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ABSTRACT

Background: We investigated the antioxidant, anti-wrinkles, whitening, and moisturizing proper-
ties and amounts of phenolic compounds of ethanol extracts from flowers of 10 resource plants
from Namwon and Mt. Jiri., Korea.

Methods and Results: We measured antioxidant efficacy based on the total polyphenol, and total
flavonoid content, and the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay. We evaluated the inhibi-
tory effect on melanin synthesis and tyrosinase activity for the whitening effect. Furthermore, we
analyzed the elastase and matrix metalloproteinase-1 (MMP-1) inhibition activity for anti-wrinkle
capacity. To evaluate the moisturizing effect, we examined hyaluronan synthase (HAS) mRNA
expression. In addition, the 19 phenolic compounds were detected using high performace liquid
chromatography (HPLC). Among the 10 flowers, the antioxidant effect was high in the order of
Rosa multiflora, Nelumbo nucifera, and Elsholtzia splendens. Whitening effect was high in the
order of N. nucifera, R. multiflora, and Dendranthema zawadskii. As for the anti-wrinkle property,
N. nucifera was the most effective followed by R. multiflora. Taraxacum coreanum was the best for
moisturizing effect, followed by D. zawadskii, and E. splendens. Seven phenolic compounds were
detected in the extracts of the 10 flowers.

Conclusions: Overall, the extracts of five flowers extracts showed strong potential as antioxidant,
whitening, anti-wrinkle, and moisturizing functional cosmetic agents.
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kA Aol ok Wil FF L‘—ﬁ}*‘fv_‘i‘?l ofrgl 2pe| A, 371 Fole 28 A8t AFT 22 40ToA 72 AIZF Ax
5 A0 93 2 IR =35 AAAZ|Z AFE JF (LD9013, L’EQUIP, Seoul, Korea)dt 3 4Collx w3
£ 8] S8l sPdsE % ?iﬁ\JH N A7 ghds] 113 Aol ARE-3HA T
=3 Aok (Kim er al., 2018a). Aol AR 210 B9 A&, A=, oY, AR,
I7e v EelY T8l QRS o2 RE] AA U AHAAZ] R ARG L Table 13} o) A-LZE FE51A &
£ HIsle oA A8 i Byt oivet 53 & SPHUE (Prunus yedoensis Matsum), SANF- [Prunus
At A Z el AdEe] glom WA 7|5S FYSAL Yot persica (L) Batsch], RWEH (Taraxacum coreanum
(Ha et al, 2011). =3 85 H3tL o] IF HES Nakai), A HNZvld (Matricaria chamomilla L.), 2 &%
Z7W 7|3 o] Z=dke wlol 7A7FEA B 9l o G (Rosa multiflora Thunb.), 35l= AE (Nelumbo nucifera

A 9@ ¥R =32 HAETE (Kim et al, 2011a). 3FA%F 411 Gaertn) 7V 3G (Elsholizia splendens Nakai), 272
=8k AR d3 g7, 2% 59 9F 3ELe gF uy 4t % [Dendranthema zawadskii (Herb.) Tzvelev], 7= [Den-
3 2EG2AE SAYA]F|ZL (Wlaschek er al, 2001), o= dranthema indicum (L.) Des Moul.], =3} (Chrysanthemum
5 Z2S EAA Q00 w3 3PS EXske o= morifolium Ramat.)°]C}.

B3 5o] 1t} (Marchiori et al., 2017).

L

shA, AAEe EgFAUE 22 phenolic compounds 2. HIERZ FEZ MX
2 flavonoids AEEL2 ksl mj] 5 BEo| 37} AxE 28 27 ] (HMF-3600TG, Hanil, Seoul, Korea)

Atz dE A Aot (Garg et al, 2017; Panzella and Z o]&3lo] BT F 1000 50% e 2 L = Es

Napolitano, 2019). WA, FF-2Ze] &4 2 9ol =312 32 80CoA] 4 A|7HEQE &30t} FEEL RA 29 Fo)
ofWsl7] flste] &iksl, mwl, F5 A, By 70l e AIAE o845l 2 3] oFsilon, oiE FEES Y
A 7164 sPgEol theh 2n|Rte] Jﬁ% 7kl 9 7] (R-100, BUCHI, Flawil, Switzerland)E ©]-83}o] 60

o, ol wel AAES o83t sPgFE LAEAL] 7FsAe TN F=slar, 47127 (MCFD8508, IlshinBiobase Co.,

st A7t Hask Aol Ltd., Dongducheon, Korea)s °©]&3l] 54 7Axst] Aldd)
B ApeME gl Ak AR E 5 SPEEA 249l A AEE ARSI

olu|A|7} ofgThe- ¥ 10 T2 kst v, T, By 24

2 19 F9] phenolic compounds A& TS =4sto] 3. DPPH 2lC|Z 4~ &M =A

Z 27 ol 5L AL 2,2-diphenyl-1-picrylhydrazyl (DPPH) 2}t|Zt &7 &Ae
Blois® (Blois, 1958y W3l Zd319t). d44 s== 3

ME ok A%k A& 100 0] 02 mM DPPH (Sigma-Aldrich Co.,

St. Louis, MO, USA) &4 400 /4 ¢} oe-e 100 4 S &3

1. Alsi 2 st AoA 30 #7F W17l & ELISA reader (Spark

B Ao ARESE 210 & 20189 4994 119 A 10M, Tecan, Ziirich, Switzerlandy& A}&-3}] 517 nmol|A4| =
olof MEta= Al Aol AfFH st ARESFR O, AR A3tk

Table 1. Season, botanical name, scientific name, used parts, harvest time, and collection area in ten kind of flower.

