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3.9-Diferuloyl-6-oxopterocarpen (Tensolin-F®): a Novel Anti-wrinkle Agent
for Cosmeceuticals

Bum-Chun Lee'

, Jeong-Jae Lee, Sung-Min Park, Chul-Bae Kim, Gwan-Sub Sim, Jin-Hwa Kim, Geun-Soo Lee,

Chun-1l Lee, and Hyeong-Bae Pyo

R&D Center, Hanbul Cosmetics Co., 72-7, Yongsung-ri, Samsung-myun, Umsung-kun, Chungbuk 369-834, Korea

2 9ok 39-Dihydro-6-oxopterocarpen® ferulic acid®] ol 2|

2 fgs B3 S fFEA

3,9-diferuloyl-6-oxopterocarpen

(Tensclin-FH) & #Aste] o2 #4e F2AM SAES AWsAr}. Tensolin- F Py ozzmoez DPPHY superoxide

radical<l 3t

2AEFHE veblled, Z47F 0.8 mMelA 78%, 0053 mMellAl 929%2 DPPHS} superoxide radicals 473}k

S8 Farst 34E Jehhth MMP-1 24 €4 Ad E£7E 016 mMolA 74%E Asfstgith HDFelA UVAd oa o

go] Z7lE= MMP-1¢] w8 8] Z7= Tensolin-F¥ 08 uMolA] 8B5%2 sl $Zod 25

BE 9EHOZ 9d A3

Rl el TensolinF8 248 AES) 55 844 294 74 2%, Tensolin B8 348 55S o 87 & SED
A9 GolR FEAN KB Aee U ¥ 4 AR B DTS Fokol TensolinF U 445 Lhsh MMP-124 A5 w3t
(o]

2 UvAd ofg MMP-1¢] 28§

Haske a3t tebgon A

28 3244 71548 FAAEOR ol4d & Ug Holuh

Abstract: As a novel anti-wrinkle agent, 39-diferuloyl-6-oxopterocarpen (Tensolin-F®) has been synthesized and its anti-
aging effects have been investigated. In the present study, to investigate the relationship between aging and Tensolin-F,
we examined its effect on scavenging activities of radicals and reactive oxygen species (ROS), in vifro inhibition activity of
matrix-metalloproteinase (MMP) and expression of UVA-induced MMPs in human dermal fibroblasts (HDF). Tensolin-F"
was found to show activities of scavenging radicals and ROS with the ICs values of 0.2 mM and 095 mM against
1,1-diphenyl~2-picrylhydrazyl (DPPH) radical and superoxide radicals, respectively, in the xanthine/xanthine oxidase system.
Fluorometric assays for the proteolytic activities of MMP-1 (collagenase) were performed using fluorescent collagen
substrates. Tensolin-F® inhibited the activities of MMP-1 in a dose-dependent manner and the ICx values calculated from
semi-log plots were 0.025 mM. Also, UVA induced MMP-1 expression was reduced 8% by treatment with Tensolin-F Fat
0.8 ubl. which was reduced dose-dependent manner. The results of clinical study showed that 48 mM Tensolin-F* treated
group reduced wrinkle significantly compared with placebo treated group (P <0.05). Taken together, these result suggest that
Tensolin-F® act as an anti-wrinkle agent by taking effects to antioxidation and reducing UVA-induced MMP-1 production.
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ACH2-5]. WA UH
E AL Ao ARz wdAe] vAAAS elastotic
material®] 7 & (solar elastosis)[6]3 proteoglycane] 7t
Ha Aule) F Z# o]l A3 FiaHE A
olt7]. gwtA oz Nu&EL Yrh49 type I collagen
°k7+e] type T collagen, elastin, proteoglycan, fibronectin
2 TAH oHg] =3 Fede R4 Z=
Bolginm o]2 <ls] X9 AFo| FozEH
Ruske 9€¢ 3 9Fe N%E AAsn
e Far 9% wshe g Ly BA
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Matrix metalloproteinase (MMP)& Al E2]7] 2 (Extra-
cellular matrix, ECM)®} 7]A % (Basement membrane,
BM)9| #3jlo] #eldte o2 &4 familyE Fx29 7]
%A EA wel interstitial collagenase, stromelysin,
gelatinase, membrane-type MMP (MT-MMP) 5 ul}7)
9] subfamily® Fol ATHI0L MMPE A4 F5AR
old e HAE FEUUESELE A oM ZAA
A& A2(zymogen) FEIZ Eu|Hth dx3He 77
Aald F2A wygo] dojy olujx Ik F97p A
243 Hr @439 MMPE 2-macroglobulin®]v Tissue
inhibitors of metalloproteinase (TIMPs) Z2-& A8 Aol
93] Aol ZAEF T EQ] Kkeratinocyte, fibroblast®
T3 Uity 28 AETEo] MMPE Eu|gHoi11)
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$4 2% BR L AGES 48 AFFE AHEEA
on Wg gHlE FF SulE TAst] HEY AAE
glo] Akgstdnt sede B4 @t 'H NMR

