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Abstract: Cymbopogon citratus (CC) and Perilla frutescens (PF) are known to exert various biological effects. However,
their skin hydration and skin barrier effects remain unclear. This study investigated effects of their extracts on skin
hydration and skin barrier and analysed the phenolic compounds. effects of these extracts on skin hydration in HaCaT
cells showed that Hyaluronic acid production in cells treated with ethanol extracts was higher than that treated with
water extracts for both CC and PF. HPLC was used to analyse 19 phenolic compounds in CC and PF ethanol extracts
(CCE and PFE). Results revealed chlorogenic acid and p-coumaric acid in CCE and rosmarinic acid and caffeic acid
in PFE. Expression levels of hyaluronan synthase 1 (HAS1), HAS2, HAS3, and aquaporin 3 (AQP3), which are related
to skin moisturization, and filaggrin and loricrin, which are related to skin barrier were higher in cells treated with
CCE than with PFE. CCE and PFE also increased expression of PPAR-a protein involved in skin moisturization and
epidermal differentiation in a concentration-dependent manner. As major components of CCE, chlorogenic acid and
p-coumaric acid increased PPAR-a protein expression. Thus, CCE and PFE could be used as functional cosmetic materials
for skin hydration and skin barrier effects.

Keywords: Cymbopogon citratus, Perilla frutescens, skin hydration, skin barrier, keratinocyte

T F A= (e mail: tblee0l @ncn.rekr
: 063)633-8602

225



226 A0k} - 2o .
LM E
= A s EAshal efpelate] Helos

A=
52 uEste Beel B SsS SashA el
(o]

A8 o= T
RS et Ylofnil] mRESS sk
a

= =
= AL QIXRQI 5|24k hyaluronic acid)> 27,

AefAsl} oA w5 3vf 847k sht=[2] Z14+do]
7ol =2 Adtslo] AL FAdsks Addo] Qlof Hi 1
A Sa3%t JTS k= A BSARE dHA QAoh3]
webA] S|UFEA] S FEstAY EellE SAlsh=
=42 i Hgat o) Wxjo] anpAlelw, 53] 3|UF
22X A a A (hyaluronic acid synthase, HAS) 5 HAS29}
HAS3= 3|24k Fdoll 244 gk ol Zo=
dHA lom, 2T HASO| f-xk W S715 33l 3
dFEAte] ik FAFIAAL sk At 2sHA
ojfojR|aL Qlth4,5]. HERL, filagerine FofHys S
pyrrocarboxylic acidi} trans-urocanic acid 53 742 MR
%91 A natural moisturizing factors)E FAJslo] T|H K50
83 g gtk =8 2T pHY B3t &4
g S RgET6,7). ofQole HFHESGe] HiE <
A=A, aquaporin 3 (AQP3)= Al e]] £} ZEAlE9
oo Poiatchar kelA QIeis9) 1ol oIz Hwjzt
A= AlZHo] AQP3E skl Qlal, AQP3 4
o HoAt S, TR, ARASS A
st 5o) mrEAlE Uehiis Ao el 2irko]
TR % Eae ulg B3lelaL chsoln] Al
9 WO Q1o 27 Aol 7Ky SEEel
Jfko sapilie] w4, Hak W Bzbabo] Baglo] Bt
BEleA Eo10] AL FARHI0) Falo] Fa7
At 2P Az Fepywol wet 2, HHSs
22w A )2 i) 24 o] net SR w
o] TR ek, 7|22 kentin 59} 147} rels]
o wsfzpgoR ojgahy Halo] ZRFECKI], 2
K= Keratin 13} 100] FAIE, 932 3 D)o 2t
ZAazut A Tl Q] involucrin, loricrin, envoplakin 5]
=, fE52] Alszol] EAfe k= keratohyalin granule QF
o k= profilaggrin2- filaggrin®] 4| =24 ApH5-2] A2
7h ZHASo R o 53hHA filaggrin© 2 WSHA HTH{12,13].
T3l wRE G pulEslol] ARl Agke Sk QRkE
nuclear hormone receptorZ-¢]] S+Q1 peroxisome proliferator-
activated receptor alpha (PPAR-o)7} &4 rH14].
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=122 Gmibopogon citratus (CO) Stapf)i= B1}(Poaceae)
o] ofefsholER dEAP |/l Lkl \TLgolek 21, s,
rEds 24 G Qst] BAA Uel H2Is ©
19 B{RZo] shjoln PAISh FAZ ko]
U= Aom HAEA QITH15,16). 2= 1ef= isoscoparin,
swertiajaponin, chlorogenic acid, caffeic acid, 2 p-coumaric
xid 5] TiFE Zelolisg PO Y Ao el
A QJtH17,18]. AAH(Perilla frutescens var. acuta (Odash.)
Kudo):> E-&i(Labiatae)ol| <5ls= 3t sfjato] F24] k=
7]l Az)R A glov] dre Wek sl 7]
DAL, Pl 5ol AMElo] SIT{19]. Ale wel
2o, ak ABh S<elek el Slonai). ofeet of
22 A Fo] 7FA]AL 1= phenolic compounds, rosmarinic
acid, anthocyanin, caffeic acid, luteolin 5 WEO 2 HI1%E]
Arh22,23]. ole} o] Ay} ekl vl &
SOl Bela BjREgT} ageo] et AT @
A7HA 5t gik

