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Inhibitory Effects on Melanin Biosynthesis and Tyrosinase Activity, Cytotoxicity
in Clone M-3 and Antioxidant Activity by Cuscuta japonica, C. australis,
and C. chinensis Extracts

Soo-Jin Chang and Kui-Duk Suk*
College of Pharmacy, Catholic University of Daegu, Gyongsan 712-702, Korea

Abstract — Water extracts, ethanol extracts, and juice of Cuscuta japonica, C. australis, and C. chinensis were prepared,
and their cytotoxicity, antioxidant activity, and inhibitory effects on tyrosinase activitiy and melanin biosynthesis were esti-
mated by using melanoma Clone M-3. From this study, the following conclusions were attained. Extracts of Cuscuta Jjapon-
ica, C. australis, and C. chinensis showed noticeable cytotoxicity except ethanol extracts from the stem of C. australis. A
maximual cytotoxicity was observed with the ethanol extract from the seed of C. australis (87.39%). While the ethanol
extract from the seed of C. japonica (91.88%) showed the most pronounced inhibitory effect on melanin biosynthesis, the
water extract from the stem of C. japonica (1.05%) possessed very little inhibitory effect. The most inhibitory effect on tyro-
sinase activity was observed with the water extract from the stem of C. australis (76.67%). However, the water extract from
the stem of C. japonica showed a very poor effect on the inhibition of tyrosinase activity. All the preparations, except
extracts from the seed of C, australis were able to remove reactive oxygen species (ROS) in a dose-dependent manner. The

juice of C. japonica demonstrated the strongest activity (59.02%).
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tyrosinase= Bd ¢ bl g A9 Fulolg Hiske At
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T oPge] 715 818, B3] Hepdel A3 Y T tyrosine
% 3,4-dihidroxypenylalanine(DOPA)2. & A]7]& tyrosine
hydroxylase®] 7|53} DOPAE dopaquinone 2. & At3}A]7]&=
dopa oxidase®] 7|5 @ 5,6-dihydroxyindols: melano-chrome®.
722] AgA7)E DHI oxidase®] 715 & 37K whgell dist &
o) 2+8-& 3th? Tyrosinase 3 HANAH & 5 e
polyphenol oxidase(PPO)2% 2 &4 Qlcth?

A wslel A A9l F2) shelth. AR
2 Ao o Ao #AS AH 2 MAE Xl A& Dot
o, Az} 9 k= 7|EH R ojd BN MAE FfFst] <
AztEE sk, A el e AREE 5 BEART
LA TTHAD o5 WAATE ZHE QT 1), 5
3] gyl gglor & #ile el Ha e, I o
o 7158 dANA AFAFE AT, eEEL, T
2 7)u], F27) 59 9% 8% JKEep 0k b 2}
S AAT 5 s FArsA Y Folvt dash, A}¢]
A g @Ak st ATz 2SSk, ARAES
RBE3P] el A o B9 ol sjiellA] EdARAEE]
o) AL ISk, A8 BINAE EEF0E AAT &
R ksl o] Alaglo] A sttt

A w127 Conboluvulaceae)ell k= AdA 71784
HFANEZA XNAHCuscuta japonica Choisy) AAAHC.
australis RBe) 2Z0] Sgjuelol| EARS] 7|QAER o]
3 Qloh $-eluEle) oz XA Alekd 53] AV, A4, 2
T 5o won g g AE 9 F3py AEel 7128wt
AR digtekd 9] kel #EAe FAiFe] o of
Aol 7190 A=) & o1& MSHEDS @l Zlojrh Y

ZZoME F=F ol AAMWHC. chinensis Lam.)y& EA
Ze] 7191 AEZ Z1AstT Yk AR o= FAWEA ¢
235 55 =38, AN coumarin @ flavon F
2 p-coumaric acid, caffeic acid, arbutin, chlorogenic acid,
cuscutoside A, (+)-epipinoresinol, (+)-pinoresinol-4'-D-8-
astragalin,

D-flucopyranoside, (+)-pinoresinol, quercetin,
hyperoside 5°1, AAR4rollA B-carotene, y-carotene, o-
carotene-5,6-epoxide, taraxanthin 2 luteino] B ¥ ${c}h!?