(300 MH2)# “C NMR (75 MHz) spectrum? FT-300
MHz spectrometer (Brucker, USA)E AF&3to] dglow
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L DMSO-dsZ2 AH&3t3th FT-IR spectray FT-
IR (JASCO-5300, Japan)& AH838le] A3tk LC-MS
spectrume Waters Alliance 2795 (Waters, USA)E A}
|3l AT

2.2. Tensolin-F®2| &4
t-Butyldimethylsilyl71 2 #H59] $2718 B35 ferulic
acidE Arrietad =#H[14]8 o] &35} & E.

=
A, kg SE AAG O THED SFHFE M
Aeg AL og3sly 193 AF AXT £, tetra-
hydrofuran (THF)Z %9 7)ol tetrabutylammonium
fluoride (TBAF)E 713} t-butyldimethylsilyl7) & #A3}
o] Tensolin-FP(1)E 42tk Mp 248-250T, UV-VIS
(MeOH): 2382, 2996, 3370 nm, IR(KBr): 3373, 2961,
1724, 1630, 1597, 1514, 1425, 1373, 1267, 1242, 1211, 1124
cm’, 'H NMR (300 MHz, DMSO-ds,): 87.92-7.76 (m,
4H), 7.43 (s, 2H), 7.33-7.20 (m, 3H), 698-6:61 (m, 7H),
383 (s, 6H) ppm, “C NMR (75 MHz): 6 165.20, 163.38,

16255, 161.02, 15910, 15824, 15624, 15220, 150.82,
14980, 14848, 14619, 14527, 13406, 12947, 12721,
12671, 12580, 12555, 12460, 12258, 11801, 117.66,
11758, 11599, 11656, 11416, 111.12, 11045, 107.84,
107.38, 10612, 10256, 100.94, 9845, 56.20, 5598 ppm,

LC/MS mv/z 620 (M+H) single component 98% (tr 1.65
min).

2.3. MEF

Aot ez oA 218 human dermal fibroblast
(HDF): Modern Tissue Technology (MTT, Korea)®25
o Fgsidr. Y3 HDFE DMEM/FI2 (3:1) aiA el
10% FBS (fetal bovine serum), 1% penicillin-stre-
ptomycing H7F8te 37C, 5% COp =78l wjdsix
trypsinization®. 2 At #jsst F 6~104tf AEXE 4
Hol) o] &3}t Anti-MMP-1 antibody, anti-mouse IgG
conjugated alkaline phosphatase, phosphatase substrate
= Sigma (St. Louis, MO, USA)Z5-H F¢ate] A&
AHg-3H T

2.4..DPPH (1,1-diphenyl-2-picrylhydrazyl) radical
27 =23
ghaksl #4d& DPPH (Aldrich, USA)Z ©j&3te] Als
o gz AAE I radical scavenging effect)E =7 st
< BloisH[16]& &&3%th 01 mM DPPH methanol
o] FYF] AEE 7FHA vortex mixer® F &g
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2.5. Superoxide radical 274 &1

