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Inhibitory effect of Gardeniae Fructus extracts on oxidation

and motility of keratinocytes
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ABSTRACT

Objectives : Gardeniae Fructus extract is used as a component of various cosmetics, However, the effect of the
extract on the motility of keratinocytes has not been studied. The aim of this study is to investigate the inhibitory
effect of ethanol extract of Gardeniae Fructus (GFET) or ethyl acetate extract of Gardeniae Fructus (GFEA) on
oxidation and motility of human keratinocyte HaCaT cells,

Methods : Antioxidant activity of Gardeniae Fructus extracts were determined by the 2,2'—azino—bis—3—
ethylbenzothiazoline—6—sulphonic acid (ABTS) assay. To investigate the cytotoxicity of Gardeniae Fructus extracts,
3—(4,5—dimethylthiazol—2—yl)—5—(3—carboxymethoxyphenyl) — 2— (4—sulfophenyl) —2H—tetrazolium (MTS) assay was
performed, The mRNA expression levels of tight junction related genes were analyzed using quantitative RT—PCR
analysis, Cell migration assay was employed to determine the activity of Gardeniae Fructus extracts on motility of
human keratinocyte HaCaT cells,

Results : GFET and GFEA showed strong antioxidant activity, GFEA showed stronger cytotoxicity in HaCaT cells
than GFET until 2.0 mg/m¢ concentration, Cell migration assay demonstrated that GFET and GFEA decreased the
motility of HaCaT cells, In addition, the mRNA expression level of claudin 8 among tight junction genes was
significantly reduced by GFET or GFEA treatment,

Conclusions : We investigated the physiological activities of the extracts of Gardeniae Fructus extracts on human
keratinocytes by two different extraction methods. In addition, the mRNA expression level of claudin 8 among tight
junction genes was significantly reduced by either GFET or GFEA treatment, This study provides basic information
on the application of Gardeniae Fructus extract to cosmetics component,
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BA e BE2 B 49 AESA RSl o8
e, A7 A7E Fado] b WA mel FAS A
etk 38 FAlO] "W NEe AF95A AlE7RIES &
HElE A ZE B g BAAAE P AE 2
A 5 Y Holl dFAMzet FF54d Aol E7Relo] st
Aol BNz} HRotAlE, WHAZ7L o]FsHEA
o AR AT BRlE o]F AuA27) o] Fdtel w
2 AfrotMlE7E A B9 7PgAkE o 2o 4P A4A
329] o]} FA o] FEHH FHFHOE Y= ThEofA]= =
Z)of| Abao} ol FEEHY AfotErt Skl e
714 g Bt 2350 AZEGY, 4 38
o] AAE AL 8, FE - T AlxY AR, B g
oh} 2 Hiolg o] 3t 7 5 ohget ol =EHt
W2 TestA wE A9 B Y H=d 44
o] F=Ho| FEHE FAst= o] Ak, weba] i 4
A7 HAAE Aol AYHA LAY FE e Ustl=
AL 224 o2 A E = Ao WS 97| Sl Wi 58
sk,

A2hs <AlsEaZ >l AF FAEeH, Gl Ek
BRAE, FERWIR, BLES] B0l 1ol 2UR.OAE, EEIRR,
Mk, mEket, BRERE, KEEEY S48 s
< Az o AHGHT AT, XAE gz o A
AU Gardenia jasminoides Ellis (54U 1} Rubiaceae)
9] 2 o dnfjela S:AE o] Y. 2242 T4 E-L iridoidal
glycosides® gardenoside, geniposide, shanzhiside,
gradoside 5°| 559 A}t o] 9 chlorogenic acid,
gardenin, crocin, crocetin, B—sitosterol ¥ ursolic acid
Fol Faulol Y. Ne FAgoRE FAkE W Pt
gy an’ Y, AT obAAG 245, FET BA
0 AEhgA], Asa AA R GAEFA oA 24§
o ofe] A7Eo] wussic,