Season Botanical name Scientific name Harvest time Collection area

Spring Wang-beot-na-mu Prunus yedoensis Matsum. mid-Apr. Daegang-myeon, Namwon-si
Spring Bok-sa-na-mu Prunus persica (L.) Batsch mid-Apr. Songdong-myeon, Namwon-si
Spring Huin-min-deul-re Taraxacum coreanum Nakai late-Apr. Unbong-eup, Namwon-si
Spring Jeo-meon-kae-mo-ma-il Matricaria chamomilla L. early-May  Bojeol-myeon, Namwon-si
Spring Jjil-re-kkot Rosa multiflora Thunb. mid-May Songdong-myeon, Namwon-si
Summer  Yeon-kkot Nelumbo nucifera Gaertn. mid-Jul. Geumji-myeon, Namwon-si
Fall Kkot-hyang-yu Elsholtzia splendens Nakai early-Oct. Unbong-eup, Namwon-si

Fall San-gu-jeol-cho Dendranthema zawadskii (Herb.) Tzvelev  early-Oct. Unbong-eup, Namwon-si

Fall Gam-guk Dendranthema indicum (L.) Des Moul. mid-Oct. Unbong-eup, Namwon-si

Fall Guk-hwa Chrysanthemum morifolium Ramat. early-Nov.  Unbong-eup, Namwon-si
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DPPHS] §3%=7F 50% W Uehtes AR s=
(SCs0)8 T319eH, ZF A5 3 3] WHEEAHS A5
olw] L-ascorbic acid (Sigma-Aldrich Co., St. Louis, MO,
USAYE Uz e = ARSI

4. & polyphenol ¥ & flavonoid 22t A

7F 10 9] oere FEE2] polyphenol TH-S Folin-
Denis®] W (Folin ef al., 1912)8 WHsle] 24 &
A w2 3X3 A8 80 o] 1N Folin-Ciocalteu’s
phenol reagent (Sigma-Aldrich Co., St. Louis, MO, USA)
20 5 EFatar A2olA 5 27 vREAIZATE. HEg-g-olle]|
2% Na,CO; (Dagjung Chemical, Siheung, Korea) 100 (&
E9ste] AelA 30 w2+ ¥REAIZL = 750 nm olA] S5}
ot FEHZ tannic acid (Sigma-Aldrich Co., St. Louis,
MO, USAYS AHgslslom Alget Ut Wios SA4s)o]
Ao 7Koo Z2RE F polyphenol T3S 2H=319Th
a2 % 10 9 oEE FE=20 ¥ flavonoid
Kang 5 (1996)°] "2 ®i¥ste] S4300th 44 s==
FAet A5 10 Lol diethylene glycol (Daejung Chemical,
Siheung, Korea) 100 £ <} 1N NaOH 10 (4 & &3tste] 37
Toll 1 AIZHsQE ¥ESAIZl F ELISA readers Al8-314
420 nm oA A 3ATE TFEZZ kaempferol (Sigma-
Aldrich Co., St. Louis, MO, USA)E AME-3I9lom |59}
U o= ZHsle] d2 HAFHOZRE F flavonoid
TS ARESIT
5. Phenolic compounds0il tHst HPLC &4

£ 10 £9] e FZE2] 19 ¥ phenolic compounds
stF B4l high performance liquid chromatography
(2695, Waters Co., Milford, MA, USA)E o]&3lo] g3

43190,

o8t -

Mg

- BIX|S

ST ZIE O

19 % ¥ZZS | mg 3k 50% o|ErS 1 mlo] 838l
7 100 ) EFate] Ejsle] ARSI, AlEE 10 mg
ato] 50% ollehE 1 me ol galfste] Ao, 19 F &
TFI AEE 10 & HPLCO] FY3IAL 0.8 mb/min SEZ
B33} o] 2 (A) water (0.1% formic acid)o}t
(B) acetonitrile (0.1% formic acid)E AF&3}th [HPLC
gradient =71: 0% -2% (A:B=100:0) — 28 -45%
(A:B=50:50) > 45% -50% (A:B=5:95) — 50+ -
557 (A:B=5:95) — 550% -55.13% (A:B=100:0)].
column Shim-pack VP-ODS (4.6 mm x 250 mm, 5 zm)
(Shimadzu, Kyoto, Japan)& ©|-8-3ld &4 280 nm oA &
Akt

19 % phenolic compound §A] &=F
TE, B, YT, I 59 HE 7' B
retention time 3} 7} A% peakE HPLCE ©]-8-3}
Z 9 fa3 B4 dHolH=R Ae] 7ied A= W
s SiEE FAAEAUTH

Aol AREH

methyl gallate,

%Lﬂ—i} B
A= (ol
Al A

>=
[¢)
A8l

4

KX
T

s,

[e)
=

ETES gallic acid, chlorogenic acid,
caffeic acid, EGCG, syringic acid, p-
coumaric acid, rutin, ellagic acid, ferulic acid, astragalin,
quercitrin  hydrate, rosmarinic acid, myricetin, luteolin,
quercetin, apigenin, kaempferol, hesperetin (Sigma-Aldrich
Co., St. Louis, MO, USA)Z ©]&3l3itt. 19 & &4
315H&E9] retention time (RT) HhE534-S Table 29t
2t}

6. MIZZ 2 MI=ZuHd

ul-2 SAEN Y (BI6F10)2 SH=rA| £5-23] (Korean
Cell Line Bank, KCLB, Seoul, Korea)ollA, €17+ 3]
OFM S (HS27)= American Type Culture Collection
(ATCC, Manassas, VA, USA)QZHE] HJtol AME-5191,

Table 2. Retention time and maximum absorbance wavelength of 19 standard phenolic compounds.