2 Aol QIR T FEZPARIAIRE]] HaCaT Ajaze]]
A YlETEAet A FEEC] TRES 9 )R
W as Ao s s de=Ae] 387t
/3= ARk} gtk

2. M iz o
21 M=

AR ARESE Bl ekl R4S ZH2E 2017
| 1097 8ol Hepee JeA] et FEHolA
A|Fto] ARgstl o, Bejs Aelet AJRE ARSI
o}l AFsE Y= 40 ColA] 72 h AZ(LDI013, L’EQUIP,
Korea)gt 5 4 Collx] HyslA] Adlo] ARgaIch

22 Nz F&8 M=x

A% HRErefe} A AS 47 I(HME-3600TG, Hanil,
Korea)S o]-83to] £4fgt 5 100 goll &3} 50% offehe 2
LS &gkslal B2 100 C, 50% oflghe-2 80 CollA 21zt
4 h 5 FE3E FEES FAES} FolofH]E o]
&sto 23] osisien, it FEES AESY
(R-100, BUCHL, Switzerland)5- ©]-8-510] 50 CollA| “s=5}
11, 5A7%7)(MCFD8508, IishinBiobase, Korea)S ©]-8-5}
o] =4 Azxsle] B9 Ag= ARSI
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23. M=z & )\ﬂirH:lHoF
ARt BRZARFAETQ] HaCaT A|EE 56 CollA
30 min ¥X|2]% fetal bovine serum (Merck, USA) 10%%}
YA penicillin/streptomycin, Gibco, USA)E- 72t Dulbecco’s
modified Eagle’s media (DMEM, Welgene, Korea)E A5}
of 5% C0,, 37 C Al vjop7lel A hesslsick

2.4, HEENZAL

WST-1 assay S ©]-§510] dlez1efo) A 3522
Al REE-S =43I3Th 96 well plateo]] HaCaT A2
5x10° cells® H38F 3 24 h 59F 5% CO,, 37 C 249
A 529 obgsls A7 B, dEaskact Ahd 3
2o wrda xlsle] 48 h E9b Hijoksloic;. WST-1
assay+ cell viability assay kit (EZ-Cytox, Dogen, Korea)S
o[- 8513l W wellof] EZ-Cytox &4 10 (M5 7185
a1 thA] 37 C, 5% COx0llA] 2 h vljeket ¥ S8 5742
28l 1 min A= F=2H4 shaking 3t 5 microplate reader
(Tecan, Seestrasse, Switzerland)S ©]-835}o] 450 nmoj|A] &
e s =A59ck

2.5, S|UZZEA MM

6 well plateo]] HaCaT AN|EZZ 6x10° cells® E53F 3 24
h 3k wli%Fstal, FBS7L §li= DMEM 7]2H[A|= 23 A
23t - ThA| DMEM HjA| = Liﬂé}i LS Zate) e S
9] 2ZE2 48 h Zol 2|5tk 48 h 3o 350 (L
medias 2RI 12,000 pmoflA] 5 min H-E2]skaL

TR R o] wE A 227

HE

oJujo] HA sandwich ELISA kit (echelon, USA)
s ol%oraa e A AL el I el
Z-2 1 ¢M alltrans retinoic acid (ATRA)YE

