwd A3, compound 5% a-linolenic acid
AL Felat th(Figure 57, 60, 61, Table 13).

Compound 6& 'H 2 BC-NMR spectrum< vl w3 A3} compound 59+ A

o At @2 Yz o}, 3C 2@ DEPT-NMR spectrumdl A &c

tlo
flo

facs

o
O>’

o

71.3, 66.6, 64.29] A&7} 21733 methine®} methylene carbons 3H¢lsl% o
), 'H 2@ COSY NMR spectrums £3to] o]E0] glycerol FE|E AZAH o] 9]
S Aol oAttt o) e Adg npgoR A" HlaLste] compound 6
2 1-linoleonyl glycerol¥S &<135}3 tH(Figure 57, 62, 63, Table 13).
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Figure 57. Chemical structures of isolated compounds 4-6 from

black radish roots.
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Table 13. 'H and ®C NMR data of compounds 4-6 (400 and 100 MHz,

chloroform—d or methanol-d,).

Compound 4 Compound 5 Compound 6

OS¢ &y (int, multi, J Hz) OS¢ &y (int, multi, J Hz) Sc &y (int, multi, J Hz)

1 179.6 177.9 175.6
2 34.2 2.35 (2H, t, 7.6) 35.2 2.27 (2H, t, 7.3) 35.1 2.35 (2H, t, 7.6)

3 24.9 1.65 (2H, m) 26.3 1.60 (2H, m) 26.1 1.62 (2H, m)

4 29.3 1.26 (2H, brs) 30.4 1.31 (2H, m) 30.3 1.34 (2H, m)

5 29.5 1.26 (2H, brs) 30.4 1.31 (2H, m) 30.3 1.34 (2H, m)

6 29.6 1.26 (2H, brs) 30.8 1.31 (2H, m) 30.8 1.34 (2H, m)

7 29.8 1.26 (2H, brs) 30.5 1.31 (2H, m) 30.4 1.34 (2H, m)

8 29.9 1.26 (2H, brs) 28.3 2.08 (2H, m) 28.3 2.08 (2H, m)

9 29.9 1.26 (2H, brs) 132.9 5.34 (1H, m) 132.9 5.34 (1H, m)

10 29.9 1.26 (2H, brs) 128.4 5.34 (1H, m) 128.4 5.34 (1H, m)

11 29.9 1.26 (2H, brs) 26.6 2.81 (2H, t, 6.0) 26.5 2.81 (2H, t, 5.7)
12 29.9 1.26 (2H, brs) 1294 5.34 (1H, m) 129.3 5.34 (1H, m)

13 29.6 1.26 (2H, brs) 129.3 5.34 (1H, m) 129.3 5.34 (1H, m)

14 32.1 1.26 (2H, brs) 26.7 2.81 (2H, t, 6.0) 26.7 2.81 (2H, t, 5.7)
15 22.9 2.05 (2H, brs) 129.0 5.34 (1H, m) 129.0 5.34 (1H, m)

16 14.5 0.88 (3H, t, 7.3) 131.2 5.34 (1H, m) 131.2 5.34 (1H, m)

17 21.6 2.04 (2H, m) 21.6 2.08 (2H, m)

18 14.8 0.98 (8H, t, 7.6) 14.8 0.98 (3H, t, 7.6)
g 555 o0 i1 o 15 60
2 71.3 3.82 (1H, m)

3 64.2 355 (2H, dd, 5.7, 1.6)
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Figure 58. 'H-NMR spectrum of compound 4 in chloroform-d.
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Figure 59. »C-NMR spectrum of compound 4 in chloroform-d.
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Figure 60. 'H-NMR spectrum of compound 5 in methanol-d,.
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Figure 61. »C-NMR spectrum of compound 5 in methanol-d,.
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Figure 63. "»C-NMR spectrum of compound 6 in methanol-d,.
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B NO production (%) ¢ Cell viability (%)

120
100 C é
X 80
3
= 60
D *k
40
LPS - + + + + + + +
Sample - - Extract Hex EtOAc BuOH H,O  2-amino-
4-picoline
Sample concentration : 100 pug/mL (10uM)

Figure 64. Nitric oxide production and cell viability of extract and solvent
fractions from black radish roots in LPS-induced RAW 264.7 macrophage

cells. The data represent the mean * SD of triplicate experiments. *p

<0.05; **xp <0.01
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Figure 65. Nitric oxide production and cell wviability of ethyl acetate
fraction from black radish roots in LPS-induced RAW 264.7 macrophage

cells. The data represent the mean £ SD of triplicate experiments. **p

<0.01
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Figure 66. Effect of ethyl acetate fraction from black radish roots on

PGE. production in LPS-induced RAW 264.7 macrophage cells. The data

represent the mean = SD of triplicate experiments. **p <0.01
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Figure 67. Effects of ethyl acetate fraction from black radish roots on the
levels of INOS and COX-2 protein in LPS-induced RAW 264.7
macrophage cells. The INOS or COX-2 protein levels in each sample was

normalized to the quantity of B-actin.
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(3) A=A cytokine (TNF-a, IL-6) A4 A g4

S5 B EtOAc 8 &9 gist &% 717 A5 98] dES54A cytokine?!
tumor necrosis factor (TNF)-a, interleukin (IL)-6 44 <A &AL F<ls
Attt A8 A3 EtOAc 8 E0°] TNF-a¢ IL-69 S &

AA7]= AL Felst = JJH(Figure 68).
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Figure 68. Effects of ethyl acetate fraction from black radish roots on
production of TNF-a and IL-6 in LPS-induced RAW 264.7 macrophage
cells. The data represent the mean £ SD of triplicate experiments. **p

<0.01
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2) 7y
(1) Melanogenesis A &4

B16F10 melanoma cells ©]-83lo] S5 Hg
d oA gA g4 2 Alx 548 gRlssith 9 FEE 9 7 2YES
100 pg/mL sE= AFES s 43 Hex w8 E°] AxX=
melanin A4 9A a3E YeElW oW, EtOAc 8 =2 49 75.9%% melanin
AR A a3E Jehfiglow AlEEAde] ot e S F0d F AT
(Figure 69).