AR ekl ko) iRt AT BEARPL el wiAlE
3 mouse ¥ AAAEEAC] thgt AT, Aol o
3 AT AP vl T 2 e E@nS 27 98
mushroom tyrosinasel| Th3t AE IS AR AF1= glo
U AIEE o) gsto] ARt At w ALY B lA-S 2
AR A= Qe Aol

o] digids AFW U AFeblel 28 E¥A AEF
oL} 7nlZ AAsK=Y) BUF &I} Aok 7150 olew ¥

FRYER AR B(#)S] 52 711, HEF, ¥

ARgEITET 7]25]0] QIehlY #x) o} Bwpo g yu|, F
270, =8 9 AHE S SE I & HHoR A
S0 wo] AkgH T U} el vizkelds A 719 5
FE qhdel vlEa, vRAXE Algsle] =g 9 S 2
o th3t AZFHAZ 7)heb ARSI IE S

3

WE % Wy

Ago| =X

+ Aol AR Al A 2719 AR ERsle] A
Zalal B BEQlth $REARE TANE sl R &
U2 etk 2R 8 AW AW R FEEAE O
50 g #3l] FFF 500 miE 90°CollA 24717 43 & ojx)
3k 300 me] SHTE 23] o &% F oS 6] rotary
vacuum evaporatorZ. 60°C 584 A 1%t F=slel 22 A
ZAIZ S BFRBSIICE gz A A U FREAE
Zkz} 50 g F3lo] ofehE 500 miE Aol 24x7HEQY 13] F
&3t 300 ] AREE 23] ] FES ¥ 1 o9E sl
rotary vacuum evaporatorZ ZFEE3te] FAAZRA R
WenAsilth, At Aate] £71 2 xR &2 A
HE st & A Az A S5 dlo] diees & 4
AAL Halo] Az Y iR WERT st =AE
AFE AR A o3 dd3 T 7} 5o 97 phosphate
buffered saline(PBS)°ll 1501 Aol AMg-3t%iTt 22

Melanoma Clone M-32| H{2F

E Ago] ALg-% Clone M-3& 3H5MZ523)(Korean Cell
Line Bank; KCLB) o4 ¥%b2-2 mouse melanoma ]3]},
Clone M-3= 10% fetal bovine serum(FBS, HycloneAl,
Canada)e] Z&¥ RPMI medium 1640 (Gibcorl, U.S.A)
penicillin/streptomycin(GibcorF, U.S.A.) 100 ug/ml-< d7}sto]
AR 2 AL 37°C, 5% CO,9 2AS 2+ CO,
incubator(Forma Scientific A}, U.S.A)NA uljekstsict, A7}
ZFAEl0] ALEE o) FH uitAE AASt PBSE 23] Al
23} Trypsin/0.02% EDTAES ©]43lo] AZE flask HpEO =
He BN & AZE-FYE conical tubes] Fot 1200 g2
1087 YAkt A ds AASHL AFAE ol Al
ERHAS tiEo] 1:30 Ajujksigict. I BEHiAlel
HAste] B% 5 Bl tanko] KBGO0 B A=
2~104t] Ale]g] AIEZE ARSI

MTT assay
96-well cell culture platesl th5s Z21712) Clone M-3 A
2 2x10* cell B 2z wello] A7k 1719 welloll= A% 5
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o oAl v Yol 4% 57 A blank®E ARESISITH Al
FRHE k= B0 104 §907 5o} PBSE 3251
20 wywell® 718t AEFFAE Y2 well F 72
wellelli= AlE T4 PBSE #718te] 100% BET22 Sich
AA) Foi7h B plated 37°C, 5% CO, Hik7104] 48A17) wl
&3 F 2mg/ml 3-(4,5-Dimethylthiazol-2-y1)-2,5-diphenyl-2H-
tetrazolium bromideMTT) -84 50 w/welts ¥ THA] 4A3E
2t vkt vk F8 3 3000 rpmollA] 3083 QAR
% w)x1E AA3}IL Dimethyl sulfoxide(DMSO) 150 pl/well =
F7ksta 15623 AelA 193t Adolgle A7 MTT
Hhgalo] AAdE Bepae] B84 formazang 34717 ¢
3HA] W= 5 ELISA reader[Biotek Instruments AHU.S.A.)2)
ELx8081Z 540 nmolX EFEE SAITh 273 AT
o] ME BEES HPTS Hi 0Dy 22 731 tiz2Te
B3 ODgyy okl sk W82 Jehjglc) 2420

