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A Study on the Whitening Effect of the Oriental Medicinal Herb Forsythia suspensa
Fruit as a Cosmetic Ingredient
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Abstract: The aim of this study was to investigate the inhibitory effects of Forsythia suspensa fruit extracts (FSfE) (0.1 ~
1.0 %) and their active component on melanogenesis. FSfE dose-dependently inhibited melanin synthesis (up to 631 + 3.1
% at the concentration of 1.0 %) without cell cytotoxicity. We purifed one active compound from FSfE and identified its
structure. It was identified as 4-[(3,4-Dimethoxyphenyl)methyl)ldihydro-3-[(4-hydroxy-3-methoxyphenyl) methyl]-2(3H)~
furanone (arctigenin) by 'H-NMR, 13C—NMR, and Mass analysis. Arctigenin also inhibited melanin synthesis in a dose
dependent manner (up to 52.7 t 3.1 % at the concentration of 3.0 pg/mL). In order to verify the whitening activity of the
cream containing 3 % FSIE, we performed the clinical test with twenty five female volunteers for 8 weeks. Bioengineering
analyses and visual assessment by doctors at the initial time point and 8 weeks after applications showed that cream
containing FSfE have significant whiteining effect (paired ¢-test). From the results, we conclude that the FSfE can be used
as a useful whitening agent.

Keywords: whiteing agent, Forsythia suspensa fruit extracts (FSfE), melanogensis, arctigenin
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2,5-diphenyltetrazolium bromide (MTT), Dulbeco’s
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(FBS) A9F5L Sigma (USAAF AFo 2 AL&314Th
3k Mouse meanoma cell line B16-f1 cells ATCCe]
ARG ol AREEsith AP AHEE 7171E evap-
orator (EYELA, Japan), ELISA reader (Molecular De-
vices, USA), steam generator (Vaporzone 707, Talwan)
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Mouse meanoma cell line B16-f1 cells2 =4 L3
oA st e, DMEMel 10 % FBS, 100 U/mL
penicillin 2 100 pg/mL streptomycing g WX &
AHE-3te] 37 C, 5 % CO: incubatorol A ®iekatsich A
P BE cellsS 80 ~ 90 % confluencydl] Al A
Hatgoh
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B16-f1 melanoma cellsE 10 % FBS7} 3/ DMEM
02 %-well plated] 1 x 10" cellywell® 100 mL® %
35 9% COy 37 C 27814 24 h F<b wjksicl w)
4 F ugds Ay AdA(dn F2E 01, 05,
05, 0.75, 1.0 %, arctigenin 0.1, 0.5, 1.0, 2.0, 3.0 pg/mL)
< o-MSH7} ¢l 28 9 o-MSH/} §le 24 F 7
2 FH)sted z} 3% 9 3719 welldl HElg ¥ 5 %
COz, 37 T ZALRE 24 h Hisc} oy, gizgde <
W &R 3L arctigening H7MEA] ¢L A g
-MSHeF #71e o2 dr) iy F MTT assayg &
gto] A AELS Felsgith
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B16-fl melanoma cellsZ 10 % FBS 7} &+¥ DMEM
o2 6 well plated] 1 X 10° celly/wellZ2 2 mL¥ %3
5% COy, 37 T &4 3polA 24 h F<t sjdsict Wit
= ook e AAsE AgH(An FE2E 01, 025 05
0.75, 1.0 %, arctigenin 0.1, 05, 1.0, 20, 3.0 pg/mL)& 10
% FBS @+ DMEM Hj¥del] @3, oj7jo ZAAAR
a-MSH (100 nM)E #71skdem, 5 9% CO, 37 T
AoZ 72 h FoF wiY¥e} o), Y2de du F&
£ arctigening A7}8IA] 1 o~ MSHY 271313
wloF & wjokal e A Aste PBSE 33 AjEsta o
trypsin-EDTAZ A2lste] M I pellets 35er). 3
A pellet 10,000 rpmE 10 min ¢ 94 g3 ¢
S AL AAT 283 o] ME pelletd 70 Teoll
A Az3 F 10 % DMSO7F 89 1 M NaOH 400 uL
E 9o 90 T FEZoA AXUe delde deth o
100 uLE 96-well plated] ¥ ELISA reader® 490
mmollA FFEE FAHsle deld Fe 7ok APE
Ao folA oARE= rtestE T AETH EAVFQ
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2.5.1. oA HEAE (rritation Test)

9ea A5 Hok] 9% A4 EAEE CIR
FlolEetelol A AAF Pl oRrel MYS ko]
At B4 gy 28 9@ gejArt gle 15
2 gide g AAslg oy, ARHTEE 24 ~ UM, %
oo 8AGE. 4, HE B9 Adhg EZ o}
AzZANZ T AdEH] {84 finn chamberg AE F
Aol HE3Hh 24 h ol HEE AAST 30 min, 24
h, 48 hell A= A F5F5 B F71ES in-
ternational contact dermatitis research group (ICDRG)
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GradeNo. of responses 100 X *é

