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Abstract

Purpose: This study aimed to investigate the potential of
amentoflavone as an antiaging material for cosmetics through
examining antioxidant and antiwrinkle effects., Methods: To check
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the antioxidant and antiwrinkle effects of amentoflavone, we
performed various experiments such as in vitro antioxidant assays,
quantitative real—time PCR, SA—B—galactosidase assay, and DCF—DA
assay. Results: We confirmed that the cell viability of amentoflavone
is increased in cytotoxic condition, Amentoflavone also had an
antioxidant effect like BHT., The expression in mRNA level of
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antioxidant enzymes such as SODI and CAT was increased in a dose—

dependent manner, In case of wrinkle, the expression in mRNA level
of MMP1 and MMP3 was decreased but the expression of COLIA] was
dose—dependently increased, Also, amentoflavone markedly reduced
the expression of SA—B—galactosidase. Conclusion: As mentioned
above, we found that amentoflavone had effects on preventing skin

Eem

aging and thought that amentoflavone can be a valulable material for
antiaging cosmetics.

Keywords: Amentoflavone, Antioxidant, Human Dermal Fibroblast,
Collagen, Senescence

Introduction

Z o}y o] E(flavonoids)= T, A4
o] da] g5 Ze|ss(polyphenol) A&

lo :llﬂ
b S
=)
3_[1‘
4

(phytonutrient)e]tt, @A) 5,0007}A] ©]A4+9] flavonoids
7} ERlEo] glom dAH R HIste AEde o F
o] EgtH o=t EAgtt &eiA ¢Ith(Holden et al.,
2005). Flavonoids= F 7§ WaFE<l ASH B7} 4Fel3
heterocyclic CHol 3—-&4 A2 AZ=Y &= 7|2+
ZE 7FX 3L 3, heterocyclic CH 2] AMSIAte iy 2Hg-7]
of wg} tEAJolYd (anthocyanidins), Z&Hs(flavan—
3—ols), Z2MHl=(flavanones), Zz}=(flavones), ZH &
(flavonols) 2 ERFHTHLiu, 2004). °o]|AZ=E (isoflavones)
< Bo] 3¢ th4l 2/of &2 Zo] EAo|n Z2tEAJoRY
d(proantocyanidins)2 Z2HHs(flavan—3—ols)2] SEA|0]
H, flavonoid®] 7]&2]¢l 3}st7 2= Figure 1 (Song et al.,
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1% biflavonoid:= ZgtH ol 287} AE3E o
AA 2 ol EZetE (amentoflavone), oF7tAEEHE
(agathisflavone), FZH 2 ZaE (cupressflavone), 3
=7]Z&eE (hinokiflavone)5°] 312w, flavonoid 28A}
= 22 TR A= A, HE AeE o, 2 2
WA E(gymnosperm)©] Wtk (Okigawa et al., 1971).
Amentoflavone?] 7|22 ¢l 3}&LZE (Sakthivel &
Guruvayoorappan, 2013; Figure 2)2} Zt},

Aol ezl gt S 2RE LS BHEg 4= 9l
+ A Wol AAZE ok H,0, (hydrogen peroxide)=
ROS &5 & Wh3Ado] 2A] gAuh, B4 AejollA] vh3-/do]
tjL & 10, (singlet oxygen)4t OH™ (hydroxyl radical)2 7
gHe 4= Q7] w2l HO.0l et 2A% Fa3t 1A Wof Al
2" F sholt}, E3F HO,= A3 AEH A A0S AlF
st oheo] FARE FAL QIAFO] W, gt d 22 o]29
S WS 7|, M2 gk B3 it T8
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Figure 1. Basic structure of a flavonoid.

