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Abstract The succulent plant Aeonium sedifolium leaves contain several compounds
that are of interest for their cosmetic uses on the skin. This study measured the
inhibitory effects of enzyme production and antioxidant, astringent effects and skin
wrinkles using Aeonium sedifolium leaves (ASL). The total phenolics compounds
(TPC) content of ASL under optimal extraction conditions was 34.49 mg/g for hot
water extract (ASLW) and 61.64 mg/g for 50% ethanol extract (ASLE). The ASLW
and ASLE extracts were freeze-dried, powdered, and used as solids. TPC content,
2,2-diphenyl-1-picrylhydrazy (DPPH) radical scavenging activity, and 2,2"-azinobis
(3-ethylben-zothiazoline 6-sulfonate) (ABTS) radical inhibition of the ASL
phenolics were tested. The DPPH radical scavenging activities of ASLW and ASLE
were tested at a TPC of 100 pg/mL. ABTS radical inhibition showed antioxidant
activity of 100.00% in ASLW and ASLE, and the antioxidant protection factor of
ASLW and ASLE was 1.07 and 1.22, respectively. The thiobarbituric acid-reactive
substance (TBARS) inhibitory activity of ASLW and ASLE was 77.00%. The elastase
inhibitory activity of ASLE was 69.03%, and collagenase inhibition activity for
ASLW and ASLE was 29.82% and 54.76%, respectively. The astringent effect of ASLE
was 89.82% at a TPC of 200 u#g/mL. Thus, we concluded that ASL has the potential
as a functional cosmetic ingredient with anti-aging effects on the skin.
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ol A= JrHKimd® Kim, 2007; Youn¥:
Lim, 2010). SHA9F AHjIE9] HEEHFL FotA1L A
T SH A HIESt] S4IgE AEH A, 735 A4, 1
5 #99] &5 52 fFLolEnt oyt mRAsS do
lo] &1 Qie}. o]of mE gt S s HA
= Y e 249 EHE 242 44 e 24
th & Astar, AAA7

Hofof] &-&st7] 9
off AlEAao] M Akt 24 digh B2 A7 28

A= oFe} o] Zb= Ao Fa8-Z Bt 5= Q7]
HZol 7154 3HE AolA MR AR EA FES T
1 Qltk(Yang 5, 2009).

ARt E/dolst AA| Hiofl EdAtart AEE A

A5k, NEO] £AFL ofy|ahs Akst AARS HlA|5)

of

o o

]
Al BaA|, SeiEd, Foket v 22 AYokehy
734 22l 5ol sl ¥ FAR|E radical, TAFSReA,
S}o|EZA] radicald} & ¥F2-Ao] & AJ kA (reactive
oxygen species, ROS)E ZH3tE|o] A= F4FES H|7t
& oz TS HCross 5, 1987; Han, 2006; Kim <,
2011). o3t S/dAtad] 282 AW o] 7]l 1<
Aol = ARE | (superoxide dismutase), H2A|ttolA|
(peroxidase), 7F&etotAl(catalase) 52 TASE a49}
vjeldl E, BlEM C, glutathione 5-9] F4lst E4E9] 2+
o] oJsf Ak 4= Qlk. SHAIEE, o] gk YA Hojg o
olio] A7|AY Tt EgAtao] & A%, o] #Fol
FUAA EHHA E/d4tae= A4, DNA, &84 53 H|7}
dH o= mhsto] &4JAI7]1AL, T AR 3} oF B3
SHES}, T 9 WIS 5 22 4% AWo]
g AHKim 5, 2011a). M A= T8 FAtHAet
H S o Ao Qbdsith= o] 9o,
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oFslth= AR ] Utk wEhA, A4St /o] f<stal
Hr} QAo Pt A2 A FASHA 9] Azt A7}
AAs| @3= 3l QItHan, 2006b: Kim, 2016).

