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Effect of Essential Oil from Cuscuta japonica CHOISY on Proliferation and
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The migration and proliferation of keratinocytes are key events in re-epithelization, itself a major
phase in the wound healing process. Cuscuta japonica Choisy (CJC) is used as a traditional medicine
to improve liver, heart, and intestinal function, and its extracts are reported to have various biological
properties such as whitening, anti-oxidancy, and an anti-acne effect. However, it is not yet known in
particular whether or not CJC essential oil (CJCEO) affects skin regeneration. In the present study, we
isolated CJCEO by solvent extraction and tested its effect on wound healing responses using normal
human keratinocytes, namely HaCaT cells. We found that CJCEO induced proliferation as well as mi-
gration in HaCaT cells in a dose-dependent manner. Compared with a control group, CJCEO treat-
ment at 250 pg/ml increased proliferation by 239.98+5.51% in HaCaT cells in a dose and migration
by 124.866.06%. Moreover, the oil induced sprout outgrowth and, at 250 ug/ml, increased collagen
synthesis by 148.56+15.47% in HaCaT cells. These results demonstrate that CJCEO may promote skin
regeneration and wound healing by increasing the migration, proliferation, and collagen synthesis of
HaCaT cells. We therefore suggest that CJCEO could be used as a cosmetic material.
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I %3 0% oldS 788k 2 Y A E (keratino-
cyte)= ) 59| A7) &} (re-epithelialization) 9} 44 2 f 2}
AolA AAAQd dTS Fo3-5 10]. 834 - =2 F A=
g &bl o 3 A F9 o= keratinocyte growth fac-
tor, epidermal growth factor, transforming growth factor-f3,
interleukin-1 5 9] ThFdt Aol E71< (cytokine) 2 541 1A
(growth factor)E°l &4l % 7] A #stH][10, 18], o 23 A=
sl o3 AAFYHAEE FAHFAR o] F(migration)3}7]
A AsED, SA O A Ee] F4(proliferation)©] =% TH10,
15,18, 24, 26]. A F YA 29| T4 3} o] F LA 2 collagen,
fibronectin 5 Al £ 9]7]d A o] A4S 73t 57 F
2 @ s o5 AsE AR, 15, 19]. ©1 &
T, AR FAAF, FxHe 5o gAY 35
fri 5ol o] FojA ], 359 w3t 4AE FEITHS, 10, 15,
19, 23, 25].
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1 £ 3} (Conboluvulaceae)dl &3t 4dA 71848 B=
£ M (Cuscuta japonica CHOISY) 4715, 44, 5
ol Bol Adsty F2 F3 AE 2 =834 A5 74
o9l EE v A Ak & & Hok(FA) T
A& EAA(A LFY: Cuscutae semen)E AHE-3FT 9101, A)
2} (Cuscuta japonica CHOISY)# A M 4H(C. australis R.Be) 2
AANAH(C. chinensis Lam.)e] 3%°] AF&E 91 TH9, 21].

EAAE EoF Aot g, HiAY &7 A, A
AR w5y S Ak Z2A9], 33 FEddol
B[14], AR E3S 715[12] B ot AN E AT 240l

9,12, 14], “HZW 2 HFofukof
Al dEFo|uY 7HE AASEH a3t dvka 7
AP A F< 710, AEE 2 wHg o] Agdtt

E5of glom(9, 21], FH EEL vpAHA]
st AEF B F2 AFEol i A5 a3t
ko] RIZAIA Aget71 = FT9, 21 EF AFdFEE
e 28 A, dite, A EET A AT} gl
BET2, 20, 21]. 23y A F2 A (Cuscuta japonica
CHOISY Essential Oil, CJCEO) 4 &0 o] o] 3-A) 2] &4 of
w3 AFE SUHA gtk wA B ATFE A el A
fF(CICEO)7t QA AAF A2 F4 3 o]F T nlA &
5o gdgozn vz AP 9 FAAF 5o &4
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£ H3 o] A&H Phosphate buffered saline (PBS), fetal
bovine serum (FBS), Dulbecco’s modified Eagle medium
(DMEM), penicillin/streptomycin (P/S)2 WelGENE (Deagu,
Korea) %+ Gibco BRL (Grand Island, NY, USA)Z#-E 74
ate] Ab&-3kTh Type I collagen bovine serum albumin
(BSA) BD Bioscience (Franklin Lakes, NJ, USA)$} Sigma-
Aldrich (St. Louis, MO, USA)Z ¥ F93ta] A&319th.
EZ-CyTox kit¥ DAEIL LAB Service (Seoul, South Korea) %
HE 7943893, recombinant human epidermal growth fac-
tor (EGF)&= R&D Systems (Minneapolis, MN, USA)l A1 -]
3t AE3F AT Type I 2 IV collagen monoclonal antibody
% type I 9 IV collagen polyclonal antibody+ abcam (Cam-
bridge, MA, USA)oll Al F4i 3t th.

