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Foeniculum vulgare (FV) has long been used in traditional medicine for the treatment of inflammatory
diseases. In addition, it is usually known as an important medicinal and aromatic plant widely used
as a carminative, digestive, lactogogue, and diuretic, and for treating respiratory and gastrointestinal
disorders. The skin barrier protects against the invasion of pathogens, fends off chemical and physical
assaults, and protects against extensive water loss. In this study, the effects of solvent-fractionated FV
fruits on strengthening the skin barrier and maintaining moisture, as well as their antifungal activity,
were investigated in human keratinocyte (HaCaT) cells. The expression of involucrin, loricrin, filag-
grin, hyaluronic acid synthase, human B defensin, and cathelicidin genes and proteins was measured
by reverse transcription polymerase chain reaction (RT-PCR) and western blotting. The production of
hyaluronic acid was determined by enzyme-linked immunosorbent assay (ELISA). The butanol frac-
tion increased the expression of involucrin and filaggrin. Both the ethyl acetate and the butanol frac-
tions increased hyaluronic acid production by promoting the expression of hyaluronic acid synthase-1.
Although the antimicrobial peptides were increased by FV crude extract and its fractions, the samples
did not show a significant effect compared to the normal group. These results suggest that the butanol
fraction of FV could be very useful in cosmetics for the treatment of dermatological diseases.

Key words
barrier function

ME

R 39 (epidermis), %17 (dermis), ¥ 3%
neous tissue, hypodermis) & 744 7] 7_ SRRy —’F—Ey— A
g HdTe 2P R FEde] AYe
(barrier function)< 4 ﬁﬂ so13]. F2 443
nocyte) 2 FAE 3+ FA7F 0.05-1.5 mm
AT 32 FRPo g o8 AAAA JAAE
A AE2 28 AW FEe 2ode Eﬁ‘%}
Z(an timicrobial peptide)2 749 5}8+4
IR ee FHL YTH34].

F A E 95%% AR e AE YA EE 714 F (basal
layer)ol Al Z2] (prollferatlon) A, A AEA 5

el

(spinous layer), #¢ % (granular layer)s #AA 7

*Corresponding author

Tel : +82-54-770-2372, Fax : +82-54-742-5441

E-mail : heungmuk@gmail.com

This is an Open-Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http:/ / creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

: Cornified envelopment peptide, Foeniculum vulgare, HaCaT cell, hyaluronic acid, skin

(corneocyte) = ¥ 3} (differentiation) g Th[27]. o] 2l & &
Ao AAFAEE AT 29 o] gle F4AA

T HYHIL, A 299 3PS 55 FFA

= 28 (involucrin) [14], £9] 9] P53 A4ATA 23
A™(loricrin), B et 19 (filaggrin) [24, 48, 50] & &35 %3
ste dAEC] wdstd[12, 511 24Hd W Agd A
(keratin filament)E & H 24 Gty WA 72 7
A M 27 (cornified cell envelope)s ¥4, 359 Z4Ed &g

A A3 FAAH 7S 71 sHA BrH49]. 59, filag-
gring &3 44 S
ocanic acids ¢ 3% A (natural moisturizing factors)
FAsto] M F Bgd Fo% 4TS £YF2 =&, 44
pHY A4, 928 5= I, 19].

3£ filaggrind A fref e A5 A4 2o & hyalur-
onic acid (HA), urea, citrate, lactate, glycerol 59| ThFgt
Fgdated o) BeAdd 7S s3I o]F HA = 24
Fol 2040%ke] o2 LA FERN Y9 £E FUE
Zhop oo BEA S fAT B ol YR AR
I} & A X o5 Fo AT, 47]. HAE F2 44 ¥
A E 9 A ob A Z (fibroblast) €] hyaluronic acid synthase
(HAS)ell olefl 5o Aze)7]do] 4" t41]. A57HA

53l pyrrocarboxylic acid4} trans-ur-

ofNe



41 HAS f A2+ HAS-1, HAS2, HAS-39] Al 7}A & H)
7b Baife, 18|51 o1, o] 59 HHAGE A HFAH 9
A%e E39 1%, FEYA, 9% 2EF 42, B4 A3
5 YEL3E doJE Aog HuP9|Et
g E 23 9t} ol 3
R334 )5 3
W @7 Berol= Fol
2 Hehol=ole g
(human B-defensin-1, 2, 3)JJr cathelicidin, secretory leuko-
cyte proteinase inhibitor, dermcidin, adrenomedullin %©| $)
th27). o2& &+t Aetel = oy EFRkSel o3 &
AsA Z7hsH0A AAA PoiA5 S A3, 235 0
2 537, WAL, 98T 53 e B AEE BY33
| 99 3ashe 34 7158 S4TGB
HFAGANA £2 A Y éir:% Holz A& o3 g4
Arrol= ol wHel Astoh HaA At 3
25, 39].