291 (Aeonium sedifolium)= T 2120 &31aL 7}
SollA Joll Aot A Zol= 2 cm A2 TFA
7= oFL e 2AE mu & By, Jd2 4530l
o BE2EEs 3-35CE F85| B2 Wolof 2Ao] glat
o] Ru7 Agsizict. YA E FHGEA R ooy
(Aeonium)% 0.2 &I}, ofxe|7} BHe} 9l Ao
AL Y= YRS thEAlES =EH £7] 8o B
AE ARl o o] ST, o] Y52 Eo] X F YUY
o] Eof WojR|= F/4dZ 7L Sl AU iR
F90l 7171 2L €71 £oll de0] 299 E¥oltt. &1
= 5430 1 B4 712GM)E WokKim¥} Shin,
2011). @A7A] QA O] thet A= o A EEA 9] 4]
532 EAo|| digt AF(Cristini, 2020) ©]<]ol= A91A]

Ao SE5taAt d.

2. Mz & UY

2.1. ¥8H=

B AofA AREE ARIAA. sedifolium)= AE(Simpol
Co., www.simpol.co.kr)o|4 2021 3¥of FLufisio] Z7]
£ AAT T 4L dry oven(FO600M, Jeiotech, Daejeon,
Korea) 45Co|A AZXAIZ]l 3 40 meshZ E&5to] Az
= ARESEITH

T FE2ES 3HS 200 mL

of 4914 9 BT 1 g2 7}k §24S 100 mLvt A

A 7¥gstar AR F @ziete] AF2oA 24417 B9t
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WRF 519} Ethanol 222 50% ethanol 100 mL
of £UA A Y 1 g& HUoto] 24417 5t A=0)4

wHF &3t 552 Whatman No.1 filter paper
(Whatman Inc., Piscataway, NJ, USA)Z Z+ ojzlst & &
Q9] g} rotary vacuum evaporator(Byela NE, Tokyo,
Japan)g& A9l =3t & total phenolic compounds
(TPC) & XE5}9 phenolics Al&E ARSI THJo
5. 2016; Lee &, 2017). o1 54 AXE2 FE5E52 52
ZA%7|(FD8518, llshinbiobase Co., Dong-Ducheon,
Korea)g AH&sle] 52 ART EUES solid AIEE A

&oHT

2.3. Total phenolic compounds (TPC) 2l3f £&

TPC &7 Folin-Denis(1912)9] ®Ho] &3t 57
I} 95% ethanol 1 mLe S5 5 mlo) AR &5
1 mLE A7}k 1 N folin-ciocalteu reagent 0.5 mLE
Y2 3 voltexing oFal 5827F WA, 5% Na,CO;
1 mLE 7Fekal 1A17F 57t 4ol 4] $ 725 nmo| opgo
2 BT E UV-vis photospectrometer(Optizen 3220
UV, Merasys Co. Ltd., Seoul, Korea)E ©|-&3}lo] =73}
o], gallic acidE o]-&3t H& A0 ZRE G FHilolo

4914 9 #2B9 TPCIFE St

2.4. 2 2—djphenyl-1-picrylhyadrazy! (DPPH) radical scavenging
activity =&

DPPH radical £A87= Blios(1958)2] W &5}
of Z7gotirt. ¥+ ZF A& 1 mLell 100 M DPPH
3 mLE 21, f2ole S5 1 mLE A= Hi4l J7tst
of vortexing®t ¥, A4 158 &<t BHAIR] v 517
nmOIA SFEE S35t Positive control butylated
hydroxytoluene(BHT, Sigma Aldrich Co., St Louis,
MO, USA)YZ AME5Fo™, DPPH radical A2A84(%)2
2T S - §RY 8 / R $85) x
10028 Yetfiglt.

2.5, 2,2-azino-bis (3-ethylbenzothiazoline 6-sulphonic
acid) (ABTS) radical cation decolorization Z&

ABTS radical A3 &= Fellegrini $5(1999)2] ®H
of &3t} =431t 7 mM ABTS 50 mL} 140 mM

https://www.ekosfop.or.kr

K25,08 0.88 mLE 4]0o] FAof|A] ek 1547k o]A; HEG-A
A radicalE FZAIFH. °]F 50% ethanoldt oF 1:88
HIER 4l0] 734 nmolA F3%4ke] 9F 0.7+£0.027F ==
& 243 thx ABTS solution® & ARESI) ¥+
A =-89 200 xLe ABTS solution 4 mLE Sgs1%0H,
2ol Alg gl S5 200 pLE A7l vortexing
St & 2EZF URSAIZ|A 734 nmollA S8 EE S45H3
Positive control2 BHTE AH8-51%.2.™, ABTS radical
A mat %)= (2T SFE - W79 3 / dx
Fo F3%) x 10022 YERHIT.