NO. Compound RT" (min) Amax (nm) NO. Compound RT (min) Amax (nm)
1 Gallic acid 12.491 271 11 Astragalin 28.610 347,265
2 Chlorogenic acid 20.062 325,217 12 Quercitrin hydrate 28.798 348, 255
3 Methyl gallate 20.401 272 13 Rosmarinic acid 30.659 329
4 Caffeic acid 21.862 323,217 14 Myricetin 30.877 363, 253
5 EGCG 22.323 274 15 Luteolin 35.384 348, 253
6 Syringic acid 22.584 274 16 Quercetin 35.606 363, 255
7 p-Coumaric acid 25.686 210, 226 17 Apigenin 39.220 336, 267
8 Rutin 25.686 354, 255 18 Kaempferol 40.032 363, 265
9 Ellagic acid 26.174 363, 253 19 Hesperetin 40.730 287

10 Ferulic acid 27.359 323,217

YRT: Retention time.
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oI7F MRAAHGHEST (HaCaT)e S=AEF23] (KCLB,
Seoul, Korea) £ o} A3t

ZF AIEE 56CAA 30 & 5 IA2lE fetal bovine
serum (Merck Millipore, Burlington, MA, USA) 10%%}
A (penicillin/streptomycin, Gibco Life Technologies,
Carlsbad, CA, USA)YE 33+ Dulbecco’s modified Eagle’s
media (DMEM, Welgene, Daegu, Korea)E A3t 5%
CO,, 37C A2 wjg7]o A vt

7. MIEZSEEM
WST-1 assayE ©]83ld £ 10 T oetE FE=59 A

==

E AELS =739 96 well platedl] BI6F10 AlX+= 1
x 10% cells® HS277} HaCaT MEE 5x 103 cells® #5F3+

324 N7F B 5% CO,, 37C ZoNA 2 2 ¢Hg3E
A7 F e FE2ES FEE gkl BIGFI0 AlEs
72 A1ZF, HS273} HaCaT AlE+= 48 A|7F Bt v dstaich
WST-1 assay+ cell viability assay kit (EZ-Cytox, Do-
GenBio Co., Ltd., Seoul, Korea)s ©]&3}3 1, wellel]
EZ-Cytox €9 10 & 7HIF3 Al 37C, 5% CONA
2 Az iR F 3B E SAS 98 1w AR FEEA

shakingS 3t % microplate reader (Tecan Ltd., Minnedorf,

=
—L—U L

Switzerland)S ©]&3Fo] 450 nm oM FFE=E =S

8. Mealnin 482k 3! tyrosinase 2]

2 10 F9] e FEE] melanin AFFE A5
18 BI6F10 AIXEZE 6 well plated] 1x10° cells® &3t
% 24 N7+ F<t wiFsla, phenolred free HIA 2 w33k
T AEE 100 pgme o] =2 1 AIZF HAE $ 200 nM
a-melanocyte stimulating hormone (a-MSH, Sigma-Aldrich

Co., Saint Louis, MO, USA)E 72 A7} 5t A28kt

Az dehd AT PBSE AEE 588 F 13,000
pmolA] 10 £ FF AR @ F, AT W AE

pellet el 10% dimethyl sulfoxide’t 7% 1N NaOH
g 120 S H7IGE F 60Tl 30 #7+
S 83171 T 405 nmolA] FHES 3
10 F9] ANHEFZEE9] tyrosinase

BI6F10 MlZE 6 well platecl] 1x10° cellsZ
A|ZF &R wlStaL, phenol-red free HIA|Z .3k
E 100 pugml o] F=2 1 A7 AAE oS 200
MSHE 72 A7+ &<t A2]aiint. AIXE PBSE
3 & AIE pelletl 1% Triton X-100°] $-7¥ PBS
150 /L5 7K T vortex 3+ TRy -70Ce A7t
% 13,000 rpmeollA] 10 2 &<F L] STk oAl A
80 £ 5mM L-DOPA 20 42 FHA713F & 37CoA 1 A
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b B HbEAIZL & 475 AN FFEE SASAT
Melanin A #F 2 tyrosinase B4 A FANFTo=R

rucinol (4-n-butyiresorcinol, 4BR, Sigma-Aldrich Co., Saint
Louis, MO, USA) 150 uMZ AR&-3l9itt.

al
=

9. Elastase &M
g4y 545

£ 10 9] AEEFZE] elastase F GAlTS st
71 9181 0.1 M Tris-HCI buffer (pH 8.0) 200 120 elastase
(0.5 unit/ml) 100 L2} 500 pg/mle] AR 50 B Y& &3
ES Aol 2 B7F ti71g ¥ 2 mM N-succinyl-Ala-Ala-
Ala-p-nitroanilide 200 /£ S 713} 25ColA 10 E7F mix
atod WEEAIZL 5 410 nmell A FEEE S on FaY
Z70 2 ursolic acid 100 pg/ml =S A3}

% 10 T AEEFZ=9 MMP-1 24 SA| a}
7] Yl Aol EF HS27 MIEZE 24 well plateol] 2 x
10° cellsZ 58 & 24 AJ7F Bt vl gsic). wjekst Al
¥+ serum free DMEM HiA|Z 2 ¥ M& & serum free
DMEM HiAIZ A3 5 A|ZZE 100 pg/mle] FE2 48 Al
7- A F, wiAE Ak 13,000 pmellA 5 2 7t
DAEEEA . ELISAE AEE 14022 843 & MMP-
1 ELISA (DY901B, Research And Diagnostic Systems
Inc., Minneapolis, MN, USA)E ©]&3}39.0™ A ZALlA A
g el o8 ST FHWNETLSE retinyl
palmitate (Sigma-Aldrich Co., Saint Louis, MO, USA) 100
rg/ml 5 ARS-3H

matrix metalloproteinase-1 (MMP-1)