2.6. Hi=A 3kEH=0] st HPLC EA
FlErefiet Ay ofehE FEEo] gt 195 ¢
SIS (phenolic compounds)2] slef E41- HPLC (Alliance
€2695, Waters, USA)E o]g3le] RS HAEIILE AR
10 mg = FZE 1 mgg 25k 50% oflghe 1 mlof| &
S5k, /\]E 10 (LS HPLCo| F3}aL 0.8 mL/min <
T2 BX5KE o)Ak 2= water (0.1% formic acid)2}
acetonitrile (0.1% formic acid)E AF8-5F%3L, column-2 Shim-
pack VP-ODS (4.6 mm x 250 mm, 5 ym) (Shimadzu, Japan)=
ol-gsto] gt 280 nmoflA ZASIILE 19F EEES
gallic acid, chlorogenic acid, methyl gallate, 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, USA)S
o] 831tk 192 wlsA 3FHE9] retention timex} TS
Sl Table 137} 2t

A

>

2.7, MMt SREAAMIZ(QRT-PCR)E S8t REIX

iy

e
g

6 well plateo]] HaCaT NJZE 6x10° cells® 2581 524 h
ot wlekstal, FBS u|3Z3F DMEM HijZ|2 2t A|xst &

Table 1. Retention Time and Maximum Absorbance Wavelength of 19 Standard Phenolic Compounds

RT Amax RT Amax
NO. Compound (min) (nm) NO. Compound (min) (am)
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

RT, Retention time
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FBS 1]3z5 DMEM HiA| 2 wAskal g2 1apAiet 2y
offgheE FE=S 48 h Bt A2t 48 h Fof] Ajazof|
Al RNAE $53)7] 9J5) total RNA extraction reagent®l tri
reagent (RNAiso PLUS, Takara, Japan)S ©]-83}3ck Tri
reagent 1 mL-3 Aj3zo]] ¥ & 15 s 52 vortexst3ich ©]
6] 15,000 rpmof|A 15 min 52t YAEE]|SE S chloroform
200 (L5 931 20 s -52F vortexgt - 4] EEfgh ohe A
TS A= FHO &5tk AF7Re isopropanol 5
YL A2ollA 10 min -5t ARSI o5 THA] 15,000
mpmef|A] 20 min 52t Y4 E2lsto] RNA &S ASich
RNA ZHE-LS 75% ethanol 2 AL & Z7HES 2 ~ 3 min
&2t A2ollA HAEAIA 0.1% DEPC watero]] 53ith. RNA
5%=(1 OD = 40 wug/ml)+= Evloution 260 Bio UV-Vis

Table 2. PCR Primers for Real-time PCR

@5 25 - olepy

spectrophotometer (Thermo Scientific, USA)E- ©]-8-3}] 260
nmoj|A] 243t 5, reverse transcription kit (RNA to cDNA
EcoDry Premix (Oligo dT), Clontech, USA)E- ©]-85}] 1 g
RNAZE] cDNAS FHAJ5HCE 4 cDNAS el 3
AZFra 5ul 34k 5 AAZE PCR 2 Fast Start DNA
Master™ SYBR Green I kit (Roche, Germany)2- 0|85}
Light Cycler 2.0 (Roche)ol|x] ZE35}5t}. A3 primero}
PCR %718 Table 2, 33} 7o S-A7}0] AJoE 42 Light
Cycler Software 4.0 (Roche)S o831t} o E5) ojit
gl theh FdhEae: 242 1 1M ATRAZL 2 mM9]
calcium chloride (CaCl)E AME-313Th

