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2 ek B AFe 5737 SFHE ol 83l FE3 A=3) %ﬂ hydrosol®] | FZ-E P JAHE(HaCaTs) 54
9 o]F f= &4 WrtE T3 FAFEALTs 2 AHAF S-S FASHAT 43t hydrosol& HaCaTs9
S o|FE TR EFHOE FEEIHOH, E3] 1 ug/mLolA 54 tiZT (control) ol HIE| 143.71 =+
3.37%2] F2#, 139.98 * 5.72%9] °o|F f= &A4& YeATh =3, 43 hydrosol extracellular
signal—regulated kinase 1/2 (Erk 1/2) <} Serme/threonme specific protein kinase (Akt)2] S14F3}E &
oAl F7IA AL Btk olyzE} collagen sprout out growthE F% 2]&38 02 {F 3t} o33 2=
B4 A3l hydrosol2 41 A s A FAA G T S0l Uas IR, FF AdE
22N S8 E AESIAT

Abstract: In the present study, we extracted the hydrosol from flower of Chrysanthemum boreale Makino (CBMF hydro-
sol) by steam distillation and tested the effect of the CBMF hydrosol on skin regeneration using normal human keratino-
cytes (HaCaTs). CBMF hydrosol induced proliferation as well as migration in HaCaTs in a dose-dependent manner.
Treatment with 1 ug/mL. CBMF hydrosol increased proliferation to 143.71 + 3.37% and migration to 139.98 + 5.72%
compared with a control group. CBMF hydrosol also significantly enhanced the phosphorylations of extracellular sig-
nal-regulated kinase (Erk) 1/2 and serine/threonine-specific protein kinase (Akt) in HaCaTs. Moreover, CBMF hydrosol
dose-dependently induced sprout outgrowth in HaCaTs. These results demonstrate that CBMF hydrosol has skin re-
generation and wound healing activity in HaCaTs. Therefore, CBMF hydrosol could be used as a potential cosmetic
material.
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2+ 3 A M| 3 (keratinocyte) = I F 2] ZH5<
°] 90% °lde T T8 AERA, IF A
3] 3H(re-epithelialization) 2} A X &4 F83F 4
& FoH1-3]. 35 - EEF A= 9 £l o7
F g F9joll= keratinocyte growth factor, epi-
dermal growth factor, transforming growth factor- g3, in-
terleukin-1 52] TFFSF A 27121 (chemokine) ¥ Alo] &
711 (cytokine) F 21 A XK growth factor)E©] EH| =
7] N EFsH[4], o2k lAkEel o8] AP A E=
FAFLIE o] F(migration)3F7] AlZFStaL, sAloll Al
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A=W Chrysanthemum boreale Makino, CBM)© =
3} compositae) A& &dl= thdA) xEo =2 3t
=3 T X3 %‘3‘0}/\]0} Arhol] AL o
o, gjsto A HHE, R, 7UHE 59 AEE A
3] oAl 2 AME-E o] TH11-15]. Ab=she dlald e
(essential oil), ZT}R =0]=(flavonoid), Z2|otA|EH
(polyacetylene) 52 & A&Es X33t JoH
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2. Mz 3 WY