A AEEEL B16F10 AlEE2] melanogenesisE A=
Aol glof vy Au 2 NI 5= e 7HeAdo] ERIEA
o, TR A5y AEHAE FE3= squalene mono—
hydroperoxide®] A& & m{ L35 {§=3l= UV A}
£ AHAE hairless oF9-20f 22} deFE2E5S =X A9
G5 Fuke] Aol oA W a8 Zhavt
AAHE FHol dgo] FFHIAG Y. AT ol
7o AA 35S sl Fatt AAFHNEY 54 1]
A= FF 2 A A gk deha 2 dFoxds A
AFEEY i 55 % AZ &5 A= dFE =

ARsto] foldt AIE ASM7] e o] Hilsh= Hiolt},

i
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A2 EE 20184¥ 8Yofl u (NO; 2018—-0831)3}e] 7]€ <)
2A9¢ F49 4L 7Hdista grojaiet Exstudlof
A A3 E 3, 2FAl= ultrasonic cleanerE ©o]83ld] E4
E2 AASE AP AMESIF I, brazilin® ChemFaces
(China)& &3l 71 tuliste] Aol AH-SHSATE

2) AleF & 7|7

E AYE 984 Dulbecco’'s modified Eagle medium
(Welgene, Korea), fetal bovine serum (Welgene, Korea),
100 U/mL penicillin, 100 ug/mL streptomycin (Welgene,
Korea), filter paper (Advantec No. 2, Japan), PBS
(Phosphate—buffered saline, Corning, USA), Trypsin—
EDTA (Welgene, Korea), potassium persulfate (SIGMA,
USA), ABTS (2,2'—azino—bis—3—ethylbenzothiazoline
—6—sulphonic acid, SIGMA, USA), MTS solution (3—
(4, 5—dimethylthiazol—2—yl)—5—(3—carboxymethoxyphe
nyl)—2—(4—sulfophenyl)—2H—tetrazolium, Promega, USA),
Hybrid—R RNA purification kit (GeneAll, Korea), Qubit
RNA Assay Kit (Molecular probes, USA), M—-MLV
reverse transcriptase (Promega, USA), RNase inhibitor
(Enzynomics, Korea), eCube 2X Prime Q—master Mix
(Genet bio, Korea), RiboEX o] ARt £ A3
AMgE 7]7]% vacuum evaporator (Kyungseo, Korea),
freeze dryer (Cuddon, New Zealand), water bath
(HAAKE, Germany), COs incubator (Thermo Fisher,
USA), microplate reader (Molecular Devices EMax Plus,
USA), The Qubit 2.0 Fluorometer (Invitrogen, USA),
AriaMx (Agilent, USA) o]t}

2, 9y

1) FE= ME

5 g T%Y A G E FFFE71°0 99.5% ethanol &
L 99.8% ethyl acetate 200 mle} 3 EolZ T o] &
= AP 2RE 2 h 53t 7HEstTt FEHE filter paper
oA Ztste] oJtel & A2t & rotary vacuum evaporator
olg3te FEHHL AUt o] FFHE TEARI|E 9l
st AxgE 2 AT, sAUR FE2E2 11 g
2 ZAHYoH, 82 2299, HER ¥ 50 g2 A
oA £ §, BFF27]0 13 7 2,000 mier F
7 42 § gAdo] F= AFLEZHE 2 h F 7HEste] =
% oS 7 FE=T 22 PR AR FEES
don =& 32.4%%t

o oo

d

2) MIZ HH

A g B2 A A EQ HaCaT A2 (Thermo Fisher
Scientific, USA)2] ®j& 37C, 5% CO; EAoNA 10%
(v/v) FBS®} 1% (v/v) Penicillin—Streptomycin®] 3Z3%+=
DMEM mediag AHg-8te] vjoFatgict,
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ARFEE

o] A3} ut

2 ABTS assayE ©|-&3l &5t
=3 Potassmm persulfate 2.4 mM¥} ABTS 7 mM& 1:1
RouH|2 EFF T 24 h S A-2904 i}"”'% AHE g3
AlA ABTS free radical2 =T 1 & 752 343}
o 650 nm FF =7} 0.7 o] H=F sk= ABTS working
solution A|ZstET. 96 well plated] ABTS working

solution 80 /.u(),ﬂ- A=z 20 W, & F7H4 20 s 91 5
minZt ¥HAIZ F 650 nm FHEES SAHAC AR &
F=E BAS7] 98 S/ 80 wet A= 20 WE E7SH
o 650 nm FHEE ZHSYC WA} BEL hE AL
o|-&3 Aista Tt
ABTS radical scavenging activity (%) =