Melanin contents %

Melanin % %7412 Hosoi 59 WS W¥sto] ALE319
t}. 96-well cell culture platecl O Z2171¢] Clone M-3 A=
Z 1X10° celliwel® H7}ska 1709 welloell= MJE B-g9 o
21 A Qol FFE 574 A blankZ ARSI A2 g
Ak 520 100 §A 02 wHE0) PBSE 5]433}0] 20 pijwell
A AR AEFRAE 92 well T ohAIT wellE AR
Xl PBSE 71519 100% melanin 28437 (Control) 0 2 5133
o} A Foi7h B plateS 37°C, 5% CO, MlF7IolA 484]
b wljeksioAT), vk 28 3 3000 rpmelA 3057 AR
X2 AAsE § PBSE 23] M2 sle] FH|8k AT Ao
10% DMSO7} %7F 1N NaOH €4 200 wiwell ) 7}s}
1L 80°CellM 1A17F &t £-315131t}. ELISA reader® 405nm
V] FHEE ST AHTS) BE 0D, 7S T thiz
9] it 0Dy oholl ciet WE-g32 Lehyigic) 2730

Tyrosinase &4 &%

Tyrosinase @45+ Matinez-Esparza 52} ubio] ¢jgle] &
ZJstodrt. 96-well cell culture platee]] Ty %21719] Clone M-
3 AEZE 1x10° cellwell B H7kska1 17H2) well o= A EX-
o oA AR Yol F9E 24 A} blank® AREEIITH Al
E8HE A= FE9) 104) fN0 T 7i50] PBSE 341510
20 pwelt® 71810 MESFAE YL vi|et wellol= Al
04l PBSE- AH7181] 100% tyrosinase B4 (Control) & 2.
B30t A Foy7t B3 plateS 37°C, 5% CO, WA71olA 48
AR BRI EE 3 3000 rpmelA] 20271 QARE)E L v
A5 AAS 5 PBSE 23] AAHste] Fuldh AT A2 o)
100 w/well®] M Z L&} N(1% Triton X-100, 10 mM sodium
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phosphate, 0.1 mM phenylmethylsulfonylfluoride)-S 7}t
A3l WABI AEE BAIF) T 3000 rpmellA 3027F QA
R F FFAE Hlo] EagoR AR 100 mM
sodium phosphate(pH 7.0) € 100 pol] A5 &28W 50
£ 7kl 37°CoIA 57t B3 5~ 100 mM catechol 50 wWs
Y 3 37°CoA] 1A7F B2t WhE-AIZIT), ELISA reader® 405
nmellA FIEE SA3IGITE AP Hi 0Dy #kS 73t
o] th72] BH ODys Ao thet W22 vehjich3s?

DPPH radical MH& &X

ARE 4 v2HE 248 §9 100 picontrol : 99.5%
ethanol)*l] 0.1 mM DPPH(99.5% ethanol)-$-%% 950 W¢} 0.1 M
sodium acetate buffer 950 W= 7}8+ith. 302 B9 At
3027 Ao HEAIZ] & 517 nmel|A ST E S48t
Alme] A B 7zt w20 AETY 0Dy, #h T3k
2] ODgy, fhofl thsh wit-g2 Yepjgich 3?7