NCBI Forward/ Size
Gene Reference  Species Sequences(5’-->3") CDS Location
Reverse (bp)
Sequence
F GTGCGGGTACTGGACGA 810 826
HAS1I NM 001523.3 human 60 - 1796 172
R GACCGCTGATGCAGGATACA 981 962
F GCAGTGTAAGATATTGGATGGC 1305 1326
HAS2 NM 005328.2 human 539 - 2197 151
R CCCATAAATTCTTGATTGTACCAATCTTC 1455 1427
F TGTCCAGATCCTCAACAAGTACGA 888 911
HAS3 AF234839.1  human 157 - 1818 157
R CTGGAGGAGGCTGTTGC 1044 1028
. . F GGCTAAGTGAAAGACTTGAAGAGA 3751 3774
Filaggrin  AH002947.2  human 2586 - 4929 157
R AATAGACTATCAGTGGTGTCATAGG 3907 3883
F TGCAATCTGGCACTTCGC 478 495
AQP3  NM 004925 human 104 - 982 156
- R GCCAGCACACACACGATAA 633 615
F CTGCTTCTCCTCCGGTG 390 406
Loricrin  NM_000427.2  human 55 - 993 151
R TCCGTAGCTCTGGCACT 540 524
. F CACTGTGCCCATCTACG 675 691
B-actin - NM 001101.4 human 193 - 1320 157
R CTTAATGTCACGCACGATTTC 831 811
Table 3. Real-time PCR Conditions
Gene Hot start Denaturation Annealing Extension Cycles
HASI
HAS2
HAS3 95 C, 10 min 95 C, 15 s 60 C, 10 s 72 C, 10 s 45
Filaggrin
AQP3
Loricrin 95 C, 10 min 95 C, 15 s 62 C, 10s 72C, 10 s 45
B-actin 95 C, 10 min 95 C, 15 s 60 C, 10 s 72C, 10 s 40
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2.8, CHHEIEAM

60 mm disho]] HaCaT H|ZZ 1x10° cells2 E531 3 24
h 52t vieFstar, FBS w]szst DMEM HiA|2 281 Al 2%k
% FBS 1|3 DMEM HjA|= wAskal fl1ekie) 2¢
A9 ok FEES 48 h A5tk 48 h Fof lysis
buffer22 THl2S 255101 Bradford ®H-E o-8sto] o
HHELE St ©]%- SDS-PAGE gelof] 20 ug2- loading
3} 5 PVDF membrane©] transfer 3t ©h2- blocking, 12} 3}
A(PPAR-a 1 : 1000, B-actin 1 : 2500), 22} 3}A|(anti-rabbit
1 : 5000) 2 ECL Western Blotting Substrate (Promega, USA)
& PPAR-a THHAS] Wy H=ES eI wREG
3} mjEdof gk PR Z12F 1 1M ATRATL 2
mMe] CaCLE AMESIGL Tla 9 SRIEY] k=
20 (M ARESESITE

2.9, SAEA 2A

nE=E B4 AEs HiEEeat (Mean £ SD)E UEL
Uilon A3 ZA7l= GraphPad InStat software (SanDiego,
USA)E ol gslick A% E42 one-way analysis of
variance with tukey-kramer multiple comparisons test FH-2-
olgalsick
3. 2o o o
3.1, 2l=202tARl XAY FEEQ| MESY

o7t TR ZPR AN ] HaCaT A|EO A &1t

(A)

120
— CCE
100 | & .
> 80
§ 60 -
>
© 40r
@
[>)
20 +
0 | | L | | | n
0 6.25 125 25 50 75 100 200

Concentration (ug/mL)

B W g Rgee) ek AT 229

=)}
N

29} 2p4gl0] B FEEal 50% oehe FEES 625 ~
200 pg/mLe] HEE 48 h T3t & A ZEEAS

At 75 ugmle] ST AlREEAGE HolA|
L 100 pg/fml, 200 pgfmlo] FeollAl= oo Ala2s/d

< Ui k(Figure 1).

A
§ o2
lo

5O
%

3.2, 2l202tAR} XAY FEE9| SIUFEM WHs

3| UF2ARS glucuronic acid®} N-acetyl glucosamine©|
HHEE AMY= Zdgste] Q= HA oidsolH24], 24t
o] 20 - 404bo] o|2= 1EA; IRFEEH HT|O] 4~
S dho} wR9] ghEAS fAIE Bk opel, G
9] At gk A ofF Foll Tofgit}{2526]. QA
oA slUFEAR Hg7ls oleol AkE) 34,
HE A T ot 71 Stk dEA Qloh27)
FEARS AR STl wel wjRolA FaE )k
O] A7| ezl =2 A Qlof| QJeliE FAg4
= W Zlo= duA Q. ozt s|UFEA] 2
eI Sl R o) et /S o= IS R e B R
T2 Y HRleE duA SITs].