AR el Bfe SuFEHE g8ty F23%om, A

< 34F(Samchun, Korea) 18 1 3 ©]
°ﬂ/‘1 1 hr &<t 737‘]"]735}. At Ak A &L o3 &
ol A ZHSt3| A &= (EYELA, Japan)ste] &l & A3t
, A e Zag E(concrete)% gHs AT A 228
= O E-E(99% ethyl alcohol, Samchun, Korea) 1 10 &3 3}
20Tl A 12 hr B2 2 o F(Advantec No.5C, Toyo,
Tokyo, Japan)ate] &2 (wax)8 &S AAs AT S E 9
& F2AL 3BCAA 2RI A FF38kA, ddEE AAS

A el BRE SRS

R R

Mt e ’é‘!TrE’-l HEEY
A el B A
(Korea Basic Science Institute; KBSI)oll 2] 53} Gas Chro-
matography/Mass Spectrometer (GC/MS)E ©] &3] &4
39T GC/MSE 6890N GC/59751 MS (Agilent, USA)E A}
43t1, 2 (column)& DB-5MS (30 m x 0.25 ym)E A-&-3f
o A8ttt A el A dEEH 42 mass
spectral data (Wiley7NIST05.L Mass Spectral library)E ©]-&
sto] Hlw E43tgoH, 2+ 2 EY retention index (RI)
valuew EFE4 n-alkanes (C7 - Cy)¥ Kovats index® ©] &
sto] Hla #£4 5 FAAT

MIZE B & MES § 5

2 AT ALE 74P A A E(human skin keratinocyte
cell line; HaCaTs)2 W7 A& S gz Sl A EoF &
o} AH£-5}9]T}. HaCaTs& DMEM 514 o] 10% FBSSF 1% P/S
g 78k 37°C, 5% CO, 27 3holl Al Hl] % (passage 20~35)
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stof Aol Agstdt MEAEE 54L& HaCals= 9%
well plated] 3x10° cells/well£ £33 %, 37T, 5% CO, 24
ol A 12 hr ¥ ¥ataL, A2 F&8 A5 0.1 ug/ml, 1 ng/ml,
10 ug/ml, 100 pg/ml, 250 ug/mlZ 2] 3tef 48 hr W ¥3}t%
t}. Ez-Cytox solution 10 ul/well2 A gsta] 37T A 30
& ¢ ¥ Al & multi-well plate reader (Synergy 2,
Bio-Tek Instruments, Winooski, VT, USA)E AM-&3te] 450
nmel| A FFEE SAeG

MZE S48 &3

HaCaTs9 %%&-2 5-bromo-2'-deoxyuridine (BrdU) in-
corporation assay (Roche, Indianapolis, IN, USA)E ©] 83}
3913}tk HaCaTs < 96-well plated] 3x10° cells/well £
Foka, A4 e B 01 ug/ml, 1 ug/ml, 10 ug/ml, 50
ng/ml, 100 pg/ml, 250 pg/mi¥s FH 27 S Z EGF 50
ng/ml& A& ¥, 36 hr ¥ &3tAt}. BrdU-labeling sol-
utions 7 wellell A& £, 12 hr Wl g3t NZ1A 9 per-
oxidase-labeled anti-BrdU monoclonal antibody< % 1 90+
¢ ALoAA WY ¥ luminometer (Synergy 2, Bio-Tek
Instruments, Winooski, Vermont, USA)& ©| &34 BrdU an-
tibody complexesE 3433t