2.6. Antioxidant protection factor (PF) =&

PF= Andarwulan®} Shetty(1999)9] BlHo] &3lo] =
Aot WA chloroform 50 mLe| B-carotene 50 mg
< =% &9 1 mLE, ¥ Aot 554171 & 50 mL
H,0; solution, 20 gL linoleic acid, 184 xL Tween 40
< A7VolY emulsions A|FoFATE o]F A& 100 pLojl
emulsion 5 mLE E1! voltexingdlal 50C water bath
oflA 3087F Y& ApAsto] HEGAIY] T, ice waterollA]
587 WZHAZ1AL 470 nmollA SFEE S3SHAT
Positive control2 BHTE AHE-st3loH, PFEH(PF) (4t
7Y 8k / HE2FY FBE)E UESlth

2.7. Thiobarbituric acid reactive substance (TBARS) =&

TBARS Aol &3} 5742 Buege? Aust(1978)9] %
o &30} A5t 94 A& 0.2 mLof| 1% tween 40
3} 5% linoleic acid& % ¥°] hand mixerZ & 4loj&
emulsion €% 0.8 mLE 21, 50C water bathol|A] 16
AlZb oA} ¥FSAIFtE 11 TR trichloroacetic acid
(TCA), thiobarbituric acid(TBA), HCIZ &35t A=
St TBA stock solution 100 mLe} 2% BHT 3 mLE 4i°]
A A|Z3F TBA reagent 4 mLE H7leta, & &gs}9]
B 29 SRR 1587 71Ee F ice water9lA] 10%&
ZF YZAIFHE 2,000 rpmollA 2087 YAEE(Vision
Scientific, Daejeon, Korea)$t & 1087t ®A|5t o
532 nmollA FBEE S5tk TBARS A (%)=
(279 8% - ¥ 385 / d2+9 F85%) x
10002 Yerfiylct.
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2.8, Flastase XofgZt Z&

Elastase A3 &7+ Kraunsoe 5(1996)2] S =
sto] 45T} AlE 0.1 mLoll 0.2 M Tris-HCI buffer
(pH 8.00% =9l 714 0.8 mM N-succinyl-(Ala)3-p-
nitroanilide(Sigma Aldrich Co.) 0.1 mLE Y1 buffer
(pH 8.0) 1 mL=Z 275k5ith 1 ke bufferd] =91 1.0
U/mL porcine pancreatic elastase(Sigma Aldrich Co.)
0.1 mLE Y1, voltexing & water bathol|A] 37CoJA
2087 9ESAI7]AL ice waterolA] 587 A9l oFE 410
nme o2 T E =45} Positive control®
ursolic acid& ARSI M, elastase AN AIH%)= (HH
279 FBE - WY FEE / R ) x
10002 Yehfiglct.

2.9. Collagenase Aoz} &

Collagenase A3l E3= Wunsch®} Heindrich(1963)
o] WS Fst SAskth A® 0.1 mLo] 0.1 M
tris-HClo 4 mM CaCl} 3714 buffer(pH 7.5)& o|-&
sto] =21 714 0.4 mM 4-phenylazobenzyloxycarbonyl-
pro-Leu-Gly-Pro-D-Arg(Sigma Aldrich Co.) 0.25 mL
£ Y9t 1 92 buffer(pH 7.5) 0.15 mLE 41
buffer(pH 7.5)% ©]-&35to] AZ3t 100 U/mL collagenase
from Clostridium histolyticun(Sigma Aldrich Co.)&
0.15 mL 715k}, Water bath 25T oA 2087t vhs
Al & F8 A9 6% citric acid 0.5 mLE 21, ethyl

acetate® 2 mLE Y2 ¥, voltexingdtal 320 nm< Tt
Aoz ST E =A519ct Positive controlZ (-)
epigallocatechin-3-O-gallate(EGCG)E ARE-dIH o,
collagenase AHAIH%)= (N2 FFE - ¥H-379
4% / HRTY 8%) x 1002& YERfH