o] AytE vt s dWopd A A a37F 39 Y Hexd EtOAc 9%
of tiste] F7FA o2 10, 20, 40 ng/mL s== AFES ¢ APty 1 4
¥, S5 e Hex #8E2 40 ng/mL 5% o]stollA] A2 54 glo] & 9
EX4 02 melanin A 9A a3E YHeERH oW, EtOAc +8E9 4H$ 40 p
g/mL §ZolA = g 54E el ow 1 o]t oA = AlEEA glo|

& °|EA 2 E melanin B4S JAskE Ae AT = AJH(Figure 70).
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B Melanin contents (%) Cell viability (%)

100 ¥ . .
80
‘? 60 *k
b=
g
= 40
*ok *k
i . .
0
a-MSH - + + + + + + +
Sample - - Extract Hex EtOAc BuOH H,0  Melasolv

. (20puM)
Sample concentration : 100 pg/mL

Figure 69. Melanin contents and cell viability of extract and solvent
fractions of black radish roots in a—MSH induced B16F10 melanoma cells.

The data represent the mean = SD of triplicate experiments. *p <0.05;
xxp <0.01

B Melanin contents (%) ¢ Cell viability (%)

120

100 . L
< 80 sk -
£ 60

= *%
= 40
0 I
a-MSH - + + + + + + +
Sample - - 10 20 40 10 20 40
Hex EtOAc

Sample concentration : ug/mL
Figure 70. Melanin contents and cell wviability of n—hexane and ethyl
acetate fractions from black radish roots in a-MSH induced B16F10

melanoma cells. The data represent the mean =+ SD of triplicate

experiments. *p <0.05; *xp <0.01
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RAW 264.7 cell& ©o]&3}o =
nitric oxide (NO) A A &4 2 A=
ate] 25, 50, 100, 200 uM == A
compound 4, 5, 6°] 25-200 pM %= HYANA AL =4 Qlo] & o&EZ O

2 NO S At A &0 4 A K Figure 71). Compound 4, 5,

(o))

& Al e BRER o5 PGE, ¥ AAEA cytokined] AAE oA

stomm 9 49 Yetitks "7t 9ol FrHEel 71d AFE Wys)
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B NO production (%) Cell viability (%)

120
100 $ v ok
ok
s % i "
i
£ 60
j=]
40
20
0 -
LPS - + + + + + + + + + + + + +
Sample - - 25 50 100 200 25 50 100 200 25 50 100 200
compound 1 compound 2 compound 3
Sample concentration : uM
® NO production (%) Cell viability (%)
120
100 s B
< 80 s
%
s 60 ok
j=]
s
40 *¥
ok
B ||
0 -
LPS - + + + + + + + + + + + + +
Sample - - 25 50 100 200 25 50 100 200 25 50 100 200
compound 4 compound 5 compound 6

Sample concentration : uM

Figure 71. Nitric oxide production and cell viability of isolated compounds
from black radish roots in LPS-induced RAW 264.7 macrophage cells.

The data represent the mean = SD of triplicate experiments. *p <0.05;
xxp <0.01

_89_



2) 7y

(1) Melanogenesis A &4

B16F10 melanoma cellS ©]-&3le] =5 Bz Ry EE 3gEo dgd
A gA 4 2 MY 548 s A4 7 skgkEel diste] 100 uM

2

2 Ade JAF 23, compound 1M MEEA §lo] 49.3%9 Hehd

A oA a37F debg S #3E 5 ek (Figure 72).

® Melanin contents (%) Cell viability (%)

*x

120 -
T
100 -
*

S 80
E 60 - *% ok
jom)

40 -

20 -

0 A T T T T T T L
o-MSH - + + + + + + + +
Compound - - 1 2 3 4 5 6 Melasolv

(20 uM)

Sample concentration : 100 uM

Figure 72. Melanin contents and cell viability of isolated compounds from
black radish roots in a—-MSH induced B16F10 melanoma cells. The data

represent the mean = SD of triplicate experiments. *p <0.05; *xp <0.01
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2 A% ¢ JAgstn. A8 A3} compound 1€ 25-100 uM FEo A Al

54 glol Wehde] 4 oAsE A HAT 5 AihFigure 73).

® Melanin contents (%) Cell viability (%)
120
T
100
80 -
X
s 60 o
=
=
40
20
0
a-MSH - + + + +
Compound 1 - - 25 50 100

Sample concentration : uM

Figure 73. Melanin contents and cell viability of isolated compound 1
from black radish roots in a—MSH induced B16F10 melanoma cells. The

data represent the mean * SD of triplicate experiments. *p <0.05; **p

<0.01
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(2) Intracellular tyrosinase #3] &4

Melanogenesis A &3¥7F AAY  compound 1o wiste] BI16F10
melanoma A3 W9 tyrosinase A3l S FA3AY. A 25, 50, 100
T oEHoRT  AXE

Y tyrosinase?] &S AsA7I= AL AT = UK Figure 74).

120
S
Z 100
w
[q+]
& 60
S
>
)
EREY
©
Q
£ 20
=
0
«-MSH - + + + +
Compound1l - - 25 50 100

Sample concentration : pM

Figure 74. Intracellular tyrosinase activity of isolated compound 1 from
black radish roots in a—-MSH induced B16F10 melanoma cells. The data

represent the mean = SD of triplicate experiments. **p <0.01
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(3) TRP-1, TRP-2, tyrosinase T3z & oz &4

T2 =2 2

Compound 1°] thate] @ebd g3} e @wdel TRP-1, TRP-2 H

tyrosinase® & US Western blotS o]&3te] =AE . Ad A

10] TRP-2¢} tyrosinase @z eo] W& S Fn o&4
71 AL 25ttt A% TRP-1 ¢l d e 4o 2 2 W

2] & tH(Figure 75).

compound
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Figure 75. Effects of isolated compound 1 from black radish roots on the
levels of TRP-1, TRP-2 and tyrosinase protein in a-MSH induced
B16F10 melanoma cells. The TRP-1, TRP-2 or tyrosinase protein levels

in each sample was normalized to the quantity of B-actin.
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6. 742y 9 uz

B A= S5 (Raphanus sativus L. var. niger) 8] 70% &S FE&
2 = diete] 75 sEE AAEANY &8 TheAS dolraxt, bk
sk Alg] &4 A3y 3 24 28 2 x4 AASSIH.