MZ 0IFE &3

HaCaTs®] o|FE° A&
Boyden chambers (Neuro-Probe, Gaithersburg, Maryland,
USA)E ©] 83t} Lower chamberel A4 fre A& 0.1
ug/ml, 1 ug/ml, 10 pg/ml, 50 ug/ml, 100 pg/ml, 250 pg/ml
3 Fdf27Q EGFE 1 ng/mlE F431, 0.1 mg/ml type
I collagen®. & F®H polycarbonate membrane (8 um pores,
Neuro-Probe) e =&+t Upper chambere] HaCaTs<
5x10* cells/well2 F3HaL 37°C, 5% CO, Wl F71olA 3 hr
Sk ks ¥, membranes Diff-Quick solution (Kobe,
Japan)o. 2 114 g fA st} ofFH AMEZE ZASIT

48-well microchemotaxis

Collagen Sprout Assay

HaCaTs (2x10” cells/ml)3} type I collagen, 10x DMEM
2 1 N NaOH (pH 7.2)& &3t 24 well platecl] 5 ul 4
spottingd} L, 203+ Aol A 28 $lh. Collagen spotel
A frEl A4S 50 pg/ml, 250 pg/ml} FA =7+ EGF
(50 ng/ml) 72t Aelskal 37°C, 5% CO, Ml %7194 48 hr
&2 w3t oh. Diff-Quiks ©]-&3 collagen spots 14
2 AMAZ] Z Scion Image softwareZ collagen spoté] out-
growths £33t HELEZ st

Collagen 4E4E £

HaCaTs?] collagen A &4 sandwich ELISAS ©] &3}
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Z A3t 96-well plated] capture antibody (type I & IV
collagen monoclonal antibody)E &3 ¥, blocking buffer
(1% BSA/5% Sucrose/PBS)Z &0l A 90% %53t blocking
stalch. A4k frefl A 220 ug/ml, 50 pg/ml, 100 pg/ml,
250 ng/ml) ¥, FH¥ HaCaTs conditioned medium< cap-
ture antibody”7} coating® wellll Zt7F =8k A& 4 90
£2 W3 A A T}, Biotin-conjugation® type 13+ IV collagen
polyclonal antibodyE # 2|8}, A&l A 90&3t ¥H-&A17
&, streptavidin-horseradish peroxidase conjugate® 7 well
of A2 & ALoA 1 hr &A1 Zth Chemiluminescent sub-
strate (Thermo Scientific, Waltham, MA, USA)E A ¥ ¥ lu-
minometers ©]-&3te] A Z 9 type 17} type IV collagen®]
AEAH &S vt

SHA2

APA7E mean tSEMOE X7]81$ 21, Graphpad
Prism software (version 5.00 for Windows, San Diego, CA,
USA) Z2 I3 & 0] 83 student’s t-test FHE Fall F94
ORE BN, 1 A7 pe005U A5l Bae) )48
NELR S

X

o3 nE

A el Mol MEEM
GC/MSE ol &3t E4& A4 48 AF9 HELS (H)-
Asarinin®] 4874% % 7}4 & &S 212381 Nonacosane

Abundance

45:10‘—3
40%104
35x104
30%10¢]
25%104
20x104
15x10%7
10x104

5x104]

Table 1. The component in the Cuscuta japonica CHOISY essen-
tial oil

Component RT® R Area
name Observed Literature (%)

1 Pentacosane 94.583 2,500 2,500 8.70

2 Heptacosane  100.403 2,700 2,700 4.45

3 Nonacosane  104.284 2,900 2,900 3245

4 (+)-Asarinin  107.984 3,142 - 48.74

5 y-Sitosterol 110.105 3,294 3,790 5.65

“Retention time, "Retention indices (RI) on a DB5-MS capillary
column.

(32.45%), Pentacosane (8.70%), y-Sitosterol (5.65%), Heptaco-
sane (445%) <22 Q¥ ¢t} (Table 1, Fig. 1).
(+)-Asarinin 3§ A fr oA & (fibroblast) 9] bl &4,
collagenase &4 A, 9 &5 4 gl v F3}7} &l
A3, y-Sitosterol > F¢, FeH A} 9 IdFE &I Fo| B
LHEAYL, 8, 13, 22]. oA 71E AT AAE A 7o A
7} (+)-Asarinin ¥ y-Sitosterol 5 4 =2 E FA4HA 2
FO2 g, I F2HE FAsE AFobAE 2 melanocyte
oj9lof AEAME =AY 8 FHAF 59 T A

