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8 9F: AlojA}o| R FH|v|EZE E(Syzygium claviflorum (Roxb,) Wall, ex A M, Cowan & Cowan, S
claviflorum)® F&5 (8], 7], guf, )9 A= A2 857 3 ATy 5898 AZ59 ).
AR R, S claviflorum &5 DPPHS} ABTS assay$]S ©]-&3t 4tst A oA theFet 52 A 25t
A}, oF 80% oAl A oz AASHE T AFE w5 %1 A A A (human epidermal keratinocytes)
o] 83t Mi2=A A= 8 claviflorum FE2ES 32 A XZEA4S Bt ES S claviflorum +&5%
Z+AP YA L] B3}olR} (keratin (KRT)1, KRT2, KRT9, KRT10)9} wHAH o] 7]% 930 Q3
involucrin (IVL), loricrin (LOR), filaggrin (FLG)¥} claudinl (CLDN1) 72 Z}9] W3S & #|3s] Z7HA A,
E3], in vitro o}EY X AFo|A interleukin (IL)—4/IL-13¢] 2J3] A= FLG Ehiﬂé_] ‘?:_"640] S
claviflorum FZ=° 93] EHUTH wepA, FHold F4ikst Ay a7 A 7 &t s
ofed i Y AmA A HFE Nl K& 247 2 3\‘01‘4.
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Abstract: We validated the physiological activity of Syzygium claviflorum (Roxb.) Wall. ex A.M. Cowan & Cowan (S.
claviflorum) extracts (leaves, stems, fruits, and flowers) as a cosmetic ingredient. Firstly, S. claviflorum extracts removed

over 80% of free radicals at various concentrations in antioxidant experiments using the DPPH and ABTS assay. In

cytotoxicity experiments using human epidermal keratinocytes, S. claviflorum extracts showed low cytotoxicity. In addition,
S. claviflorum extracts significantly increased the expression of keratin (KRT)1, KRT2, KRT9, KRT10, which are
differentiation markers of keratinocytes, as well as genes involved in the maintenance of skin barrier function, including
involucrin (IVL), loricrin (LOR), filaggrin (FLG), and claudinl (CLDNI1). In particular, the expression of FLG protein,
inhibited by interleukin (IL)-4/IL-13 in atopic dermatitis, was restored by S. claviflorum extracts in in vitro experiments.

Therefore, S. claviflorum extracts with excellent antioxidant efficacy and skin barrier improvement function will be useful

materials for the development of future atopic dermatitis treatments and cosmetics.

Keywords: Syzygium claviflorum, antioxidant, keratinocytes, filaggrin, atopic dermatitis
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2 Aol ANESE A2 Szygium claviflorum (Roxb.)
Wall. ex AM. Cowan & Cowan A]&E-2 w|okn} kit tfjglul
A1E01H0] Thet Thet Mar Win HPARE g AoA 3%
ot e A2 ATkl (Korea)of| 7]E ]
‘211 S claviflorum S}, 74A], 2= 9 vpo] ok A 67
2 99.9% ek (HPLC grade)(t}J 2}, Korea) 1 Lo} &
Shelal Alofa] 28T} =Z7|(SDN-900H, SD-ULTRA
SONIC Co., LTD, Korea)E ©]-835}0] 30 3] HH2(40 KHz,
500V, 15 i 591 -2 ol JepolA
23 5, 2% 1557 g9 FEEQ24% FEEH)S I5
e S
HoFuko ==5 HukO dimethyl sulfoxide (DMSO) (Sigma-
Aldrich, USA)]| 25 mg/mLe] =& 34ska 20 CollA]
Hsigich Adol AR 2, 2-diphenyl-1-picrylhydrazyl
(DPPH)2} 2,2-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS):= Sigma-Aldrich (USA)ol|4] Fui3}ich Potassium
persulfatet= T3} F(Korea)oll A FIQkC]

9_1

2.2, M= HHQE

Normal human epidermal keratinocyte (NHEK) Al|3E=
Lonza Bioscience (Switzerland)ollA <Hufjslo] ARgsHSICE Al
3L keratinocyte basal medium (KBM) o] KGM SingleQuot™
supplementS 41 HijX|2 HjJStal 5% CO, 37 CE
incubator (ARA P150, G93tdxlsl, Korea)ol| A ufjoFs}sict
2 AFollM= passage 4 ~ T7HA] NS ARSI OH, 2
Auir} viRE wABIRIL MEZ7F FHAC] 70 ~ 80%0])
Esp Aol 9 7S 9 Raalsick

2.3. DPPH Xt 2iC|z

7} FH(, S, 10, 50 wug) AlEell 95% offghEol =<l
0.2 mM DPPH €0 200 x4 @11 Al2o]l4] 30 min St 5
ZJ3t T2 517 nmof|A| microplate spectrophotometer (INNO-M,
LTEK, Korea)E ©]-§5}0] SF=5 7453t 2 =0l
A12] DPPH A 2ffZh 47 A2 ofefje] A1) o]&-
sto] Ak

a7 2y

Acontrol - Asample

Radical Scavenging Ef fect (%) = x 100 (1)