Q17 W B2 APAETS] HaCaT A|EZoflA] w1}
FEEY 50% offgkE FEES S0 u
gmLe| FER 48 h Bt A2gt & s|UFEA W35S
A% Ak, =R ATRAS 1 iMO] 552 A
St wf tizatoll Hlsf 6.88) S7IeIAAL =1k =
FEE 50% ofkE FEE-2 22 S0, 8.6 S7To}
o 24 B FEE ok F2EAAE 4430

o ool
£

©
S

Ir oot 2 o

B o

W T

B)

120

m— PFW

100 M M " - P PFE
— T
= =
> 80
§ 60 -
>
L 40+
©
o

20 -

0 L L L L L L -

0 6.25 125 25 50 75 100 200

Concentration (ug/mL)

Figure 1. Cytotoxicity effect of (A) C. citratus and (B) P. frutescens extracts in human keratinocyte HaCaT cells. Values are expressed
as mean = SD. CCW, C. citratus water extract; CCE, C. citratus ethanol extract; PFW, P fiutescens water extract; PFE, P frutescens

ethanol extract.
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1000 FES A& glsto] HPLCE o83 BA] thdle A
L AleEet 1959 254 o]83to] §A] thtA] HPLC
0 et Figue 3A7} o0 djETels ofghs 222
. L chlorogenic acid@} p-coumaric acid”} 2}z 11.15 mg/g}t 2.05
I : melgo] ABEHOn] 2] olehs FEEol rosmarinic
acid®} caffeic acid7} ZF2} 20.87 mg/gi} 1.50 mg/go] AZ
% ick(Figure 3B, Figure 3C)

=4 SIS 5 caffeic acid, chlorogenic acid, p-coumaric

acidi= hyaluronidase A&7} HAlE|]Om28,29), kamepferol

] T} quercetin® S|OFEEAN Hu|E ZX1X)7 Wtk ofe}

WO R o Z7L0] HFEO = T oW
o ¥ HAS29} HAS3 §2fe] Wale Z7pAIcka wagl v
QJTH30]. EFF ferulic acid 5] UF-2ARH]9} HAS2 41
2o} WS ST AL HAE]Qle4].

400 - *

200 1

Hyaluronic acid production (%)

Figure 2. Hyaluronic acid release of C. citratus and P. fiutescens
extracts in HaCaT cells. Each value represents the mean + SD.
Statistically significant from the control (p < 0.05). ATRA,
3.4, glZaztAlt Xag oEts F&E=22 IREg &
sl Ojxl= Hst
o, 6.14) Z7Hsloich. AmbEon dEsps 2EEo] %) SEITEE N o PR RS B
49 FEEEG S|AFEA Al | WeH, HE azox] garst ho] Yojuka HAS| o8l A4Ade] &
2ot A B FEEHT 50% ek FEE0k ¥ 6] HASIZ} HAS2:= fibroblastol| 4] HAS3= keratinocyteo]|

all-trans retinoic acid.

A T B2 S| UFEARS WESISITH(Figure 2). A PRk oA QIth31]. et HAS 4%} W

/IS F0 ST e 2dslo] B W &

3.3. gl=2tAet XiaH oEtE FE=2| sy w3} 7158 R A7) T4} Bl At TFsl] o]o]

shelE 24 AL QIei32]. AQP family= 2R A Alsef WA

gl Ay oeks FEE] it #ed of HiZR HS Eoljxog MEUR bl ods o
(A)

4|1 10
3 ¢ I 1‘1.12 13 15 17 I

®)
|

2. thlorogenic acid

7. pCoumaric acid

N P2

g, |

©

|/13. Rosmarinic acid

4. Caffeic acid

\‘_

Figure 3. HPLC chromatogram of (A) 19 standard phenolic compounds, and ethanol extracts of (B) C. citratus and (C) P. fiutescens.
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g el agl Aad 2EE

o933 3L AR S TR involucrin, loricrin,
filaggrin, comifin, small proline-rich protein, transglutaminase
1 9 3 0] 9J}34,35].

PPARL: w|5uut oo} 2ol shaAel Qla)
2 deA lomld], s|LdTEA AV oAl
23} 545 4Tl ATRAS} CaCl, Ae]o] ofsf F7Hch
3 oA QItH36,37]. ESE PPAR-a activator= IH R
i A S|UFEA A, HAS 9 AQP39) S 57}
Al ofujel o] R E 59l filaggrin, involucrin,
loricrin®] WS S7HAIKITAL A ATH38,39].