(1- ASample - ASampleblank ) x 100

ABlank

iS5 9] half maximal inhibitory concentration
(IC50)& excel software ©]-&3l AALSIATH
4) MIZ =g HIt
A7} HaCaT A|ZQ] &L 2= TS Yoty
O3] MTS assay= AA|5FHTH 96 well plateo] HaCaT Al
EZE 5,000 cells/well2 EF3}3 24 h E9F vkt & Z+
2] P"'-E‘%.% X HE AYstal thA] 36 h &3 vigFsls
AJth 1 & MTS €9 20 wlE #7}8}aL microplate reader

Table 1. Primer sequences

490 nm SFE=E SHseH, JRFEE &
T3 MTS €9 20 WS A7 & 490 nm &
sto] HAS|FEATE, olF ARE AR g2
Agt ARE AE 482 259 vaE 5

TES UEEE FABHH.

NER7EY F3= - A& AA Y F3E

EEEEE=T

NEZAEE (%) = x 100

5) Cell Migration Assay

AAFEEY Aol 9T Az E54S 1] {5t
o] cell migration assays AA|StETE HaCaT AZE 6
well plated] 6 x 10° cells/well2 £33 & N EZ7} plate
o confluent & wW7tA] viF3lFAct, HaCaT AlZe] W

ol 200p tip= ©] 83t woundE THE |, ZF wellol] AlZ9]
AEE GFE H|AA] ¢= 0.5 mg/ml FEE AAFEE
< AYg oS 24 h et WAt A7t TE healing
AL g dujAdoz #Este] Imaged softwareZ Holdle=
wound®] HAE EH% & ARE AYsHA g2 =T A
H| AR Z17HEY A2 o5 WA MESE At At
9l closure rates A3}

6) RNA =& 4 quantitative real—time PCR

6 well culture disho] 1 x 10° Cells/welli HaCaT Al
ZE 75K 24 h & wjgsige 2 ARFEES
0.5 mg/ml T2 g F thA] 36 h Fet vidstact. 2

. s > Product size Annealing
Gene Primer sequence (5’ to 3’) (bp) temp, ()
Claudin 1 F GCA GAT CCA GTG CAA AGT CT 136 58
R CAT ACA CTT CAT GCC AAC GG
Claudin 3 F GCA TGG ACT GTG AAA CCT CA 145 58
R AAT ATC AAG TGC CCC TTC CA
Claudin 4 F CGC ATC AGG ACT GGC TTT AT 131 58
R AGT TGA GGA CCT GGA AGG CT
Claudin 6 F GGC CCT CTG AGT ACC CTA CC 136 58
R GCA GGA GGC AGA AAC AAA AG
Claudin 7 F ATG TAC AAG GGG CTG TGG AT 132 58
R CAC CAG GGA GAC CAC CAT TA
Claudin 8 F GGC TGT TTC TTG GTG GTG TT 137 58
R CAC GCA ATT CAT CCA CAG TC
Occludin F TTT GTG GGA CAA GGA ACA CA 137 58
R ATG CCA TGG GAC TGT CAA CT
JAM—-A F TGC CTC TTC ATA TTG GCG AT 144 58
R TGT CAC GGA CTT GAA GGT GA
Zo—1 F AGA GCA CAG CAA TGG AGG AA 133 58
R GAC GTT TCC CCA CTC TGA AA
70—2 F AGC AGG AGC AGA AGC AGA AG 148 58
R CAT ATC AGC TCT TCC ATG CC
Tricellulin F GGC AGC TCG GAG ACA TAG AG 147 58
R TTT GCT GTT CTC AGT TCC TTG A
B—actin F TCA CCC ACA CTG TGC CCA TCT ACG A 295 58
R CAG CGG AAC CGC TCA TTG CCA ATG G
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A&7} H7HE viAE A AT & PBSE AF% | Hybrid—R
RNA purification kitE ©]-83t] RNAE &394t &
3t RNAE The Qubit 2.0 Fluorometer® AZs}¥ L,
Total RNA 500 ngoll Random Hexamer (100 pmol/uf) 1
wl, ANTP mix (10VmM) 1 @& €& & & 2u7} 8 w7}
H= & DEPC—treated waterg& ©]-83t] A3t} 65T
oA 5 minZt ¥FGAIT] & FA| g0l YZA oL 242
DEPC—treated water 4 ul, 5X M—-MLV RT reaction
buffer 4 uw¢, M—MLV reverse transcriptase 1 uf, RNase
inhibitor 1 W& F7F= Yot 4A-&o)A 10 minZt Bt
SAIZL Zo 50CllA 1 h ¢ cDNAE & stict, o] 24
42 cDNAE FR/RTE o83l 1/102 3]4ste] A7 A
23519tk AriaMXZE ©]8€3t quantitative real—time PCR
(qQRT-PCR)= AAt XAF:EE] & tight junction
A 879 mRNA HEFS SA| R 2X Prime
Q-master mix 10 ul, forward primer (10 pmol/ul) 1.5
ul, reverse primer (10 pmol/ul) 1.5 wul, nuclease free
water 2 ul, 1/102 314 A]7] cDNA 5 WE Y31 qRT-PCR
< £y AP 279 internal standard® 8
—acting AMESIELL, Ao AMERL primerd] €7] A8
Table 13} Zt},