2.10. Astringent &2} 5&

Astringent 3= Lee 5(2002)2] W0 S5t =4
sloich o2 At SARE g ghlEQl hemoglobin
< 7142 A}8s10] e-tubed]] A& 0.7 mLofl 0.2 M sodium
phosphate buffer(pH 7.5)° =<1 0.5% hemoglobin &

H(Sigma Aldrich Co.)& 0.35 mLE ¥2 &, buffer(pH
7.5) 0.35 mLE F7}5l9L). Vortexing®t Th2 YA41ET]
350

71(CF-10, Daihan Sci. Co. Ltd., Wonju, Korea)& 5%
50 13,500 rpmC.E 21 Fo thlAS slelors| 1
576 nmollA EF=E =319t Positive control®
tannic acid® AMEFSIECH, astringent EIH%)= (K=
9] BT - WY S / RS F8%) x 100
o= YEigith

2.11. Hyaluronidase (HAase) A&} Z&
Hyaluronidase A3} &3= Dorfman®} Ott(1948)9]
HhS Zsto] 24519tk AR 0.5 mLol 20 mM sodium
phosphate phosphate buffer(pH 6.9)2 %91 200
U/mL HAase 0.5 mLE 37I3t F water bath 38CollA]
E7F 9REA1Z1 & 0.3 M phosphate buffer(pH 5.3)%
=9l 713S 0.4% hyaluronic acid 0.5 mL il A
water bath 38CoI4 45& &<t BHEAIXITh o]F FEA|
ko0& (.04 M acetate buffer(pH 3.7)2 =91 &+1l
H 5 mLE F7Isto] ¥Hg2 FEA7|AL 581 HAe
600 nmoA EF-&(%)S 45T Positive control®
pyrollidine dithiocarbamate(PDTC)E AR&-sl30H,
HAase A8 %)= (1 - ¥+ Fhg / 249 &
#e) x 10022 YA

o

2.12. EHx2/

2 A7 A9 At BAY EELAE YERloH,
SPSS software 25(SPSS Inc., Chicago, IL, USA)E o]&
Sto] AT 7He] RS ASotaAt A9 A #4 l"i:@‘
(one-way ANOVA)= AA5F9 1, Duncan®] WO
ANFZAGE AAst] pL0.05 F£=04 A% H| skt

3. 24t { uH

3.1. AoK F==59
HE=4 g2 A= A5k 24 QV\]-*P%O]E} o
HAO= flavonoid’} 91oH, I 2% 1,000 =27}
ZA3FcHDreosti, 2000). ESH HEA RIEEL E}E]ZJ
oA 45 Foit SAlO FHde AAToEN AR
H}X] 3f *7F*1E A¢Z gHHThomas, 2000). & AFolA+=
A A F2E0A S B3t 9= total phenolic

o

TPC 8% 55

41
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compounds T Aot I FEET 10-100%
ethanol &% 59 ¥+ ¢
A9} ZHo] 50% ethanol &5 1 g
61.64 mgo& 71 A UEton, 44 2582 1 g7

3449 mgo2 T WA w7 ek

2. Ao 2249 152 (solid)2f phenolicsS M2/ Hlid

2014 1o =HE EERt 1P E(solid)@ phenolics7h A8
Aol PA=A] R ERIsH] Aol QA do] &=
9] solid®} phenolics©l| tHsllA] DPPH radical scavenging
activity, ABTS radical decolorization activity 5 32|
A A& v wslHTt. 259 50 pg/mL phenolics &
o)A, Fig. 2(A)2} (B)ollA12t 2ol 42} 50% ethanol &
I+ DPPH radical scavenging activity”} 80.00% °]42
2 Yepgtow, ABTS radical cation decolorization
activity 3t 5= 9&H 02 F7I5to] 50 pg/mL E&=o
A 90.00%° 77 B3-S UeRl It ¥ solid
73, phenolict} 552 FARE Aot oH, 25 pg/mL
59 I45=9} 50% ethanolo|A] DPPHS} ABTS radical
cation scavenging activity”} phenolics& A&t A9
o |]3f 5Hf o]4 W& Ao SlE Qi) o]t k=
AA7F Yebdi= AE]E4d0] phenolicol 7]Q1gE Ao}
= A& 752 5 Atk 294 o FEEY soliddl g
TPC g2 AT é# Table 10419} o] &5 58
solide 10.05 ug/mL, 50% ethanol &% solide

|

100
o
o
E 80
£ g h
g 60 f g .
= d 4
b (o
T 40 b
j=
[ a
2 20
(8]
0

0 10 20 30 40 50 60 70 80 90 100

Concentration of ethanol (%)

