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Abstract: Hyaluronic acid (HA) is one of the major extracellular matrix components in skin. The HA content is reported

to decline with age, which may contribute to decrease in skin moisture, wrinkle formation and the decrease in elasticity
of the skin. Among the family of HA synthase genes (HAS-1, 2, 3) identified so far, HAS-2 plays crucial roles in
the regulation of HA synthesis in human skin fibroblasts. In this study, we elucidated the effects of ferulic acid isolated

from Cnidium officinale on HA production. Semi-quantitative RT-PCR and quantitative real-time PCR showed that ferul-

ic acid increased mRNA level of HAS-2 gene and ELISA assay also revealed that ferulic acid increased HA production

in human skin fibroblasts. Our study suggests that ferulic acid might prevent age-dependent skin deteriorations such

as wrinkles, dryness and elasticity decrease, all of which could be ascribed to the reduction of the HA content in human

skin.
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Bestol] ARl ENE e ZA0FE B Q)
=6 7 AEZAA ferulic acid A2 Z U3 UVl 2
3 fr=%+ MMPS] 24L& AAIFTH31]. T3 ferul-
ic acidi= A3 E 7 A= FAdl= AT HAF
3 A= ferulic acid®] 2] 2 13 &2 A g3t
(reepithelizaiton) ¥4 2 A4 3 3 (angiogenesis)
T FA 3| Fo] dojuhe Ao Boste] FA I &
S AT F}H32,33).

e B AFA dgozHE R A
ferulic acid”} HAS-2 mRNA & ¥3}ol] W)= 3k
2 ZAII T T3 ferulic acid7} 23 o2 I|F
AfrotAl oA SEFEY RS F7HM7I=A
T ZAFEF ferulic acid7} S| FE4F A FIE 5
Sk 35 =351 k2] g S 91 SPEE AR EA 9
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A& AEANFANA HAF(C officinale)s TY3sHA
AH8-3FATE Open column chromatography S $3] RP
C1 coulmn (Shiseido C1 DM1020, 200 um, Japan)<
TLC £48 93] silica gel 60F254 (Merch, Germany),
Prep-HPLC (Shimadzu Prominence LCS8A, Japan)g %]
3] Prevail RP C18 colum (Alltech, 10 mm x 250 mm,
USA)S 2tz AH8-3tath 284S 913l Auto Spec
mass spectrometer (Micromass, UK)E AFE-3F T A}
7 Aol Zs 1R AR 9 E5E A
FH Ao T oA HFAZRE AFL
o, Al wjFE 984 AHE-E Bl A= Dulbecco’s
modified Eagle’s medium (DMEM)S.2 InvitrogenA}
(USA)ZRH FYst] A&sidth 8= A
BioTekAF] PowerWave XS microplate reader (BioTek,
USA)E AH&3ste] S5l s|EFE4e] HHS
238l A8+ Enzyme-linked Immunosorbent Assay kit=
Echelon Bioscience (Salt Lake, UK)AFoll A 43k A}
&3kt

2.2. Ferulic acid 22|
AEANZANA T3 A% AFC officinaleyS Al

HO OH

Figure 1. The chemical structure of ferulic acid.

Al Chloroform (CHCls),
Ethyl acetate (EtOAc), n-Butyl alcohol (n-BuOH)Z ==}
Ao g FZaunt 74 &) = 8 T P =2
HAS-2 mRNA && Z7F &35 B2l EtOAc #8<
silica gel column’doll 4] CHCl; : MeOH 40 : 10]A4] A]
Zheted 21 19 EFE7EA S48 SEHEA &EA
7] 87(CO-EA-SC1 ~ SC8)2] £ oz YFUt} o]
% SC1 38l ts}o] Sephadex LH-20 column chro-
matography (80% MeOH)E 335t T8 A& &9
< Atk A2 48 82 54 Prep-HPLC (Toluene :
EtOAc 60 : NE F33ste] 1= 3ghs 14 A3
ok sehE 12 WA IFERF BN H=4 175~
177 C, AL 19495 854719t Mass spec-
trometer2 QA3 H O™, SigmaollA TP+ ferulic
acid®} TLC ¥ HPLC Co-injection2 F3}] U3 &
AL FAsATh ferulic acide] 33HH FxE
Figure 19 YepASITH