Xanthine/xanthine oxidase %¥Fg-oA EAE superoxide
radical 47 @3+= NBT (nitroblue tetrazolium) el
g ZA3ATHI7]. 005 M NaCOs buffer (pH 10.2)el
3 mM xanthire, 3 mM EDTA, 0.72 mM NBT$} Tensolin-
FO2 7lat £ 25°ColA 1027 vhgatdnt. o] whgof oﬂ
25 U/ml xanthine oxidaseZ 7}3ta 25CollA 258

kS 2 superoxide radical &4 &IHE 565 nmoﬂl\i
FEE XA
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2.6. MMP-1 (Collagenase) X3 =3t &8

Tensolin-F¥¢] MMP-1 &4 A3 ad8 =437 9
ste] HE ZAYE ol&atyut A AR sHe
gagEdo] EXE DQ collagen, & A(collagenase):=
Molecular probeAHEugene, OR, USA)SIA] A|&%<] A
L AHEsdlen, deAE 05 M Tris-HCl, 15 M
NaCl, 50 mM CaCly, 2 mM sodium azide, pH 7.6)2 10
w34 T oapgstgieh ke eEd 100 plel 025 mg/
mLE whEebEdlo] £33 DQ collagen 20 uL¥ AR
40 pL& #H7-skaL 5 Unit2 243 collagenase 40 uL
S Hrhein) b, A2o)A 208 73&]- 5 gy Eggn
Al(Perkin Elmer, UK g ol &3ty F494 49 nm, ¥
3% 5156 nnE ¥3gE sy, dE2ToEM &
A hal whegtEde Fist BY Hrsld I3
zASen Az Ade BRRE Shee x4
AN Bt

oX NlO l’>‘

2.7. M= Mz 54

MTT (3-(¢,5-dimethythiazo2-gl)-2-5-diphenytetrazolium
bromide) A2 Mosmann[18]¢] W& wWEste] AN
sk HDFE 2x10° cells/mL FEZ 9%6-well plated]
wellol Tensolin-F®& AZo] Folsted CO, wl%7]ollA
24X 7F wlekEld el MTT €96 ul/mL)E #7148t 4
Al F AAEYSlY AEdE AASIE 100 pl acid-
isopropanol (0.04 N HCI in isopropanol)E 75 %
570 nmlA] micro plate reader (Model ELX 800, BIO-
TEK Instruments, USA)Z &2 52 =434

2.8. UVA ZAL Y AjZ22| Xz

HDFS 15x10° cells/mLe] ¥E2 35 mm disholl
ok 2k 8092 confluencyl E%% 7= ejeksict. UVA
ZAF Aol Wiz E AAT F PBSE AMASIY #iA
serum AES AA & 63 Jlem® UVA (UVA FISTS.

A 39-diferuloyl-6-oxopterocarpen (Tensolin-F)¢] 7§23} 8§42 <& 9

BLB, Sankyo Denki, Japan)E ZAFsitl. UVA ZA}
F wjuixlE FBSE #7bekA] o4& DMEM/FI2 (3:1)
]| o] Tensolin-F*& Foiated 244)7F wioksldl.

2.9. MMP-1 &8sl SH(ELISAR)

HDFo] UVAE &AL & A&EE AMEste 4N S
3 WX E 96 well plated] EF3&to] 4ColA overnight3t
o coatingdt5th. PBS-T (phosphate buffered saline +
0.05% Tween 20)2 3% Al&3}al blocking buffer® 3
7C, 1417+ B¢ blockingd ¥ monoclonal anti-MMP-1
& assay bufferoll 343t} 150 yL® 532 37C, P
7+ vkrs A A}l Anti-mouse IgG alkaline phosphatase
conjugates assay bufferoﬂ 3l ste] 150 uL¥ BEFshn
37C, 0EZ A7 & PBS-TE #1383 & dieth-
anolamine bufferell 1 mg/mL pNPP (p-nitrophenyl pho-
sphate) & X3¢ 71280 150 uLE Pof A2 308
2 WS AAT 3 N NaOH 50 yLE #H7lbshe] dkgg o
A3 FAAZ] ¥ micro plate readers AFE3e] 405 nm
AN FFEE FA}HY.