7FA1 2L JekBarbouti et al,, 2002). O, (superoxide anion)
radicalZ A5 28|8= BE FEF| EXsts A &
2221 SODe 23l AAEA] 3 H,0,2 8= o]ZA A
A H,Op= CATOl 93 AA=A] o™ A2 Yol 4 ROS=
gt Ak AEHAS fHRi)

MMPs+= MZ & 714 &fjol] Bofste 554 &3l a4
B2A, A AT, F3E 2 AR B
MEZH e Bzt A 27420 4 Holet BAH, EvhE
=, AYE 59 Ao st o2 ¢A QlkLiotta
et al,, 1980; Bonfil et al., 1989; Liotta & Stetler, 1990;
Matrisian, 1990), =3V o]29] Xu] W F=Hd ¢ A=
fibroblast®] ZebAl o] AAEAY, MMPse & 54
of o%t ZebAle] a7t SV e 7ol ATk E3 &)
Aoluf, ROSO| A|&A o2 =55 uloj|x 9] A3t S 4
27F 35 A9 Fagh dlo] & gt FEplle 2§
& AW dado] oF 30% ol AAISkAL glen 53] &
5, dZ, W, gF, Y o} Fo| F2 Baxsta Qo &
2o 2= 3-UAE EXHtriple—helical molecule) 24
270 1(1)chain® 1709] 02(I)chain® & o]Foj#] o
polypeptide A& 7] 2] 4(glycine), ZZ3 (proline), 3]
EEAZEH (hydroxyproline)9] ofu|i4l 2H7] 37HE o] o]
A ek, @A7HA] 19 types?] collageno] B8 A glow Zpzh
9] type collagenE2 8] F& FAsk=T thfatAl AREE
I QJtH(Glimcher, 1989; Bailly et al., 1990). o]A3 ZzH4
2 A7k Aol A &4 Eafiet o] WEEl=H Yo7t &
ojzte] wet wgo] 5= Y HTh= Eall7t B WolA]
Al g},

A AAZ= woFS wol] AlgtE o] £ELS gt Foll H]
7H ARl FA A Aefol o|2A =H o] JHE AlEZx3}
(replicative senescence)2bal gtth(Hayflick & Moorehead,
1961), MZEw=3} FARE in vivool A AZE7F AASEE o]
H 2] Agtkar BZHETHCampisi, 2007). A/ AAZ7L A
gHE =9 EES o= W, gHlEE F3E] 285 i
o Nzk3d= /AE GeRFE BIsts 98 ste A
o 2% I FHBraig et al., 2005; Collado et al., 2005;
Michaloglou et al., 2005). AlZx=3k= vjke S|4 Loj

o=
=
o
o
i
&

N
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Figure 2. The chemical structure of amentoflavone.

g B9k ofgl, DNA damageE YoANE &8 4= o},
ApoptosisE ¢Oo7|= AXTH=E 23 oFg DNA damages
T MxELestE AP, 75 DNA damages F2 o
o= apoptosisE AYst= Aoz AYZrEchLuschen et al.,
2000).

wEbA, 2 AoA= A 9 Feslol e AHS F
3l amentoflavone?] 33} FAE A2 A Q] vhA 715AS
gl 317} gy,

Methods
1. Cell viabililty

MZ BEELZ WST-1 assayE ol&3tien S42 Al
Z Y 47|13 nEZEgote] geafdo] o AAE
+ formazan®| FF=E S5t A= o|FoXth, 96
well plated] 3x10° HDFsE& HE3}o] 24A)7F vjoFslar,
amentoflavone= 5, 10, 15, 20, 25 uM =2 A5}l
H,0,%= 0.1, 0.2, 0.3, 0.4, 0.5 mM H g 3 244)7F E9F =
7} vjoFstsict, wiokE welloll EZ—Cytox cell viability assay
kit reagent (ItsBio, Korea) 10 pL.& Z7}38to] 1A} wjoF &
microplate reader (Bio—Rad, USA)E ©]-&3}4] 490 nmo|A]
B Fst o, 33 vhE 3ste] NZAEE Bkt