ojA Y »Fgue 7

HILFH TS,

7153 TaAdl e Aol okAw

A S FAANAE FHOE £UH 0] & 7 Ro)§aA
AFATE B3 DAY 4 8 Y 2BE T AY
QTR ThEBE I Qe A0

= . FH 2ol & ot Evu R 3
filaggrinfr & 2to] Wol ko] A o] YFH [46], 1A 59
Th o RS gt gt Sleto| =] B Askel #Eo] gl
Ao2 Hile, 2019l wtet v FAs A 5A LA
HAE e A AV T #Aol H At & AT
Ae J7349715 A S 8 o8 7hsd &4 E Fdst
FA A 3ol AF7EA7F dvta B AT
332 vyg e &ats a2 EQ Foeniculum oul-
gare Mill. (FV)S] 4&¢ A Az A0E F2 Trans-
anethole, fenchone, methylchavicol, estragole, limonene 59
Aol FHrEo UTH35]. T el e T AR ),
o17| A 5 (HHR M), A (RITE), 2 #HHE) 5
o E%5o] ok sl en, ddolM FEdHik), s (5,
T5 (i), ol (FIK), A4 @ AHEH & Aol
[44]. 71 Aol 9std 3 B A 7% 35
37 Jom29], AdEF 1 EsE o depAstel Hold
a37F a23], EAEE A EAN Esul=Ee A
Aol tig A A7t A=[8]S Rastutt F FEE2
o sk "‘*?EJ}E 7EA 2 gl o.H (28], &ts} 7, 40],
, FEEd A7 8o E3[30], Fultt E5E 7HA
ITH H3E) 21@[43]. % HZole IF FEE R
L % 7t AT

rlr =2 L I‘IF r

g
Al

Lo
L.
al
Al
2
=

oo kI oo ofy
ot
Y
=2
lo
314‘
=)
-z
B
ot
N
ol
-
&

o ZE obA 7R S RN B 83 D) el
& WEAA @ob o g A7 LW R0l
wepd & AFAAE 8T ol HBE FEEL o 3o

Journal of Life Science 2015, Vol. 25. No. 8 881

1 28E AzS §, 449N EF(HaCaT cell)OI] R
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Azl kol Ab8-E Dulbecco’s Modified Eagle Medium
(DMEM), fetal bovine serum (FBS) Welgene Inc (Daegu,
Korea)ol Al T Y3tA 1L, streptomycin-penicilline GIBCO
(Grand Island, USA)°l A 43k Th. 2,3-bis-(2-methoxy-4-
nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxani-lide=
Roche Applied Science (Mannheim, Germany)l Al 7% 3} %1
11, hyaluronic acid (HA) enzyme linked immunosorbent as-
say (ELISA) kit= R&D Systems (Minneapolis, USA)ll A T
U3tATE First strand ¢DNA synthesis kit= Thermo
Scientific (Rockford, USA)ol Al T} 3% 2.1, bradford pro-
tein assay reagentv Bio-Rad Laboratories (Hercules, USA)®l
A Flskdth Aol A-8-E antibody % anti-filaggrin, an-
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streptomycin®] ¥ DMEM A& A&3ted 37C, 5%
CO, 2214 wjgatit.
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HE 8ZES &
NEES AAYPAEA T 54 Z4S 93 XTT kit
E A4t e YA AZE 9% well plated] 1x10*
cells/well®] FEZ 100 pl# EF3t1 2447 59k wj g
O FBS7F A7FH A 982 A2 Ak 1847t starvation
N2 %, N8E 247 0,10, 50, 100 pg/ml & F=2 2 2 5}o]
= 24/‘17 Fe Wtk AEAE &, XTT Aol &
WA= WA sk 443E
(Molecular Devices, Sunnyvale, CA, USA)E
nmo]]}ﬂ EELLE‘Q] Bil;?;].é Z_ZJS]-%\'Y
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HaCaT A EE 6 well platec] 1x10° cells/well¢] %=
TFotel wekd &, FBS7F A7bHA &S WA= 2 A st
18417t starvation Al7]13, 7t AIEE 50 pug/ml¥ A2 st
FANET O E retinoic acid (1 uM)E A 313}04 24N 7 FRt
st Ant. g Mz Feds 5 F Az b