= =
242 UEY 5 Aee A28 5 ok
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Fig. 1. GC/MS total ion chromatogram of Cuscuta japonica CHOISY essential oil. Numbers in each peak indicate compound numbers
(upper) and retention times (lower) of the 5 compounds shown in Table 1.
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Fig. 2. Cell viability in HaCaT exposed to Cuscuta japonica
CHOISY essential oil (CJCEO). The HaCaTs were in-
cubated with in the presence or absence of CJC essential
oils (0.1 ug/ ml~250 ug/ml) for 48 hr. Cell viability in
the quiescent state was expressed as 100% (n=3). Each
value represents the mean + SEM. *p<0.05 compared
with the quiescent state. CJCEO, Essential oil from
Cuscuta japonica CHOISY.

St th(Fig. 2). M frel A= izl el 01 pg/ml
105.63+5.62%), 10 pg/ml (116.88+085%), 250 ug/ml (157.79+
6.67%)% AIZAEEE Yetlo], Al mAl= 54 5 A=

4 oA B BEEA Sdnh A FA ARl AE
NEE AHE vgoZ ANEZH, AZoF 2 collagen
sprout growth assay % collagen g4 Ao 2 &34t

M ol R ZEHHME B4 RE &S

AAYPAE T4 JFAYF FAAf 5o Aol
A ARl HAolw, & Ao A BrdU incorporation as-
sayS Z&sto] A Fel AF7F HaCaTs? S4oll vlA=
FEFE At A Fall Bfre =Ll HE, 10 ng/
mlol A -] 127.69+9.14% 9 'rr/] dAAYAANE FHE F
=etglon, 250 pg/miZkA T =&Y FEZA S UEL

A 250,
200+
1501

1009

Relative
Proliferation (%)
(4]
et

cConEGF0.1 1 10

CJCEO (ug/ml)
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o 53], A4k el A 250 pg/midlA = 23998+551%4
Z4& FEsH, 427 EGF (50 ng/ml)ol <3
H 21416+13.80% Bt 52 F4ES YA th(Fig. 3A).

MA el Aol 2
A e Ao 2

ZEYMHME O|F =Y
ZAGPHAE o]Fo] HA & FFS
Microchemotaxis Boyden chamber& o] &3t 2<lst4ith.
FA ) 279 EGF (1 ng/ml)2 303.71+18.06% 2| 1%—%: =
stglon, At Fo e AP A EY o] F E«]—f—
Ao g FE38%oH, 250 ug/miel A EHZ—TL(control) o =3
)

124.8626.06% 2 3 ol F fr=84 < Uehl Ath(Fig. 3B).

M# 72§ A2l HaCaT Collagen Sprout Out Growth
ol Djxl= A&

A el Aol HaCaTs 5434 o] F = 24< 3ahd
A epidermis Z @A A&7} collagen sprout out
growth 298 o] &3t Al AZ9 F43 o]F §&
g49E& Z2A3ET10]. F8 N2 EGF (50 ng/ml)oll A &
457.92+28.66%°] out growths YERA o, A4 e A f
+ 50 ng/miol Al 140.20+11.83%, 250 ng/mlol Al 191.81+
13.00% 9] out growth f+%= 24-& Yeb ATh(Fig. 4A, Fig.
4B). o213 A= A el Aol HaCaTs 54 5 o] F
=24 (Fig. 3A, Fig. 3B)°] 33494 RHAE YEPHO R
A, in vivodl Al A& b AE AT & ok

Mgt 72 H7Q Collagen B4 HIt
Extracellular matrix (ECM)9] 8
ﬁ“‘i‘ﬂ ElﬁOﬂ 7]043}“1[7 11] 34-‘?- ‘3‘3

;(

(11, 16]. Collagen—— type I Collagen°] fﬂ
Ao sRY i &4 golFa £

Relative Migration (%)

0
ConEGF0.1 1 10 50 100 250

CJCEO (ug/ml)

