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Studies on the Chemical Constituents Biological Activities of
Mulberry Extracts™
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4 9 (Mulbeuy) 10 kg 80% & (EtOH) 2 F=E3lal £82d7] “dollAl dlt(n-hexane), ol 2oFAlE
O]E(EtOAc) ) 7}~3—,—i 2359t} Lol AEo]E 718422 @) F Sephadex LH-200.% Z718 2ol A
MeOH-H0 (2 : D3, vV)E SEER /\}30}04 A azvE g E AAEd . deld SEES
AERQ u%&z;m};zqq TLO)Z 218 ¥ 'H-, "C-NMR 59 ~HEPS Agslo] o3t 7125
TG FAB ¥ EI-MS2X ExlE-s =4 O}MDP. 29l oEolAHolE 7F&Ro|A quercetin-3-O-4
-D-glucopyranoside (3}3% 1), protocatechuic acid (8}3H& 2), p-hydroxybenzoic acid (&= 3)S e
g ST} itkst "] 5l Ay} o HolAgo]ES} & 7}-g-H oA BHTE Y 43 &4S el o MTT

assay"ﬂ % AEAEE AT AESAYLS gl Ao yehsth, =3, vpaey 2 ek st
AEA 237} fste] RN PR 2AEA S7E8] o8 TheAe] s AeR dekEo] v

ABSTRACT

The freezed Mulberry (10 kg) was extracted with 80% EtOH, concentrated, and fractionated
with a series of n-hexane, ethyl acetate, and water on a separatory funnel. A portion of ethyl
acetate soluble (22 g) was chromatographed on a Sephadex LH-20 column using a series of
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aqueous methanol as eluents. The isolated compounds were identified by cellulose TLC, 'H-,
BC-NMR, FAB, and EI-MS. Quercetin-3-O- 8-D-glucopyranoside (Compound 1), protocatechuic acid
(Compound 1), p-hydroxybenzoic acid (Compound M) were isolated from the ethyl acetate
soluble fraction. In antioxidative activities of the fractionated extractives using DPPH radical
scavenging test, EtOAc and water soluble fractions indicated better than BHT as contro and in in
vitro tests using MTT assay, there was no cytotoxicity. Also, tyrosinase inhibition and anticancer
activities were not so good, but there may be a potential as a cosmetic raw material because the

cell extension effect was excellent.

Keywords: Mulberry, cosmetics, quercetin-3-O- 8-D-glucopyranoside, protocatechuic acid, p-hy-

droxybenzoic acid
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2.t (Mulberry) F%%9

TPEERE 578 FFES dEsr] et
dolAElo| E 7Hg-Fol ok A A= nE 127
AAEtear, 7 EA 2= Sephadex LH-20%,
2 ugg FEAS AREsHt. st
£ ERlst7] 3t wEaEnE
|t e AAEH=EE t-bu-
tanol-HOAc (3:1:1, solvent A)®} 6% HOAc
(solvent B)E AF&3}t). TLC ol 7le 33t
2o UVAI(254, 365 nm)E P, a4
2 vanillin-HCI-EtOH (4.8 g:12 m¢:480 m)S
A&kl TLCT] 253 5 71, 7Azste] vhg
st S st
Lo oeolAH ol E 7H&H 22,53 g& E 7
e Fdstn &2 MeOH-HO (3:1,
v/v)E AHEste] 12k 8 E A Aske] 5719 frac-
tiono.2 Felatglom MFEZ %7189t} 5% %
WA MFE-38 MeOH-H:0 (1:1, 1:3, v/v) & A&
sto] A&HA o Afdarv eI S A A7
MFE-33114 3}3+% 3 (p-hydroxybenzoic acid)<
] & STk A MFE-45 MeOH-H:0 (1:1,
1:3, v/v)& A&ete] ZaEntEaduE AA
o A3 MFE-4220014 3}3& 2 (protocatechuic
acid) & w2l & & AUk FE 1 (quercetin-
3-0- B-Dglucopyranoside) = MFE-5 MeOH-H,0O
(1:1, v/v)2 AR ESHHE LA8H e H
A