%011 w2} ELISA assaye 43 5} hyaluronic acid®] 4374
Fe A

Reverse transcription polymerase chain reaction
(RT-PCR)

7 N E(50 pg/ml)% FAHWET O Ca™* (12 mM), reti-
noic acid (1 uM)E A 2] F 24X 7+E b &3 HaCaT A EE
TRI-reagent (Molecular Research Center, Cincirmati USA)E

o] -g3ke] A|zAe] W uhe} total RNAE £l dkaL, UV-
1700 spectrophotometer (Shimadzu, Kyoto, ]apan)g o] -3}
o 260 nmollA RNAE A3 & total RNA 1 ng first
strand cDNA synthesis kitE ©]-&3t] S A At DNA
© RT-PCR 5% & ¢ template® A8 %1 2™, PCR pri-
mere A EA Q] primerE Bioneer (Dagjeon, Korea)oll A 7%
3Fe] A48} th(Table 1). PCR2 95C ol Al 103 (denaturation),
56 C ol A 302 (annealing), 72°C ol A 1+ (extension)?] HH-§-&
308 WESE e 202 S PCRO| AT A B2
1% agarose geldlA H7|Y5S AT
system (DNR Bio-Imaging Systems, Jerusalem, Israel)< ©] %
sto] glstdth. FA4e ¥ 2 internal control gene
glyceraldehyde 3-phosphate dehydrogenase (GAPDH)=
#5313+ ¥, Gelquant 2.7 software (DNR Bio-Imaging Sys-
tems)E o] &3to] Fof HFeoh

digital capture

Table 1. Sequences of PCR primers of the genes investigated

Gene Primer Sequence (5" to 3)
. Sense ACCTAGCGGACCCGAAATAA
Involucrin .
Antisense  TGGAACAGCAGGAAAAGCAC
Loriedn  S€nse CACTGGGGTTGGGAGGTAGT
Antisense ~ GCTCTCATGATGCTACCCGA
Filaoerin  S€MS® AAGCTTCATGGTGATGCGAC
HABEMN  Antisense  TCAAGCAGAAGAGGAAGGCA
HAS Sense CCACCCAGTACAGCGTCAAC
) Antisense  CATGGTGCTTCTGTCGCTCT
HAS Sense TTTGTTCAAGTCCCAGCAGC
) Antisense ATCCTCCTGGGTGGTGTGAT
HAS3 Sense CCCAGCCAGATTTGTTGATG
i Antisense  AGTGGTCACGGGTTTCTTCC
HBD.1 Sense TTCTGGTCACTCCCAGCTCA
Antisense  GAGGTTGTGCAATCCACCAG
HED2 Sense GCCTAGCATGGTGGCTTACA
Antisense  TCTTTGCATACCCCACCAGA
HED3 Sense CTGTTCCTCCTTTGGAAGGC
) Antisense  GTGGGTGTGTTCTGCATGGT
LL37 Sense GGCGGTAGAGGTTAGCATCC
i Antisense  ATCAGGAAGGCTCCTGGTTG
CAPDH  Sense CAAAGTTGTCATGGATGACC
Antisense  CCATGGAGAAGGCTGGGG

Western blot analysis

7 A B(50 pg/ml)t FHNZETOZ Ca™ (1.2 mM)E A
glate] 2443 Fob v fE A EE 2~33] PBS (phosphate
buffered saline)® A& 3}3l, protease inhibitor cocktail
(Roche Diagnostics, Indianapolis, USA)< 33 lysis buffer
g g3t 45 9ol 3083t ¥-AZ F 12,000 rpmel] A
58 A& 0}0:1 }5dE ettt 9 d F X brad-
ford protein assay reagent® A3t 595 nmol A FFEE
At AFeth AF Fo LT @A g9 4 A=
£ SDS-polyaclylamide gel (7.5%~12%)< o] &3t WA &
2|31, o] & polyvinylidene difluoride membrane®l 200 mA
Z 2N7F &< transferdt $lth Membrane 5% skim milk7}
3Hr¥ Tris buffered saline®l 247+ &<k & 4] blocking
& % primary antibodyE A &3t 4T A overnight 35
o 2% o3 TBST (Tris-buffered saline and 0.1% tween 20)
2 584 33 MA 31, secondary antibody€ TBSTOl A &3t
of A2ellA 143 S WA | gA] AT 1Y
Hhg-o] 5 ¥ membrane enhanced chemiluminescence
system (Bio Rad Laboratories, Hercules, USA)& ©] &3}
G E Xray BEAOIA eld 2d S BAAT T
A Wd-E internal control protein?l B-actin®. 2 XEF3}3 ¥,
Gelquant 2.7 software (DNR Bio-Imaging Systems)E ©] &3t
o o AZsid
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Fig. 1. Effect of FV methanol extract and of its fractions on
HaCaT cell viability. Cells were treated with different
concentration (0, 10, 50, 100 ug/ml) for 24 hr. Cell viabil-
ities were measured by XTT assay as described in mate-
rials and methods. Results are expressed as the means
+ SDs of three independent experiments. * p<0.05 ver.
control. M, 80% methanol extract; H, hexane fraction;
MC, methylene chloride fraction; E, ethylacetate frac-
tion; B, butanol fraction.
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Western blots ©]&3te] 43¢t HaCaT A Xl AEE
50 pg/ml¥ A2t 2447t F2t Wl ¥ & ivolucrin, lor-
icrin, filaggrin® mRNA$} protein 4@ & &2t A Tt Cal-
cum< ZHEFAHAE #3519 F310f 40:}—3}5 A A=A
YRG5 Ao #HstE AASY HH HEAA &
A z7 o2 A48 9