3 (Maximum grade) x 15(Total subjects)

Mean Score =

Grade Score Score
- 0  No reaction

+- 05 Weak postive reaction (erythema)
+ 1 Moderate positive reaction
(erythema)
++ 2 Strong positive reaction
(erythema,edema)
S 3 Severe positive reaction

(erythema, edema, vesicle)

AN FEES g3l a9y F8H A5E Hrtst
71 f8te A7 AEE st Stingere  steam
generator (Vaporzone 707, Taiwan)E AF&3ted 15 min
et 53] sweating A7 YA FEFY AEE &
of B3 AdEde 47 dFI 92X I F9 2
Wk ZAlo 2 ZbetAl minich 20 #
oA 10%)2 e AAsgoen o
~ 334, B9 4382 2949 AgAES
(stinging, itching, burning, and etc.)9] A}
718 "k & 0 = A 8le, 1 = A5 & 9S, 2
Aol e 3 = AFo] vig AFoz TAGAT =
3 AL T A= dhgo] yehde Ak me 30 s
min, 5 min, 8 min 59 47202 Wpgdo 30 s oy
o] vel= A$-2 intense stinging (44), 25 min mild
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stinging (37), 5 min moderate stinging (274), 22| 8
min oo UEhIE A$-E delayed stinging (1)22
FRete] Brlatgleh A AEE vl FHoES
B AtE AFSEEE A

Response score X 100
Maximum score (30 X totalsubjects * No.of response)

Response rate (%)=

2.6. dIEES BF 3 % olHED}

AREFE S 299 IF 09 Zdd g &%
2 B SAa) AN BATEA S oA B5EE A
sl fidoz Ax PN P R BE AFD A
YAEL 857 FU mEsAn. (FAYs 1R ekl
el ANt

2.6.1. 5|52} FEelof o3t +
ARAS AR ALE e A 2

Z U(07 MED 33 Z*} F 74 A F)
At 3(4 weeks), 657 A F(6 weeks), 87 A F8
weeks) I AAE Ao g YA Z FE3te] HrFeT

Rating Description

0 None
None / mild pigmented
Mild pigmented
Mild / moderate pigmented
Moderate pigmented
Moderate / severe pigmented
Severe pigmented
Very severe pigmented
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2.6.2. 71718 H7}t

Chromameter CR-400(Minolta, Japan)ell &]g+ =% ub
7l 2RL Ax AFE B9 L a, b valued] H3E
ZA35to] Hrstrt. 3137}\—‘:— 294 33 AL H 7Y A
3 (0 week), AFE = A E(4 weeks), 65+ 73
7} 36 weeks), &F JJr —r(8 weeks) | GAE Fe
2 Chromameter CR-400¢] L', a*, b" value® =434
t}. Chromameters Abll «]E}W AR EHe MEE A
7P7\] AR FAE YA =R Agse AHE

E AT o] IAFA =4S 98 de AHEHT Ut
L, a, b valuer 27 oh&3} 22 parametero| H13).

L™ ¥
a” green—to-red spectrum

b": blue-to-yellow spectrum

et dE 53R, A 338 A 2 F, 2007

o| 7} - o] A=

Forsythia suspensa (1 kg

l 70 % FiOH Extraction

Extract (56 g)

l EtOAc Extraction

EtOAc extract (13 g)

l Sep-pak CI8 cartridge {40 % MeOH)

Active traction (0,625 g)

recrystallization

Aretigenin (0,531 g)

Figure 1. Isolation procedure of arctigenin from Forsythia
suspensa.

olw 4", b’ chrominance parameters (<14} o] 3L
L= luminance parameters (] &=¢12}b)o]t},

2.6.3. EAIEN

AE7tol 28 §¢ 7 paired (test® F3 HEA
3 NGAEN G B2 M g3 5 %2 &
39t Chromameter (CR-400)2 A&t 71718 %7t
paired t-test® E8 tEAFL AFEAE 7 F9

%2 7H BEA 5 %2 HASHA,

3.1. ¢lu FE89 REHE TH

A 1 kg 70 % ethanol® FEsld A7 52
Az7|E o] &3t J}TﬁfﬂEﬂi g& Ak F9uE
100 % 22 718t &3iA2l ¥, ©]& n-hexane 500 mL

g olgate] gx @S AFT. °]& EtOAc % 1 LE
7}ske] EtOAc fractions §%3l9] 13 g9 55ES &
3it}l. o]& MeOHZ Diaion HP-20 °©|FA & Z#Ho|
22N B 10 %, 20 %, 40 %, 50 %ollA 217 &
ZA7) & &2AHT} o] 2 benzened} ethylether (1@ 1)
oA AAAL Fol 0531 g9 arctigening VAT ol&
Figure 19 Zbgs] BAIEIY ol 771X S AAlst
9}, 'H NMR (300 MHz, MexCo-de) & 254 (4H, br),
284 (2H, br), 372 (6H, s), 3.80 (3H, s), 6.50-6.82 (6H,



Figure 2. Chemical structures of a arctigenin isolated
from Forsythia suspensa.

