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SKin Anti-aging Effect of Forsythia viridissima L. Extract
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Skin anti-aging effect of Forsythia viridissima L. extract was evaluated by using antioxidant assay, expression of type |
procollagen, and UVA-induced matrix metalloproteinase-1 in human dermal fibroblasts. Matairesinol-rich Forsythia viridissima L.
extract was showed the scavenging activity of radicals and reactive oxygen species with the I1Cso values of 4.50 pg/ml
against 1,1-diphenyl-2-picrylhydrazly radical and 542.43 ug/ml against superoxide radicals in the xanthine/xanthine oxidase
system, respectively. The type | procollagen was increased 33.76% by treatment with matairesinol-rich Forsythia viridissima L.
extract, and UVA-induced MMP-1 was reduced 35.78% in a dose dependent manner. In the human skin irritation test, 2%
matairesinol-rich Forsythia viridissima L. extract did not show any adverse effect. Also, the clinical study indicated that a
cream group treated with 0.2% matairesinol-rich Forsythia viridissima L. extract significantly reduced skin wrinkles, as
compared with a non-treated cream group (p < 0.05). These results suggest that Forsythia viridissima L. extract may be
useful as a potential source of functional anti-aging cosmetics.

Key Words : Anti-aging, Forsythia viridissima L. extract, type | procollagen, matrix metalloproteinase-1, cosmetics
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collagen $433} 2 ANAL 2L hyaluronic acid F432 74
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Estrogen®] ZA¥OZ A9 WEr ws34s 7|y
8] 7 o] ATEHT v WHeE IEE Aoy
(hormone replacement therapy; HRT)¢| Qi) o]l=
/H __7], ZE'JJ- 7HH /\lg:‘z}.ﬁ] 213?:], ul .g_l;]_:g_%
AR g B oishe ZeE deA o
Hol guhd, 5). 1 SEE ALy B
B2 A% FRIE 2o, 4149 s2E
U A U L ATY 5o v
SATKS). wehA estrogens HAE 5 3
A7t olFojFk 1 A, estrogend} FALEH

EAEA AE23E Ful¥ phytoestrogeno] 2
Phytoestrogen> TEAIREZH o]& HF3 FE&E9]
< Jehits #225E drsA 8@ 4oy, o
3 FHAE @el FFHO dotm  dEA  3Utke).
Phytoestrogen daidzein, genistein, formononetin,
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T 238 4 Aok

A (H#, Forsythiae Fructus)y E3F# U3} (Oleaceae)
&3l o)MUe) (Forsythia viridissima Lindley)e] &nj
AsB27 7|A=H glon shtat A deE
3, 94, 574, o=, XF, A9, 3, A5 Tl € AME
I QoK. Ao F{H= ANl (Forsythia viridissima
Lindley, Forsythia koreana Nakai)9} JE-AW (Forsythia
suspensa VahDZ thE¥ch. F  koreana’= F. viridissima
Lindley var. koreana Nakaigt &Ho =z A83l7|% 3l &
Angln Bl ok F oviridissimas JAAUE Ee F

Faetie shedl, feivel 459 F5 SAM At

4 oofN i 2

I ok

el FFEol e AEole  lignans (phillygenin,
pinoresinol, arctigenin, matairesinol), lignan  glucosides
(phillyrin,  pinoresinol-D-glucose, arctiin, matairesinoside),

flavonoid (rutin) 2 3,4-dihydroxyphenethyl alcohol®] caffeoyl
glycosides  (forsythiaside, acteoside, suspensaside % f3
-hydroxyacteoside) 5©] TH8).

dAne] E¥FHE AE F lignans= 2,3-dibenzylbutane TZE
M HEER we 420 njg S dddE 25
g9 s oz AZPAAD, Agelt T2 Al
Ao T mammalian lignan®] FE|ZT EAehe 2o WA
t}. o]& plant lignano] FurjAEe] oJ3) 27} Hgd ¥
B} 2 enterolactone®} enterodiolo] 1 thEZ<Cl o o]tH9).