2
S5 R 0% CdEs FEES WY SA4d wE sxd R ety
n-hexane (Hex), ethyl acetate (EtOAc), n-butanol (BuOH) ¥ water ++3%&
S Ay ol F EtOAc #8Eo| s vacuum liquid chromatography
(VLC), =% silica gel % Sephadex LH-20 column chromatographyS <=3
gt @ s}gES £Esta, 1D % 2D NMR 52 ¢ &3 sgEe] +x
getlon, ¥t Huste]l & 6719 sgteS W, sASAY. Ed she
3-(E)-(methylthio)methylene—-2-pyrrolidinethione (1), ascorbigen (2),
B-sitosterol (3), palmitic acid (4), a-linolenic acid (5), 1-linoleonyl
glycerol (6)= 25 A},

S Aol A ol AwiE Q= WME-(Raphanus sativus L. sativus) 28]
of #3t AR ATEE glucoraphenin, glucoerucin, glucoraphasatin 53 72
glucosinolate Aol gt F=F EA"e] o]Fo)x dom(Figure 76), 1 Bl
Raphanus <9l 3@ 3= o8] %59 Fo|+= raphanusamide, pyrrolidine® %
o AL EI  trans-4-methylthio-3-butenyl isothiocyanate, phenethyl
isothiocyanate® 32338l $3}3tE, aesculetin, scopoletin 52 coumarinZ
shetEol i Atka Base Joh” 53] S5 el 3-(£)-(methyl
thio)methylene-2-pyrrolidinethione (1) W& $f/3t= Aoz & dA4E &
3 gele AT

npg-2of WA A EQD RAW 264.7 cell& o]&3te] 4 #ele] ¢ &4 4

=
& Jdst A3} Hexd EtOAc 8 Eo] 100 pg/mL ©]3ste] sXolA AMES

ot

4 Jle] & EA R NO 845 A= As Fstdit. =g S5 5
g 2HE e serEel dg Fd &4 d3FeM= compound 1-6 BF
= oEA R NO A4S dAAZ e, 53] compound 4-62] NO A4 A
g xo] 43t

27 o= gQlskelh
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OH OH
i oL —oH
)J\/\/\(S o OaH /SW\(S OH
I | O OH

O OH N

Nt '0-S-OH
O—§—OH ¥
Glucoraphenin e} Glucoerucin 0]
OH OH
/S\/\/\(S OH | S OH
N o oH \ 0 OH
\ Il \
0-S-OH N 0-S-OH
Glucoraphasatin o Glucobrassicin

Figure 76. Chemical structures of analyzed glucosinolates from

white radish (R. sativus L. sativus).

L3 S5 owglo] nwEA =AHS 93te] B16F10 melanoma cellS ©]-83}
o] melanin AAAFY MESAHE SAHSAT. 2 23, Hex w+8E0°] 40 ug
/mL % o]stoll Al MESA glo] FE oEAH SR melanin B A &9E

et e, EtOAc £8 &2 4% 40 ng/mL F=olA= 9 545 UER S
U 1 olste] wLRoAE MESA glo] % YEH SR melanin S AA

= A

o 3B 5L 2~
S o] &k 01041;]__

ol

i
2
X
)
B
!
oX
£Q
©
3

o
o))

=

=}

Lo
%
oX
filo
off
H1

e
compound 1¢] 100 puM ©]3&}¢]

gz Adfst= As AJAE & AT EmI w4 o]l AW

A1 0 2 tyrosinase?d EAL AAA Ao, nwl 7)1 #@E TRP-1, TRP-2

tyrosinase Tz o] W& orS =A% Ayl TRP-2 % tyrosinase©] 3}

AU}
_15'::

2 HEs a7 A

Hanlon™ol ¢J&) H ¥ =59 glucosinolate & A Aijo|x ZFo+=
glucoraphasatin®] ¥t&Fo| glucoraphenin, glucoerucin, glucobrassicin®l] H]3a|
=2 gFS YedEs Aoz xS FEE 3F8E F compound 12

glucoraphasatin®] myrosinase®] 93] #3]% ¢ 4-methylthio-3-butenyl iso
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thiocyanate® A3 AAEHE= Z2 2" glucoraphasatin® 3% 2 myrosinase
o] FAo]l =&4=E v AANES 4 5 vt =3 compound 18 Sakoda”

-
o ola) Fareld Ag Pelw SERZ Ta wH A A Ax2 way)

thione ()& *3% S5 g FEE5 ol &a FASA 2 v L2424 7

W 7bede ZIiEd = AT

_97_



4 AF ET AGY FEEY A% L 39 BY 4R A7

Iz
Ir
[\
(@]
—
(@))
i
—
\]
i

A%

-
i

77. Pictures of black radish aerial parts.

Figure
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g vbE AAISAT. o] FHA ofgh o N2 40T olste] 5 AolA I A
Z7](rotary vacuum evaporator)® &%3te] 70% e FEHE 250.1 g&
DA FE== 25-30 g¥S 7 ST 1 Ll d8AA BE Z2uriE ol&
& S5 AAH- oee FEE F 136.4 g2 FA oA uE Ao r B3

3ol n-hexane (10.2 g), ethyl acetate (3.5 g), n-butanol (21.0 g) % water

(100.8 g) #+8&ES IAtHFigure 78).