7) AR 24 3 SA X2
gzl digh AEe] 242 Student’s t—testE ©]
B3te] p(0.05 & ) FoIgt Ao Bt

1. AAFESEY 3 85 AF

AL AT Oi k3ler 22 74 gi A%
& of718b7] &) olF dsty] HAsiAe F4tE mFol
Fasith, ARFEE9 T4 A5F Sty s ABTS
assayS AABFEAL, A8l G50] & EEA Q= resveratrol
52 oAz E4FEE (HHWT : Water extract of
Houttuyniae Herba)2 FAHZTLOE 0|83t A9 Al
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Fig 1. ABTS radical scavenging activity of resveratrol, HHWT

(Water extract of Houttuyniae Herba), GFET (Ethanol extract of
Gardeniae Fructus), and GFEA (Ethyl acetate extract of Gardeniae
Fructus).

AL gt ¥ 1 A3} resveratroldt HHWT 2%
PAT B0l ¥ JEHOR 7RSI AL FAUAsY
GFET (Ethanol extract of Gardeniae Fructus)?} GFEA
(Ethyl acetate extract of Gardeniae Fructus) E3t %%
oEA¢ e 5%S HYon 53] 2 mg/ml FE9
GFEA= 10.01%9] 3Hitst aso] yehd Hbd F U 2
mg/mle] GFETE 94,94%% GFEAXTE 9 4842 gHAlks)
asol U2 FUstnh shAYE HHWTS ICs02 0.33
mg/ml¢l ¥FH GFET9 ICs50 0.57 mg/ml, GFEA®] ICso
2 8,11 mg/mlZ GFETS} GFEAE AdF o2 HHWTX ok
2 A}t 555 UEr sl

2. HaCaT Al J&& &<l

A AF&E0] HaCaT AEQ £EA4 WXL Jg o
ol®7] 913t GFETS} GFEAS] A4 2] H=5 &lshr]
5kl HaCaT Al GFET® GFEAE A3t F MTS assay
£ ANk 1 A3 0.5 mg/ml FE GFETS H2|e
79 106.73%2 ME QEL Fart SR gron]
0.5 mg/ml S =2] GFEA 2] E3F 118.79%= A|E HZ
&o] ZadtA| ekotet. AN 1 mg/mle] FEoll A& GFET
A2 Hrh GFEAS ARS W o A3 548 ehligleh
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Fig 2. Effects of GFET or GFEA on HaCaT cell viability. HaCaT
cells were treated with indicated concentrations of GFET and
GFEA for 36 h. Cell viability was measured by MTS assay.