23 % 0

MTT assay

3-(4,5-Dimethylthiazol-2-y1)-2,5-diphenyl-2H-tetrazolium
bromideMTT)= A WY& E5% 3 mitochondria®l succinate
dehydrogenase®l] &J3f| M2t formazans ¥Adsh=d] o] &
Al AX ) %42 mitochondria®l 24, WA= Mz &4
& ouigtng Ao AEE FYshs WHOE o18Ha otk

Clone M-39] 237 & A&l izt A3, A 2 Z58A
o] JFE FA] Y3k] 10~200 pgmie) FEZ 48417k A
23t A3, 1G> A 27 leEF2E(121 pg/mh), AN
T2 AEFEE(102 pg/m), Mt FAF ANHEFEE(10L png/
ml), A FA; olehE FEE(111 pgmh)E, 9 5319 7]
ol H= A1l 230 pg/miel] wlst of W2 FEE e} 4
At 2718 Ad AR B ojhE FEE Bo] xS AEE
A 7RIS & 5 AP (Table D.

Table I - Cytotoxicity of water, ethanol extracts and juice of Cuscuta
Japonica, C. australis, and C. chinensis in mouse melanoma

Clone M-3
IC.,»
Water extract Ethanol extract  Juice

(ng/m)) (ng/mi) (mg/m)
Stem of C. japonica 283 121 14.32
Seed of C. japonica 419 102 -
Stem of C. australis 707 499 5.21
Seed of C. australis 521 101 -
Seed of C. chinensis 519 111 -

?IC5, Value represents the concentration of water, ehanol extracts
and juice required for 50% inhibition of cell growth.
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Melanin 2240l O|X]= Y&t

Clone M-32} melanin Bg7doll g A3k, Ak 2 7RAA
Ao 93g Eklsl] 918l 10~50 pgmie) FEE 4873t A
2st2ich AlE2] melanin A AT Aol Ae-et Hu
FEQ 50 pgml] F=olM thaEt o) vekdth EREE2)
73S ANA 27 BEFZEQ@00%)>AMNAE 23 B35
(32.50%)>7 0T A BEFEE(31.58%)> M T 5%
E(29.38%) >t £7) BEFEE(L05%)2] £oF Asfes B
SchFig. 1. oehe F2E2 A9 AW A eE 55
(91.88%) >t FAF ollebg FEE(85.63%) > €71 ol

Inhibition on
melanin
90 biosynthesis
(% Control) .
80
70
60
50
40
T T
30 T
20
10
o
Stem of C. Seed of C. Stem of C. Seed of C. Seed of C.
japonica japonica australis australis chinensis

Fig. 1 - Effect of water extracts from C. japonica, C. australis, and
C. chinensis on melanin biosynthesis in Clone M-3. Each
value represents=SD for triplicate (50 pg/ml). *p<0.05,
when compared to the control group.

Inhibition on
melanin
120 biosynthesis
{% Control)
100
T*
.
80
60
40
20
0
Stem of C. Seed of C. Stem of C. Seed of C. Seed of C.
japonica japonica australis australis chinensis

Fig. 2 - Effect of ethanol extracts from C. japonica, C. australis, and
C. chinensts on melanin biosynthesis in Clone M-3. Each
value represents+SD for triplicate (50 pg/ml). *»<0.05
when compared to the control group.

SEFEE(80.00%)> AN FAL ollgbg FEE(71.05%)>
AW TA RS FEE(TL5%)>ANE E7) ddgre 7%

Inhibition
on 120
melanine
biosyn-
thesis(%
Control) 100
80
60 T
40
20
0
Stem of C. Stem of C.
japonica australis

Fig. 3 — Effect of juice from C. japonica and C. australis on melanin
biosynthesis in Clone M-3. Each value represents+=SD for
trplicate (6 mg/ml). ***p<0.001, when compared to the
control group.