FHAE =313

2. Antioxidant assay in vitro
1) DPPH radical scavenging activity assay

DPPH (1,1—diphenyl—2—picrylhydrazyl) radical 27 &
3 AE-2(Blois, 1958)& $-gato] thaat Zro] Algstgi),
96 well plate®] amentoflavone= 1, 2, 5, 10, 15 pM 5==
sto] 34 BE 100 pLA 253 F 9719 0.2 mMe] DPPH
50 uL& ¥& ¥ 3087 AR, Y WO Z BHT
(butylated hydroxy toluene)X= 1, 2, 5, 10, 15 pM =2 #|
]3It} Microplate reader (Bio—Rad, USA)E o83} 514

http://dx.doi.org/10.20402/ajbc.2016.0027
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2) ABTS radical scavenging activity assay

ABTS [2,2—azinobis—(3—ethylbenzo—thiazoline—
6—sulfonate)| LS o]-&3 FASH5L potassium
persulfate€}2] BH-gof o) AAJH ABTS* {8 grjZo]
A& F9o 4t B4 o AA= 2o E/9
EMo] SR A E o] &7 WOtk (Re et al., 1999;
Roberta et al., 1999). 7.4 mM ABTS®} 2.6 mM potassium
persulfates HFEER Est] A2 A 1243t
Bt RISt ABTS'E F4A171 & 732 mollA S3= 3t
0] 0,706 (+£0.01)0] Y2&== 3t} 96 well plateo]] 3]A4%
amentoflavone 1, 2, 5, 10, 15 uM =2 3¢ 100 pLA &
kAL o 7]ef] ABTS' 100 uL 71ate] 78 F<t WAgict 5
st wpHo 2 BHTE 1, 2, 5, 10, 15 pM B2 A 2sic},
Microplate reader (Bio—Rad, USA)E ©]-83F] 732 nmollA]
FE=E SHsY e, 542 33 §hE £3ste $3 =Y
BT #2UAE =S5

3) Hydrogen peroxide scavenging activity assay

Bitee R3S dovls i E-017] g
o, in vitro AEE E3l H,0, AASS ERIsH= A2 A
AEAQ J4sHsS RIE 4= Ych(Long et al., 1999).
Amentoflavone= 212} 1, 2, 5, 10, 15 uM =2 3} 500
ulA BZ350 of 7)o 40 mMe] H,0,Z 500 uLg 92 % 10
B wR)gic), Sdst g o 2 LA (L—ascorbic acid) = 1, 2,
5, 10, 15 uM sE== A3}, 96 well plated] LA 25
3} microplate reader (Bio—Rad, USA)E ©]-€3}4] 230 nm
oA FF=E Ao, 4L 33 vhE st
o] Htghi REHAE =&

4) DCF—DA cellular ROS detection assay

Al W E4aF 5= H3kE 5357] Y8 HDFs (2
x10° cells/well)Z 60 mm HjFHA o HZE35lo] 24A17F vl
9% & amentoflavones 5, 10, 15 pM =2 Z+zZh A3}t
I H0, A2 § 712 24A7HS v gsigltt, AlE o 27841
AFS 24317] 938t dye?l DCF-DA (dichlorofluorescein
diacetate)E 10 uM H7}sto 302 Wi & Nx& g3}
o] PBSE 75k AlZ2E Zo|F the flow cytometer (BD
Biosciences, USA)E o] &3}o] ROSY W3l =459
o}, Amentoflavone®] AIAE AA B5E S Y8l
ROS scavenger ¥ 3= NAC (N—acetyl-L—cystein)=

T3l ukA o 2 Au)sl & =431}

http://www.e—aijbc.org
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3. Quantitative real-time PCR (qRT—PCR)

H,0,2} amentoflavone®]| 2J3] HDFs WA dojut=
COL1A1, MMP1, MMP3, IL—6, TNF—a, CAT, SOD1 <+
A HskE AFFSH7] $13819] quantitative real—time PCR
(qQRT-PCR)S 433} th. Amentoflavone ¥ H,0,7} #]&]
H HDFs9] RNA &2 93l 60 mm A 3Z8]jeF H Aol HDFs
(2% 10° cells/wel)Z seedingd}tl, amentoflavones 5, 10,
15 uM F=2 Astal 3A7F AAE £, H0,5 A5}t
24A17F vl FstATt, MxZujeko] B AlZE trizol reagent
(Invitrogen, USA)E o]-&3}o] €3] & 0.2 mL chloroform
(Biopure, Canada)& #7Fsto] A=< ®rAgic}, 12,000
rpm, 4C RX7ACE 2087 YA este] dufdo] xgke st
AT mRNAZF 28E AeHE Bt Asd2 0.5