3. JAFEEY NZ &34 A%l a1

Mz 5L A Afol WlE F2F 9L gt A
AFEE0] 7 Az &5 nA= IS ] 9
sto] Ajazo] E4o] fle AR FITE 0.5 mg/ml 32
GFET®} GFEAEZ ZHZF HaCaT M=o AZd FH cell
migration assay=S X335ttt 1 A3} vehicleS 24 h &
¢t HFstge W 100%9 AMZ &54E Uslieu
GFETE A A AE 54| 76.32%= F9stA A
= itt. GFEAE ATt ©f £ vehicle TS
96.48%2) AlEZ &5 UEey GFEAE 0.5 mg/ml
S22 X AL 82.28%F AE 2FA o] GostA A
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Fig 3. Cell motility was reduced by GFET or GFEA treatments. (A) Representative images of
cell migration assay. (B) Images were captured by light microscopy. Closure rates were
analyzed by image J software versus control. *p { 0.05
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e 4. Tight junction & §AZe] ¥d =
= 1.5 [ GFET 0.5 mg/ml - Hght] AR dY =4
7 Tight junction® Mok AE Abo] o] $2-2 AAs 9L
$ 1.0 o] Az $E4L 2AFT GFETS GFEA 27he] A
Q
3 o] 9Jsted HaCaT AMZE9 3540 Ad AL +9E35}17]
g 05¢ 918 GFET$F GFEA7} tight junction®] 72| G3ke &2l
% 3ttt HaCaT A2 0.5 mg/ml ¥ =2 GFETS E=
s > & N GFEAZ 24 h B¢ A& $ qRT-PCRS £3 tight
S & & &0 » N e mla ooAlale HFal0. Bol sl b o
0\'2’0 C}'Z’\) c},bo c},oo C}Q}) C)\'b\» RO & S junction #¥ A mRNA HdL QI 1 2
1} GFETY A2l HaCaT AlZ9] claudin 8 mRNA 23k
B_20p £ 0.399) o|3t2 ARABO™, GFEAS] He] E3 GFET
e} Aej ot FABHAl HaCaT MZ9] claudin 8 mRNA S FE
5 15 0.254) ol st oI5| oA MR,
@
OO 0| ORI U | | WSS WL ——
Q
X 2}
< os} v, 21 ==
Z
t d ARE 2 F8E ol Zo] 1~5em, HH] 10~15mm
59 S olm 3] 67 9lo] E HAlo] 22 Wi}, QT
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Fig 4. Effects of GFET and GFEA on mRNA expression of tight
junction related genes. HaCaT cells were treated with 0.5 mg/ml
GFET (A) and GFEA (B) for 24 h. mRNA expression was
measured by gRT—-PCR. *p { 0.05. **p { 0.01 versus control.

A= vk B2 ol 544 Wi Hule gfu
FHAR]7] Hoh, gufo] Wi 242 Uil S A of
T 2 gzl Ko gojeizt 28 itk Ae A
FOo2 WHSHAL A Fo] F 0.5cmoln] SAN T FAM
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< gz o,

2|29 crocin®| pancreatic lipase?] AL Atsle
low density lipoprotein(LDL)¥} very low density lipoprotein
(VLDL)9] £#X& RHFIL 7oA HE T A< vy
AL FAFe A EFANEY ¢ A7l A7 A
19, crocin® ATECA WA F4Eo] AL =
9}F31 anti—athreosclerotic &3}7} 9}\211117) penta aceyl
geniposide”} aflatoxin B12 2 Q& §dt= 7HehdE S A
3513 DNA &4+ #aA71E Ao R BuEof g,

e AZY oy tiaL ol BAF oz HA
HH o]z Ao AFH AEHAE FEstY ThFg R
Agy 95 wsls et oeba thokst i Ao
A8E Yald BALE ETH O R A A= FAE A5
2 ¢ Fasty FAS a5 EFL o8 o thekgt 3t
FEol LE Qi 2 AFoAs §uilE T=2A st
% F AAFEZEY A3 a5E AS5H] A8 ABTS
assayS AAIE T 1 23 GFETS} GFEA 2% 3Hikst a6
A7F vebd AL FRlstact, E3F ABTS assays 3l &
QI grAksl a3k= GFET7F oS HoldE &lstytt. o]
ANE E3) ethyl acetate2 T} ethanolS ©|-&& w] XA}
A F4Et ass Ugde E48 oS ayos 258
T+ UZ Ao g AZ4E

ANZ9| olF2 HE FAE &5 Y3 wi¢ S5t
o}, $2= migration assayE F8 XAFEEC] Al &

fl

N

40 vAE S s 1 A 223 vwst
o] & XAFEE0] BE HaCal AZ 2542 AfAIT
© As FAsAH. o] 2HE T3 GFETS GFEAE |+
of =23 ¢ e 552 7IHE = doeu A9 5
of #84% &S v 5 e A48 T 7Hede g2
o AT