2.3. M= i

Aol IR fef AfolEZE 10% fetal bovine
serum (FBS), penicillin 50 U/mL, streptomycin 50
ug/mLE- 713t Dulbecco’s modified Eagle’s medium
ANA 5%2] CO,, 37 C =AM w8t

2.4. RNA 22| 2 semi—quantitative RT—PCR

AL 32 AgobA3E 3 x 1071 6-well plated]]
T3l 24 h v]FSE Fof serum-free WA 2 w85}
EGA 24 h T WS A, A7l o7 @,
5, 10 pug/mL)2] g 8 EE= ferulic acid7} E3HE
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o]FA A X gk MEZEZA] RNeasy mini kit (Qiagen,
Germany)E ©]-83td ZA| RNAE F=3+ 5, A Zst
o] 1 ug®] RNAES GeneAmp" RNA PCR kit (Applied
Biosystems, USA)E ©]83ld <7 AKreverse tran-
scription)3t 4t &AL ¥-S-2 Mycycler™ PCR 7]7]
(Biorad, USA)E °]-83t +3h3tAth. /33 cDNA
+ HAS-2 9 GAPDH 2z}o|m & o]83t] PCR ¥H&-
< 53 SE3I9TE HAS-2 % GAPDH®| PCR 3%
9% szetolm] L2 tha 2T} HAS-2 (sense pri-
mer : 5-CCT TGG AAT CAC AGC TGC TT-3,
Anti-sense primer : 5'-GGA CCC TTT TCG TGG ACG
TT-3"); glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
(sense primer : 5'-CTG ATG CCC CCA TGT TCG T-3'
anti-sense primer : 5-TGT GAG GGG AGA TTC A-3").
EE xZlo|H = Bionner (Korea)oll Al & #2181
ok Wkg 2312 94 ColAl 10 min ¥i%F F, 94 C 30
s, 60 C 30's, 72 C 30 s& 25 cycles WHE3}ar, wpx]d}
of 72 CollAl 7 min &< w3 PCR tHE2
1.5% o7} 2 Ao) A 719 %53+l ©]Z Fluoro-S Mul-
timager (Biorad, USA)E ©|-&3t &4stict L=
o] Wsle obFAE AYetA| B2 tiEad Hlwst
of WMEgE YeRJITh

2.5, Quantitative real—time PCR

24014 F3E cDNAE ©| 83} quantitative real
time PCR 9] 853t 4% cDNAE 3+ RES
300 ngS AHE3MAL, iTaq™ Fast SYBR® Green
Supermix with ROX (Biorad, USA)$} -3} E-o] &<l
Zlo]HE AME-3}S] quantitative real time PCRE =
Y3199t} Real time PCR-2 Rotor Gene 2000 PCR ma-
chine (RG2072M, Corbett Research, Cambridge, UK)E
o] g3l =35}t Quantitative real time PCRoY| A}
|3 3Zg}o| = semi-quantitative RT-PCROIA] AR
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SBRE AZ APHE 3YFE4H ELISA kitEs ©]
83 AT AP 7 w50l st 33 wtE
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9] HAEE td o E HAS-29l th$t semi-quantitative
RT-PCRS S35, I A3 o] HAS-29
! S FMAZIE 7P e AAER
AR 83l o] Mg FE2EY oust £ =
ol 4] HAS-22] mRNAS] HdFS F7HAI7I=A Lo}
127] 95k, Al Aol EE 24 h B e 3 ThA
g ek 253 1 £ E2 CHCL 3, EtOAc
2], BuOH &9, water 9= 2, 5, 10 ug/mLe] ¥ 5%
Z serum-free HiA| ol 3413} 24 h A 2]gt 5| RT-PCR
< Ab83le] HAS-2 mRNA 2 @RS ZAsqdn) it
d W32 olF AR A3 ¥ 24 =z
wate] WME-G2 eI o|ul, A3 W
& FEEY A BYEY w5 A I8 A
FroFA oA 24 h Bt A3 7 MTTE A3k
AZ QEol| 4Fe T4 E& sEUS I8 At
(data not shown). Table 194 B= Hl9} £
Z7 UiH] EtOAc 8E3} water 8 EolA] HAS-2
mRNA 28 Z712 BY3, IFoA EtOAc 28 &
0] 2,5, 10 ugmLe] F=NA Z+7F SA4 tizT vl
127, 180, 193%°] =712 Ho] oA hETFOE AL
H retinoic acid2THE &2 HAS-2 mRNA o8& Z7}
&8 Btk o] APAAE 53| EtOAc 8 Eo] 7}

ofN

=
T
K

o=



Az ozRE #2l¥ ferulic acid

Table 1. Effect of C. officinale Extract on the HAS-2
mRNA Level in Human Fibroblast Cells