Inhibition on
90 tyrosinase activity
(% Control)
80 _x
70
60
50
40
T
30 | -
20
10
0 T
Stem of C. Seed of C. Stem of C. Seed of C. Seed of C.
japonica japonica australis australis chinensis

Fig. 4 - Effect of water extracts from C. japonica, C. australis, and
C. chinensis on tyrosinase activity in Clone M-3. Each
value represents=SD for triplicate (50 pg/ml). *p<0.05,
**5<0.01, ***$<0.001, when compared to the control
group.
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E(2625%) «02 AFL-S BAtHFg. 2). §9 A$- At
o] 6 mg/mie] LA 85.00%%, AAAIE(58.29%) BL} =
2 A3&S BthFig. 3).

opde] AHE ¥H AKWEEAL ofbeFEE0] 7M=& 91.88%
9] AES YR AFe] 6 mgmie] FEolA 85.00%=,
APIEED B2 AEES BoH AEY] E5EE0] 7}
2 @2 1.05% AEES vERAT

Tyrosinase &40 0|X[= Q&

Clone M-3¢] tyrosinase /3l thst AAL, A W 704
kel e HRIsh] fste] 10~50 pg/mie] FEZ 484
7t AJsith. AlR9 tyrosinase BAA &S Al H§
3 Hx Q) 50 pgmlY) EEA theF e &2 L}
Ebstrt.

EFEEY A AMNET] B5EE(76.67%) > AANESAL
ETEEQGLSD) > T2 EFFE (26.32%)> AR
EFEE(23.69%)>WE7 EFEE0%)] ¢ol3ithFig. 4).
e FEEL] A9 AMEY] ARheEFEE(73.33%)>1
AEA} NHE FEE(6842%)> B AMNEA] S EEE
(57.90%)>AEAL ANEFEE(44.74%)> W27 ek
FEEB421%)9 27 Aes XchFg. 5) 9 B A
WdEe) 6 mgmie) FEolA 33,33%%, AMAE(18.00%) K.
th =& AaAEE BthFg. 6).

oVl AnE B9 AMNIET] E5EE0] 7MY B2 76.67%
o AfEE BRT AME7] BFEELE tyrosinase BYE A
T 53¢=

Inhibition on
tyrosinase activity
80 {% Control)
-
70 ot
60 _~
50
-~
40
-
30
20
10
0 -
Stem of C. Seed of C. Stem of C. Seed of C. Seed of C.
japonica japonica australis australis chinensis

Fig. 5 — Effect of ethanol extracts from C. japonica, C. australis, and
C. chinensis on tyrosinase activity in Clone M-3. Each
value represents+SD for triplicate (50 pg/ml) **p<0.01
when compared to the control group.
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DPPH radical MH&4ol| DXl 4t

A, A 2 A JEke BR1E $181e] 10~50
ug/ml®] FE==2 48717t X883t DPPH radical A|AEAY&
Age] A3 3 FER] 50 pgmie FEeN v 2ol Y
ERith B5EE0) A9 AWNET] B5EE37.57%) >N

Inhibition on
tyrosinase
activity
(% Control) 40 -

35 | T***

30

25

20 T

15

10 |

Stem of C.
japonica

Stem of C.
australis

Fig. 6 — Effect of juice from C. japonica and C. australis on
tyrosinase activity in Clone M-3. Each value represents=
SD for triplicate (6 mg/m/). ***p<0.001 when compared to
the control group.

DPPH radical
scavenging
activity
{% Control)
40

ek

35

30

25

20

15

Py

10

n

5 o
[; l I ! ,n
0 -

Stem of C. Seed of C. Stem of C. Seed of C.
japonica japonica australis australis

Seed of C.

chinensis

Fig. 7 —DPPH radical scavenging activity of water extracts from
C. japonica, C. australis, and C. chinensis. Each value
represents=SD for triplicate (50 pug/ml). ***p<0.00, when
compared to the control group.
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T2 EFEE(12.06%) > WA EFEEWAIT%)> >AMN=E
7] B53EER.68%)>ANEEAL BEFEE(0%)Y] & Bt
(Fig. 7). A& F220] A9 ANE7| AbeTE55(42.54%)
SHANARERL o & 3EE(41.53%) > WHEAL @S2 E
(7.55%)>2AMWE7] eh&FEE(4.6%)>HNEAL ollekeS
F2(0%)2] 2 HlthFg. 8). 9 AF AA AlEel 6 my
ml] FEolA 59.02%2] AATIES Uehlo] 47.15%%1 A