ROS+ AA7F HAE A o] $71= o] secondary

messenger® 7)< UeERTE, ROSY ZHg-2 A FE
HRES-E X5 4o PSS EZskaL 9F v ot
Zo oA ArEA UG, B3 AP EY AE &
TS FX5HY FH Y 35S X35t GFETS GFEA
4t d50] HaCaT MZ9] 54 43S vebd 7
dol 7] W2el ol &lste F7F A7t 2a% AeR
Az e

Tight junction A|Z 7+e] A¥E AAISHE DA B3
AR oo s A FAstaL Y FLS Yol By
A9 T2t S @'E}Zl). E3SE tight junction #H ©
e Nzo $EAd a3 axz gt GFETS
GFEA Ago] W& HaCaT NE2 £54 0] A" HAHY
=5 393517 ¢85t GFETQF GFEAZ} tight junction 34
A HEe nX e dFS FIsAt 1 AR F FEE
2% J95H claudin 8¢ mRNA &S FaA v 2
IE At T HaCaT NZo AHH|SS AT F¢ Al
29| 540l AASHA HAaEM ol claudin 82 mRNA
I skel Ws w0 ek A =2o] RuEgiry?,
w2tA GFETSF GFEA©| 9% HaCaT A2 claudin 8
mRNA &8 74 E HaCaT MEo 2540 WS A4
o] & 7L HWalEeh AlEY &5AL tight junction

l‘
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AR Ld wskel A ohfet AEEH AES Fo 24
o Zof| AFEE0 3 ME 540 A== dA
&S FYstes 948 FHHe R AYPsta ok, GFET

52 GFEAE HaCaT N2 A=d ¢ &2 A+ 53 &

St thoFgt tight junction ™H {AA £ claudin 8

mRNA H@FE 7 374 dstA g o 1 9o = GFETS

Al FRIg BE tight junction 2] mRNA 4 9]

H2E FE5t92H GFEASY A= claudin 1, 62] mRNA

9eS ZAAFTE Tight junction occludin, claudin,

70-1, 7Z0-2, JAM—A %5 t}oFst tight junction &
proteino] thE Tl BiHE FHFozN FHL,

Z AAFEE A 23§ HaCaT AIZ 9] tight junction T
A FAA Td kst HEE2 tight junction ¥4 L
715 9% Y S 7He80] 9o ol #F9¥ste= F
7HE Q1 A7 8 Qi

UVB ZA} & squalene monohydroperoxide A& &

3 mR&EAS S T3 hairless U220 AAREES =X

S ¢ g R &4fo] AstE o)Xt A 2 U RE
A NAEZES o] gdte] SPHE 242 Jtetr] 93
Ae AAFEEC] Fiof nx= g gt ot A&

ol e F&-gof thEt olait BT AR AlmEHT

ZHAPPJNEZY 582 J7Y A /5 o =+

Fasith 2 d+4E 5 FE2HE 29 F AAFEES
GFET®} GFEA R% ite} fgo] UebdA|nt 294

Zo| 25 ASAAGE AUS FAHHO8, GFETS
GFEAE HaCaT Ao AZst9E wf A2 57d0] of¢

%873 tight junction ¥&H F2A F claudin 8 mRNA &
o] A AA"ET= Z2A4E AT = AT

2 d7AE SR Ao F£89E g9 F

FEE2 GFETS} GFEA= £2 4 SFF o2 A 7
o] 7158 Ao g 7| 4 9oy claudin 8 mRNA 2Hd
AA ¢} M2 254 AAE T3 FEE WA e E3 Y
52 I A AAFEE g3 ZEge AlE &

4 AdA HAYUZE FH3tL ol A= HHS e
S i 8T R AR E AL 4= IS Aol

7

rO fot . 41 Jo

tlo

v.a &

GFET$} GFEA9 3H4ikst &
GYL Falstel thew 2 ARG mEIIY

1. GFET9} GFEAE: =% hakst &
10.01%9¢] @4tst a5o] Yepd ¥
GFET: 94.94%% GFET7} ©% 738}t
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