QU7 HFZAFH YA ET] HaCaT AJazof|A] gz}
20} A4 ofehE FE2ES 48 h 52t A2$t - real-time
PCRE 5ol vtk Yl vl ool st Frixte) v
= APl RG] BT {414 HASI, HAS,
HAS3 51 AQP3 mRNA%} wjFgo] #AH k=
filaggrin, locrin & involucrin mRNA 9] &S =451k
R0 Y P RTECE ATRA 1 (M S AR
siplom HlEiekael A ofeks: FEE2 50, 100,

(

Z

1400
1200 l
1000 |
800 |
600 |

400 -

M |

% mRNA ratio (HAS1/p-actin)

8

% mRNA ratio (HAS3/B-actin)

omﬁﬁﬂ m [

(p‘\x\c’\ = oF ‘%&% \@G@’ "259?@ c,()??% Ny 3 o

Hg g ovRgdel ag A 231

[\

00 pg/ml F== AstickFigure 4). A¥HAT} I
20l ATRAE= thxt} BlwstSlS wf HASI, HAS2,
HAS3 2 AQP3 mRNAQ] wFglo] zz} 2.74)], 2144}, 2.3H],
208 S7FsEITE 1jar #lEaekaet oekE FEES
Z2J5t 7-$-oll= HASI, HAS2, HAS3 2! AQP3 mRNAZ2]
&o] ke o)A or ZrsIglal, Ay oeks =
= Aol 9JsiAli= HAS22} HAS3 mRNAE o] 5= 9
EX o7 Z7RM SRIS 4= Qgieh E3h = 1eket
Aay ofghe FEES vlwdt 49 FEIAT) AR
ok 4 w2 mREGe] IE S SRR
o UM

o

o] ¥ ofe} mado] TH FAE 2ARE] ¢
slo] FAUETOE 2 mM CaCLE AMgSIGlon gl
A0} 2] ofeke EELS 50, 100, 200 Lg/mL s
= gAES A gl CaClyi filaggrin} loricrin
mRNAS| WS 7}z 460, 428 Z7RAIZCH(Figure 5).
TEar HlEeksel A oy FEE B filaggrin
mRNA®] WS w oz o ZIAHANE loricrin

=

3000

2500 -
2000 -
1500

1000 .

o FY |

0
()0“\‘0\ - o @c, < \@(, <« @Q«, 62&9 \@Q{( . N

% mRNA ratio (HAS2/B-actin)

E

700

600 u

500

300 -

200

“ alniinp)

cp‘\“O\ e e S 7’(99?@2?% "@Q%@Q

% mRANA ratio (AQP3/B-actin)

NEG

Figure 4. Effect of ethanol extract of C. citratus and P frutescens on expression of (A) HAS1, (B) HAS2, (C) HAS3 and (D) AQP3
mRNA in HaCaT cells. Values are expressed as mean + SD. Statistically significant from the control (p < 0.053).
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Figure 5. Effect of ethanol extract of C. citratus and P. frutescens on expression of (A) filaggrin and (B) loricrin mRNA in HaCaT

cells. Values are expressed as mean + SD. Statistically significant from the control (p < 0.05).
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Figure 6. Effect of (A) ethanol extract and (B) main compounds of C. citratus and P fiutescens on expression of PPAR-a protein in

HaCaT cells.

mRNA®] o= gltiiefs S35 Aol o3 7t
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EIA FEEI AL oS 2EE BE wEy
&3} wu)is} 20 Bolshs PPAR-a ThIEO] ulEe
¥E ojEron FzIon dEekae] Az &
L3821 chlorogenic acid®} p-coumaric acidE 20 (M| &
w2 eSS 1) PPARG o] WIS Z7hARt
(Figure 6). 3HAEF 2R¢0] F=QAJEQ] rosmarinic acid®}
caffic acid H2lol] SJjA] 2 WistE HolA] gke: o] A
=S = 7] ool SRR %] )AL, rosmarinic
acid®} caffeic acid ©]9]9] 4JZ-5°] PPAR-a Thio] vt
Aol FoF= vE ez AZE oI A HiE
SKHE o]9]o]| apigenind} luteolin -FEA] -2 ZebH o]
E JEe hdttar defA QIei40]. Apigenin- 7-O-3-
D-glucuronide 452 hyalwronidase 75} elAatek
oA Q131[41], luteolin-7-glucoside A3 31| HZ1215] Al 2]
EIIE FXIghhar dEA Qdoi42).
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