21, ANSf

2 Ao AME-E recombinant human epidermal
growth factor (thEGF)+= R&D Systems (Minneapolis,
MN, USA)°l A A3 S ™, Dulbecco’s modified
Eagle medium (DMEM), fetal bovine serum (FBS), pen-
icillin/streptomycin (P/S), phosphate buffered saline (PBS)
< Hyclone (Logan, UT, USA) X+ Invitrogen
(Carlsbad, CA, USA) T-43F4 T Type I collagen BD
Bioscience (Franklin Lakes, NJ, USA)ollA T3tH 2
™, bovine serum albumin (BSA), dimethyl sulfoxide
(DMSO)E Sigma (St. Louis, MO, USA)°llA T3+
t}. Ez-CyTox kit2 DAEIL LAB Service (Seoul, Korea)
AlA U3+ S, Diff-Quicke Baxter Healthcare
Corporation (McGraw Park, IL, USA)ol|A T3t Th.
Anti-Akt, anti-phospho Akt, anti-Erk1/2, anti-phospho
Erk1/2, anti-mouse HRP conjugate, anti-rabbit HRP con-
jugate= Cell signaling (Beverly, MA, USA), anti- § -actin
= Sigmaol|A T3
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2> S E RS AEA| oA Aulsted 2)FH kA
on, IETEY FFTH A7 Yl FAHHUG
2+ 8l(voucher no. CBMEO-0001)= EE- 02 A|2}5}
of IAStw FhsdEAst A EH AES o
Tl HEE ot 2h=3k20 kg€ AT
571 SFEAE o183t 100 CTolA 2 h &< hy-
drosol (10 L)y= FZ3+¥th Hydrosol> 271 x7]
(Ilshin Lab, Gyeonggi-do, Korea)& ©]-83t 5241%
AA BEE A x5 o, DMSOd 5o Aol Ab
|3ttt
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2.3. M= Hi
B Aol AHSR AbgE 91 FEl B AE B A
(human skin keratinocyte cell line; HaCaTs) ™7 745
PLAF R TA A FFbol ARE-SEYTE HaCaTs-
DMEM 8 Al 10% FBS$}F 1% P/SE #H7Fsted 37 C,
5% CO, 1A v atAtt.
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24, MZ BAls Eot

AFEHY Az S5 XTT (2,3-bis[2-me-
thoxy-4-nitro-5-sulfophenyl]-2H-tetrazolium-5-carbox-
anilide) assays S FA3tATH HaCaTs= 96-well
plate (2 x 10° cells/well)oll 53 T2, 12 h3t 5<F vl
ettt 1 &, 453} hydrosol S &5 (0.001 ~ 10
pug/mL)E X2 F 37 C, 5% CO, wWg7]ollA 48 h
HjFstAdnt. Ao S4%%S SA45] 918t well T
10 uL9] Ez-CyTox kit reagentZ *2]d}ed 37 C, 5%
CO, MF7IolAd 30 min &% RESAIZL %, en-
zyme-linked immunosorbent assay reader (Synergy 2,
Bio-Tek Instruments, Winooski, VT, USA)E ©]-&3}]
450 nmoX FFEE SAsAT

2.5. M= o|F5 &It

NBEZHS M olF FETS H7Fs] f18iA
48-well microchemotaxis Boyden chambers (Neuro-Probe,
Gaithersburg, Maryland, USA)E ©]-83}% Tt Bottom
chamber®] 4F=53} hydrosole TEEE F3ta, 0.1
mg/mL type I collagen®. 2 FEF polycarbonate mem-
brane (8 um pores, Neuro-Probe)S = FUT} Upper
chamber®ll HaCaTs (3 x 10* cells/well)S 43kl 37 C,
5% CO, ¥l 7oA 3 h &< v %3 &, membraneS
Diff-Quick &= 117 3l @At o|FH A|ZE SH

ST

2.6. Western Blot

AlgEHo] A gl¥ HaCaTs RIPA buffer (Cell sig-
naling)E ©]-&3t] &g %, 17,000 xgol A 15 min
7t d4 Egste gdEs 283599, DC protein
assay kit (Bio-Rad Laboratories, Hercules, USA)2.Z T+
WA sk 50 ~ 100 ugel ©HWAL 10 ~
12% polyacrylamide SDS geloll 4] H 7|95 3, poly-
vinylidene fluoride (PVDF) membrane S 2 ©]&A| Tt}
PVDF membranes blocking buffer (3% skim milk /
PBS)E 2 h &<} blockingatal 12} antibodyE block-
ing bufferol] 343t 4 TollA| overnight 3} T
PBS-T (0.05% Tween 20°] 3% PBS)Z washing $
22} antibodyZE blocking bufferdl] 3]sl 4l-2of A
HE-3-A| Z Tk PBS-TE washingstal ECL -8%(Welgene
Inc, Daegu, Korea)oll ¥H-g-AAH Tiido] HHAHYTE