Ae7A Ane] Y AL AT A7EE F2
estrogend FARSEAY wHiEE AFE BolY in viroolA
o] P33t Aol $4¢ ZoE BuEen(10-12), 1 9
Pupol A 2EH(13), FHFEA14), FoF8(15), WAt
Z-g(16), FHAYNGAFGF X207 g Eart ot

AWE tyrosinase GAASNAZA BepdFAHE Asdh=
A3 ¥ a-melanocyte stimulating hormone (a-MSH)of 2]3}
fFasEe gy gab AR FEste LeddE Ao,
Asfste At ol vHsRE AARME FES WA
ATH(18-20). ALFEFES TP AYFEEH 55 XF

e o= EE 939AS BAF 24l ANE b 3
oml, 22), ¢ Amel JeREQIIH AECAHN Dol

Ao} Qi)

B dFdAs 9n ARE Fo oo A9 28-S
3} lignansl matairesinold} arctigening- -F-84E 082 H
e BAE dRFEES AXIH FAA 28 i3t
A7, AFotAE oA collagen 4 R MMP-18] A&
At AFE V&9 F 4 ALEHY vuRE 8%
wrlete 715 434E AEEMY A Thesde FES
3, AAAERD)E B8 duFEE e Z¥9Y HY F

A e Hrleksloh

o 3@

Mz Y

Xz R 217
Aol AFEE A huE Erihe AE A A

Aujsl Y AN (Forsythia viridissima Lindley)S
FH FAAZAN AH FhEkA AT

MEFE AlAote] IuZAGA E&3r normal human
fibroblast (CoSeedbiopharm Co., Ltd.)E DMEM (Jeil Biotech-
services Inc) W&ol 5% fetal bovine serum (FBS, Sigma)<-
A7vste] 37C, 5% CO, &7 ahol| A vjeksdlal rypsinization
o2 Ao sigst FH 10~154 AEE AP o &3tH T
Hlx A3 AEZA vitamin C (Amresco), butylated hydroxy-
toluene (BHT, Sigma), oleanolic acid (Sigma), a-tocopherol
(Sigma) 5& AMESGTh A AMES FAS  rabbit
anti-human collagen type I polyclonal antibody, goat anti-rabbit
IgG  alkaline phosphatase  conjugate, rabbit
metalloproteinase-1 (anti-MMP-1), 18] 3 alkaline phosphatase
substrate solution-S- Sigmag H-8] T3t AL Th

anti-matrix
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N7 F A3t s 2ee AUETE Gl 9 Lo,

gs 10% Wegg58f (100 m)E 7hste] §a)A]
713 &4 (pectinex + celluclast, Novozyme, Denmark)E 7}
3t 50~60To A 7}=Ea)stdct. o] RS vE] 40% vgh
SFEAog HYsA =2 Diaion HP-20 ©|247
(Mitsubishi Chem. Co., Japan) Z+& (2 cm x 30 cm)o] A
A7l & 40%, 60%, 80%, 100% wekEz zZtzh §33 &
352 rotary vacuum evaporator2 50C o]l A 74t - &
ZA)# matairesinol ¥} arctigening Zt7Z} g3l HAE A
1525 (matairesinol-rich, arctigenin-rich) 2z} 036 g3}t
032 g& 23Uk

o

HuFEE F9 lignans && =4

Matairesinol#} arctigening 24z} /-3 2
E 50 mgol #WEke 50 mlS ¥x 2E&HE AR o
Wehg s go] HE3] 100 M2 g F 045 m AFHohE
g, AFsto 20 WE n&ARITZPE TR (HPLC) 4
< F3ch

HPLC 24 2702 DionexA} Summit HPLCE, Z3 &
YMC-Pack Pro Cis (5 tm, 4.6 mm x 250 mm), AZ&7]|= A}

HEAJTAZ 2ARNAL 280 nmz SEHT. FEL
1.0 mljmine]H, oj54e &ul A (0.03% H:POE 5
20% WeSgd)9 &vi B (80% wEte&d) 7]&7)Ed
2 3o Table 19] Z7ol uwle} AA)5H T

DPPH (1,1-diphenyl-2-picrylhydrazyl) radical A2 5=}

825l A4S DPPH (Sigma)E o] &3l A|R9 o)z
2AEHE ZAHSE PHS FLIPriE6). 02 mM
DPPH WEHE 8 Ao AR E 771 T2 vggd 34
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o] B, HedA 1087 WAl F UV-VIS
Spectrophotometer (Shimadzu)Z 5
=g