1 75% ethanol= ©]83}o] A& & ethanol& A|ASIL A
Lo AxAZITh AZRE mRNAE diethylpyrocarbonate
(DEPC, Biopure)Z water® o] A3of ALgslgon, =&
% RNAE= nanodrop (Nanodrop, USA)S ¢85t 260 nm,
280 nm¥] ratio 1.8 o] <=2 RNATHS A& A5k
et

2% RNAZ o|-&3}9] PCR tube] 1 ug RNA, 0.5 ng
oligo dT18, DEPC waterE total 10 uLZ A= & 70T
A 1087 X )dke] RNA ¥AS &3 o8& M-MLV
reverse transcriptase (Enzynomics, Korea)S ©]-&3}4
37ColA 1X7F B-EA1A cDNAS FASHSTH cDNAS F
o= qRT-PCRE ©]83}%] amentoflavone®] &J3) Al
HeollA dojubs JAREQI 33 Ed HgkE JFEor &
o135ttt qRT—-PCR2 HOT FIREPol EvaGreen PCR Mix
Plus (Solis BioDyne), 1 pmole forward primer, 1 pmole
reverse primer, 10 ng cDNAE &3slo] Hl-SH S THE
o] Linegene K (BioER, China)& ©o]§3}o] w3 3
shgich vhg-o] AR 142 944 387t denaturation
% denaturation (94T, 30%), annealing (58C, 30%),
polymeration (72C, 30%)& 40 cycle =335t PCRE #
sttt PCRO HHAL melting curve® AZ3d}1, 2+
A7) WL p-actin®] LHES BE3Ste] Bl E45)

AT,

4. Senescence associated f—galactosidase assay

A|E =3Hsenescence)= B—galactosidaseE FAd= W
o] SA—B—gal (senescence associated p—galactosidase)
assay2 o]&3to] A3 HDimri et al,, 1995). SA—p

—gal assay+ senescence detection kit (Biovision, USA)
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E ARESES o, HDFs (2% 10° cells/well) 2 60 mm B4
Alof| HE3te] 24A17F B2 Bl 3 amentoflavone 5, 10,
15 uM F=2 27 A2ekal HO0,5 A2 F 24417k vjetst
St viFE HDFs&= #iXE AASHL 1 mL PBSE A& &
fixing solution 0.5 mL < 75l A4 15827 ®%]
skl 1AAZITk, 1A% HDFsE staining solution Z¢oH
(staining solution 470 uL, staining supplement 5 plL, 20
mg/mL X—gal in dimethylformamide 25 pL)& 0.5 mL#]
A7FskaL 37T 24X7F F1F vFste] Al S gt
AAE AlZE PBSZE Al & #F3Hdu] A (Olympus, Japan)
= &oto] QAE Al =5 FAsto] AlxY vlES AT
o},

Results and Discussion

1. Inhibition of cell damage by amentoflavone

HDFsof| A|8&2 <l amentoflavone®] A|ZE4-S &01517]
) == =Z amentoflavone= 2|8t 21}, amentoflavone
5, 10, 15, 20, 25 uM A 2] A] 99.2%, 97.9%, 92.2%, 87.9%,
77.6%9 ME BEES 7= AL AT 5 Sl £ o
FoAE HEZ AEE 90% oA 7|53 amentoflavone
5, 10, 15 uM=- o] & A= 2 A3} cH(Figure 3A).