2.10. in vivo & 7}

Tensolin F*9 #&/44 a#s %4317 Yats 77
o ANEE He AYS AFste] 504 XA Ao
Az 0 2% Fmad FE BYE ojd 23(o}d, A
) HPE%}"% oF 8FY 7t ALEEIATh A A, AME 4F

8% F AN 5% Ad a8 297 Ae 2
2AE WEsgor 7 A@As 4 2EARAA 24
o % BEE Asz When 4RAd welEs o
Stk WHgH WakE 241 Aste] 9F A%,
BeE AR A% 75 0% 47, 9% ALY o4
5 570 B ARS S9w, 359 HEA gl B4
sk wH, ABAG wE FEAN EAs

Skin-Visiometer SV 600 (Courage-Khazaka Electronic,
Germany)< 1 &sto] 248 AF A A(D 0), A
F AME 45 3D W), AF AHE 8FY (D 56) T ¥
1z F9(Crow's feet o] 545 HE A E/\}% #l
EH7hHS QG dEeste A
(20~227C, dUsE 40~60%)A A=sislon, APz
T &3 A g R FAES ulEA] 9 E 9k
ARSI A ALE Fo] "R FEdEe FEe WHEE
R B 29l Skin visiometer SV 6003} VlSlOSCal’l
(Courage-Khazaka Electronic, Germany)2 ¢]-&3le] =
A&} Visiometerd] software® o] £3le HEA314e

W B4 ARE circe lines ol€3 R1~R59 < A
Aste] BAstel Ayt R1~R59 o] ol 45
HREFEo] JNHE FE o7t el s ofulEH
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R1 : Skin Roughness, i F529] XAEQ} HA F
29 ¥olEL A

R2 : Maximum Roughness, $&& A5 o=
&t 717 R1& 7% 32
71 =& Rl #

R3 : Average Roughness, b7/lE &
o B

R4 1 Smoothness Depth

R5 @ A&AQd Hat AZY
2.11. R4 2 EAX]

2E A¥dns HF T EFAHARE V9L EAF
9442 Student’s t-test® 3t on p gho] 0.05 vgt
d o BAHLR st dFsHt

w

. g o nE

3.1. Tensolin-F*2 &4

39-Dihydroxy-6-oxopterocarpen(2)3} t-butyldimethylsilyl
712 B3IE ferulic acid 749 d2HE W8S Y
Arrieta®l W& o] &3t 233 =7 oA ferulic
acid® A8 71E Aol dlg &84l Aoz yehy
t}. 28 E tetrabutylammonium fluoride (TBAF)Z vf
§ &°l3tl t-butyldimethylsilyl”]E A7 3ke] Tensolin-
FP)E 29 F 9UckFigure 1).

3.2. Free-radical &7 &2H(DPPH method)

DPPHE free radical®] H4¥ 2dE ¥-& % DPPH
8 Fre free radical®l 27A%NEo] WYY L & F 2
A AFge] 2719H8e] AABEE 45 & F
ok feiabaer EExle @44 AaE AX ARy 74
AEQ BES AMAS A Addads e o
oA AU T NEE FHFoR s A 7|50
AatEa FAO =3 9 A4y A FE195E A
o7 dux don tdd FF AEHE ¥ "%%
o 9% ghitsl ZHgo] By

gatsl 2ol 9l Aoz 4 BHTE
ol g3t izt mHE wlwsiry. I A3 BHTE
227 mMollA 70%9 DPPH radicale AAdIow,
Tensolin-F®= Fo] 5% o}&xd 02 DPPH radical &
AZL2 JehlchFigure 2). TensolinFo2 0.2, 04, 0.8
mMe ¥=2 A3 A% Z DPPH radical ~A%&
50%, 65%, T8%Z Yestor, ICx2 02 mMe] 2A%

HgsgEeE A, A30d A1 S, 2004

o
/\)L 1)DMAP SOCh, -20°C
PR NN

f OH Y HO g 00 Y-
¢ ® 4
50" Y e ®
ocH, 3)TBAF, 1t = e

OH u

4’ ben

Figure 1. Synthetic procedure of Tensolin-F%.
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Figure 2. Free radical scavenging activity of Tensolin-F®
by DPPH method.

