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Abstract: To develop a new functional agent for cosmetics, we investigated the anti-aging activities in fibroblasts using
sweroside isolated from Nymphoides indica. The anti-aging effect of sweroside was validated in CCD-986sk cells.
Results showed that sweroside inhibited expressions of UVB-induced ROS and increased pro-collagen. Furthermore,
sweroside had inhibited MMP-1 expression. Taken together, the results suggested that sweroside has considerable poten-
tial as a new cosmetics ingredient with an anti-aging effect.
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ot 92 AP o= Aol 6 em H=0|H, =
71+ 7h=al AW 13719 o] Aet & flol FHoE
Eh £22em ZO0F g9 U = 3, A
Higlol| FAR-= ot ZAAER =HogdE
I ZAA) O Z Zfo]7t Tk dule 1087 ol
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21, AleF & 717]

Tadie Felok AHAE 98l preparative-liquid
chromatography (prep-LC) (LC-Forte/R, YMC, Japan)E
A, EeAAE sgEsl 7= s4e A
3k NMR =7 Bruker Ascend 400 (Bruker, Germany)
S AHgEHTE &9lE CD;0D (99.8% D)(Cambridge
Isotope Laboratories, USA)E A&l oM, Y& &
=42 A8-3 tetramethylsilane (TMS)E 7192 §
(ppm) -2 WERAATE. @4kl F594 23 SAe A
85 AleF] postassium acetatel-1-diphenyl-2-picryl-hydra-
zyl (DPPH), 2,2-azino-bis(3-ethylbenzthiazoline-6-sulfonic
acid) (ABTS), porcine pancreas elastase (PPE), N-succin-
yl-(L-Ala);-p-nitroanilide,collagenase % 4-  phenyl-
azobenzyloxycarbonyl-Pro-Leu-Gly-Pro-D-Arge  Sigma
Chemical Co. (USA)°IM T3ttt Al =4 A9
2 HjFS Y3 3-[4,5-dimethylthiazol-2-y1]-2,5-di-
phenyl-tetrazolium bromide (MTT)= Sigma-Aldrich
(USA), Dulbeco’s modified Eagle’s medium (DMEM), fe-
tal bovine serum (FBS) % Penecillin Streptomycin
(100X)= Hyclone (USA) A&ES ARSI 84
B7+e 13k MMP-1, Pro-COLIAL, J-actin A=
Santa Cruz Biotechnology (USA)oAl FUste] AF&-3}
Qom™, ROS-Glo™ H,0,, Go Script™ Reverse
Transcriptase, GoTaq® Flexi DNA Polymeraset
Promega (USA) #|3< MMP-1, Pro-collagen kit Z}+2}
Abcam (USA), TaKaRa (Japan)oll A i3t AR&-5193th
B 2o ARE-E microplate reader ZH]= Spectrostar
Nano (BGM LabTech, Germany)E AR8-3lH0H,
Chemi-Doc2 LAS4000 (Fuji Film, Japan) A& A&
3T

2.2, O2|HEo| =& 4 22

E Ao AHE-HE ofgAEL FHIAPHER (FHEH
280 FUskez 201543 119 Fujste] AE3S}
Ao, THAEALT E53FE(NIBRVP0000592639)
o7 AE F IE Ay os) A=A ogA
o] Mzxe S3t AFHE 150 g& A2 A methyl
alcohol (MeOH)ll 72 h &+ A 714, o] & 33] ®t