HDFsell H,O,& ARE-sto] AR} AEHAE fE56tal Al
AZE 31Egol W3lE gelslglch HDFsol H,0,2 0.1, 0.2,
0.3. 0.4, 0.5 mM 552 X3t A AZ AELL 717
89.6%, 72%, 66.6%, 55.3%, 42.7%S Jepion H,0, 2¢
Fee AlE AEEC] 10% 014321 0.2 mME AR5 |2 4%
stlthFigure 3B).

H,0,9] HDFs A|E £=A4}o] tdt amentoflavone?] A3 X

& a3E #9187 $J3) HDFsoll amentoflavone= 5, 10, 15
uMe] F== 3AIZF MR Y £ H)0,5 0.2 mM= Agsto] A
E AQEE0] WIS EQIst¥th Amentoflavone 5, 10, 15
uM 2] A] 22} 75.5%, 92.6%, 97.1%2 F= JEHOZ A
I YEEO] F7HHE sk gik(Figure 30).

2. Antioxidant effects of amentoflavone

DPPH radical 2482 ARSI EZ 1) 8k335le] 4
SUAE WolS U 2H 4SS JANA s A=
£ SAst= Wolnh H0.00 o3t M2 A% s & AR
< YJA|5H= amentoflavone®| @A}t G35 g1t At
amentoflavones 1, 2, 5, 10, 15 uM & &] A] 16,4%, 48.2%,
T7.9%, 98.1%, 98.7%% E% oJEH o2 A} ARt} 27}

slo] Gukst Ea 2A= oA BHTS SA1E ATE tehy
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Figure 3. Inhibition of cell damage by amentoflavone.
(A) Cytotoxicity of amentoflavone on HDFs, (B) Cytotoxicity of
H,0, on HDFs. (C) The effect of amentoflavone on cell viability
in H,O,—treated HDFs. The Student's t—test was performed to
determine statistical significance (¥p{.05).

< gRlatAchFigure 4A).

ABTS radical 24282 AP A|of 93 ABTS" 2t
gz SF=E AdjA7l= dEE ol&ste PHolt,
Amentoflavone?] 348t A 3= positive control 1521
BHTE 1, 2, 5, 10, 15 uM A2] A] 85,4%, 99.8%, 99.2%,
99.7%, 100.7%%2 YEE2 ™, amentoflavone2 26.4%,
82.1%, 91.3%, 98.6%, 100.4%%2 F= S|&F 02 A3t
o] DPPH Z7}e} npaba = BHTS SAbet ahaksh mule
et $ick(Figure 4B).

http://dx.doi.org/10.20402/ajbc.2016.0027
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Figure 4. Antioxidant effects of amentoflavone.
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(A) Electron donating ability from amentoflavone, (B) ABTS* radical cation scavenging activity of amentoflavone, (C) Hydrogen
peroxide scavenging ability of amentoflavone. (D) The intracellular ROS levels in H,O,—treated HDFs. The Student’s t—test was

performed to determine statistical significance (¥p{.05).

g, amentoflavone®] H,0,0l gt 3h4kst aate] A
3|4 positive control ZF<Q! LAE 1, 2, 5, 10, 15 uM A&
Al 14.7%, 74.4%, 104.1%, 110.8%, 125 1%= JERGS
amentoflavone2 9.8%, 31.9%, 45.2%, 108.1%, 110.8%%
Uehtth Amentoflavone®| AxEojAE 1 a-go] LAXTH
FA ZtH o, =7t woHEE HISSAU fARRE adt
7F vl 22 EIskg ek Figure 40),

HDFsol|l A 848445 &7 W2l DCF-DA assay— A|3E
o] Akt S Fa 7Py BREA o R AR ST
Z7 Wolth, Amentoflavone©] H,0,00 2J3 A3 1f 2Ays}
+ ROSY| YA &52 &R1gt A7, HDFsell H,0,5 0.2 mM
A Al H,0,& AgstA] 23ks et ROS7} 6,88 B= &
71824 amentoflavoneE 5, 10, 15 pM #&] A] ROS+ 6
i, 44, 2 32 F= JEH o2 A=Y}, 1 A7 H0,00
ol3f} AAE AlEZ W ROSE amentoflavone®] &1} o2 A
A Flstgion 2 AdY FA tx2 ROS £2AFY
o] Hojik NAC 30 uM A A, fFARE AT 2= 21 gl
3o Z R amentoflavone?] ROS scavenging effect”} 52|12
= & 4= UtH(Figure 4D),