Supvival (%)
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0.25 05 075 10 0 01 025 05 075 10
FSIE + @-MSH 100 nM

[ A

FSfE Concentration (%)

C: control. V: velucle

. ) *P-value <0.08
FS{E : Forsythiz suspessa fruit extracts

(A)
Mean + SD. (%)
Control 1000 = 06
Vehicle 9.7 £11
@ -MSH 100 nM 1014 + 03
0.1 101.9 = 05
05 091 = 14
(%6) 075 929 + 22
1.0 864 t 4.0
01 1006 + 0.8
2-MSH + 025 101.0 + 02
FSE (%) 05 994 + 09
: 0.75 987 + 09
1.0 986 = 09
(B)

Figure 3. Cell viability of Forsythia suspensa fruit
extracts (FSfE) and «-MSH on BIl6-fl melanoma
cells by MTT assay. The cells were treated with
various concentration of FSfE for 24 h. The cell vi-
ability was measured by the MTT method. Results are
means t S.D. from 3 separate experiments.

m), °C NMR (CDCls, 75 MHz) 6: 34.5, 383, 409, 465,
557, 71.3, 1294, 1108, 111.3, 1139, 114.3 1212, 121.9
1295, 1464, 1443, 1442, 1465, 17861 MS (m/z) M+ =
372, m/z = 221, 194, 178, 151, 137 (100), 107, 91, 73
datas 3 23} arctigenin® 2 FAHSITH

o wu fao] B A7 3

70 - *

Inhibition of melanin production (%)

4 01 0.25 0.5
FSIE + a-MSH 100 nM
FSfE Concentration (%)

*p—value < 0.05

(A)
Mean = S.D. (%) p-value
¢-MSH 100 nM 0+43 0.004
0.1 209 £ 95 0.116
MSH 0.25 181 £ 2.8 0.024
a- +
+ 7. X
FSEE (%) 05 236 + 72 0.048
0.75 515+ 7.0 0.003
1.0 631 £ 31 0.0003
(B)

Figure 4. The inhibitory effect of FSfE on melanin
production in B16-fl melanoma cells. The cells were
incubated with arctigenin for 72 h. Melanin quantified
by absorption at 490 nm calibrated with synthetic
melanin as standard. FSfE decreased the intracellular
melanin contents at treated concentration.

3.2.1. A FEE9 ME MZEof ojxlz Yol Chgt

2289 ATEY AT Aol AT FEH
A7) Yol MTT assayE AlFstdch AE 54

3 A3 ¢-MSHE A3 duxEEs dia +
2o] At 1.0 %7HA Bl6-fl melanoma cellsell A Al
& 93] ¢lE Aow FIHY ofF AFPdAME
10 % ol3ty sz gL MYssthFigure 3).

|

3.2.2. A F=Ego| deld MY oM E1}

An FEFd hi o-MSHE AH=zg Bl6-fl me-
lanoma cellseliAe] @ehd G 94 &3E
7} Figure 414 BH5o] du FEES AHd 7
5 gEzhoz wehd @4ol As) Hgon 10 %ol
A ek 631 %ol Wahd B A art U

&
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Survival (%)

c v o1

05 10 20 30

Ha
}..4

0 91 06 10 20 20

Arctigenin + a-MSH 100 nM

Arctigenin Concentration (ug/mL})

C : cortrol, V : vehicle

“#pvalue < 0.05

(A)
Mean * SD. (%)

Control 100 + 1.1
Vehicle 1103 £ 56
a-MSH 100 nM 1384 £ 66
0.1 1190 + 1.7
Arctigenin 05 1103 £ 0.8
1.0 1153 + 1.3
(pg/mL) 20 1076 +156
3.0 1067 £ 15
0.1 1333 £ 6.7
a-MSH + 05 1130 + 76
arctigenin 1.0 121.3 £ 40
(ug/mL) 2.0 1130 + 4.0
3.0 1081 + 7.7

(B)

Figure 5. Relative cell viability of arctigenin and «-MSH
on B16-fl melanoma cells by MTT assay. The cells were
treated with various concentration of arctigenin for 24 h.
The cell viahility was measured by the MTT method.
Results are means = S.D. from 3 seperate experiments.