2.7. Collagen Sprout Assay

HaCaTs (2 x 107 cells/mL)} type I collagen, 1 N
NaOH % 10X DMEM<2 £&3}(pH 7.2) 24 well plate
ol spotting@ttt. Collagen spot©] HAZEH A|FEHL-S
FTEHEE A3t 72 h 5 37 C, 5% CO, vig7] el
A skt Diff-Quik= ©]-83Fe] collagen spot<
1 2 FGAAZ] F Scion Image softwareZ collagen
spot] outgrowths 43T

2.8, Statistical Analysis

AHAAINE mean + SEMOZ TSP oH,
Graphpad Prism software (version 5.00 for Windows, San
Diego, CA, USA) Z= 175 ©]-83k student’s r-test W
HE B3l Fo48 AFE B8k, 1 2 p <
0.05¢ 73-Foll &std fro]de AAstAt

o
Aol A w]-§- F8F QA[4-9]0|L}, AA7EA] Ab=E)
ofaldede A9t FaEH] ZAHIAEL F4
I #AEH Hie itk 4F3) hydrosol 1A -2
AP GAEL] HaCaTse] S4& &% oJ&EHo=Z
(0.001 ~ 10ug/mL) F=3F= Alo] TE =] U Th(Figure
1). 0.1 ug/mLAIA 53t 27 (control)ll HI3] 12031 +
0.74%, 1 ugmL FENA 14371 + 3.37%°] F2F %
245 ey o, &AL growth factorZ &
7l thEGF (50 ng/mL)E A&d FPAh=3(130.12 +
435%)3 AR A2 S = 2485 UERTh
APAT Ao A8A S/ A8 A3 e
AL 0.1 ug/mL FEoNA HaCaTo| Hth 2] =
4(176.33 + 7.74%)< Y= W, & A9
A SFAEQ hydrosol2 1 ug/mL FxolA o &
2 FEEES Y= Zo 2 RIEFATH13]. ]
3 B4 o] Apol= Ab3) o4l Q Uo] 2 Bajeke]
A& 222 FAE, A= B E Ax Y=
o]5o] go|gk ¥, X144 2] hydrosol Ad %2 Al EHt

o

J. Soc. Cosmet. Sci. Korea, Vol. 42, No. 1, 2016



98

175

150 r

125

100

7

Relative Proliferation (%)

50

Cont .

rhEGF 0,001 0.01 0.1 1
Concentration ( pa/mL)

10

Figure 1. Effect of CBMF hydrosol on proliferation in
HaCaTs. The HaCaTs were treated with in the presence or
absence of CBMF hydrosol (0.001 ~ 10 ug/mL) for 48 h and
then subject to XTT assay. Cell proliferation in the quiescent
state was considered as 100% (n = 8). Each value represents
the mean + S.E.M. thEGF (50 ng/mL) response in each assay
was used as a positive control. ‘p < 0.05 compared with the
quiescent state. Cont, Control; thEGF, recombinant human
CBMF hydrosol, hydrosol from

Chrysanthemum boreale Makino flower.

epidermal growth factor;
24 Be] Aol

3.2, £t=23} Hydrosol2| ZIAFEME 0lF R &4
ZrA g Mz olF= AR B A A
et 224 AFAE HFAANA A ] dAO|H[4-9],
253} hydrosol > &% 2]E£4 2. 2(0.001 ~ 10 ug/mL)
HaCaTs2] |5 f=38h= o] 2= A thFigure 2).
0.1 ugmLollA Stz vl3l 121.41 + 4.08%, 1
ug/mLol Al 139.98 + 5.72%9] °]F F 5 &4-& YER]
At AP A Z FA I o]F B4 ST

wxz APy I 5ol 3%

=2 3
= X

==

< type 1, IV collagen
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hydrosol ¥ 743 1-1‘;:9] o5 A g ghdof gk
AT7F A8 AoE ARH
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Figure 2. Effect of CBMF hydrosol on migration in HaCaTs.
The HaCaTs were treated with in the presence or absence of
CBMF hydrosol (0.001 ~ 10 ug/mL) for 3 h. Migration was
quantified using a Boyden chamber assay. Cell migration in
the quiescent state was expressed as 100% (n = 8). Each value
represents the mean + S.EM. rhEGF (5 ng/mL) response in
each assay was used as a positive control. p < 0.05 compared
with the quiescent state. Cont, Control; thEGF, recombinant
CBMF hydrosol, hydrosol
from Chrysanthemum boreale Makino flower.