http://www.e—aijbc.org

3. Effects of amentoflavone on antioxidant and antiwrinkle
gene expression

=3 A 71Hel Slo] ti&EA FAkSE Al SoD1o &
AR WIS g1 27 HO,E 0.2 mM A2 A] ti=
o] ¥J8) 0,578 A48t 2 amentoflavone 5, 10, 15 u
M A& A 0,728}, 0.804], 0.8681Z F|EHS skt
(Figure 5A). CAT mRNA2| % H,0,5 0.2 mM 2] A]
Z-o]| Bl3f} 0,554 743 2 U amentoflavone 5, 10, 15
uM #2] A] 0,628, 0.758), 0.814}2 3|2H-S sHolstdct
(Figure 5B).

stH, 253 I MMP19) A v wist A3k
H0,& @522 0.2 mM *&g] A] H,0,2} amentoflavone
& 25 APahA] =2 tixo) vlg) 3,68 o]} F7Isk= A
02 YEPF 2 Y amentoflavones 5, 10, 15 uMZ A%
< W MMP19] @] 2,48, 2,38, 1,782 Ak
(Figure 5C). E3F MMP3 mRNA2] 7% H,0,% 0.2 mM ]
g Al H,0,2} amentoflavones 5% A 2|8}A] k-2 =
H3j| 4,78 o) S7st= A2 YEH o amentoflavone
< 5, 10, 15 uM2 A28 o MMP32] WrE ko] 3 4ul,
2.64), 1.4¥j2 7FA3tHTHFigure 5D).
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Figure 5. Effects of amentoflavone on antioxidant and antiwrinkle gene expression.

(A) The effect of amentoflavone on SOD7 expression in H,O,—treated HDFs. (B) The effect of amentoflavone on CAT expression in
H,0,~treated HDFs. (C) The effect of amentofiavone on MMP1 expression in H,0,—treated HDFs, (D) The effect of amentoflavone on
MMP3 expression in H,O,—treated HDFs. (E) The effect of amentoflavone on COL1AT expression in H,0,—treated HDFs, The Student’

s t—test was performed to determine statistical significance (*0<.05).

H,0, 413t AEH A A7 A] Al gt Aladdgo
o3| Zabdl #4de] Aal=l=dl amentoflavone?] ZFEbl &
Aol u|XE g FeIst A7, H,0,5 0.2 mM A A
COLIA1 mRNA®| &gtz v|3) 0,308 H4sk3ict,
I3 amentoflavone= 5, 10, 15 pME A A3}l H,0,&
0.2 mM 2] A| COLIAT mRNA2] &&A%L 0.514), 0,724,
0.80812 YEY amentoflavone®] =220 F COLIAI
o] A HEE ST AL ERIT 4 I AtHFigure

5E).

71

4. Antiaging effects of amentoflavone

AmentoflavoneS #2|5HA] ¥ H,0, 0.2 mM2 A2 A
HDFs®] SA—B—galactosidase?] H]&-2 amentoflavone}
H,0,8 2% AF3IA] ok tjztol| vlal 66.4%= 57133
t}, 23y amentoflavone 5, 10, 15 pM =2 A A2l
H,0,E 0.2 mMZ A 2|3t 39 HDFs®] SA—p—galactosidase
H&-2 52.7%, 41.9%, 26.1%= AA3] 7isl= AL Fels}
AcH(Figure 6).

http://dx.doi.org/10.20402/ajbc.2016.0027
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Figure 6. The protective effect of amentoflavone in
H,O,—induced senescent HDFs.

The Student’s t—test was performed to determine statistical
significance (*p<.05).

Conclusion
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2 NAC 30 pM3} F-ARE =X 2 UebgT),

Akt 8IS AR R E ERle) 2 Ay, dEAQ
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