Fig. 1. Total phenolics content of Aeonium sedifolium. Values
are presented as meanzstandard deviation (n=6). Means with
the letters (a—h) above the bars are significantly different at
p{0.05, as determined by Duncan’s multiple range test.
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15.30 pg/mLE YEF o] solid Woll £A15k= phenolics
9] L7t A Yo HoFeh mEtA 294 o &
=ollA vt i@ F5E01A4 &9 phenolicsl
o5 g3t 92 202 BEgloH(Lee 5, 2016),
AE]&Aof| FHoddl= &2 0] phenolicsOllAl 7]215k= Ao
2 3F1E|0] o]F phenolicso] 2F& F5o] AFS A

S,

3.3 AN ==59 st SHDPPH, ABTS, PF, TBARS) &1f

FASHA| Q] i #A 0] I3tE = radical scavengerZt QL
=4, ol A7 FA1Y peroxy radicalely Z+E
free radicalolA 4 E= HAY] FoAH &2 2H-g5to] H]
radical =S AHAIA AHE AAIsH= 2ot o] £
o= A= F5AAA, FiekE £y d5A 52
2 AHEEHKim 5, 2009).

DPPH radical scavenging activity 242 hydrazyl
o] EQMItt AadRt HA At E4T §HSSiA 4
AYAE Holsole AE2 ol&sto] AA|9 HAES ¢l
51% L& S4oto] g0 4= UtHKim 5, 2004).
I 8l FEE9] st a5S IRIsk7] A% DPPH
radical scavenging activitys =733t A3}, Fig. 3(A)°]
A} o] A F&F 25, 50, 75, 100 xg/mL phenolics
oA 2 86.35, 87.54, 89.10, 89.24%°] £ &S
eI, 50% ethanol $&& 25, 50, 75, 100 pg/mL
phenolics EEolA= 22 89.86, 90.31, 91.92, 92.95%
9] 27 S eI ol= 494 o &80
phenolic? %9 H]|#5lo] DPPH radical scavenging
activity’b #9802 F7Ha<S UEH.  E3
positive control2 ARE-H BHT+ Z2 5XLolA 5.09,
17.43, 24.82, 36.47%= UEt, JHHo & AR1A o 5
ZE0°| DPPH radicalof gt gH4its} 2/do] -9 =3t
Ao E weE ot

ABTS radical cation decolorization activity &3
WEAEEE(potassiun persulfate)@Ho] HHg-of 2J3 A4
%= ABTS radical& $&&°| 39 phenolics 33H&E
o] Fatsto] o5l AAEIL, radical §72 FEA0]
phenolics &Y radical A= 2ls|
o8 M= AL o83 At B4 4 ot

=

b

oA

A5tk lr_/\ﬂ
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Fig. 2. Comparison of radical scavenging activity by concentration of phenolics and solid from Aeonium sedifolium. (A) DPPH radical
scavenging activity (25 ug/mL), (B) DPPH radical scavenging activity (50 ug/mL), (C) ABTS radical scavenging activity (25 ug/mL),
(D) ABTS radical scavenging activity (50 ug/mL). Values are presented as meantstandard deviation (n=6). Means with marks above
the bars are significantly different at p{0.05, as determined by Duncan’s multiple range test.

Table 1. Contents of total phenolics in soilds from Aeonium
sediifolium

Sample Contents of total phenolics
(ug/100 ug solid)

Water soluble solid 10.500.09

50% ethanol soluble solid 15.30£0.03

(Hong 5, 2010). DPPH radical scavenging activity
g AR FURT Y E 7HAIAL, ABTS Ao B¢ 771
oo} Zof et &7t Eof, ST HISA AR A
o] Akt 24 SAol AFEE 4= th(Van den Berg
5. 1999). &A ¥ FEES] ABTS radical cation
decolorization activityg 5783 A3+ Fig. 3(B)ollAI<

oA == O

A 2252 25, 50, 75, 100 pug/mL TPC Bxof

fo

(=T

Zol,

352

A 62.04, 95.86, 99.81, 100.03%2] FAts} &3S e}
WAL, 50% ethanol FE&2 25, 50, 75, 100 pg/mL
TPC SZolA 75.74, 99.66, 100, 100%2] Ats A4S
YERRRATE Positive control@ AR BHT: 53t &
=2 AFS APeAS 1 0.22, 5.03, 2.75, 10.44%=
204 o F&E0| BHTHETY 953] &2 At &4
ettt mEbd A91A 4 FE59 ABTS radical
cation decolirization /30| ¥53| =of 93 F4tst
g5 Uedle As st