<€ B £ free radical 24 EHE Vehyich

3.3. Superoxide radical &7 &1}
Xanthine/xanthine oxidase® &4d 93 superoxide
S0l AHaFEE superoxide S0l A2 xanthine
oxidase A& Aol 93 vebdcl22]. Xanthine oxi-
dasecl] 93] ¥ =& superoxide aniond A A3 A4
= Figure 30| Vet A thZ2F o2 3-t-butyl-
4-ydroxyanisole (BHA)E ©]43}4] Tensolin-F*¢] super-
oxide radical 2AXHE vlwdHTh 2 A3} Tensolin-
e REo % oJEHOT guperoxide radical 2AZE
< vER 0013 0027, 0.053 mM9 22 Az F$
superoxide radical A% 238 779, VI%E YEbFO
H, I 002 mM9 £A%S Kol 58 superoxide
radical &7 EHE Uerith 9 diza' BHAE 02
mMell M < 70%2] superoxide radicalS 273k

3.4. MMP-1 (Collagenase) &4 Xsf 21t
FehAle A2gxA9 a¥5s ey AHE 743
e 9] 70%E A s, o)t FAs s
T 2 FRVF st b 2ol 4uA e Aol
224 type 1€ Edd= MMP-1 (Matrix metallo-
proteinase I, collagenase).Z ©o]z3 MMP-1¢ &4 g
4& Aslshs 248 7 2L FPHlE uEdl
FxA9 714 B4 FAANA €83 92} 5o
X]'C A MAE otz dEA doi23] wEA

Fql
|*>
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Superoxide radical scavenging(%)

Figure 3. Superoxide radical scavenging activity of Ten-
solin-F® by NBT method.

MMP A#l 37t de 2AE FEE MMs €Y
UE FHEE AT FE L F&sA AHEE 5 3
T W7o E Tensolin-F®o] MMP-1¢] #43
3 As azE sy A thx27Y 1,10-phenan-
throline®] 4% 02 mM9] FZA 2849 83% o
e s Qo ey on Tensolin-FP2] MMP-
19 A &obe 0006, 0032, 016 mMe x4 &4
2739 36, 60, 4%E AFstE AoE YEgon, o]
Tensolin-F*7} MMP-1 &4 24 290 diste] I
A A EAo] 8 AL B3 tHFigure 4).

3.5. UVAQ| ost MMP-1 && X3l =}

5ol Fugle glo] MMP-19] 23L& UVA°l 2)s)
AFol X INK/p38 B4 =7 F7ketal HARIARD AP-1
9o ATt 2 HE NsAY FE2E F§ MMP-1 &
& FT/MA FiRolA wge] ARE xddvn &
HA o] oy UVAOﬂ ofste] Ldo] F/HHE
MMP-19] Tensohn—F®7} U]zl 9J8ke ool 712} HDF
o 63 Jem® UVAZ _71:*}0}'7 Tensolin-F*& 7}3}e]
AAZE wijeksk & MMP-1 $d A3 232 ELISAS &
8 2ol Btk 2 AF Tensolin-FPe ¥ JEHO
2 MMP-1 28 A3 232 Yeih Tensolin-F®
£ 02 04, 03 uM9 =2 A3 39 MMP-1 &3
A B 56%, 495% HOH%E EtiFigure 5).
Retinoic acid®] 7§ UVel ¢J8F collagenase ¥d &
£ A3 A Fehde EE Zolgo] AUy Ay
Ag F7MAA Foa €84 sl ofE uvel o

c-Jun WA LHFIE oA|ste] MMP-1 2EA
F97F RIE[26] retincic acid®] 35 uMellA 43.8% wt
d A g2} Hadte] Hol® 4% AzE JER
?1t}.(data not shown)

A2A 02 Tensolin-F*= HDFAlA UVAel o8]
Ho| 715y MMP-1& ©ild FRdA 2dS x4

N
N

L’

3

Al 39-diferuloyl-6-oxopterocarpen (Tensolin-F¥)9) Ade} 4% &8 i1

100%

L

60%

40% |

MMP-1 inhibition(%)

20% t

0%

00013mM  0.00B4mM  0.0mM  O.16mM  1,10-PNT
Tensolin-F 0.2mM
Figure 4. MMP-1 (collagenase) inhibition activity of

Tensolin-F*.