-0 =
o= ’—Tzé

10. &ARt SRIGAMMPES (RT-PCR
A 2o

6 well plateo] HaCaT A|XZE 8x10° cells®
24 A7k 59t wikslal, serum free DMEM HJA| 2
23 & serum free DMEM HIX2 A&} £ 10 52 o
BEFEES 100 pgnl o) FEE 48 A7E B A ek

Al oA RNAE FE317] 913l Tri-reagent (RNAiso
PLUS, Takara, Ostu, Japan)E AF&-3}9o™ M|3zol| Tri-

reagent 1 mé S AJXo] €& F 15 % 2 vortexslal 15,000

o= T
pmelA] 15 3 Bt A4 3§ F chloroform 200 4 & %
3L 20 2 &S vortex® ¥ TA] 94 EE]dte] FAES 2

3ot 59 o U 4] 27Ee- isopropanots:
A7¥skal 2F2ellA 10 = & WAIsH T 2H 15,000 rpm

oA 20 & B YA EFste] RNA HAES AUt
RNA HHEL 75% ethanolZ A &, AHES 28 38

Bt A-2oA 7AZAIA 0.1% DEPC waterel] ST
RNA F%+& Evloution 260 Bio UV-Vis spectrophotometer
(Thermo Fisher Scientific Inc., Waltman, MA, USA)E o]
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Table 3. Primer of quantitative real-time polymerae chain reaction related skin hydration gene expressions.

NCBI . Forward/ . .
Gene Reference Species Reverse Sequences (5' — 3) CDS Location Size (bp)
Sequence
HAS2 NM _005328.2 human F CCAGTGTAAGATATTGCATGGC 539 -2197 1305 1326 151
HAS2 NM 005328.2 human R CCCATAAATTCTTGATTGTACCAATCTTC ~ 539-2197 1455 1427 151
HAS3 AF234839.1 human F TGTCCAGATCCTCAACAAGTACCA 157-1818 888 911 157
HAS3 AF234839.1 human R CTCGGAGGAGCCTGTTGC 157-1818 1044 1028 157
B-actin -~ NM_001101.4 human F CACTGTGCCCATCTACG 193 -1320 675 691 157
B-actin -~ NM _001101.4 human R CTTAATCTCACGCACGATTTC 193 -1320 831 811 157
Table 4. PCR conditions of quantitative real-time polymerae chain reaction related skin hydration gene expressions.
Gene Hot start Denaturation Annealing Extension Cycles
HAS?2 95T, 10 min 95T, 15 sec 60C, 10 sec 72C, 10 sec 45
HAS3 95T, 10 min 95T, 15 sec 60C, 10 sec 72°C, 10 sec 45
B-actin 95T, 10 min 95T, 15 sec 60C, 10 sec 72C, 10 sec 40
235k 260 nm oA =743+ &, reverse transcription kit [RNA St Q17F IF ROl X (HS27), 917t S H-ZH-A M E
to ¢cDNA EcoDry Premix (Oligo dT), Takara Bio Inc., Z (HaCaT) ¥ w92 SAZAH|EFE (BI6F10) /\ﬂji_oﬂ zrzt
Ostu, Japan]E ©]-&3l] 1 1g RNAZFE cDNAS /3313 3.125 pg/mlb -100 pg/ml == A2t $ MESAES A2g

tl. 4% cDNAZS a4 3 2 SHFE 5 °) et &
AAZF PCRZ Fast Start DNA Master™ SYBR Green |
kit (Roche, Mannheim, Germany)2 ©]-&35}] Light Cycler
2.0 (Roche, Mannheim, Germany)°ll4] SZ3}3it}.

AHE-SE primere} PCR Z712 Table 3, 49} Z2™ (So er
al., 2019), S22 e] R4S Light Cycler Software 4.0
(Roche, Mannheim, Germany)S ©]-8-3l52H FHE ] O
3 YA NZ L all-trans Retinoic acid (ATRA, Sigma-
Aldrich Co., Saint Louis, MO, USA) 1 uM< AM&-3193t}.

1. SAHSH 24

RE BN AR Hd + ¥5UAF (means £ SD)E UE}
o Mxsag, v 35, By A¥A3= GraphPad
InStat (GraphPad Software Inc., SanDiego, CA, USAYE ©]
S5F9 k. gk 7F o 7o) =% %] H]W= One-way analysis

of variance (ANOVA)g A3t & Tukey-Kramer Multiple
Comparisons Test WS o83} §248 5% oﬂ/\{ bal
BTt (p < 0.05). 22]aL Fpts), w5, BHEO

715 Bl g e
239,

Pearson correlation ‘ﬂo“?j_i

2} o
1. HIZSY
0 F) otk F3E0] tg TS Lolns] 9

264

A3 BE FRolM 2 AESAYS HolA] et (Fig. 1).

2.
<1t
@3} 2,2-diphenyl-1-
= 4% 4%
A%,

°ﬂ/ﬂ 747} 224.1 mglg, 177.4 mglg, 91.6 mg/g.

ehoket gt

210 9] oeke FEE9| il 58L S|
o F ZElHsd ZgH ol

picrylhydrazyl (DPPH) 2tH|Z 2715
Z 10 T FEFE o = Zhs

_@16‘]:_'9'_ ==11

- )
=3 3}
O =

= ':F;g

o) (e}
sheko AL,

2 Bgfor, 3 Bohuols Ywe WAL, AL, BYY, ¥
THZ %é%oﬂﬁ 7b7} 109.0 mglg, 87.4 mglg, 84.3 mglg,

79.9 mg/go B =2 S YERITH DPPH #HH# 275
< A3, SRV, 23, o] £33+l DPPH 2}
oz 50% 2AEA (SCs)e]l WATHZET2! L-ascorbic acidE
37 pg/mb-s JERA Whd A3, SRV a3, AEe] A
< ZFz} 104.6 ng/ml, 205.9 pg/ml, 319.3 pg/ml, 382.3 pg/ml
< eSS o R shlsl 18Rl FEeEES £
gico|= g 8 DPPH 2]z &A5o] BF 958 &
A= AHE ZF FZE0IUT} (Table 5).
Hiz SgEd FgEolt StES Tefet AEAl d
ExEo] e tFZFl Aiksl Edoln] (Kihkonen er
al, 1999), ©]E°] 7}Z phenolic hydroxyl(+ OHY|E E3t
Fagolel slEare]xe] FHEergst os) whald gl 7]
Ef A} EAF= A dsste] dakst 2 3 59 ket