Balo] 5% & 54 Axstd FEE0227 9 I
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ok AP AL FEE(17.6 & THTE &8lsta &
718 e] =43l we} n-hexane (Hex), methylene chlor-
ide (MC), ethyl aceate (EA) ¥ n-butyl alcohol (BuOH)<
wAH 072 Tfste] ZF 8504 ¢, 1.0 g, 0.6 g, 2.2 9)
<= A3tk FAEe] E3E BuOH T &2 2979
ZA* medium pressure liquid chromatography (12} ©]&
- gradient, Water : ACN =95 : 5 — 0 : 100, 40 min;
22} o]57 - Isocratic, EA : MeOH = 9 : 1, 20 min)E
TR, EAFH o7 v AAste] shehE 1 (20
mg)< =5l Eelsh AT
3}5HE 1 - Amorphous powder, 'H-NMR (CD;OD, 400
MHz) : 6 7.60 (1H, d, J = 2.4 Hz, H-3), 5.56 (1H, s,
H-1), 5.55 (IH, m, H-8), 531 (IH, d, J = 17.2 Hz,
H-10a), 5.25 (1H, 4, J = 10.4 Hz, H-10b), 4.69 (1H, d,
J = 8.0 Hz, H-1'), 440 (2H, m, H-7), 3.89 (1H, dd, J =
1.6, 12.0 Hz, H-6'b), 3.68 (1H, m, H-6'a), 3.39 (1H, m,
H-5, 3.32 (1H, m, H-3"), 3.31 (1H, m, H-4), 3.20 (1H,
t, J = 8.6 Hz, H-2"), 3.16 (1H, m, H-5), 2.70 (1H, dd, J
= 56, 88 Hz, H9), 1.73 2H, m, H-6); “C-NMR
(CD;0OD, 100 MHz): 167.2 (C-11), 152.6 (C-3), 131.9
(C-8), 119.5 (C-10), 104.6 (C-4), 98.3 (C-1'), 96.6 (C-1),
769 (C-3'), 764 (C-5), 733 (C-2'), 70.1 (C-4"), 68.4
(C-7), 61.3 (C-6), 42.4 (C-9), 27.0 (C-5), 24.5 (C-6).

23. DPPH 2tC|Zt AVfs =X
Z1AF-8-] 5 (electron donating ability)< Blois (1958)
o S Wyst SASATHI4] &
Lol 0.2 mMe] DPPH 100 uL ¥l
b A% O 517 nmoll A &
2 33] RbE AP o] Pty Lii 2=
oAeS AEEYe Hrd AT
[e]
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2.4. ABTS ElC|Z AHs =

ABTS radical & ©]-83F &
on decolorization assay 'H-& WISt FA3HTH
[15]. 7 mM 2,2-azino-bis (3-ethyl-benthiazoline-6-sulfonic
acid)®} 2.4 mM potassium persulfateS E-3tslo] 220
A 24 h &< BA|3te] ABTS'E HAAIZ] § ethanol =
45k, ABTS 100 uLoll Al 50 uLE 7+ 33] HHE
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2.5. Elastase X3l &M =X

Elastase 4131273 574-2 Cannell 5(1988)2] S ¥
gl A3 TH16]. 71EZA  n-succinyl-(L-Ala)3-
p-nitroanilide® ARE-3t] 37 CollA] 20 min 7|2 ZHE]
A== p-nitroanilide®] YA S 405 nmol|A =738}
Atk &, A AREYE IdA 2T HES A5k
40 uL® AN@Pol sk, 50 mM tris-HCI buffer (pH
8.6)°ll =<l porcine pancreas elastase (0.5 U/mL)-&H 40
uLE 713t & 712 =Z 50 mM tris-HCl buffer (pH 8.6)°1
=21 n-succinyl-(L-Ala)3-p-nitroanilide(mg/mL)E 80 uL
H7Feted 20 min ¥H-&A1AH Z7838HATE Elastase #131&
A2 7} 33 WHE Aste] A w58 Hrhet 73
7Fo 3% AaEE YERIT

2.6. Collagenase MaliEtd =X

Collagenase #1312 S 2 Lee 5(2012)2] WH S
HEgste] SAATHIT]. S W8T+ 0.1 M tris-HCl
buffer (pH 7.5)° 4 mM CaCL S Z7}3l4], 4-phenyl-
azobenzyl-oxycarbonyl-Pro-Leu-Gly-Pro-D-Arg (0.5 mg/mL)
= 5 712 125 uL D A FZEY 50 uLo] gl
collagenase (O 2 mg/mL) 75 uLE F7}ske] A4 20

W] 3E 3 6% citric acid 0.5 mLE 2o ¥H3-2 4
/\]7'(_] %, ethyl acetate 1500 uLE Z7F5Fd 320 nmoll
F=5 =43} Collagenase A2 7+ 3
& ’é“ﬁ@]'@] TR I B e e i e
g2 et