Dried aerial parts of Raphanus sativus L. var. niger (705.0 g)

70%EtOH 10L, stirring, 24 h, 2 times

Extract 250.1 g (35.5%)

Extract136.4 g

Suspended with H,0
\ 4
n-Hex Fr. EtOAc Fr. n-BuOH Fr. H,0 Fr.
10.2 g (7.5%) 3.5g(2.6%) 21.0 g (15.4%) 100.8 g(73.9%)

Figure 78. Extraction and fractionation of black radish aerial parts.
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2) Ethyl acetate &8 &29] &4 A& &g

Luf 23 T dojx 7} BI=E = ethyl acetate fraction 3.0 g& & 3}
7] 9)3ted medium pressure liquid chromatography (MPLC)E <335} 3it}.
MPLC ZA# <2 reverse phase silica gel (KP-C18-HS, 120 g, Biotage Co.)<
A8 2™, H,O-MeOH (10-100%)°] gradient 2702 &&3te] F 3971
©] fractions AATHFr. MP1-MP39).

% Fr. MP20 (94.1 mg)& =@ 7b¢ Fejo] 9 55
=2 compound 1% F<lxith Fr. MP17 162.0 mgg H,O-MeOH (1:1)¢]
Z o2 Sephadex LH-20 CCE <339 compound 2 (13.3 mg)%}
compound 5 (7.8 mg)S dJem, Fr. MP18 252.0 mgk= #L Z7o=
Sephadex LH-20 CCE ©9]€3] compound 4 (2.4 mg)E <Lt

Fr. MP233 MP24E &% 74.6 mgs H:0-MeOH (2:3)¢] &nf o=
Sephadex LH-20 CCE 433} compound 3 (5.4 mg)Z} compound 6 (3.2
mg)S Bem, Fr. MP27 (94.1 mg)2 CHCl;-MeOH (7:1)9] &0 7o =

=4t silica gel CCE 8319 compound 7 (9.0 mg)S LA H(Figure 79).

MPLC fractions
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EtOAcFr.
30g

MPLC (Biotage SNAP Cartridge KP-C18-HS)
H,0-MeOH (10-100%)
Flowrate: 15 mL/min, 35 mL each

' '

A

}

MP1 MP17 MP18 MP20
(162.0 mg) (252.0 mg) (94.1 mg)
Sephadex LH-20 CC
ot ¢
Compound 2 Compound 4 MP18-Se6 Compound 1
(13.3mg) (2.6 mg) (100.3 mg)
Compounds | i
(7.8 mg)
Compound 1
(46.0 mg)
MP23,24 MP27 MP39
74.6 mg 94.1 mg
l Sephadex LH-20 CC l Silicagel CC
H,0:MeOH=2:3 CHCly: MeOH = 7:1
Compound 3 Compound 7
(5.4 mg) (9.0 mg)
Compound 6
(3.2 mg)

Figure 79. Isolation of compounds from ethyl acetate fraction of black

radish aerial parts.
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3
w
£
Q)
=)
S
M
)
1
Lo

o 4ol wet ] 9t

oo}zl p-butanol fraction 5.0 g& =
reverse phase silica gel (KP-C18-HS, 120

stal e, HyO-MeOH (10-100%)¢] gradient %710 =

g, Biotage Co.)& A} oo

L3l & 39719 fractiong A ATHFEr. MP1-MP39).
dol fractionEs = Fr. MP8 19.5 mg< 3F¢EAe] 713 dgo v 33tE

¢l compound 8% &RI1H I (Figure 80).

BuOH Fr.
50¢g

MPLC (Biotage SNAP Cartridge KP-C18-HS)
H,0-MeOH (10-100%)
Flowrate: 20 mL/min, 40mL each

' ! }
MP1 MP8 MP39
(19.5 mg)

|

Compound 8

Figure 80. Isolation of compounds from n—butanol fraction of black radish

aerial parts.
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w
AL

g gRel Tx 24

1) Compound 1, 2, 3

Compound 1-3& 'H % C-NMR spectrum A3t Ay, Fog oty
+ peakEs A9etale A FARgE sj®e] yehte ow dEEH
BC-NMR spectrumd| 4] @& #A|9sta 727z 1570¢] carbon peak’} ## o]
flavonoid 719l wlgdA FFELS oAt Compound 19 'H-NMR
spectrumell Al &3 7.75 (2H, d, J = 8.7 Hz), 6.92 (2H, d, J = 8.7 Hz)9

o
M

rJ

sighalES £3l9 flavonoid B¥2] proton®] A& ortho-couplings sF= 3
Hejo] Fx= JAHFAeH, sy 6.66 (1H, d, J = 2.0 Hz), 6.41 (1H, d, J =

2.0 H2)9 signalE= flavonoid Age] proton°®] A% meta-couplings 3}l

AEE oaE 4 gt =3 PBC-NMR spectrumoll A carbonyl group®l 3l
I3k 8¢ 179.89] peak ¥ 8§¢ 159.8, 136.69] olefinic carbonE<S 3] &

373 v sle] compound 1-39] aglycone©] kaempferol®]S 2+els}it),
Compound 19 'H-NMR spectrumel A &y 5.55 (1H, brs), 5.39 (1H, d, J
= 1.4 H2)¥ 2709 anomeric protono] &= om, &, 1.24 (3H, d, /= 6.0
Hz), 0.94 (3H, d, J = 5.5 Hz)9 27019 methyl protono] 1% Ac}.
BC-NMR % HMBC spectrum< Z3& §c 103.6, 99.9¢] anomeric carbon} §
73.7-71.4, 18.2, 17.2¢ 10709 sugar carbons 21t & peakseol U
ol E"8 FHaudte] 2709 a-L-rhamnopyranoside”’} 98-S o AE 9 oL
HMBC spectrum® &3}9] Z+7}9] rhamnose”’} kaempferol®] 3WHI} 73 9%
of Ao Jes Bt olE vigoz 37y st compound 1

£ kaempferol 3,7-O-a-L-dirhamnopyranoside, #+8&% S 2 kaempferitrin

ol

ﬂ

& g8k th(Figure 81-83, Table 14).