HE7e AR B4l A2 Yo, DPPH §9 of
A Hees Yol BAS AUth. DPPH radical 4A&
< & A (D)ol et AT

Nzt E35 —A2HNTY FFE

A &%) = TR <100
ey
Table 1. Conditions of HPLC analysis

Time (min) Solvent A" Solvent BY

4 100 0

80 20

12 80 20

16 60 40

25 60 40

35 40 60

40 40 60

45 20 80

50 20 80

55 0 100

60 0 100

1) Solvent A : 0.03% H3POs in 20% methanol
2) Solvent B : 80% methanol

Superoxide radical AH g1}

Xanthine/xanthine oxidase HWFg-o|A] dAH  superoxide
radical A7 & 3+ nitroblue tetrazolium (NBT, Sigma) 8]
o os) A3 tH27). 50 mM Na,CO; buffer (pH 10.2)9]]
3 mM xanthine, 3 mM EDTA, bovine serum albumin (BSA),
0.75 mM NBTS} A|22 718 & 25Ce)d 1027 223
g}, o] Ht2lo] 025 U/ml xanthine oxidaseE 7}3fiL 2
5Co| A 208 %<b ¥¢ ¥ superoxide radical A EAE
560 nmol | EREE ZSHALH

H23E Al 4 AASFE Yon, xanthine oxidase
Al FAFE Fo] A4 BAGS AU Superoxide
radical AA&-& DPPH radical 27 8¢ ALEE 4 (Do
uhe} Atk

MFOIME SAon

MTIT [3-(4,5-dimethythiazol-2-y})-2,5-diphenytetrazolium bromide,
Sigma] 7§ 22> Mosmann(28)9] #-& WH s HASAT

AV AGgoAEE 1 x 10" cellywell FEZ 96-well
plateoﬂ B3l 15417 A% s 3, 2 wello] A %g

2 AuFEES AYsH CO: viYr]dAA 2443 ¢

Hﬂ%*o}%it}. MTT -£9 (5 mgml) 10u1E Hrlstz 442
I oo AT 150 nl dimethyl sulfoxide (DMSO,
Sigma)S A7} 3 540 nmoll A microplate reader (EL8OO,
BIO-TEK Instruments, USA)E F3 5 E A HT.

23 AEE A g HH"WOE A4 ¥
FAEE AT AEY AEFHS Os2 4 @
ua} AT
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Collagen &M & Z7lgnt

Al Aol EE 1 ox 10° cellsywell EE2 24-well
plated] ¥-Z=3}le] °F 80% confluencyo] =23 w7} uj%
SETh FBSE AH71eA 2 A ARE FTrEz 3
Hote] wlFe WA mASFT CO, MA|NN 2447
s opst et

2427 vj 3 v A 96-well plateo] E3F3te] 4TA
3£ =¥t PBS-T (0.05% Tween 20 / phosphate
buffered saline)E 33] M &3l E27) FH(5% skim milk,
Fluka)© 2 37CoA 1A)zF F< B2 73T rabbit anti-
collagen type 1Z PBS-To| 3|43le 100 wlEFsta, 37C
o] A 90%-7F ¥hgAZith PBS-TZ 33] A% %, anti-rabbit
1gG alkaline phosphatase conjugate S PBS-Tel 3]448led 100
WA Bz, 37Co)A 9087 ¥reAz . PBS-TE Al
&3l t}&, alkaline phosphatase substrate solutiong 100 ul
Aol AeoA WXzl &, microplate reader (EL800,
BIO-TEK Instruments, Inc.)E Al8-3}d 405 nmol|A &3 %
g ZA4390h