12 A3 ivoluerin® %% M3 H, MC, E, BS] £3 ¢l| A
mRNA & &o] 247 111.7%, 119.1%, 117.7%, 116%, 122.8%
2 245 BE AEAETO] dETl v3) ke A=
UEtwom, M, H, E, BlA o9& F71 E3E BT
Loricrin®] ©d-2 Z+7} 101.9%, 103.2%, 100.5%, 107.8, 110%
o #¥ &S, filaggrin® 103.1%, 103.6%, 105.03%, 103.2,
105.02% & loricrin, filaggrin® mRNA @A E ZE A&
Agwtol el vls) F7he FEES BYoy o
2F4E YA = EUTH(Fig. 2A).

Protein Z& A ivolucrin® M3 2z £3Fo] 100.6%,
101.5%, 96.2%, 113.2%, 124.6% = MCE A 95 M, H, E, B
B8 A Ld@&o] F7letdon, £3] BAA F5tA 7t
gk Ao g &EAHAY. Loricrin® 7% 100.4%, 99%, 91.6%,
93.8%, 99.3% = Mol A5t &3 o] =71819 1, 793 F718
FE YA = ¥ A& FU3t9 . Filaggrin®] @82
e 111.1%, 127.3%, 127%, 1184%, 127.9% % & AN EA
oA F7tstd e, BAA f9¢ 45 YgUAT
(Fig. 2B).

Hyaluronic acid?| A1} hyaluronic acid synthase
9| mRNA &0 D|X= A&

FV7F B5adte] v s 98-S dotir] 913t HaCaT
Az 7t ASE 50 ug/mlAy A3k, 2447k vl &
3]4gk Hj ok ELISA kitE ©] &3} hyaluronic acid (HA)
o AR FE ZAeoH, Al = RT-PCRE ©| &5t hya-
luronic acid synthase (HAS) mRNA &8 #F& A4 T
HAY AR 34 A3 gz A& 43344171 ng/ml, M
< 46.14+0.59 ng/ml, H47.8+0.06 ng/ml, MC+ 47.8+1.22
ng/ml, Ex 50.88+0.02 ng/ml, B 48.18+0.96 ng/mlE E&
ANEA T A tzTel vls] HAY A Fo] S7he A2
Z Yeon, £3] B9 BAA #93 F7F 45 BAY
(Fig. 3A).

HAS mRNA 28& A 43 HAS 1S M3 Z2F &9
A 162.9%, 201.1%, 187.2%, 216.8%, 297.8% & RE A 84 g
oA mRNA L&o] dASA F7tataon, BAA 744
2o 27} A%E 23, HAS29 7% 104.9%, 107.2%, 96%,
94.5%, 94% =2 M3} Hol 45k mRNA Z& o] Z7}15t9 31, Hol
A fodA e F7F 2935 YeEt HAS3E 112.2%,
105.1%, 100.3%, 111.1%, 102.3% & =& A 24 g4 2d
go] FUttdl oy fod aFHE HolA ¢okth(Fig. 3B).
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. 2. Effect of FV methanol extract and of its fractions on involucrin, loricrin and filaggrin mRNA and protein expressions. HaCaT

cells were treated with each sample (50 pg/ml) for 24 hr. (A) mRNA expression were determined by RT-PCR using GAPDH
mRNA is used as the internal control. (B) Protein expression were determined by western blotting. B-Actin is used as the
internal control. Result represents three independent experiments. * p<0.05, ** p<0.001 ver. control.
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FVel g8ty A9 752 37| st g Yol
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Fig. 3.