Compound 2% 'H-NMR spectrumel A &y 5.55 (1H, d, /= 1.3 Hz), 5.35
(1H, d, J = 5.0 H2)9 2709 anomeric proton¢] #&EQom §; 3.84-3.16
o] signal&¥ 8§y 1.12 (3H, d, J = 6.4 Ho)E &3kl 2709 To] & Zleolg
o3 4 9ldrt. C-NMR ¥} HMBC spectrum$ 53ko] 6¢ 101.2, 98.3¢ 2
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0] anomeric carbon® 970¢] sugar carbon (6¢ 71.6-64.3, 17.9)5<S &<l
stlom, o peakE°l thste] #AY# H]aste] 17§ a-L-arabino
pyranoside®} 1709 a-L-rhamnopyranoside® o3t HMBC spectrum=
B3l Z}7to] @i arabinoses kaempferol® 3W 91 X]9, rhamnose: 7H
Aol AAHA S FAsAUt o] AR vgoz F3e C-NMR
spectrum¥ H] 13t compound 2+ kaempferol 3—-O-a-L-arabinopyranoside
~7-0O-a-L-rhamnopyranoside®2 8olalgl om o] 3}at=Z o] 'H-NMR data:
2 =g 3o A g Wtk (Figure 81, 84, 85, Table 14).

Compound 3 'H % BC-NMR spectrum< v w3st9S o, §c 103.6, 73.3,
72.2, 72.3, 72.1, 17.89] 6709} carbon signalE¥ &y 5.56 (1H, d, J = 1.6
Hz)9] anomeric proton2] coupling constant #< %3 a-L-rhamno
pyranoside 3F7F A3rE o] & AS A5 on, HMBC spectrums “§3)
o] kaempferol®] 3¥H A o] AZAHS Y5 FelsUL}. o= vigow 3"
¥ Hlwe A3 compound 3> kaempferol 3-O-a-L-rhamnopyranoside, ¥
&

e afzelind & &213}9 tH(Figure 81, 86, 87, Table 14)

OH O

Compound 2 Compound 3

Figure 81. Chemical structures of isolated compounds 1-3 from

black radish aerial parts.
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Table 14. 'H and C NMR data of compounds 1-3 (400 and 100 MHz,
methanol-d;, or DMSO-d).

Compound 1 Compound 2 Compound 3

No. Sc &y (int, multi, J Hz) 8¢ &y (int, multi, J Hz) Sc &y (int, multi, J Hz)
2 1598 156.7 158.7

3 1366 133.8 136.3

4 179.8 17717 179.7

5 1630 160.8 163.7

6  100.6 6.41 (1H, d, 2.0) 99.4 6.45 (1H, d, 2.0) 100.1 6.20 (1H, s)
7 1636 161.6 166.5

8 95.7 6.66 (1H, d, 2.0) 94.6 6.83 (1H, d, 2.0) 95.0 6.37 (1H, s)
9 1581 155.9 159.4

10 107.6 105.6 105.9

1" 1225 120.5 122.8

26" 132.1 7.75 (2H, d, 8.7) 131.1 8.13 (2H, d, 8.7) 132.0 7.77 (2H, d, 8.8)
35" 116.7 6.92 (2H, d, 8.7) 115.3 6.88 (2H, d, 8.7) 116.7 6.94 (2H, d, 8.8)

4 161.8 160.3 161.8

1" 99.9 5.55 (1H, brs) 101.2 5.35 (1H, d, 5.0) 103.6 5.68 (1H, d, 1.6)
2" 71.4 4.03-3.49 70.8 3.83-3.17 72.3 4.21-3.35

(4H, sugar H) (4H, sugar H) (4H, sugar H)

3" 72.2 71.5 72.2

4" 73.7 66.0 73.3

5" 71.8 64.3 72.1

6" 18.2 1.27 (3H, d, 6.0) - 17.8 0.92 (3H, d, 5.6)

1" 103.6 5.39 (1H, d, 1.4) 98.3 5.55 (1H, d, 1.3)

2" 72.0 4.25-3.35 69.8 3.83-3.17
(4H, sugar H) (4H, sugar H)

3" 72.2 70.2

4" 73.3 71.6

5" 72.2 70.1

6" 17.8 0.94 (3H, d, 5.5) 17.9 1.12 (3H, d, 6.4)
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Figure 82. '"H-NMR spectrum of compound 1 in methanol-d,.
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Figure 83. "»C-NMR spectrum of compound 1 in methanol-dj.

- 106 -



K $78'69
LBOL
y _/svToL

681

8TT T
T
[
= =
060
=
0L
0L
LR
- S01
LT
—_—
00T
!|I|.||J

I 1400 1300 1200 1100

150.0

Figure 84. 'H-NMR spectrum of compound 2 in DMSO-d;.
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Figure 85. *C-NMR spectrum of compound 2 in DMSO-d;.
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Figure 86. 'H-NMR spectrum of compound 3 in methanol-d,.
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Figure 87. "C-NMR spectrum of compound 3 in methanol-d,.
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2) Compound 4

Compound 4% C-NMR spectrumol| A & 11701¢] carbon peak’} %9
ow o] F & 174.69 peak: carbonyl groupl®, &c 185.8% 113.59

peakEL spf TAS YEME olefin groupd carbonE®  d4s+e) o m

N
(@]

89.1% 67.49) peakEsL A7 ET 2 247 QA U= pf TS 2=
carbon® S oA 4= QI §c 31.2, 27.6, 27.19 signalES E3 3719
methyl group®] & Aol #ZF Yt}

oy AEL vgor 3"y vlwste] compound 4+ loliolide] S 3¢

018l th(Figure 88-90, Table 15).

Figure 88. Chemical structure of isolated compound 4 from

black radish aerial parts.
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Table 15. 'H and C NMR data of compound 4 (400 and 100 MHz,

methanol—-di)

Compound 4

No.