MMP-1 & X ol 2t

A GOl EE 1 x 10 cellsjwelle] FEZ 96-well
plateo]] EZ3}o] oF 80%¢] confluencyol] =&dt wj7t =] Hj
okstdth. UV 2AF AHoj duAE A AF F PBSE Al H
skl wlA] W serum AE& AAsL AL EA] (ELC-
500, Lightning Enterprises, USA)E o] &-a}c] Mo G3&
T2 v YA AL (UVA)E AR UVA &2
AL & FBSEZ H7}8}A 92 DMEM Hjx|o] A5 5 g4
@@}ﬂ@muﬂauwwﬁq

wj gt wj XS 96-well plated] £F3to] 4TolA 3}
59t Z®EAL PBS-TZ 33] AH3ty B8 408
37Ce A 1A 59+ 22738 9ch Rabbit anti-MMP-1S
PBS-To] 3A3td 100 A BF3lxm 37CoA] 90571 vt
S A #Ath PBS-TE 33 A& %, anti-rabbit IgG alkaline
phosphatase conjugateE PBS-Te| 343} 100 nl# £33
i 37Ce]A 9027 ®rgAZT. PBS-TE AAE O-&
alkaline phosphatase substrate soluﬁon% 100 plA Yo N
oA WAAJZl &, microplate readerE A}-&3}] 405 nmell
A FREE A AT

FHM A2 F =
7l Akl FTAFGENRAY VT HRAAA
of wel AAHEAYE AR

A@Z}i 204 o} A9l
& 43agT, ARADE AP Aok dad Az
Rom], 48A)7ke] At F HIEE AASA
FAL HIES & F A Bue AFIYL,
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X BE % 96 zto] A & 23 BES AYsiE)
%A 7)1%&L Table 26 Ve QIT)

AZ $2 T 48N73 96Nt BES AT HRa
$EE B 4 @) we ANHL

2(FA) < (AL LF)

i =] -3 —

AFEEE00=garEgaaaaas w0 )

271 AdAel o3 AdEEe JRReEE vE] A3
&2 Table 39] #A7IEA Fotod 4 AR HFEE
=& HAHSA
Table 2. Evaluation creatia for marking of human patch test

Response Grade Interpretation creatia

- 0 No response
+ 0.5 Doubtful reaction
+ 1 Weak (non-vesicular) reaction
++ 2 Strong (oedematous or vesicular) reaction
-t 3 Strong, infiltrated erythema and
accompanying vesicae or superficial
Table 3. Evaluation creatia of skin reactions
Average reaction Evaluation creatia
00 ~ 09 No irritation
10 ~29 Weak irritation
30 ~ 49 Medium irritation
> 350 Strong irritation

d@EEE 87 Ao Y T2 5o

B oage ExA % dugY Aue 53 AYSH
of 23 30~500) @A 249& dAetn, dAE WPA
52 FA4% (randomization) 0"41 o7 AYFEF (matairesinol-
rich 02% ¥ 8P dz=F (FH3A &L 29 47

S FLE gIEo 1257 7‘40}&17& 54 ( Z w7hel
AHE-EHA M) AlE ALE 45, 85, 125§ AJAAA O
Z7% NG wad BE FE9 89 Wr1e} facial stage
DM-3& o]&3 A}z &9 9 Skin Visiometer SV600
(Courage-Khazaka Electronic, Germany)-S ©]-&3F R-value =
R, 4 9% HUAe F2H W7}y NS A
F9 FEA4 48T WAL, YA AF 243
ABAL BE, A93TE TN FUA 0B A2
274 ARAZE HARAL Rvaluee] o] Hopd2 7]
Rge] HSle) $89) 2elt Hokde qun 0
£ o9 B (abitary wmin® LehAT. 4B AR
2 717197 AZEs SPSS 1159 yHHEZA BARMWY
(Repeated Measures ANOVA)& o|&3le EAF #oA&
AZ3 AT

Rl : Skin Roughness, {1 FE9 ¥ES} HAA FE
EJAE ] A

R2 : Maximum Roughness, &8 AFHoZ 5/ME &
@atol 747 RIS 78 F $BE 7B FAA A

=L R #
R3 : Average Roughness, 5/| & £ &3}
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B
R4 : Arithmetic Average Roughness, R59] th3t #Ha gk
RS : Smoothness Depth, 7]& profile ¥|& A FEX7