A 9 gelagd Be A

2.4. Helstet=o 1 EY

deld FgEEe] FRARS 27284
AL A4 NMR (Brucker AM-500, Varian
UI 500 NMR)& AH&-8te] 'H-, "C-NMR ~F el &
BAgiglon BAaujg= CD;0DE AR&8F3IT
w3 Babe =48 GC/MS (JEOL JMS-600W)=
ALgEle] FAB 2 EI-MS 23 EZS B9},

2.41. 3lgt2 1 : quercetin—3—-0- 3 —D—glu—

copyranoside (isoquercitrin)

FAB-MS m/z : 449 [M+H]", 391, 307, 289,
154 (base ion), 136. 'H-NMR (500 MHz, &,
CDsOD) : 3.19~3.71 (4H, m, H-2", 3", 4", %",
6”), 5.23 (1H, d, J = 7.60 Hz, H-17), 6.19 (1H,
d, J=1.79Hz, H-6), 6.37 (1H, d, J = 1.56 Hz,
H-8), 6.86 (1H, d, J = 8.47 Hz, H-5"), 7.57 (1H,
dd, J = 1.98 Hz, 8.47 Hz, H-6"), 7.70 (1H, d, J
= 1.93 Hz, H-2). C-NMR (125 MHz, 6,
CDsOD) : 62.56 (C-6"), 71.22 (C-4"), 75.72
(C-27%), 78.11 (C-3"), 78.36 (C-5"), 94.71 (C-8),
99.89 (C-6), 104.35 (C-17), 105.69 (C-10),
116.00 (C-27), 117.58 (C-5"), 123.07 (C-1"),
123.19 (C-6"). 135.63 (C-3)., 145.88 (C-3),
149.83 (C-4"), 152.40 (C-9), 158.45 (C-2),
163.02 (C-5), 165.79 (C-7), 179.49 (C-4).

2.4.2. 3}&+2 2 : protocatechuic acid

EI-MS m/z : 154 [M]", 137 (base ion), 110,
109, 81, 57. 'H-NMR (500 MHz, &, CD30OD) :
6.83 (1H, d, J = 8.08 Hz H-5), 7.45 (1H, dd, J
=200Hz and J = 11.27 Hz H-6), 7.33 (1H, d,
J = 2.00 Hz, H-2). ®C-NMR (125 MHz, &,
CDsOD) : 115.76 (C-2), 117.73 (C-5), 123.09
(C-1), 123.89 (C-6), 146.04 (C-3), 151.52
(C-4), 170.22 (C-7).

2.4.3. 322 3 : p—hydroxybenzoic acid
EI-MS m/z : 138 (IM]*, base ion), 121, 93,
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65. "H-NMR (500 MHz, &, CDsOD) : 6.82 (2H,
d J = 8.61Hz, H-2, 6), 7.88 (2H, d, J = 8.61
Hz, H-3, 5). *C-NMR (125 MHz, &, CD;0OD) :
116.45 (C-2, 6), 123.13 (C-1), 133.43 (C-3, 5),
163.78 (C-4), 170.50 (C-T7).

2.5. &Msteed A" (DPPH Radical £
)

DPPH radical 224 &3} Blois (1958)2] 14
< W¥ste] £33t 96 well microplated] A

52Z 34 (500 ppm)3te] 100 w 22 ¥ 0

mM DPPH €2 100 40 ¥l AofA] 3053t
A2l & microplate reader® 517 nmoll A
stk FH7F g2t AlEdg4l o
]_O}oq FaXcR Hh:ﬂ oy 5;{4 o]. u:] ] ,]
HA37] 9l5ke] 0.2 mM DPPH €< th4l o
< Yol A3 At