Antioxidant protection factor® 7% Fig. 3(C)olA<t
Zo] 25, 50, 75, 100 pg/mL TPC SEolA G5 FE2E2
0.95-1.08 PFE UEIHS1AL, 50% ethanol FE&A+=
0.92-1.22 PFE YeHidith. g4 553 50% ethanol
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Fig. 3. DPPH radical sacvening activity (A), ABTS radical sacvening activity (B), antioxidant protection factor (C), and TBARS inhibition
activity (D) of Aeonium sedifolium. Values are presented as meantstandard deviation (n=6). Means with the letters (a-c), (A-C),
(a=6) above the bars are significantly different at p¢0.05, as determined by Duncan’s multiple range test.

FE2E9 PF &4 A= 100 pg/mLolA 5 positive
control?] BHTET} 2451911, £3] 50% ethanol 25

oA th w2 ZHoE FRIE .

TBARS A &7= Fig. 3(D)°A2t 2] 100 pg/mL
phenolic =4 G4 F2ET 50% ethanol F+E=9
A 77.00% o3 A& et Akt LS U
Hlow L&Al A2 HoFltt ol 2w
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37t 455 A o7 FQIEATHBuege?t Aust, 1978¢).
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Fig. 4. Elastase (A) and collagenase (B) inhibition activity of Aeonium sediifolium. Values are presented as meanzstandard deviation
(n=6). Means with the letters (a—d), (A-C), (a—B) above the bars are significantly different at p<0.05, as determined by Duncan’s

multiple range test.
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3.6. A2UK| F=Z9/ astringent £2f

Astringent= 7]2# 02 mX7} 2tk 3o
n7h o™ (Lee &, 2002d), astringent activity(+H
e ww 242 2Uep W50l AEoe] Fr4E 71

B for to
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A7l Z37h dokal 4 A Atk(Jang 5, 2008). SH&
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28.79%°] +Ea&IE YEFHITE ¥HH 50% ethanol &
£%9 3%, phenolic 5= 200 pg/mLolA 89.82%,
400 pg/mLelA 100%°] EEoh= Wie- £ SHALE Y
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Fig. 5. Astringent activity of Aeonium sedifolium. Values are
presented as meantstandard deviation (n=6). Means with the
letters (a—c), (A-B), (a—f) above the bars are significantly different
at p¢0.05, as determined by Duncan’s multiple range test.
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3.7. AOIK| =FE9] hyaluronidase (HAase) SX|&2Zf

IEA £491 hyaluronic acid(HA)E A58HSIA
hAase®] 95l HAS] Edfits -2 A=A HAZF A= o
A A5 FHNA  inflammation ¥AY, fibrosis %
collagen &3 52 7M1t} E3, HAase= Ha AU
oA £/ FHIE ZaF Fol SASHAIT, A5/ dio]
5l W /3t o] A Fabd 9 A45ERSol T
ofst= A5 L 4= 4EA o, dEg=27] vg 5
o= Folsl= AoE HIEQICH

A4 o FEEC HAase Aol&AE 43 23} Fig.
6o 49} Zo] 50, 100, 200, 400 pg/mL phenolic H&EO
A G FEEL 16.91-85.00%, 50% ethanol FEE2
9.30-99.12%9] &< AsfZHS YEHSITh Positive
control@ ARESH PDTCY ¢ 5 =774 9.80-
89.72%% YerHidloH, A4 o E4 E 50% ethanol
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Fig. 6. Hyaluronidase inhibition activity of Aeonium sedifolium.
Values are presented as meantstandard deviation (n=6). Means
with the letters (a—d) above the bars are significantly different
at p{0.05, as determined by Duncan’s multiple range test.
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