3.2.3. Arctigeningl Mz MZof| o|x|l= Ygkof oSt
AlE

Arctigenin®] FEo] W2 NESAEL dolrr] H3to
MTT assay® A&t Bl6-fl melanoma cellsel
001 pg/mL%E 50 pug/mL7bA G w22 A3 2
7} arctigenin 3.0 pg/mL °l&tell A 90 % o4k HE A
#8< YR 29, melnogenesis inhibition assay ]
U8 w2 Agstdh(Figure 5).

i

3.2.4. Arctigenin®| ®af- MM odAH 1}

Arctigenin®l ¥ o-MSHZ #2|3 Bl16-f1 melano-
ma cellsel A8 Aatd B4 94 &3 Figure 6014
BoFE RAI o] 05 pg/mLaAE 219 % + 16, 30
pg/mLAAE 527 + 31 %E FE EHoR dad9
AL A s

shgEetsl), 2339 A 2 T, 2007

47 - o) - o1 AF
-
® ° "
g
£ s
el
2
(-8
£ st *
]
T
E 20
-
-]
.g 10
=
2 I
= T s s
.r=:. 0
- /] 0.1 0.5 1.6 2.0 390

Arctigenin + o-MSH 100 nM

Arctigenin Concentration {(ug/mL)

(A)
Mean = S.D. (%) p-value
@ -MSH 100 nM 0+t48 0.0007
0.1 -122 = 2.2 0.08
o-MSH + 05 219+ 16 0.012
arctigenin 1.0 269 £ 22 0.007
(ug/mL) 20 372 £ 26 0.0024
30 527 + 31 0.0008
(B)
Figure 6. The inhibitory effect of arctigenin on melanin

production in B16-fl melanoma cells. The cells were in-
cubated with arctigenin for 72 h. Melanin quantified by
absorption at 490 nm calibrated with synthetic melanin as
standard. Arctigenin decreased the intracellular melanin
contents at treated concentration.

3.3. SIAHFEZTAIHT XFZLAIY

Aw 289 FAHIAT 9 FHAH AFd o
H7ME AAE A3, 43 FEES T AFS A
Zoz AAHNY AT APl 4 FEeS T
fatA gy Uz 2¥a vusgs | FAseE A
A F A cHFigure 7).
3.4. U FEE EF Yl u/F ojH=Tt

3.4.1. EEolol| 2Ft |t "t

HAEoe) ¢t el g ¥4 Ad, 8F A ¥ 2
T AZE Y BN AF ARl w2 dixA]
3 NFAERY & Hrh W8 A7 Figure A
g F gl%o] A FEES FHT AGAEFHY #E
v HE APAEL 32 + 16, WRAFL 28 +
Ll (p < 00522 ANFAEL dzAEd & FAS
Hoz o3 vy g3 #F ¥ 5 Yok



'_@l-’Iarcebo cream
08 BFSFE contalnmg cream

Irritation test Stinging potential test
Figure 7. Results of skin irritation & stinging potential

test.

ADA AD2 AD3
O -
-1
_2 -
_3 -
4 " @Placebo aream

BFSIE containing cream

Figure 8. Results of visual assessment by doctors of
dermatology. AD1 = 4 weeks ~ 0 week, AD2 =6 weeks
~ 0 week, AD3 = 8 weeks ~ 0 week.

3.4.2. 71718 &7t

AF AL BE dE2AFTH AFAFY 71713
HJ7he 59 L value(FR97IMshHE ENT 23, 8F
A% & hzAEY ’\]@Xﬂ%{?ﬂ L" valueZt A1gAE
42 + 15 UERAFL 38 + 15 (p < 00522 AF
AFL A E vl iﬁls—,xﬂﬂ‘li T v Az
£ YAtk (Figure 9).

4.8 =

An FEEL ¢ AlFoA HAFE AT 2] Bl6-
fl melanoma cellselA 3 F5& 10

AL 631 % Al FHoR , 4
Zd A4 A g3l dl$¢ 22 Ro2 YT o
#e OE vwag e nus E

AR FEEo] v Hojd vl g3} lgE By F
= Ade & 4 g B A FEEEIH arcti-
genino|ZHE B4 G¥

A A ZFE FH3I
F3= arctigenin®l 23
29 st du F& <t

e Aoz FIHAY, =3I} du FEES FHI

oy gl B AT 85

'—0—7 Placebo crééh T
"~ —{fi— FSfE containing cream

Q = N W b~ O N

AD1 AD2 AD3

Figure 9. Changes in the L values of spectrometer by
Chromameter CR-400.

dol v Fabo] iy AR FHRIE A& T
£l 719} Chromameter CR-4000] &% 7]7] H7/F &
oM SASH oz Fogt vy g (p < 0.05)5 &<
g F Qi) o)t Ang TP BY du FE=

Fon Hold Wy FAE JHHI §lo],
L l“—‘,‘ 3% 482 T 4 7 92 2
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