Sc &u (int, multi, J Hz)
2 174.6
3 113.5 5.75 (1H, s)
3a 185.8
4 37.3
; 181 153 (1M, 40, 145, 56
6 67.4 4.22 (1H, m)
S 242 5 3, 150 20
Ta 89.1
8 31.2 1.76 (3H, s)
9 27.1 1.27 (8H, 9)
10 27.6 1.47 (3H, 9)
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Figure 89. 'H-NMR spectrum of compound 4 in methanol-d,.
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Figure 90. "»C-NMR spectrum of compound 4 in methanol-d,.
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3) Compound b, 6

Compound 5% C-NMR spectrums %3to] & 97019 carbon peak’} ¥z
Holem RE opf EAH TEE R USS ET F ATk 'H-NMR
spectrum 2 A¥, &y 7.58 (1H, d, J = 16.0 Hz)¥} 6y 6.29 (1H, d, J =
16.0 Hz)¢] signal&% %3l wrans-olefin 725 43 & AAom, & 7.44
(2H, d, J = 8.7 H2)¢ 8y 6.80 (2H, d, J = 8.7 Hz)9| signalsS &3l
ortho-coupling< 3tal 9= WA %9 aromatic ring®] A2 oAt 4= 2l
Jth. BC-NMR spectrumo A& §¢ 171.69 carbonyl group®] #2131, §¢
146.49F 116.39] signal< olefinic carbono. & o3tG om, YA § 161.2,
131.2, 127.5, 116.99] signal&<2 & %9 aromatic carbono=Z o33}
t}. ol2lgk A¥E wpgro 7 3”3 vlusle] compound 5% p-coumaric acid
A5 sl th(Figure 91-93, Table 16).

Compound 6 'H-NMR spectrum ¥4 A3}, 6y 7.53 (1H, d, / = 15.6
Hz)3 6y 6.25 (1H, d, J = 15.6 Hz)9| signalE< coupling constant #< %
ko] trans-olefin 7+%9 protonE= dAstR o, §; 7.03 (1H, d, J = 1.8
Hz), 6y 6.94 (1H, dd, J = 8.2, 1.8 Hz), &y 6.77 (1H, d, J = 8.2 Hz)¥

signal&S E3dl M= ortho- ¥ meta-coupling=S 3til Q= s} aromatic

om, 6y 1.31 (8H, t, /= 7.3 Hz)9] methyl groupe] ##=lct “C-NMR
spectrumol A= & 11709 carbon peak’} #FEow olE5L 1719
carbonyl group (§¢ 169.5)¥ 670¢] aromatic carbon (§¢ 149.7, 147.0,
123.0, 127.9, 116.6, 115.2)3 2701¢] olefinic carbon (§¢ 146.9, 115.4), 271
9] ethyl group (8¢ 61.6, 14.8)0 & T} ojAte] AE nigtoz F3Y
¥} vk A3, compound 6 ethyl caffeatedS 22135 th(Figure 91, 94,

95, Table 16).
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Compound 5

Compound 6

Figure 91. Chemical structures of isolated compounds 5 and 6 from

black radish aerial parts.

Table 16. 'H and "*C NMR data of compounds 5 and 6 (400 and 100

MHz, methanol-d,).

Compound 5 Compound 6
No.
8¢ &y (int, multi, J Hz) 8c &y (int, multi, J Hz)

1 127.5 127.9

2 131.2 7.44 (1H, d, 8.7) 115.2 7.03 (1H, d, 1.8)

3 116.9 6.80 (1H, d, 8.7) 147.0

4 161.2 149.7

5 116.9 6.80 (1H, d, 8.7) 116.6 6.77 (1H, d, 8.2)

6 131.2 7.44 (1H, d, 8.7) 123.0 6.94 (1H, dd, 8.2, 1.8)
7 146.4 7.58 (1H, d, 16.0) 146.9 7.53 (1H, d, 15.6)
8 116.3 6.29 (1H, d, 16.0) 115.4 6.25 (1H, d, 15.6)
9 171.6 169.5

1 61.6 4.21 (2H, q, 7.3)
2' 14.8 1.31 (8H, t, 7.3)
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Figure 92. 'H-NMR spectrum of compound 5 in methanol-d.
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Figure 93. "»C-NMR spectrum of compound 5 in methanol-d,.
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Figure 94. 'H-NMR spectrum of compound 6 in methanol-d.
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4) Compound 7

Compound 7& C-NMR spectrum #41 A3, & 18719 carbon peak”}
A=A}, 6c 178.99]  carbonyl groupe] #EEACM, §c 136.7, 134.5,
131.3, 126.59] signalES S3l 2719 olF4d3 Fx7F A& Aolgt o443
i, 8¢ 76.0, 75.9, 73.29 signalE& AV ETE & ATt A gl 37
9] methine carbon® 2 o35t}

'H-NMR spectrum®ll Al 8y 5.72 (2H, m), 5.45 (2H, m)9] peakel 333}
4719 olefinic methine proton®] &= Fow &y 4.05 (1H, q, / = 5.0 Hz),
&y 3.96 (1H, t, J = 5.0 Hz), &y 3.46 (1H, m)9Y signals2 #7|SA =7 &
227 188 9l methine protong® d4FskglaL, &y 0.97 (3H, t, J = 7.8
Hz)e] peak:™ methyl7] 2 d)2}3}S T}

HMBC spectrum® F3to] 7z HEEFx2E9 A4 #AAE 135 on, o&

15 gl v (Figure

o,

3"y vwd A3 compound 78 fulgidic acid

96-98, Table 17).

OH

Figure 96. Chemical structure of isolated compound 7 from

black radish aerial parts.
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Table 17. 'H and C NMR data of compound 7 (400 and 100 MHz,

methanol-d).

Compound 7
No. : .
8¢ &y (int, multi, J Hz)

1 178.9

2 35.7 2.26 (2H, t, 7.8)
3 26.5 1.60 (2H, m)

4 30.4 1.34-1.29 (2H, m)
5 30.6 1.34-1.29 (2H, m)
6 30.7 1.34-1.29 (2H, m)
7 26.7 1.34-1.29 (2H, m)
8 38.5 1.50 (2H, m)

9 73.2 4.05 (1H, g, 5.0)
10 136.7 5.72 (1H, m)
11 131.3 5.72 (1H, m)
12 75.9 3.96 (1H, t, 5.0)
13 76.0 3.46 (1H, m)
14 317 2 140E,
15 126.5 5.45 (1H, m)
16 134.5 5.45 (1H, m)
17 21.8 2.04 (2H, m)
18 14.7 0.97 (3H, t, 7.8)
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Figure 97. 'H-NMR spectrum of compound 7 in methanol-d.
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5) Compound 8