08 |- )

06 .

04 b b .

02 |- ] .
0.0

Non-UVA UVA 0.8uM 0.4uM 0.2uM
Tensolin-F
Figure 5. The effect of Tensolin-F* on the production of
MMP-1 by the UV irradiated human dermal fibroblast.

Abs. at 405 nm

v Z37F #AH ol HDFAlA UVAZRE
ROS7t AA =M, ROSE <18 MMP #&[24-28]0] £z
5= 2& Tensolin F*7} ROS £2AZ4S £3to] MMP
wEg gider 2HY ¢+ S Aoz AZdr

3.6. in wvo—.— S0 &0t

Tensolin— F % et AFdMY FENL aE &
Ast7] Hste] HAAE o] 43 AEL AME A ALE 4
F, 8F Fo 9RA MK 2 FEANL a8 A7z A
T 37t 5 £3718 o839 Hrhen). skin
visiometerE ©]-&3F replica B4 8 A dod, o
AEAel A% TARA dn Zbzhe] wisfES (4RI~ 4
R5) Hitgkol m=x el vla) APAFAA FoH9d F
& 74 338 JeEh tHFigure 6).

FE =4 parameter 4R1, 4R2, AR3, 4R4, AR5
4 A%E 29 Tensolin-F*E 43 AEL =%
e F8F AES X B HF] ALE 45
HE 4RI, 4R2 23] BAHoRE {3 £F
<0.05) i}O]E M= ALE YE oY 4R3, 4R4
ARSE o H Aol7} gtk AT AE =X 85

ot roh e

o~

ruE NERke!
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-0.02

4 weeks After the treatment

a1 Tensolin-F

AR4 AR5

o1 Control
m Tensolin-F

8 weoeks After the treatment

-0.25

AR1 AR2 AR3 AR4 AR5
(b)

Figure 6. Comparison of the volunteer's eye area before

and after the treatment of the o/w emulsion containing

Tensolin-F®. (+, P<0.06 ) (a) The wrinkle index(4R1~

AR5) of the volunteer's eye area 4 weeks after the

treatment. (b) The wrinkle index(4R1~ 4R5) of the

volunteer’s eye area 8 weeks after the treatment.

733} Fol= Z parameterS 4% 23}, 4RI1, 4R2 ¥
AR37}F diz2F-9d vl8] EAHeE f9% #FY(p<

005) HolE 7tz Aoz yYehtth Tensolin-F®& &
S8 AEFE % 8F U EEHPS A 4L FEI E
FEFY F4 2RE BEY F U%eH, Bx AT
AN EAHCEE flg FENN ) Jee
d 25 A

4.8 B

2 dAFdAE A2 FEMA 2424 HEN 5
3.9-diferuloyl-6-oxopterocarpen  (Tensolin-F&)&
tol thekdt AggA adE sty ol
AR HFES MD3sich Tensolin-Fo=
=7t Z713k weE 3= oEH oz DPPHS

ox I
ol

e
A2

super-

tfgstdEeteial, A30dE A 1 E, 2004

o)g - ol R - FYH

oxide radicaldl Wd 27 zHAE JelWon Z+7 08
mMel A 78%, 0.063 mMellA 92.9%= DPPH$} super-
oxide radical& A3t 4¢3 ite a5 el
o MMP-1 &4 84 A3 &3% 016 mMoA 74%S
AesteE Aoz Jehd vlud 943 g73E Jehgl
o HDFelA UVAY] 98 #de] F7iHE MMP-19
Qs &3 Tensolin-F® 0.8 uMolA 855%2 i)
A FENA BF FE gEHOZ 5% 4d A &
77t debth Tensolin-F®Z 33
AR a8E B Y3k,
X ¥ g% 359 ¥zlel gFEAx
3t t). Tensolin-F®2 -4
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