A A& 10 FFHLE FHAS W AFEY 2
7]
27 o pa
HBFEE 0| lignans B 24
Hdu Ry F2 - B3 lignansE 47 3 F2=
58 1A% A3, matairesinold} arctigening  15.49%,
1574%% 242 &7 FE2ES AUtk 449 FEE5
o] ghf-3t lignanse] HPLC ZEvlE1#-g Fg 19] e}
100 Matairesinol UV_VIS_1
maU WYL 280 nm
80
60
a0+ Matairesinol
20+
min
-1 T T T T T
0.0 10.0 20.0 30.0 40.0 50.0 5.0
@
00 Arctigenin UY_MS_t
mAU WyL.280 nm
1504
100 Arctigenin
504
min
T
.mLT..“.,,....r.,...,...‘.
0.0 10.0 20.0 30.0 40.0 50.0 65.0

()
Figure 1. HPLC chromatograms of (a) matairesinol-rich and (b)
arctigenin-rich in Forsythia viridissima L. extract.

DPPH radical 2+ &1}

DPPH: F&E Y AL 249 radical2 free radical 9]
gAY 2dojth. wEtA §H3 5 DPPHY #AE free
radical] AAWHEo] APES & & U2 AAH Y
271589 AAAEE AFT 4 rh

AuFEE9 ihs EE Yoliry] $138] DPPHE o
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gt ais ARE SR YA dERToRe ¢
43l &3t 4@ BHT, vitamin C, dl-a-tocopherol (1000
IUfg, Sigma)& ©]§3} lignansE 247t i3 dwFEE
9] Azt a9 E vttt 1 A free radical S 50%
A2AE F dE FE(Cs)7} arctigeninrich 5747 pg/ml,
matairesinol-rich 4.497 pg/ml, BHT 134.150 xg/ml, vitamin C
2992 pgml 1283 dl-a-tocopherol 18.297 ug/ml Z lignans
£ 44 g#3 AuFEFEES BHTHT} oF 208] |49
free radical 4~ A & 3-Z Table 49 }el¢ich

Table 4. Antioxidative effect of Forsythia viridissima L. extract

"ICs0
Materials DPPH scavenging activity SOD-like activity
(ug/m1) (mg/ml)
Arctigenin-rich '5.747 1.634
Matairesinol-rich 4.497 0.542
BHT 134.150 1.0
DL-a -tocopherol 18.297 0222

"ICs : Concentration of the sample required for 50% the radical to be
scavenged

Superoxide radical &~A ii'.}

Superoxide radical /\7-]%-}\q H7}=  xanthine/xanthine
oxidase AW o3 FAM4AE WHAE o] &3o &
A A% NETA Bo A% BHE 43e 243

At

44 zFeE BHTS  dl-a-tocopherol (1000 IU/g,
Sigma)& o] &34t 2 A} superoxideE 0% A2AY F
AT FE (ICs)T arctigenin-rich 1.634 mg/ml, matairesinol-
rich 0.542 mg/ml, BHT 1.0 mg/ml, Z1#]1 di-a-tocopherol
0.222 mg/mlZ ZA = c}(Table 4). matairesinol g 73+
AWFEEE S dl-a-tocopherol#+= FAIE A a9E H
fomn, BHTRT ¢f 289 &%E verdlo] DPPH radical
SR 2] B & A lgnsE 42 TR @
XA radical®} WH2-3}= primary FAF3FA) 2 A
¢ g Udrh

AFEES

e ERHLE

MFOotMxE SAl g

Ald AREY AFoHREd miAe 9% % AEEA
7 gio Al ARE ¥E WA 7§% AsA MTT
assayE Al sg 31t} Phytoestrogen®] ¥UZE 9 lignansE Z+7}
Fhsle AnFEEY FT 500 ﬂg/ml uw{%oﬂﬁt sk
9]%—3122 Aol 2] FHAFAE EHon, 500 sg/ml
o FEAXE 434 BEY A3E HYrhFig 2).