Compound 8¢ 'H-NMR spectrum ¥4 ZA3}, &y 7.69 (1H, d, / = 7.8
Hz), 6y 7.36 (1H, d, J = 7.8 Hz), &y 7.12 (1H, dt, J = 7.3, 0.9 Hz), 6u
7.04 (1H, dt, /= 7.3, 0.9 H2)¢] signalES &3}4 aromatic ring®] S A
olz} o sttt

BC-NMR spectrum %41 A3}, & 11709 carbon peak’} #ZEHAow, §¢
174.69] peakZE E3l carbonyl groupe]l A2 FHolg} o AstATE E3F §¢ 56.7
9] methine carbon¥} &: 28.69 methylene carbons &<lstg o™, 2D-NMR
2l COSY, HMQC, HMBC spectrums &3F4 7} peakE9] 42 #AAE &<}
K3, 1 AP indole AIES] 33EC methylene?t methine carbon %
carbonyl group®] 1Fa AFS oGt o] A¥s wigow AV
Hl L 3te] compound 82 tryptophan¥ S #9135t tH(Figure 99-101, Table

18).

d

Figure 99. Chemical structure of isolated compound 8 from

black radish aerial parts.
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Table 18. 'H and C NMR data of compound 8 (400 and 100 MHz,

methanol-d).

Compound 8

No. : .

8¢ &y (int, multi, J Hz)
2 125.3 7.20 (1H, s)
3 109.6
3a 128.6
4 119.5 7.69 (1H, d, 7.8)
5 120.2 7.04 (1H, dt, 7.3, 0.9)
6 122.9 7.12 (1H, dt, 7.3, 0.9)
7 112.6 7.36 (1H, d, 7.8)
7a 138.5
1' 174.6
2' 56.7 3.89 (1H, dd, 9.4, 4.0)
3 98.6 3.52 (1H, dd, 15.1, 4.1)

3.16 (1H, dd, 15.1, 9.4)
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Figure 100. 'H-NMR spectrum of compound 8 in methanol-d.
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Figure 101. "*C-NMR spectrum of compound 8 in methanol-dj.
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(1) & 9= 2 5 Setieol= 3

ok

Z Zo¥E e X554 gallic acide] AAFAES o] &35Fo] ST XA
F SHREta = gallic acid®] %(GAE; gallic
ettt A3 A3, FEE0A 101.2 £ 1.3
peijas

515 < EtOAc fractionolA 269.1 + 3.4 mg/g

FEE 3 2889 TF 1
acid equivalent) o & 3F2F3}
mg/g GAEE YEhfgloen,
GAE=Z 7MY =2 Zedls %S et vk (Figure 102).

SR ol= e HTE4 quercetin® AAIZAES o] &3t F

i

R

v_—éi‘
W BaRo g 1 g & /3 dE quercetin® %U(QE; quercetin
Jetilow Ad Ax EtOAc®t BuOH fraction®l]
1.5

mg/g QES] EFehH ol S YERAT

il

=
equivalent) 2.

}\1 7L7L 36.2

O
T
riet

e

ol

=)

(Figure 103).
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Figure 102. Total phenolic contents of extract and solvent fractions from

experiments.
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Figure 103. Total flavonoid contents of extract and solvent fractions from
black radish aerial parts. The data represent the mean £ SD of triplicate

experiments.
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(2) DPPH radical &7 &4

SE AR FE2E 2 &) B3 59 DPPH radical &7 @84S 5433

thsko] 15.63-500 png/mLel s== Ads IFspleny, 729

b4

1 A3, EtOAc, BuOH +8&9 SCs gkl Z+2F 207.8, 294.3 pg/mL= o
Za o2 AESE BHT (SCso = 238.8 ug/mL)9} -AFgH DPPH radical 24

Aol &S gHelst i th(Figure 104, Table 19).

B 15.63 pg/mL ®31.25pug/mL ®62.5pug/mL  ®W125pg/mL M 250 ug/mL 500 pg/mL

100 A
I
X
Nt
2
S 80 -
-
3]
(3]
[<Vs}
=]
B 60 A
[=}
(]
>
(]
b
= 40
2
o
[
=
) 4
= 20
(a9
a
0 -4

EtOAc BuOH BHT

H,0

Extract Hex

Figure 104. DPPH radical scavenging activities of extract and solvent

fractions from black radish aerial parts. The data are expressed as a

percentage and represent the mean £ SD of triplicate experiments.

Table 19. SCs9 values of DPPH radical scavenging activities of extract

and solvent fractions from black radish aerial parts.

Extract

Hex

EtOAc

BuOH

H20

BHT

SCso (ug/mL)

471.8

>500

207.8

294.3

>500

238.8
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(2) ABTS" radical &7 &4

SR AR FEE 2 g B3E9 ABTS' radical &7 84S =433

th ZF AlsEel diste] 15.63-500 ng/mLe] =2 AdS Adspglon, 74zt

I A3, EtOAc w8 =9 SCs #tel 717t 57.8 ng/mL=E FE23 FIEE

T 7P 92 SCso #k= YEFItHFigure 105, Table 20).

m15.63 pyg/mL ™ 31.25pug/mL ®62.5pg/mL W 125pug/mL W 250 pg/mL ™ 500 pg/mL

100 -

[ee]
(=]

S
S)

ABTS* radical scavenging activity (%)
N [N
(=) (=)

EtOAc BuOH H,0

Extract Hex

Figure 105. ABTS' radical scavenging activities of extract and solvent
fractions from black radish aerial parts. The data are expressed as a

percentage and represent the mean £ SD of triplicate experiments.

Table 20. SCso values of ABTS" radical scavenging activities of extract

and solvent fractions from black radish aerial parts.