[-rl o[o

=2 =%
= =

mk

uo wo to ofd FE fo

mul J?: r:l mlos-

2.6. O/2 M AIS (Tyrosinase EHMJAH|
Al™)

Zheng 5 (2008)7} & Wyo= nwgd A1y
S A& 0.1 M PBS (pH 6.5) &3} ty-
rosine (1.5 nM in 0.1 M PBS)& & %Lf{ s
ples A4 2 54, Hrtsto] EFAE
mushroom tyrosinase (1,000 units in 0.05 M
PBS)E 7I8le] FHF:A o2 wk-g-olo] 200 w7t =

£ 96 well plateoﬂ At WS- A4S 37°Cell A 5
~10 #3F viF 5 ELISAE AF8-3k¢] 490 nme] o}
o= dopachrome A FS F43A

a
=

f

2.7. MTT Assay0| 2Q|gt ME=d L &
g A
2.7.1. SAME
AESA AFE Slate]l A2 Raw 264.7

cell (Murine macrophage cell line), A1f-o}A| =
ol L1929 cell (Mouse Fibroblast), 3Fot&4 A3

< 938t FHAAEZMCF-T cell) 9 Abg 7 5
AEZ(Hela cel)E @=AEF28 (Korean Cell
Line Research Foundation)ol| Al 43k A1-&3}
At

2.7.2. M =EH{|

BE FAAEE Dulbecco's modified Eagle's
medium (DMEM)9l GibcoAl<] fetal bovine se-
rum (FBS)Z 10%, 100 U/ml penicillin = 100
ug/ml streptomycing Ege HiXE A&}
37°C, 5% COy incubatorollA] 72417t v 3}t
Cell ¥ % flaskell celle] W=7} 2~3 x 10%/ml F &=
7} = A Al st 5% CO:ZHA LS cell HEIE
FrA BT

ARy
A ‘ﬁ*gi =7 0}71 {13k
o 70% o]/de] WErt H g widH F o A
AEA PAHERaw 264.7 cell)ob A-FobAlE
(L929 cel)E FEAMAR wAgk F A Fsfarz}
3 AlBE wello] Foste], o] &
A8A17E F7F vkttt Aolgle WEZE
g5s 52459 BRE oste] FEA for-
mazan product® W3} A7) MTT (2 mg/ml in

FEEE 77}

PBS) A kS 7} wellol 20 ul® Folstar 44]7F
7h R, A A A PBSE AlA %
(=R DMSO# 7}8ke] formazan productE 243

4312171 & microplate reader® 540 nmol A &
FEE SA3H

= e W
A wgE A E(MCF-7
2457 5 M X (Hela cell) AIES
< AHgste] platedA] =Ho]Wll ©hd haemacy-
tometer& AH&3to] NE F& SAT & AZFF
S 96 well plate®] 2+ wellel 1 x 10" 7§ = ol
Ft}. o] A& 37°C, 5% CO, incubatorell Al 244 7F

4 3 M=
rolsl ] AlF L IS 2(2004) 0]
il

trypsin
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Compound 1

Fig. 1.

et &, st shE AEE vREE "t
sk 24A17F wFeE the, ZF wellel MTTAI k(5
mg/ml) 10 ulE A3t 30 5 thAl sl gFet
vl @AnE S 3 celle] MTTA kel 23] A4 =
AL Fe3 T ujxZ AAs I, WAES AAG

n-’

wellell 200 ul®] DMSOE & s}o] 30+ 5ot a] %
St t}5-, ELISA reader& AH&3lo] &34% 570 nm
N AEAELES =AY}

e,

3. 21t & &

3.1.

el

SHetE 1

3}t 12 aglycone®] quercetin®. @A 1 C-3
Aol glucose’t A Fejo] +2E 3ha 3o
] isoquercitrine]gti® Fhv}, UVHEZE pH&}
R w 2oz vehga, updd Al
g =@ o R wkE-g T