DPPH radical
scavenging
activity
{% Control)

45 i

40
35
30
25
20

15

x
=
5
E ! aaw

Stem of C. Seed of C. Stemof C. Seed of C.
japonica Jjaponica australis australis

Seed of C.
chinensis

Fig. 8 - DPPH radical scavenging activity of ethanol extracts from
C. japonica, C. australis, and C. chinensis. Each value
represents+SD for triplicate (50 pg/ml). **p<0.01, ***p<
0.001 when compared to the control group.

DPPH radical
scavenging
activity

(% Control) 60 r
50 **K*
40
30
20
10

0 L ]
Stem of C. Stem of C.
japonica australis

Fig. 9 — DPPH radical scavenging activity of juice from C. japonica
and C. australis. Each value represents+SD for triplicate
(6 mg/ml). ***$<0.001 when compared to the control
group.

AEThET) 2 AAEEE ERTHEFg. 9).

o|Ae] AsE Bl ApdgEol 6 mgmi FEoA Y w2
59.02%2] AAEEE vEhdo] 47.15%%0 AAVdEES 52 Al
ABAS ER O, AEE7) 9] oEhgFEEo] 42.54%F Al
AE TRl R B2 AASEE veRlth AR &35 o
BEFEES BT AASES vERA) ottt

4 B

AR, AR 9 RN w g gabslaRe-S TSt
7] 918t} mouse melanoma Clone M-3] AJ&E&<] tigh 43k
< ZA3ste] Aol Uit AFAFES WS F FY AR
melanin A7} tyrosinase o) nlx)E= FEE 54
W 7S 71251593 DPPH free radical 217152 73]
Aelaas AFge sy wi U2 0] §.8 9 ks
FAsIA T, TFF Y Vede Lot fske] APE Al
a1, thea e A28 Stk

1 AlES AZAEES] IC> AN 27) olehe2E5(121 py
ml), A FAF AREFEE(102 pg/md), A A o5
ZE(101 pg/mi), AN A} AGEFZE(11] pgm)E, T
oFE o] 71#0] B ]2 230 ug/mio] H)Eko] (Park et al.,
1993) ¥ FEF vER} AR E715 AL AEEY o
& FEEE0 & NSNS VRIS & itk

2. N 82 melanin A4 JAFEE Ao HE3t Huv®
Q1 50 pgmid) FEo ANIEAL ollehs: F5E0] 91.88%% 7}
ZF w2 Af&s vebdor ANAEa ded FEE0]
85.63%, A £ B5EE0] 80.00%, AWt £7] oehaS
Z20] 80.00%, AT FA} oflgkE: FEE0] 71.05%F
epnt e vUeR] SEEES 3098 W AsheS Bl

3. A 89 tyrosinase BYANEL Aol A Lst HuEeEd
50 ug/mi2 FEAN AANNET] EFEE] 76.67%, ANEE
7] og&53EE0] 73.33%2 71 =& AAES UEeH,
AAEER} oflehe: F2E0) 68.42%, WAAAFEAL b2 E
o] 57.90%% VERdon Uma] FEEL 45% Bt w2 A
&2 Jepon AaE7] B53EE2 tyrosianse S AE
AefakA] otk ok AAPEEe] 6 mg/mie] F=olA 33,33%
2, AxE(18.00%) Rt F2 Aseg Bk

4. DPPH free radical 2275 A8l &3 H1s=
50 pg/mie) FENA AAE7) AE-EFEE] 4254%Z 7HF
E2 2A5E Vel on] ZANEEAL ek ESEE0] 41.53%,
AMAarE7] BE5EE0) 37.57%Ath 1 YA FEEES
12%Rt}F R 2SS Ve eH A E5EE, AN
AR RS-SRS A7)F0] fllth. 5 AkEo] 6 mg/
md] 5N 7FE %2 50.029%% AMNARE(47.15%)8 T 22

o

ol
2
=)

1
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