i1 O:] Ii1.
Ny LR,

Agzke-S UeRdt) (Kuhnau, 1976; Aruoma, 1994). £ <
ToAME ZTdEr ZRols o] =2 AAE9]
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(A)
HS27 o pgime @125 pgime P25 pgme U50 pg/me U100 pg/me

100 - * g * * * A
* EI *** ** *** ** } **** * **
Fx M ¥ 25 % A * .’:*
M. h T % T
A
H Y Sa

u Je Jj e Kk Ga Gu

th
(=]
1

Cell viability (%)

B ,
(B) | HacaT ®opgme ®12.5pgme P25 pgme O50 pgme 100 pgime

- *
Fx *k + _Fraw iy *

* *
1 * *
100 Ej }* ;* ** *** E_ i{ . ** **
B M *. % g a*
EE = A= {
0 A L1
Y

Wa Bo Hu Je Jj e Kk Sa Ga Gu

Cell viability (%)
&

(C) | B16F10 ®ougme T125ugme 925 ugme 50 pgme 100 pg/me
100 - f* =, T . *y ﬂ *,
* s *** Fx * ¥ *
o~ }E - * - e *y -
é« Ei W& A E; F M }z
.’E‘
g
=
Z
Z 50 A
o}
0 . -
Wa Bo Hu Je Jj Ye Kk Sa Ga Gu

Fig. 1. Cytotoxicity effect of ten kind of flower ethanol extracts in human fibroblast HS27 cells (A), human keratinocyte HaCaT
cells (B) and mouse melanoma B16F10 cells (C). "Value of Pearson’s correlation coefficients is calculated by correlation option
in data analysis tools using Tukey-Kramer multiple comparison test. significant at the 5 % levels of probability (p < 0.05). Wa;
Wang-beot-na-mu, Bo; Bok-sa-na-mu, Hu; Huin-min-deul-re, Je; Jeo-meon-kae-mo-ma-il, Ji: Jjil-re-kkot, Ye; Yeon-kkot, Kk;
Kkot-hyang-yu, Sa; San-gu-jeol-cho, Ga; Gam-guk, Gu; Guk-hwa.
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DPPH 2ft]Zt 2750 978 202 ARSI

Yeo 5 (2014)— Ay £ 9o g = FEEH
80% e FEES vwsd A3} e %%%EE} EF
EEA & Y, F SgRol=
DPPH ¥ 2,2-azino-bis(3- ethylbenzoth1azolme-6 -sulfonic acid
(ABTS) 2}tz 2A50] rsithal Barsigiry. 22l
EA 4 70 F2E (&, A, A EDE 80% HEE R &3

% DPPH #H|Z &7s¥ TEHs s AR 234,

DPPH #tHZ &A% &, &‘, A, el Folda bzt
59.3%, 47.8%, 42.1%,
ow F ZEjdls FEF ek £, Y, A, e £0E E9
7t} 139.7 mglg, 68.9 mg/g, 32.2mgg, 6.3myge] TEFL o}
BRIt B3 vl S}k (Jang er al, 2019). TESE =)
A2 E 135 2] 80% Nehe FEFE| gk DPPH 2]
Zr /\74.‘10_ az%a} Az} EELIT %o] 94.84%, ?4.1:]%} 2
Frsksgo] 7P et \
¥ v Yk (Kim er al 2014).

‘Ef&, AVEYE A5 AEZ d AAHez

= AFRIEE S} HISzspAIRE S4) o] 341, Qlo] AaL

—371 9 "ol WQlE T wES} e 5HS
2} o3 A2 Eo|th (Choi er al, 2012). IS S} A

Hsde] 3 o] ok FEEd te lsleEE
w3k A3, IAREY FEEOA N 22 FEINETE,
DPPH )z &7% 9 SOD activitys YERHATIL B
SIS} (Lee and Lee, 2008).

TFHx #, 9dE7], e 2o e
2bsl TS S Aol ol 7 =4

T 2L (Chung and Jeon, 2011),
G FEUHIo|E gl £, o, &7], By &
B

2E ¥k T} (Um and Kim, 2007).

3. Phenolic compounds 43

210 4 dehE FEE] HS dsd eSS AE39
7] #Iste] HPLCE ©18-3 &4 thidle AAlsisinh 19 &

o] FF=AE o83 A tHE ¥4 HPLC A=2rfETd
2 Fig. 2A%} 2t} (So et al., 2019).

19 £ 243 7} A5} retention time (R.T.)} UV
spectrumE M|l EAste] ZF AR HE peakel thel EF
] A ARE ERIGAAL, 19 T FTEES o83}
o 3 FYY (stock solution)yS- ZXHO 3 oS THAERE
3 3te] B8 (working solution)2] F=E EEjs)] £
3 F AFHFAE 2sion o9 AdAF R
correlation coefficient) FHES EF 0.997 oo 2 3
2445 BTk (Fig. 3).