'H-NMR 2= E&o A § 7.70¢] signale BE<]
H-2'2 o] %3 H-6"9} meta coupling (J = 1.93
Hz)ol™ & 7.579149] signale H-6"= H-2'¢}
H-5"¢] % proton® &2 2 double doubleto &
Uelya vk 5 6.869) signale H-5'2 H-6"¢}
9] ortho coupling (J = 8.46 Hz)3s}x AT}, HE3H
6§6.373% §6.192] 5 70¢] doublet signal2 H-83}

H-62.2 A& meta coupling®.2 J#-2 27 1.56
¥ 1.79 HzQAek. webA o] 313k&2 catechol B
¥} phloroglucinol A% 2= flavonol 33H&EYU S
ol =8t 4= k(g s, 2000; Oleszek et al.,
2002). & 5.23914 glucose®] H-1"¢] signal©]

A

Compound 2

R4 0 4B B AT

7 7
COOH COOH

OH
OH OH

Compound 3

Chemical structures of the isolated compounds from Mulberry.

doubleto.2 #HAHH oM Jgke] 7.60 Hz¥l AL
2 B-D-glucopyranose?] e ‘?——J T AATE
T3t glucopyranose®] YA protonE2 §3.19~
3.719014 H-2", 3", 47, 57, 679l a)33&}+= signalol
L ERS T

PC-NMR 23 E8ol| 4] C-43= 179.49 ppm o2
flavonol®] A& A< carbonyl group= YERNIL
Ath. Aghell A hydroxyl groupel A¥He] U=
C-73} C-5% 242} 165.79 ppm3} 163.02 ppmol A
velya glor C-63 C-82 99.89 ppm¥} 94.71
ppmoll Al signale] WERFIL Sl=d], o] 312 HEF A
9l phloroglucino A%HS HAFE Fojth(std s,
2000; Oleszek et al., 2002; Agrawal, 1989). C-2
9} C-3& o|TAETES 3t 7] Wi flavan?
signal 2t} 24 downfield¥|o] Z}Z} 158.45 ppm
 135.63 ppmoll A e 9o C-27}F quer-
cetin®t} 10 ppm A X downfield¥l o] glucose”}
C-39 Ad3sta &= As A5 + Auct. BH
A= o] C-3"¢} C-4
= 145.88 ppm3} 149.83 ppmel Al signals Kol 5
I e} hydroxyl group®] A& A &2 C-2',
5, 6’ upfield ¥o] 27t 116.00 ppm, 117.58
ppm, 123.19 ppmelA A& A1 catechol B2
FHE YeER A ok (EdE, 2000). 104.35 ppm
A glucosee] C-17¢] YelGa 9lom 7572
ppm, 78.11 ppm, 71.22 ppm, 78.36 ppm, 62.56
ppm®] signal C-2", 3", 4", 5", 6"¢] signalZ 7
A< glucosed] FEHE HoAFIL 9}

Fernandez & (2005)°] Argemone platyceras®]
Q9] EtOAc 8o A @ ste] B gk NMR data

o)1=
-

oA hydroxyl group®]
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o} Fdstglon 53], o] sgHES A gdg
& 2 J5S st Positive FAB-MS
iﬁi}}éeg,oﬂ/\i [M+H]" m/z 4652 o] 3}3-2 9] 4}
& 4649k dA skt webA 8HehE 12 querce-
tin-3-O- 8 -D-glucopyranoside (isoquercitrin)2.
2 FxE FHIA

3.2. 3IfE 2

8}3HE 2% benzoic acid A9 <] pyrocatechol?]
A =4 benzoic acid2] C-33 C-49] $1] ] T
A7 AE G C-1 $1Ael FEEAI7 7 A
P o seh=oltt. o] IFES {5& A o]
2 dg Hoen UVHZAg A 22
dg WAl gos FAoZ HleS 0}921:]_

"H-NMR 2=#E el A H-5¢] signale § 6.83]
Al doubleto & vEpE=H], Jgke] 8.08 HzQl A&
2 Xo} H-63} ortho coupling HIASS & = 9
I, H-62 & 7.45°141 double doubleto = L}E}L}
=4, Jgkol 247} 2.04 HzeF 11.27 HzQ) A2 A
H-5¢}+= ortho coupling, H-29+= meta coupling
Hol & AL g2 & 4 JT. I H-2% 6
7.3391 41 H-63} meta coupling®] ¥©] Jgkol 1.93
Hz9! doublet signal<S Xo|aL T}, walA] o] g2
chemical shift2% catecholdH]2] F2US & &
USATH.