Fig. 3. Effect of Cuscuta japonica CHOISY essential oil on proliferation and migration in HaCaTs. (A) The HaCaTs were incubated
with in the presence or absence of Cuscuta japonica CHOISY essential oils (0.1 pg/ml ~ 250 pg/ml) for 48 hr and then subject
to BrdU assay. (B) Cell migration analysis using Boyden chamber assay. Cell proliferation and migration in the quiescent
state was expressed as 100% (n=3). Each value represents the mean + SEM. EGF (50 ng/ml in proliferation assay; 1 ng/ml
in migration assay) response in each assay was used as a positive control. *p<0.05 compared with the quiescent state. Con,
Control; EGF, epidermal growth factor; CJCEO, essential oil from Cuscuta japonica CHOISY.
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Fig. 4. Effect of CJCEO on the sprout formation of HaCaT. (A)
Cells were mixed with collagen and then the mixture
was dropped on a 24-well plate. Spots were incubated
without or with CJCEO (50 png/ml ~ 250 pg/ml) for 48
hr. Spots and sprout outgrowth cells were stained with
Diff-Quick solution and then images were obtained us-
ing a microscopy. (B) The statistical results obtained
from panel (A). The level in the quiescent state (Control)
was expressed as 100% (n=3). EGF (50 ng/ml) response
was used as a positive control. Each value represents
the mean + S.EM. *Denotes a significant difference from
control group, with p<0.05. Con, Control; EGF, epider-
mal growth factor; CJCEO, Essential oil from Cuscuta ja-
ponica CHOISY.
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<& basement membranes £33 I F22 9] A4 g £
of 71938kA Ht[17].

/\H/\L S8 A& AP Y collagen StA o nx &=
gl3st7] 93l sandwich ELISAZR #4385t A4
& HaCaTs9 type 1 collagen §4< & 94
=S FA3 A th(Fig. 5A). £31, 100 pg/mlol A o
Z(control)oll H13 135.97+5.76% 2 250 ug/mlel A 148.56+
547%% type I collagen®] A2 &4 9 Az £HE
kAt W, type IV collagend] A &4 2 1] 344 o]
Aoz Fofdt & wAA Fh(Fig. 5B).

A el Ao A e AAZ Azl o
! collagen AFA thdt &5 &
HEH %L% THsdE T‘f‘ﬁfi}

M

—_

rir :10
krl

—1.1
lr

o
o
ox ofN d
_!Z
‘3
N
Pt

2

&vm@afﬁo}m
N

2 30 o W g

2o ¢ o o
=
o off
éi‘l
o ©
o

D{H
P

2 o T

ox o
o
frt
oXx

o

o
FO

b o= o
o>
g =

{o
i
2
|o
frtl
:10
Kl
o
|o
!
R
=
-z

roN
9

ot H

e,

2l

mortar model” 5 ® & (brick)®] 7|5 <

A9 7heA S & & ¢ AT E= A e AR

ZAY YA LA A type T collagen HEAH I EHE 82
Lé

of
2 =3+, 3= (mortar) 715
s

:10
ﬁ
P E.
BN
ity
i)
o
=2
>

P

102 AT

2ol v #3849 ‘bricks and
27], & AT Ashe] A4
1 “bricks and mortar model” F
YHALY 343} o] 22 FE3HT,
ollagen«] A 9 Eus 2433
3 FAA B X“i*.%‘i} o«l 24 s

C a2y, A A

=
fol
s
=N
i
o
e
_l
32
flo
o °1

m "y
4 N
T

cl
o
BN
ng
e
ol
1%
oH. lo,
[o 1%,
o

=

&

b e N
[‘lr _]\I _l>_’l,
(L

ol

e

4

o

12
et

Mo o
ok,

S EA,

pass

=
of

_

|

o -
12

09_\1

4N oi

-

¢
& A
&, 247 =

=}
>
i
[
R
Hﬂ
gt ©
oo 3
pl
M
jg

oH /\ﬂ ,
REEEEREETET

e v
p
-

oy

é_'::olrr
O
il

o S e
u X2 o 4y &

>
Al
i, ox
S

-
© O
o O

Type IV Collagen
Synthesis (%)
H O
9 o

N
o
r

o

- 50 100 250
CJCEO (pg/ml)

Fig. 5. Effect of Cuscuta japonica CHOISY essential oil on the synthesis of collagen type I and IV in HaCaT. HaCaT was incubated
with or without Cuscuta japonica CHOISY essential oil (50 pg/ml~ 250 ng/ml) for 48 hr. The synthesis of collagen type
I and IV was examined by sandwich ELISA. The synthesis of collagen type I and IV in the quiescent state was considered
as 100%, respectively (n=3). Results respresent the mean + SEM. *p<0.05 compared with the quiescent state. CJCEO, Essential

oil from Cuscuta japonica CHOISY.
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