pZs

R
n:]oll

o o
i iz

27, MZHY & ME MEE =T

AZ 5230] ZA0] AL8H A folAE CoD-986sk
M| 3 (human skin fibroblast):= american type culture col-
lection (Manassas, VA, USA)9|A] 435} AR&3l9 T
Alzo] g 10% FBSSF 1% penicillin/streptomycin
(100 U/mL)S 715 DMEM HIA| & AH2319 .01, 37
C, 5% CO, incubator®l] Z-2A|A Ah vjdstHiT) £
Ao A CCD-986sk Aol thsk A5 FEFTEE
AAst7] Al MZAEE SA-S MIT assay= 213
3FST). vk CCD- 986sk AN ZEZ 48 well plateol] 2
5 x 10° cells/well 2 HF3}aL 24 h vl 5 HH
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A7 wAT F ARE FEH(, 5, 10, 15, 20 ug/mL)
Z 3435l 7t 33] WHE- A El5kaL 48 h CO, incubator
oAl w3t ATE 5 mgmL MTT &4-& uljefkd Az
of 20 uL® A3t 4 h REEAIZ] = demethyl sulf-
oxide 100 uL ¥} 10 min W RFS}3L microplate reader=
540 nmol A FFEE SH3IATH

2.8. ROS (Reactive Oxygen Species) MAMzk =X

CCD-986sk AIEE vt 3 96 well white plateol]
5 x 10° cells/well 2 HZ=3}a 24 h vslTh 24 h &
PBSZ wAEt3 UVB (20 ml/em?)S AR H, A&
£ 1, 5, 10 ug/mL 3|43t 7} 33] whE A 23k 3 24
h Wittt 71 5 A=A wFd o] o2} ROS Glo
H,0; assayE 335t

2.9, MMP—1 251 2l Pro—collagen &M =38
CCD-986sk MEZE w3t 5 6 well plateol] 1 x 10°
cells/well2 3 E3FaL 24 h vl F3tSiTh 24 h & wjAE
AASET PBS 1 mLE E7}8k] UVB (20 ml/em?) =
ZAMgE 7, PBSE A A3EAL 10% FBS 1% penicillin
streptomycin®] 0] UA| &> DMEM HiA 2 w A3
F ARE 1, 5, 10 ugmL 3)X3te] 7} 33] HkE Az
stod 48 h ¥l et 5 A2 F 38k pro-collagent
MMP-1-& 7} kitA+2] protocolol] wheh A& & F13Ysl H,
microplate readerZ 450 nmol|A FFE=E A3

2.10. MMP—1 & Pro—collagen THHZE! 8154 =X

CCD-986sk A ZE 1 x 10° cells/wellZ 6 well plate®]]
T35k 24 h v 9Fg 3o UVB (20 ml/em’) S A
H ANEE FEEE 2 33] v X2jsto] 48 h vl st
At} M EE RIPA buffer (Pierce, USA)Z 235t ¢
AEEE & A& 35 HE BCA protein assay (Pierce,
USA)E proteins 20 ug®] ¥EE Bt F0ld
protein sample 10% SDS-PAGEE- ©]-8-3l %714 53}
31 PVDF membrane ©.Z transfer A% 5, 5% skim milk
7F &65E tris $E5EYSZ 1 h blocking ¥ F,
pro-collagen, MMP-1, 3 -actin ZtZ}+e] 1%} 2 22} A<}
HES-AIZ T ¥H8- % immobilon western chemiluminescent
HRP substrate (Millipore, USA)E ©]-&3}°] 5 min ¥F-S-
A1 & chemi-Docs ©]-&38t &ttt

i
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Figure 1. Chemical structure of sweroside isolated from N.
indica.

2.1, EAXz

B g SAAEE SPSS 12.02 AH&-3}
E A% 33 ukEste SAsa 7 AT 4
T WA} EEAAE JElen, 72t A3
Zte] A= t AR S AFESk] A3k froF
o|7} A= & tisiA Rt AAstAT Ade 1k
2Fo]= 95% G- (*p < 0.01, **p < 0.001)°1A4 F2JAd
e Ao E 3T