human epidermal growth factor;

7t SAE antibodyS &-8-3F Western blots 53l <l
3t AH=3} hydrosol-> HaCaT W Erk 1/29} Akt9]
Q4H3 S F & 2]FA 0 Z(0.001 ~ 10 ug/mL) B4 3}
3= Ao 2 FR = th(Figure 3). Erk 1/29] Q14ksl=
1 pgmLoll A STzl Hl8) 20545 + 8.90%, 10
ug/mLollA 22831 + 589%2] <U4kst ZF7F A
(Figure 3A, B). Akt®] QI4FSh= 1 ug/mLoll A Stz
ol Hl3] 196.78 + 8.88%, 10 ug/mLollA] 236.58 +
10.96%2] A4HsIE FEdto] = ATHFigure 3A,
C). Erk 1/2%} Akt pathway= & ZFAPHAH 2] F
23} o] 75 A WEAR] ASHIEAAR I
A 912mM[9,13,16], & ATE B3l 4AF=3} hydrosol
HaCaT9] Erk 1/29} Akt-/] QIS E Z-d3sled A|aEe]
23 o]F EAd BAst= Ao R AU

3.4, AM=23} HydrosolO| HaCaT Collagen Sprout Out

Growthof| D|X|= HEf
3R LA AL 223} o|F5S HIEy] 3

Zgatdon, =3}
hydrosol<> collagen HaCaT spot2] outgrowthE &%
JEH O Z(0.01 ~ 10 ug/mL) =35+ th(Figure 4).

collagen sprout assay[16]&
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Figure 3. Effect of CBMF hydrosol on phosphorylation of Erk 1/2 and Akt in HaCaT. (A) HaCaTs were treated without or with CBMF
hydrosol (0.001 ~ 10 ug/mL) for 10 min. The cell lysates were western blotted with each antibody (n = 3). The phosphorylation
of Erk 1/2 and Akt were examined with phospho-specific antibodies. The total expressions of kinases and /3 -actin were measured

with nonphospho-specific and anti- 5 -actin antibody, respectively. thEGF response was used as a positive control. (B), (C). The statistical
results of Erk 1/2 (B) and Akt phosphorylation (C) obtained from panel (A). rhEGF (50 ng/mL) response was used as a positive
control. Each value represents the mean + S.E.M. Each phosphorylation in the quiescent state is considered as 100%. “p < 0.05 compared
with the quiescent state. Cont, Control; rhEGF, recombinant human epidermal growth factor; CBMF hydrosol, hydrosol from
Chrysanthemum boreale Makino flower; p-Erk1/2, phosphorylated Erk1/2; p-Akt, phosphorylated Akt.

0.1 ug/mLol A SAtZT B8] 152.25 + 9.43%,
1 ug/mLol| A 373.88 + 28.33%2] outgrowthE =319
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Figure 4. Effect of CBMF hydrosol, on the sprout formation of HaCaT. (A) Cells were mixed with collagen mixture and then
dropped on a 24-well plate. Spots were treated without or with CBMF hydrosol (0.01 ~ 10 ug/mL) for 72 h. Spots and sprout out
growth cells were stained with Diff-Quick solution and then images were obtained using microscopy. (B) The statistical results
obtained from panel (A). The level in the quiescent state (Control) is expressed as 100% (n = 8). thEGF (50 ng/mL) response was
used as a positive control. Each value represents the mean + S.EMM. "Denotes a significant difference from control group, with p <

0.05. Cont, Control; thEGF, recombinant human epidermal growth factor; CBMF hydrosol, hydrosol from Chrysanthemum boreale

Makino flower.
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