% 10 ¥ phenolic compounds®l] tst FA] tHEA] A}

S, SAREE, SNlEe, AusRetd, 2, A
Z, 7=, =8t FFEIA retention time (RT) 20.1 9
chlorogenic acid’} HAEEUSH E3F, 1=, EARFTOA
20 mg/g o]de] =& sHS W la—/ Q—Eﬂ]%ljr. kil=]R=3
4 FEENM= RT 219 #9 caffeic acid’} AEHJL
BARNE, A%, % FEE00A RT. 28.6 ol astragalin
o] AZHN oM, 53] astragalinS B ZA 30 mg/g °F
o] =& S vEpiSleh 3 dRiEE e A Ex =
EolX= RT. 354 & luteolin, &|ZE F=E4= RT

N Fl
g

r&i

[o

3

¢

i

Table 5. Total polyphenol, total flavonoid, and DPPH radical scavenging activity in ten kind of flower ethanol extracts.

Botanical name Scientific name Total polyphenol Total flavonoid DPPH
(mg/g) (mg/g) (SCso'’, /)
Wang-beot-na-mu Prunus yedoensis Matsum. 61.2+3.5 61.9+6.1 205.9+9.2°
Bok-sa-na-mu Prunus persica (L.) Batsch 34.9%1.9 56.9+11.8 663.3:19.1
Huin-min-deul-re Taraxacum coreanum Nakai 41.1£3.9 59.0%+1.4 435.4+2.8"
Jeo-meon-kae-mo-ma-il Matricaria chamomilla L. 38.0+1.2 48.8+0.5 394.2+6.2
Jjil-re-kkot Rosa multiflora Thunb. 224.1+46.3 109.0+12.5 104.6+1.7"
Yeon-kkot Nelumbo nucifera Gaertn. 177.4%2.9 87.4x7.1 382.3+3.2°
Kkot-hyang-yu Elsholtzia splendens Nakai 91.6+3.2 84.3+6.2 319.3+16.7"
San-gu-jeol-cho Dendranthema zawadskii (Herb.) Tzvelev 45.7%1.9 79.9%3.3 447.0+19.4°
Gam-guk Dendranthema indicum (L.) Des Moul. 60.2+5.9 46.7=0.5 663.8+9.3"
Guk-hwa Chrysanthemum morifolium Ramat. 43.2x13.4 70.2+7.5 462.4+10.0"
Ascorbic acid 37.3%£3.8

“Value of Pearson'’s correlation coefficients is calculated by correlation option in data analysis tools using Tukey-Kramer multiple comparison test.
S|gn|f|cant at the 5 % levels of probability (p < 0.05). Values are expressed as means £ SD (n = 3).
SCsp; half maximal scavenging concentration, SC50 values were calculated from regression lines using different concentrations in triplicate

experiments.
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125 ol gallic acid, £+ FEE°4= RT. 30.7 &l
rosmarinic acid, 2FFE 29} =8} FEFA R.T. 392 £l
apigenin®] HZEUT} (Table 6, Fig. 2).

FAWE 22 chlorogenic acid, kaempferol 3! quercetin
FEA] A el Aokl deid o™ (Song et al,

o
2019), B EZ = chlorogenic acid, caffeic acid, luteolin,

AL O

chicoric acid, inulin, taraxacin & cartenoids A& o] 3
Hoj vk By Eul Utk (Mo, 2019). 28|32 AH7)ma}
YL herniarin, coumarin, chlorogenic acid, caffeic acid,

AEES 1

)
o ==

apigenin, luteolin, quercetin, rutin X naringenin
3+l (Singh ef al, 2011), Z# - astragalin?} gallic
acide sttt deEA ok (Kim ef al, 2018b). 1%Ee
739~ thsk F9JollA astragalin?}t hyperosideE -3l
dHA Adoem (Jung et al, 2014), ZFH+ apigenin,
luteolin % rosmarinic acidE (Peng et al, 2014), A-1dx
9} 7F=rL chlorogenic acidE (Debnath e al, 2013; Kim
et al., 2017), =+81= chlorogenic acid®} apigening 3=
Zog HE vk Ut} (Gong et al., 2019).

HesAd 84S 34 phenolic acids, courmarins, flavonoids,
tannins 522 F5F F|=Hl (Robbins and Bean, 2004), 10
Z9 ¥ FEEINM= FAIEAN o83 19 F9] phenolic

=)
compounds = 7 7FAI7} HEF T ©] S chlorogenic acid

Ay A FEES AT YA 8 ) & FEE)

ZAZ %Atk Chlorogemic acid®} gallic acide a4H3}, 1)
WFE, By a3F doka g#A dew (Park er dal,
2003; Asnaashari et al, 2014,; Hwang et al, 2014; Li et
al, 2014; Cho et al, 2017), caffeic acide dAL3}, FE,
B el a3 VFEP™ (Park er al, 2003; Lima ef al,
2016; Pluemsamran ef al, 2012), astragalin® ksl v
o &3t okl deA Ttk (Choi et al, 2013; Jung et
al, 2014). 28]3 luteolinS A+, vyl =5 a3} X
(Kasala et al, 2016; Choi et al., 2008; Lim et al., 2013),
rosmarinic acide el ul B g3l i BuE
vl Qo™ (Oliveira et al, 2013; Muhit et al, 2016;
Adomako-Bonsu e al., 2017), apigenin® HFslel F5 &
Aoz @37} vk BaEo] dtd (Madunié et al., 2018;
Hwang et al., 2011).

A

4. 0|9 29}

I35 xy]9] 7|AZ EA5= melanocytess= melanin &
A 9 AH3 keratinocytesZ 2] WE & E3 FF
A& At deA Atk (Lin and Fisher, 2007).
, AFe] T894 melanin Flol] TarE =}
9 SUe] Thksl Aksld AE# A gRloRHE I

2 RN
©

REST

I

Nl ox
ot

oty
ol

A

-

Table 6. Amount of phenolic compounds in ten kind of flower ethanol extracts.