Collagen &tdE B7l5

Type 1 collagen®] FAAE ZI/147HE Lolry] 93t
Afrob o lignansE z}zh Ffdle FuEFEEL A
stof 24N Fol WA sl
immunosorbent assay (ELISA)E =331t} Arctigenin %
Matairesinol S Z}Z} /¢ AuFEE 2D FA dx
FO# vitamin CZ 100 pg/mlE AHE3HS = 27 105,
264, 15.7%9] 34& F7He B PuhH(Fig. 3). F, arctigenin

enzyme-linked
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S 53 AduFEE-L vitamin C&} A3 AT type 1
collagen«] ,j'*é% -—7]-;q_|,}§ B o, matairesinol- S g
ok 1.7vj o] FAE FVIEFLE HAU

140

120

100

80

60

40 —@— Arctigenin-rich
—&— Matairesinol-rich

Cell viability (% of control

20

0 0.1 1 10 100 500 (sig/ml)

Figure 2. Relative cell viability of Forsythia viridissima L. extracts
on human dermal fibroblasts by MTT assay. The cells were treated
with various concentration of samples for 24 h. The results were
expressed as the average of triplicate samples.

00 wmimi  B1 ziml B0 giml
W50 y/ml 3100 yymi
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£
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[
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o
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= 9
2
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70

Arctigenin-ich Matairesinol-rich Vitamin C

Figure 3. The effect of Forsythia viridissima L. extracts on the
production type I procollagen by ELISA method.

UVAof o|st MMP-1 s x|all &2}
MMPsE UVAo] 93 o] F3=m, ¥Pe
TFHF o] UTh29, 30). ol2fgt UVAS] 93] %3
MMP-1¢] lignans& 7z} -3t AnFEEo ] v X =
b gotr A Al Afrold 2o UVAS ZAMeta
& Aheke) 48z MET T MMPL LA
ELISAE 53 ¢olEqttt. 7 Z3 matairesinol-&
WE2EL oleanclic acid X3t §AsHA
A a7ZF HEAHFig. 4). Matairesinol TH§-
3} oleanolic acidZ 0.1, 1, 10 wg/mle] 52 X
MMP-1 W A8 a3 ZZ4 174, 124, 327%
, 30.62% = el HhHo) arctigening S
% 10% o= MMP-1 Z& A& & &7
2y 2o 9as 3, YgoE
ollagen FAHEHRE m2s] BA arctigening 3
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ONon-UVA 10 ,o/imi  @0.1 g/mi
W1 iml 10 yiml

100

80

MMP-1 (% controi)

60

40

Arctigenin-rich Matairesinol-rich  Oleanolic acid

Figure 4. Inhibitory effect of Forsythia viridissima L. extracts the
expression of MMP-1 in the UVA irradiated human dermal
fibroblasts.

uS2otHM AlY

HAz 30 disie] HAAgE HEABY HAF A3t
oA AE R G EE Table 59 UEWAT A
23} matairesinol S 3F3 AuFEE 2% g B
9T 0282 Table 3¢ = HJ%E BH 7% 2t
f2a A7tz FA4=02 R

=
=
d
=)
B

Table 5. Skin irritation index of Forsythia viridissima L. extract

48 hr | 96 h Response(%)
+ | ++ | + ) ++|48 hr |96 hr | Average

Material

Matairesionl-rich

-l 1] -|1000]|05 02
(2% in 1,3-Butylene Glycol) 6 8

ot

HuFES v 389 =
Matairesinolo} /8 AuFEES TTF AFAAY
g3t7] ko] AF ARG ALE 4
ol 4] Skin Visiometer SV600& o]-&
XN ézé gk 2+ A #2335 R-value
5 FENHL A=E Fristddoh
d parameter AR1~AR5 2% A¥IE HwW, ARI
*}% 125 3 Ao A AJ@ato] tjzFol 3|
A ZAs93, AR28 AR3S AF AME 4% 3, 8
neE % /‘Vé‘ioﬂ/‘i Aol gz He) FH7
T34 A3 HT AdE IR FENH &
A7 AR1Z AR2E AF A AF ALE 45
2% £ AJ-AA {84 eSS, AR3

RE AE AME 4F ;
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4
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[l
=
>
ol bl'
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o
g ol

N

T, 85, 12

ot o °

A oft

ox 24
4N
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2

o
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Figure 5. Comparison of the volunteer’s eye area before and after
the treatment of the formula containing matairesinol-rich. (a) The
wrinkle index (AR1~ARS) of the volunteer’s eye area 4 weeks, (b)
8 weeks, (c) 12 wecks after the treatment.
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