Concentration Rate of increase

(ug/mL) (% of control)
Retinoic acid 10° M 126
159
MeOH extract 5 162
10 169
118
CHCI; layer 5 93
10 112
127
EtOAc layer 5 180
10 193
101
BuOH layer 5 93
10 105
2 119
Water layer 5 128
10 100

Cells were incubated in serum-free medium for 24 h with
various Cnidium officinale layers (2, 5, 10 ug/mL) and all
trans-retinol (10'6 M). After extraction of total RNA, the
expression of HAS-2 mRNA was measured by
semi-quantitative RT-PCR. The expression of GADPH was
used as a control. Four different layers are shown

7 9% HAS2 mRNA H3 371 858 Bl
Eolgo OEL 2= o]ohq_'

3
=1}

e
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e WekE FE2=9 714 2895 T4 7H
HAS-2 mRNA Z7} %o E& FEtOAc #3ES
HPLCE F3ate] ti=Fa<l *é%:“aa glsta w2
x}ﬂ’o‘}: 925 AEste] e, GAEA olg
Al DR ferulic acidE ©]F HAS-2 mRNA &3 #3}
9 S YFEL A Aol AMESHTH

3.3. Ferulic acid?| HAS—-2 mRNA 23 =7}
2= HFY EtOAc REZRE Hg] A
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QAsh] QeIA AL TR A FOES o] S5te]

SILFEAL Aol A= &3t 285
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3
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con 0.5 5 10
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fold differences
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Figure 2. Effect of ferulic acid on the expression of HAS-2
mRNA. (a) Human fibroblast cells were treated with the
indicated concentrations of ferulic acid for 24 h. Total RNA
was extracted and reversely transcribed. The cDNAs of
HAS-2 and GAPDH, an internal control, were amplified with
25 PCR cycles. (b) Further confirmation of semi-quantitative
RT-PCR data by real-time PCR. Total RNA was extracted
and subjected to real time PCR analysis with GAPDH as
internal control. The expression level of mRNA HAS-2 in
the control was designated as 1.0. Results are the means +
S. D. of three samples. (* P < 0.05, ** P < 0.01)

A semi-quantitative RT-PCR-E A5+ T Ferulic
acid= 5709 505, 1, 2, 5, 10 ug/mL)E 253
3, o] FEZ HZA 24 h T X2 g & MTT as-
sayE AAStA A Z YEol| FFE FA e v5Y
2 #9215} tHdata not shown). Z+2}+2] F=ol|A] ferul-
ic acidE 24 h 21&] ¢ & RNAE FZ3}3L cDNAE ¥
E9°] RT-PCRE AAI7H & 71953} image analy-
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Figure 3. Effect of ferulic acid on the amount of HA
released by human fibroblast cells. Human Fibroblast cells
were grown to high density and washed with serum-free
medium to completely remove HA accumulated during cell
growth. Subsequently, cells were treated with the indicated
concentrations of ferulic acid for 24 h. At the end of
incubation, the supernatants were analyzed for the presence
of HA wusing an enzyme-linked immunosorbent assay
(ELISA) kit. Data are shown as the means + S. D. of three
samples. (* P < 0.05)

sis system©C. 2 Aot LHES AEE AYsHA
%2 x2T 3 vwste] MEEZ UERATE Figure
2(a)oll A H= nble} o], S48 & thY ferulic acid
& A AgToA =71 S71E el mEl HAS-2
°] mRNA T3 o] 783t Ferulic acidE 0.5, 1,
2, 5, 10 ygmL Age o, 27 4 iz iy
19.55, 35.19, 53.15, 88.76%2] HAS-2 mRNA & #Fo]
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o] &3t HAS-2 mRNA HdZFS ALbsatt 53,
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= Bke} o], 34 dlE2T ulv] ferulic acidE * 2]
3 A3 Foll A HAS-2 mRNA 2] ¥H& #Fo] f-2]m]3}A)
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mRNA L& 7Fo] F7kths 2 & &+ UATh
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