Extract

Hex

EtOAc

BuOH

H20

BHT

SCso (ug/mL)

233.1

>500

57.8

139.1

303.7

6.3
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® NO production (%) Cell viability (%)

120
100 y
80 ok
N
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=
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20 - sk
0 N -
LPS - + + + * * * N
Sample - - Extract Hex EtOAc BuOH H,0  2-amino-
4-picoline
Sample concentration: 100 pg/mL (10uM)

Figure 106. Nitric oxide production and cell wviability of extract and
solvent fractions from black radish aerial parts in LPS-induced RAW

264.7 macrophage cells. The data represent the mean £ SD of triplicate

experiments. **p <0.01

® NO production (%) Cell viability (%)

120
T
100 M
80 *%
X
o 60
=
40
N i
LPS - + + + + +
EtOAc - - 12.5 25 50 100

Sample concentration : pg/mL

Figure 107. Nitric oxide inhibition and cell wviability of ethyl acetate
fraction from black radish aerial parts in LPS-induced RAW 264.7

macrophage cells. The data represent the mean £ SD of triplicate

experiments. *p <0.05; *xp <0.01
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(2) PGE; A4 A 24

g 48 YEhAYE EtOAc #3Ed 1

<
stel PGE, A43e 2484tk 7 4w, BOAc $H¥o] = ozio

PGE:¢ Ad& A 7= A AT 4 AU (Figure 108).
120
100 - .
S
= 80 -
=
+ k%
S 60 1
o
e
o 40 A -
=)
S 20 4
O T T T T T
LPS - + + + + +
EtOAc - - 12.5 25 50 100

Sample concentration : ug/mL

Figure 108. Effect of ethyl acetate fraction from black radish aerial parts
on PGE. production in LPS-induced RAW 264.7 macrophage cells. The

data represent the mean £ SD of triplicate experiments. **p <0.01
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(3) INOS, COX-2 vz e o

2L

| =

o,

S5 A EtOAc 8+=9] iNOS % COX-2 ©id ek gelgh A,
iINOS wtie] o] gk oEor ane s AT 5 dslew,

COX-29 4+, & Wap7l #&H A Fdvh(Figure 109).

4

iNOS S S — —
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L g

L O
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) N
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£ 20

& [
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Relativelevels of COX-2 protein

Figure 109. Effects of ethyl acetate fraction from black radish aerial
parts on the levels of INOS and COX-2 protein in LPS-induced RAW
264.7 macrophage cells. The INOS or COX-2 protein levels in each

sample was normalized to the quantity of B-actin.
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(4) A=A cytokine (TNF-a, IL-1B, IL-6) A A &4

ZR AR EtOAc REEd hg 9 714 A7 98 2954 cytokine

ol tumor necrosis factor (TNF)-a, interleukin (IL)-18 % IL-6 A4 <A
S Felstsitt. A9 23 EtOAc #&8 &0 IL-1B9 IL-69 S 5% <

Hom oA A7lE AL FAT 5 dgow, APL AWH AAFA

a0

cytokine & IL-1B¢] thale] 714 =& oA A4S Rolx= Ao=m AL}

(Figure 110).
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Figure 110. Effects of ethyl acetate fraction from black radish aerial
parts on production of TNF-a, IL-18 and IL-6 in LPS-induced RAW
264.7 macrophage cells. The data represent the mean = SD of triplicate

experiments. *p <0.05; *xp <0.01
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(1) DPPH radical &7 &4

S AR RRE EeE gt el DPPH radical &7 4S5 S48kt
Z}zkol stgtEEo] ko] 15.63-500 pMe] == A3dS Wadste] SCs #he
Alxbst Sl

1 A3}, compound 2, 3, 62] SCso #ko] Z+2} 205.1, 321.4, 114.1 yM=Z oj
z2wQl BHT (SCs0 = 409.3 uM)E T -3k DPPH radical &7 &74d°] &=
gtolgk = A (Figure 111, Table 21).

m1563puM E31.25uyM E625uM E125puM HE250pM B 500 uM

S o ©
(=) (=) (=)

DPPH radical scavenging activity (%)
[y*]
(=)

o

Compound 1 Compound 2 Compound 3 Compound 6 BHT

Figure 111. DPPH radical scavenging activities of isolated compounds
from black radish aerial parts. The data are expressed as a percentage

and represent the mean * SD of triplicate experiments.
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Table 21. SCs¢ values of DPPH radical scavenging activities of isolates

1-8 from black radish aerial parts.

Compound No. Compound name SCs0 (uM)
1 Kaempferitrin 465.2
5 Kaempferol 3—0—(1—L—arabinopy.ranoside 205.1

-7-0-a-L-rhamnopyranoside

3 Afzelin 321.4
4 Loliolide >500
5 p~Courmaric acid >500
6 Ethyl caffeate 114.1
7 Fulgidic acid >500
8 Tryptophan >500

Positive control BHT 409.3
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(2) ABTS" radical &7 &4

S AARERE By 3359 ABTS' radical 27 &4& =A3skA .
Z}7ke] slRtEEe sty 15.63-500 uMe] F#E=2 A3S st SCs #hs

% compound 75 AlQgr ywmx] HgHEEol A
ABTS" radical &7 &4<& 3 4 doen, E3] compound 1, 2, 39
flavonoid #1@A 3}3t=¥ compound 5, 6] phenyl propanoidZl 3}3HE ol Al
ABTS" radical 227 &4°] gl¥ th(Figure 112, Table 22).

m15.63 uM W 31.25uM 962.5 uM W 125uM =250 uM
120

100 -

LS [N} [e<}
o (=] o
1 1 1

ABTS* radical scavenging activity (%)
S

o
|

Compound1 Compound2 Compound3 Compound4 Compound5 Compound6 Compound8 BHT

Figure 112. ABTS" radical scavenging activities of isolated compounds
from black radish aerial parts. The data are expressed as a percentage

and represent the mean £ SD of triplicate experiments.
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Table 22. SCso values of ABTS" radical scavenging activities of isolates

1-8 from black radish aerial parts.

Compound No. Compound name SCs0 (uM)
1 Kaempferitrin 41.0
o Kaempferol B—O—a—L—arabinopy.ranoside 96.2

—7-0O-a-L-rhamnopyranoside

3 Afzelin 66.4
4 Loliolide 196.4
5 p~Courmaric acid 54.5
6 Ethyl caffeate 55.4
7 Fulgidic acid >500
8 Tryptophan 142.2

Positive control BHT 27.5
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