32

o,

rﬁuﬁ

T

ofl

SIgE 12> 7439 390 JHE Ao,
183 HPLC 24 A3, 55 95% oS
2 FAFth 'HNMR 2HEHL 556 (1H, s, H-1),
0 7.60 (1H, d, J = 2.4 Hz, H-3), 3.16 (1H, m, H-5), 1.73
(2H, m, H-6), 4.40 (2H, m, H-7), 5.55 (1H, m, H-8), 2.70
(1H, dd, J = 5.6, 8.8 Hz, H-9), 5.31 (1H, d, J = 17.2 Hz,
H-10a), 5.25 (1H, d, J = 10.4 Hz, H-10b)o| A & =22l
secoiridoid lactone2] EAE AT 4= AN S0H, 4.69
(1H, d, J = 8.0 Hz, H-1"2] 3] FolA] g 71 sugar moi-
ety’F oS & 5 AATE "C-NMR ~HEH-L 167)
o I/ #FRIHNATE 2 Jkedl el B
-glucopyranosyl moiety (8 98.3, 76.9 ~ 61.3)°l &J§+ A
o]™, 570+ iridoid dihydropyrane ring (8 152.6, 104.6,
96.6, 42.4, 27.0)91A4 7191E Aoz SAFHSTE T3
513199} 6119.59] I A exocyclic double bond<}
U] 3709] I Z A conjugated lactone moiety (O
167.2, 684, 24.5)°] &A1& T = AAS A< A%
E Hg o 2 SI5HE 12 iridoid glucoside AIE 2] 3}3HE
Q1 sweroside® FE oM, RyH T #35H4
data®} ¥laate] FHE =1, FA A THFigure 1)[18].
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Table 1. Biological Activity of Sweroside on Each Inhibiton Rate Experiments

Samples Electron donating ability ABTS cation radical Elastase Collagenase
(100 ug/mL) Inhibition rate (%)

Sweroside 83.7 £ 23 95.8 + 3.2 354 + 5.7 751 £ 1.3
Vit.C 919 + 74 98.1 £ 6.9 - -
EGCG - - 535+ 14 942 + 3.8

120 350000

= 300000
. 250000
- * £ 200000
= 8 150000
2 £ 100000
= g 50000
< 0

| Cont
Cont 20 Sweroside (U g/rnL EGCG

Concentral ion ug/mL)

Figure 2. Viability effect of sweroside in CCD-986sk. The data
represent the mean #+ S.D. derived from three independent
experiments. (*p < 0.01, **p < 0.001 compared with none-treated
Control (Cont).

3.2, &tst 2 FEINM
Sweroside 2] 31tslEsS =
53 ABTSY] radical £275S AA ] A} 100 ,ug/mL
o] oA 22} 83.7%, 95.8%9] BHZ 2% S U
EfSlor, 58 4S9 elastase, collagenase Al
& A4S =43 A3 100 ug/mLoNA 35.4%, 75.1%2]
2 AdlleS UehES 13t Table 1).
3.3. CCD-986sk L{OAQ| M= lES HIt
Swerosdies A|EZ AEE&F Ayol 4182 = ¥
9 AL 98] MTIT assayS 3R CCD-986sk
M|l swerosideE 1, 5, 10, 15, 20 ug/mlL == X &
Sk A3} 10 pgmL ©|3Fe] T A AlZAYEE] 90%
oldo & vERf o] CCD-986sk AlE2] HEEo] &
S UeERiA] a5 I 4 A A THFigure 2).

3.4, M= Lf 2dMAZ(ROS) AN E2t

UVBol =23 9= AT ROS) S oF
71X 719[19-21], E43E ROSE I FAE oA 9]
oA ASHGAAE S8l o F F54 dHE A=
S 843 A7 Fests dozithi4]. o8 e Fx

Goncentration (ua/ml)

Figure 3. Sweroside suppresses UVB-induced reactive oxygen
species (ROS) generation in CCD-986sk. The data represent the
mean £ S.D. derived from three independent experiments. (¥p <
0.01, **p < 0.001 compared with none-treated control (Cont).

3} Wroj o} Ao BB A S st oA ROSY
Hgo] TS AAMet Foh B, 5219 FAE
¢l EGCGE Al gt kst 784 2 71d AT
7F RaElen, 53] ZFEd Gitst s dF
of =T E o] &H AHEIZE Tk oo EGCG
A= vl W] sweroside®] 3} AAZA
o] &4& nlalstarat s TH24]. Sweroside®] ROS <
AZHRE dolrr] st CCD-986sk A E oA <]
UVB z/\].o]] = ROS /\gmp_ _7:4_24%]- 7—13',]., UVBZ

FEE IFAE AT vls] ROS BAE©] 2.5
v oA ZF718F9 o, swerosidesS TFEREE A3
A7 H5 o)&A o & ROS A 0] 23, 28, 31% F=O
Z ZAaAE AL A5 thFigure 3). A=
o2 AME-E EGCG7} 20 ug/mLY W 35% 74 &3
sweroside 10 ug/mLoll 4 EGCGS} fAHE ROS A4 <
AL} Do AT F Ak