BCO-NMR 2=#E&le A 170.22 ppm®] signal&
AP AN carboxyl7] o] ©4E YehlaL lom
2717 Agstal 9= C-33 C-4+= 146.04 ppm¥}
151.52 ppmell A 2t2F 54 A 91 signals FiL
o} ¥H ) methine B¢ U™ A C-2, 5, 6& 77
115.76 ppm, 117.73 ppm, 123.09 ppm®l 4] signal
S Yeha 9om carboxylZ|7b A¢En =
C-1€ 123.09 ppmel A signalS 51 9=, o4
2 flavonoid catechol®2] chemical shifte} vlf-5-
FrAEE FElE B ol o]de] NMR +4
28+ Cha $(2000)¢] X313l protocatechuic
acid®] NMREAM 3} 43l 9lew Kim¥} Bae
(2001) 7} B]=pF Slol A e gt s3tET s A

A LA ek,

EI-MS Z:ﬁ—‘lEFéOl
15424 o] s}etE9] FAe 1549} ¢X38t%om
protocatechuic acid2 F+x& Q

>
Mo
R
ot
M
2
rlo
=
-
S
~

benzoic acid A€ 9 = 2A]

717 A A, C-1 f1X]9)

FI2 5 A1717F A3 e vud gt 8eE

T2 gy Folon UVHZe
E

A Ao = FAao®
W2 T
'H-NMR ~#EZo|q A2 A T22 3t 9

= H-3, 59 H-2, 69] signale Z}Z} &5 7.88% §
6.82901 4 Jgkel 8.16 HzQl 32l doublet peak®
et dom AE geR® F 719 proton
peaklS & AATH( =3 vl 2006).

PO-NMR 2=# EgolA] 9A] gjg £2¢ C-2, 6
I C-3, 59 signale] Z+Z} 116.45 ppm¥} 133.43
ppmol A 3}he] peak® YERGIL 9o 1 Jgk
S 2 C-4+ 313HE 281} 8 ppm 4= downfield#
163.78 ppmell A vebar Qlek(o] =3 w4,
2006).

EI-MS =#EdolA 43 £4e M m/z
13824 o] & bk 1383 dA|stlow
protocatechuic acid® 7%= %3t}

3.4, 5I-A|-§|. St

= O

e FE59 A% 9 ddolAH o E, & 7
Fo tite] free radical 2ASE %Xéé}‘}i&ﬂ%
WaTEE $4ZASA BHTE AHEsHa
Fig. 2014 ®Hukel 2ol o dolAlg] ]E 7]’%—1‘
= 85% ©1/49] =2 free radical 245 B3
H = 7FEEE T0% oo &AE *"*Eoi fﬂz?

o] BHTel H] o}-Oq o = =2
oL A E| 0] E 7}-g-3of &
RS 741?;@ Q;
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St (Mulberry) F&E9 AREA 2 A Ao A3 A3

Hexane EtOAC Water Control

RAW264.7 cell

80 0T | I

o . . .