Botanical name Scientific name Phenolic compound Amount (mg/g)
Wang-beot-na-mu Prunus yedoensis Matsum. Chlorogenic acid 19.60+1.45
Wang-beot-na-mu Prunus yedoensis Matsum. Caffeic acid 2.67+0.28
Bok-sa-na-mu Prunus persica (L.) Batsch Chlorogenic acid 21.06%3.10
Bok-sa-na-mu Prunus persica (L.) Batsch Astragalin 5.94+1.33
Huin-min-deul-re Taraxacum coreanum Nakai Chlorogenic acid 8.33+1.88
Huin-min-deul-re Taraxacum coreanum Nakai Luteolin 2.04+0.39
Huin-min-deul-re Taraxacum coreanum Nakai Caffeic acid 1.13%+0.10
Jeo-meon-kae-mo-ma-il Matricaria chamomilla L. Chlorogenic acid 9.96+1.04
Jjil-re-kkot Rosa multiflora Thunb. Astragalin 33.63*3.46
Jjil-re-kkot Rosa multiflora Thunb. Gallic acid 3.47+0.59
Yeon-kkot Nelumbo nucifera Gaertn. Astragalin 2.90+0.65
Kkot-hyang-yu Elsholtzia splendens Nakai Chlorogenic acid 30.87x5.15
Kkot-hyang-yu Elsholtzia splendens Nakai Rosmarinic acid 18.23+1.89
San-gu-jeol-cho Dendranthema zawadskii (Herb.) Tzvelev Chlorogenic acid 10.29+1.44
San-gu-jeol-cho Dendranthema zawadskii (Herb.) Tzvelev Apigenin 5.47+1.09
San-gu-jeol-cho Dendranthema zawadskii (Herb.) Tzvelev Luteolin 5.26%+0.49
Gam-guk Dendranthema indicum (L.) Des Moul. Chlorogenic acid 25.93%1.01
Guk-hwa Chrysanthemum morifolium Ramat. Chlorogenic acid 11.78+1.87
Guk-hwa Chrysanthemum morifolium Ramat. Apigenin 0.74+0.03

Values are expressed as means = SD (n = 3).
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Hearing, 2007; Lin and Fisher, 2007). A @AIE melanosomeStoll Al tyrosine©] tyrosinase & 29l
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Fig. 2. HPLC chromatogram of (A); 19 standard phenolic compounds (Refer to Table 1 for each number), (B); Wang-beot-na-mu,

(O); Bok-sa-na-mu, (D); Huin-min-deul-re, (E); Jeo-meon-kae-mo-ma-il, (F); Jjil-re-kkot, (G); Yeon-kkot, (H); Kkot-hyang-
yu, (I); San-gu-jeol-cho, (J); Gam-guk and (K); Guk-hwa flower ethanol extracts.
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Fig. 3. Calibration curve of (A); galic acid, (B); chlorogenic
acid, (C); caffeic acid, (D); astragalin, (E); rosmarinic
acid, (F); luteolin and (G); apigenin standard Phenolic
Compounds used for HPLC analysis.

tyrosinase related protein-1 (TRP-1)3} tyrosinase related
protein-2 (TRP-2)°ll £J3] melanin §-g¢] o]FAH, T3
© 2 melanosomed A F/JE melanin keratinocyteZ ©]%5
sle] RS YepfA =t} (Correia ef al, 2018).

% 10 F9 ogkE F==9 v a3E S5 98t
of ZAF M AEQ BI6F10 M EZoA melanin T4 52
tyrosinase &/ JA5S SA3I3ATE Melanin 4352 4
- melanogenesisE F=3= o-MSHE *2|3l9S W o-
MSH A2l thzol] Hls) 2.6 ¥ 5715k ¥ o-MSHSH

o
10 & F=E5 329 A 49, o-MSHE @502

/v

=

AR S

Aelgt 3 HwENS W FHETR! rucinol> melanin
ARl oF 67%5 ERNAAL A%, A3, Ardx
FEES AT A 27 71%, 66%, 49% melanin A4S
AAES vello] AJAEATE st (Fig. 4A). 3
tyrosinase 2/ A &7e] 79 o-MSHE A2|sl3ie o o
Zol wial 2.2 v Sl oW, o-MSHSF £ 10 & 35
ES A0 g 23, o-MSHE 95202 AHZ3k &3 v
SIS w FAHZT rucinole tyrosinase EAJE 57%
AR AAEz, AHE, AF FEES A A 7
2t 61%, 59%, 41% TS Z tyrosinase S AT
(Fig. 4B). A48 22 melanin T3} tyrosinase A7}
T aAle A, dEE, AR FEECIIT

Ha 5 (2009y2 2@ At #ejo] dgke FE2¢ g
mealnin 33 A9} tyrosinase BHJAE A A3 200
ug/ml 2 FX oA melanin TS 30%-32% A5,
tyrosinase &4 20% - 25% A AL RAuElon Ex
%9 B FEE 100 2g/mle] =14 melanin A3S 16.7%
AAeti Y RS (You and Moon, 2016). Nakamura
S (2013) %0 HEoEo} o] vigE: FE=ENH £
23}t alkaloids A%<l nuciferine, N-methylasimilobine 4J&
E9| tyrosinase, TRP-1, TRP-2 mRNAS <JA|gFo 24
melanogenesisS A gl BRI Bgh, A%e] 3=, 8
2], A, Eizlof| EZF=o] Sl hyperoside?} astragalin /34
] melanin 433} tyrosinase SAAAE ria RaE ul
Aem (Jung et al, 2014) AEe £, S, A F9l9] & F
ZE9°] DOPA-oxidase &JA&¥7F vz Hu"Enl ok
(Kim et al., 2011b).
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Fig. 4. Melanin synthesis (A) and tyrosinase activity (B) in ten kind of flower ethanol extracts. Value of Pearson’s correlation
coefficients is calculated by correlation option in data analysis tools using Tukey-Kramer multiple comparison test. significant at
the 5 % levels of probability (*,# p < 0.05). CTL; control, a-MSH; a-melanocyte-stimulating hormone, RU; rucinol, Wa; Wang-
beot-na-mu, Bo; Bok-sa-na-mu, Hu; Huin-min-deul-re, Je; Jeo-meon-kae-mo-ma-il, Ji; Jjil-re-kkot, Ye; Yeon-kkot, Kk; Kkot-