3.5. M= LH Pro—collagen E,Hg 2 MMP—1 251 =% Zut

95 Pl 49l FE, HRBEZA Al
2 09 ) AE 5] 713 T Zzels, A9
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Figure 4. Sweroside effect on UVB-induced (A) reduction of
MMP-1 expression and (B) increment of pro-collagen type 1
synthesis in CCD-986sk. The data represent the mean + S.D.
derived from three independent experiments. (*p < 0.01, **p <
0.001 compared with none-treated Control (Cont).

o

& e A

o] A= FrobM 3 ol A= collagenase, elas-
tase 52 MMPsoll &Jste] Fall o] Zehal Aol &
e st =, S e AT £ 2
bl =3 Kooz Qe oo THAETH22,23].
wekA] MMP-13} pro-collagen &< S0 24 A3
WollA o] Zeall 4 BEE #otd 4 Utk pro-col-
lagen ¥+ E MMP-1 ‘?—l’?ﬂ% QA A T U= A=
g Qe EE e = PE AEEA A
7hsAdo] oo AztEH O] ol swerosideE ©]-8-3}]
MMP-1 & 2 pro-collagen 34 AHS
Western blot & ELISA 7| o2 435}t 1 A3
G ET EGCGE 20 ugmL FEolA 37%2
MMP-1 Fd A3)5ES BH oW, sweroside= 1, 5, 10

77 7

ug/mLe] FEolA 4%, 18%, 21%2] MMP-1 L3 A 3|
ol Aol ERA=IATE Pro-collagen F8 5= SHT

A7 JA 5 JEHOE PSS YRl o,

3ksld-Eska] 2], A 449 A 2 5, 2018

Hl - ubele - whEE
UvB (20 mJ/cm?)
Sweroside (wg/mL)
1 5 10
= " ‘ﬁ.
Wip-1 | S ‘ ﬁ: "6
B-actin
120
=
~100
(5]
=
~ 80
=
=
7]
g 60
3 40
=
©
5 20
a
0
Nor Cont
(A)
UVB (20 mJ/cm?)
Sweroside (ug/mL)
1 5 10

éu'~'- —
. o 4B ke & b i,

Pro—col lagen

B-actin

1l

Cont

(B)
Figure 5. Sweroside effect on UVB-induced (A) inhibition of
MMP-1 and (B) production of type-1 procollagen protein in
CCD-986sk. UVB (20 mJ/cmz)-eXposed cells were cultured for
48 h in the presence of sweroside. The data represent the mean

Protein exrpession rate (%)

Nor

+ S.D. derived from three independent experiments. (*p <

0.01, **p < 0.001 compared with none-treated Control (Cont).

[e)

.

Hir

V& FE TR 10 pgmLol A 14%2] FA%5&
UEHH $ATHFigure 4). ©ol& A tHZET EGCG 20 ug/mL
g0l A 18%2] /353 FARRE AFE, sweroside”}

pro-collagen®] €Hdoll o3k F2 A Ao 5ol



ooz HE £
UeS UERATE I CCD-986sk Al 4] e]
sweroside®] MMP-1 protein H& A2} pro-collagen
protein FB5= SAHT A = oEHo =2 Uy
A 2 FA 5ol S71eFATE 53] pro-collagen ¥4
o] A ol B3l sweroside 5, 10 ug/mLe]
N 21%, 48% F7F8h= oFF =2 A& UEhiL
ChFigure 5). Sweroside®] ©]#|3F ZAi= AlfrobAlx
UellAe] UV-BE A% pro-collagen s S7F AlA
FH, 7 MMP-1 B3 GE A3l A A FL=2X F
B AEE AT e AAYS Rl ot

Al sweroside-2 CCD-986sk A3 Wjoll 4] ROS$} 2L &+

=
O -

3} UAke] A Aot Sl AF-e) Fa FHE
 =eHlle g B 2all oAl Eee Tl st &

AzAe BEIP Y Ao BEH,

24
=

4, 2 B

B AT A= swerosides SHEF2] sl AR
o] g3t kst B FE/NA BAE SAsa, 1
2871 thall sttt 53] swerosidew T
T G492 elastase®} collagenaseE A3l A1F] o.M,
CCD-986sk AZ& ol &st] FE/NH a3E ST
A3}, MMP-19] &3 A9} pro-collagen] &3} &
ol A< skt oo AAE Hol swero-
side 3PFAA FEMA st 24z &87}

A7k YE AoE AR, oz o FEA ¢
A4 9 8% A7 1Y T ook
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