&0 Hexane EtOAc Water Control

* 1929 cell

20 I I l Fig. 4. Cytotoxicity of fractionated ex-
. . . ‘ . . .

tractives aganist RAW264.7 cell and
929 cell from Mulberry.
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Fig. 2. DPPH free radical scavenging of frac-
tionated extractives from Mulberry.
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Q@

. 3. Tyrosinase inhibitory activity of fractio-

nated extractives from Mulberry. o

tyrosinase &4 A3ee 2

o] tjz&Fo Hlste] mMEAH L =2 F Ao
2 AZE o2 =4, Rice-Evans 5(1996)2 =& e

Hiol=7}t giksl &Ado] 9le A Zeldesdd +

Z9F C-49] 7hErd7]|9F C-5 B C-39] 4] 3.6. MEZ=H

ujolgbar ®Bargk up 9ok, B Ao A= e

A5e &5 500 ppmo-Z Tk =4 =4 9o shgE Al H4d0] gl 9ol digk EfEol

v 3FE AR AN iR BEEEY VE Slofof 7] wFEel] oY FEE9 74 2 &4

%7} 1,000~50,000 ppm A=Y 7hetatd 5} & o 2] A E (RAW264.7 cell) ¢ Al--ob A1 3 (1929

FE AAEA T2 7FeAdel Avkal AztE cel) 9] MTT assays AAIske] AL S o H-4 4
 EE FAAL dFo] AEAE TS

3.5. O/ =AM Fig. 40l|4] Bi=nje} o] 7} 8 ES 100 ug/ml

FEE ARG iAol I A dAHem v

oY FEE @ nHEH S S48 st E A BA AEZEALS JehA &gttt haAE
71 7184 Q) tyrosinase B4 A8 Al8S A A&} o] AL Ak Jlg o A7t HrbE R e
Row hETFE= arbuting AHE3ISI T Fig. 30l ZTof Bsle] 100% ©]/te] ﬁp AELS HYo
Al BEnke) ol o] FEEC] 7t B E g w Aot Ee] 75 4k 9 oA o] E THE
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120 __ 180
2 2
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S g S yap
g g8
£ w0 2 =0
% 40 g e0
8 20 8 30
0 Q
DMSO Hexane EtOAC Water DMSO Hexane EtOAC Water
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Fig. 5. Anticancer activity of fractionated extractives aganist MCF-7 cell and Hela cell from
Mulberry.
ol 110% ol/del AxE AEES Jehl Ak, w qehE FEE T odotAHolE 7HE-Fo g
A, ot] FEES WA wolskE tAAE Sephadex LH-20 ZHlazntE 19 & HA8H3
o tite] MEFA o] flom 100% o142 X T th. NMR 2 Mass 7]7]1& o] &3 2443 Setu
7 235 Yehl7] wiol WSl =30l H= wol= ARl quercetin-3-O- 8 -D-glucopyr-
AR o] 8T F US Ao BzATE wmIk AA anoside, benzoic acid A9 <] protocatechuic acid
A o] flen, 58] AdfobAEe] FFS = p-hydroxybenzoic acid2A +%£& T4 3k3ith.
F7] ol FEA 7158 A EA F/E] o) E oY FEEC 7t BYEY Oig v A
g 9 ow dAddy ANFE AAste] 71643 SR H7 2ARA ol &
7be o 55 ER1g A7, ilst &4 APl
3.7. ot 3kA = B el e ik 24 UERel
7128 A EA ol g Thed Ao w AdE I
AZE=A AFA 100% o]4te] A% BEge L3, A5G AlRAI QAL i 54E
Holm W=7 §%9 Ueh)Q] ujite] QulA WEhA] eokar, wieeby 8 ey 2w §l
o gol AEahE U AEMCFT cell)o} 2 AR 28W ARS AGATIS EoE HERA)
TR AL (Hela celDol tha goray Age 71 HEd FEAL S 2424 Sw8 o
ANSAY Fig. 5ol A Bntst go] o) 2% 7Fe StHE A A4S 5 A
o] 74 FEES BT FAEAS HolA AN,
- o =
AEEA ART A AZAE E9E JE HI1sd
o AEY] A 4 e B AE AES

o] 110% o] oz el on AZgARed HE=
odolAH | E 7}8-F7} 150% o)A, & 7827}
180% o]l AE AEES YEAT.
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