mRNA Z8& RT-PCRE o] &3t9 ZAetAch 1 A3
HBD-19] mRNA #d2 M3} H, MC, E, B 2 &3 oA
105.8%, 112.2%, 116.1%, 121.2%, 121.1% & ZH 5o} LE A
SAHYTFAAM iz vs) Fdo] F7184%9 2.1, HBD-2+=

(50 pg/ml)
- M H MC E B Ra (1pM)
s [ ——————

-BEF
3 -EE
£ N
o
o -EE
-l .
s
E -HT
2 mHAS-1
L o=
a #T HAS-2
>
b W HAS-3
2.5z - % ! . B .
£ T
©
[

EE

BEE .

CON M H MC 3 8 RA

Concentration (50 pg/ml)

Effect of FV methanol extract and of its fractions on production of hyaluronic acid and hyaluronic acid synthase mRNA

expression. HaCaT cells were treated with each sample (50 ug/ml) for 24 hr. (A) The supernatants were analyzed for the
production of hyaluronic acid using an ELISA assay kit. Result represents three independent experiments. (B) mRNA ex-
pression were assessed by RT-PCR. The GAPDH mRNA is used as the internal control. Result represents three independent

experiments. * p<0.05, ** p<0.001 ver. control.
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Fig. 4. Effect of FV methanol extract and of its fractions on
mRNA expression of HBD and LL-37. HaCaT cells were
treated with each sample (50 png/ml) for 24 hr. mRNA
expression were assessed by RT-PCR. The GAPDH
mRNA is used as the internal control. Result represents
three independent experiments.

103.26%, 99.9%, 98.5%, 96.8%, 92.1% = Mol A1}k d& o] Z7}
34t = HBD-3E 100.9%, 99.6%, 103.7%, 106.2%, 102.9% =
HE A 23 A gAg oA mRNAQ @do] Z71319 0w,
LL-372 102.9%, 109.1%, 100.7%, 1052%, 109.9% & =& A &
Ao dde] T AR Yehgth Iy M3 £9
55 BT & JEolt BE S Fo5tA FIHNIIA @

EE
Ao 2 ey t}(Fig. 4).
1 @

RS £42 oY 7|5 Adete T £4=
A AxF JEZREH Ao Al o3 g 97
AZS FHstA g FHIoe I8 Ao R85
AAE Belo] Qs 38| Buslon, NEgEs)s 7
3 2 FEY BEo] 95 A3 A5 F2¢ TS T Ao
2 B olE A XNEA MY A7 AHHOE Y H
Yo

B AFNAE IFY d9%F, d4s, 3 9 f R xes
A &% 5 7E ATE 7o g FVrt 924 9 B
nAe 9T Fdstna A

ZHA M Ee] B3} £21AA4< involucrin, loricrin, filaggrin
< 979 £ Y 4L st AdAzgy ¥4 2
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715 A 8% ATS stof o] 59 L
7% Aol g otE I RE & AN
op713tk 4 A 9tk Howell 5[21]2 Th2Ato] E7}
interleukin4, 5, 13 5] $A W} B A2 & 2438t IgE
2 Z2 e AW D2 59 EEUNEAS BHAZ B
0}‘43} loricrin, involucrin, filaggrin®] 2@ &

I Az, 29I 2L olEYIAFEY dSEE
g3 Bustdth &8 filagerin 44 S0l ¢ 7
o FEI} Aepo] AF wAdtE JFAT AH[52E0
A% BuEa Qleh mebA] B Aol As Fvr 939 &g
A Ao WA e TS FAs] A3 HEEFEEM) 2
3 B EMH, MG, E, B)E 247 Bt ZAF A Lol Az

gt %, involucrin, loricrin, filaggrin®] mRNA % protein &3d

NE S o 1%

F& A 5FA . Fig. 20 UEhd vke} o] A F A 29
38 ZANI e 2o E 47 ZE12mM)A ] S8
Z7o| A & involucrin, loricrin, filaggrin mRNA % protein®]
BT Z7MEe AT 4 At ol g Az g4l
e M3 2855 A net F7tEE Fde BYe,
53] B A2 Al involucrine mRNA$} protein, filaggrin® 7

$ protein®] FHEo] FAHOE Fou FEol A F7}3)
= A& gl E}EW 2 2%s £89% T ot 443
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