hyang-yu, Sa; San-gu-jeol-cho, Ga; Gam-guk, Gu; Guk-

hwa.
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Elastase inhibition(A) and MMP-1 activity (B) in ten kind of flower ethanol extracts. Value of Pearson’s correlation coefficients

is calculated by correlation option in data analysis tools using Tukey-Kramer multiple comparison test. significant at the 5 % levels
of probability (*p < 0.05). CTL; control, U.A; ursolic acid, R.P; retinyl palmitate; Wa; Wang-beot-na-mu, Bo; Bok-sa-na-mu,
Hu; Huin-min-deul-re, Je; Jeo-meon-kae-mo-ma-il, Ji; Jjil-re-kkot, Ye; Yeon-kkot, Kk; Kkot-hyang-yu, Sa; San-gu-jeol-cho, Ga;

Gam-guk, Gu; Guk-hwa.

7] 915l elastase SAIAA|9} FFAFobA Q] HS27 AlE
oA MMP-1 & 74 =g SA3IATh £ 10 T2 gt
FZEE 5 elastase T A= AL FEE9] 51%= 7}
, FANZT2 urosolic acide 55%9] elastase
UERAITE (Fig. 5A). 283 SFeEpAEs)aiol
e A, Ay, ANEHE, A 4
22y 97%, 13%, 62%, 55%, 41%=2 $-5=38F
AA BEHE JEPAAT. FEHETQL retiny]l palmitate=
72%2] MMP-1 A &35 YeRIt} (Fig. 5B). 27202
elastase 47 MMP-1 B4 AI7F 9538 Al AL, 2
% ks FEEOIUT

Park 5 (2016} 122Ul dichloromethy F&&°] UVB

roAp

.

Z 2] = L
= =3,
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Aol 2% IL-6, IL-8, MCP3¢}t 22 cytokineE<
sto g X FES sty B s a8 A
S, A HHe & FEE0] elastase EAA 37}
ByE bl ok (Kim e al, 2011b). ZEZEe] £ F-9)d
& 35 MHasts BaE v glot dege] dv

|€bE FEEo] UVB A=l 28k AP-1 dARIAR]
3 MMPso] g oAIgtom=yN ZepilislE AT
ozt Zehl type 13} 49] WAL HAFo =N FE A
F3b7}b Yekal Bgk v} ok (Park er al., 2015).
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OlEHE - A

oA el FhAdo] Uojubl HASO s Aol =H&d)
HAS13} HAS2:= fibroblastll Al HAS3E keratinocyteoll A 34
ATy g vk (Saito er al., 2011).

210 9 e FEEO] By A= =5 Yt
U B ZFA A E2 HaCaT A EoA 3|LFE4F G A
(hyaluronan synthase, HAS)?! HAS-29} HAS-3 mRNA<]
W TS 24390t HAS-2 mRNAS] @& e suisy), &
AR, Az, 323 FEEC] gzl HlE| 2 v ol F
7ystdew, 2zt 10.1, 2.7, 2.5, 22 # F718IACH (Fig
6A). Z12]3. HAS-3 mRNA &S IEd, =3}, 7=, A
AANEEL, A E, 2 FEE0] dizol] Bls) 2 )
ol E7Vsl L, 22t 8.0, 4.0, 3.5, 3.4, 2.5, 2.2 vi E7}s}
ATk (Fig. 6B). FHNZF9 ATRAE HAS-29F HAS-3
mRNAS] B8-S Ztz} 87, 7.8 vl Z7MA AT SFF 02 3
UFEAL AYFHAR] HAS-29F HAS-3 mRNAS] H&o] =
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Fig. 6. Expression of HAS-2 (A) and HAS-3 (B) mRNA in ten kind of flower ethanol extracts. Value of Pearson’s correlation
coefficients is calculated by correlation option in data analysis tools using Tukey-Kramer multiple comparison test. significant at
the 5 % levels of probability (*p < 0.05). CTL; control, ATRA; all-trans retinoic acid, Wa; Wang-beot-na-mu, Bo; Bok-sa-na-mu,
Hu; Huin-min-deul-re, Je; Jeo-meon-kae-mo-ma-il, Ji; Jjil-re-kkot, Ye; Yeon-kkot, Kk; Kkot-hyang-yu, Sa; San-gu-jeol-cho, Ga;

Gam-guk, Gu; Guk-hwa.

Table 7. Correlation analysis between antioxidant, melanogenesis, wrinkle, and moisturizing effects.

Function  Polyphenol  Flavonoid DPPH Melanin  Tyrosinase Elastase MMP-1 HAS-2 HAS-3
Polyphenol
Flavonoid 0.69" -
DPPH 0.38 0.45° -
Melanin 0.47" 0.35 0.03 -
Tyrosinase 0.21 0.25 0.02 0.64 -
Elastase 0.44° 0.57° 0.14 0.18 0.09 -
MMP-1 0.56 0.44° 0.13 0.45" 0.13 0.38 -
HAS-2 0.13 0.07 0.05 0.04 0.15 0.15 0.00 -
HAS-3 0.21 0.17 0.08 0.13 0.14 0.20 0.01 0.76" -

*Value of Pearson'’s correlation coefficients is calculated by correlation option in data analysis tools using Tukey-Kramer multiple comparison test.

significant at the 5 % levels of probability (p < 0.05).
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