Acantrul

24 % AQYANE BehE B 61

2.4. ABTS A& 20|z A7 =t

7 mM ABTS 8H2 245 mM potassium persulfate
solution®} 1 : 12 WRHIS}IL 16 h 2t AlLof Hs}o] vt
2 XAtk ABTS' solution®] Z-4% Zro] 0.7 + 0.05 7} &
5 10% ethanolof 3451k ZF =1, 5, 10, 50 ug)
A)Zo] 34= ABTS' solution 200 uLA @1l AL0)4 5
min E¢F 98 TR 734 nmoj|A] EHEE 235
7} 3o|xe] ABTS A6 ezt 47 e 9jo] 4]
(D= olgste] ALk

25 ME=M "It

Aol ek Al2e] 54 cell counting kit-8 (CCK-8,
Dojindo, Japan) assayS AR&5to] A& 96 well plate
o] NHEK AJZZ 1 x 10* cellywell 22 B33 1S 24 h 5
ok Wtk ARe AR e T ol BE
(1, 2, 5, 10 pug/mL)2] S claviflorum FEE2 A2|3lal 48
h F3F vjFsl) o] CCK-8 g4of HixIE 1 : 10 vl
2 23lst golog ﬂ_g}s} 5 CO incubaer®ll 2] 3 h Z2F
HESAIZE 3 h HES 450 nmold] BREE 2519
o 7} SEolAe] A AEEL oo 4] ()F olgs)
of AXksRTE

Asample

Cell Viability (%) = x 100 )

control

-

2.6, HARH SREAAMEZ(gRT-PCR)S S8 mRNA

95 B0l

AZE 12 well plateol| 4] 7 x 10* cellswell HEs HE

3 TR 24 h 59k HIFSISTE O S daviflorum 2EE
£ 1 ugimLo] HEE A e 72 h E2b wjerslaich
72 h & RNAE &3] Y3l Quick-RNA Micro Prep Kit
(ZYMO Research, USAYS ©1-8513ith &2 RNAS] =
= Genova Nano spectrophotometer (JENWAY, UK)E o|-&
st SsI0IrE & RNA 2 ug© = High-capacity cDNA
Kit (Thermo Fisher Scientific, USA)E- ©|-85}¢] cDNAZ &}
Aslsic). $AEl cDNA= TagMan Fast Advanced Master
Mix (Thermo Fisher Scientific, USA)?} Tagman Probe
(Thermo Fisher Scientific, USA)E ARE-3l] A|ZARS] X2
wheh AL Z3kass RNRS(ERT-PCR) 7]7)(QuantStudio
3, Applied Biosystems, CA)ol| 283}tk PCRo| ARE3)
FAAR= KRT1 (Hs00196158 ml, KRT2 (Hs00166294 ml),
KRT9 (Hs00413861 ml), KRT10 (Hs00166289 ml), LOR

n
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(HS0184962 s1), TVL, (Hs00846307 s1), FLG (Hs00856927 gl),
CLDNI (Hs00221623 m1)S Ah&3}9.0m  housekeeping
gene?@l ribosomal protein large PO (RPLPO) (Hs00420895)%
AREB At} st WA SRIsE ] fisto] AA|
7 %5 Al QNS 272 50 CollA] S min, 95 Toj
A 20s, 95 CollA] 3's, 60 Cof|A] 20 s2 3} & 40 cycle
& vhmalolt S2E 7o) HRHAS QunSudio™
Design & Analysis SoftwareS ©|-83F0] ddCt method =
target-2r 7% SFAACE

2.7. Western Blot £

AZE 6 well plateo]A] 1 x 10° cellswell Hra H=3)
Th3 24 h g2t vieksioick o1 1 ugmLe] S claviflorum
FZ57 10 ng/mLe] 14 (PeproTech, USA), IL-13
(PeproTech, USA) #] 2|3+ The- 96 h 5ot ujeFsigict Al
= scrapers ARESlo] 4=&5lal protease inhibitor (Gen-
Depot, USA)2} phosphatase inhibitor (Gen-Depot, USA)7} 3
7}=] RIPA lysis buffer (Thermo Fisher Scientific, USA)= T
wzlS 23f5te] BCA assay (Thermo Fisher Scientific,
USA)E o]g3le] chie e sheick ol gl 20
uge 8% SDS-PAGE gelof|4] %17|19% sigict 574 o
w1212 30 V, 300 mA, 40 wollA] 1 h 52t polyvinylidene
difluoride (PVDF) membrane (Cytiva Life Science, USA)]|
transfer S}SICk  Transfer7} £% membrane2 Tris-Buffered
Saline (TBS) (Gen-Depot, USA) with 0.1% Tween (SAMCHUN,
Korea) (TBS-T)7} 3715l 5% Non-Fat Dried Milk (NFDM)
(Cellconic, USA)®]l 1 h £} blocking 3Ktk =L =, 4 C
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DPPH Radical Scavenging
Effect (%)

CON 1 5 10 50
Concentration ( g)

of|x] SHHF F<F 1 2} A (Filagerin and [-actin, Santa
Cruz, USA)o]| BESAIZITE TBS-TE Alojdl o]so) 2 2} 3}
A| (goat anti-mouse IgG (HHL), Invitrogen, USA)®f| 1 h 52t
UG AT THALS. WestGlow Femto ECL chemiluminescent
substrates (Biomax, Korea)ES A3l imaging 7]7](iBright
CL 750, Invitrogen, USA)E ©]-83f] ¥H&5I3Ick 2RI o]
1] 2] iBright analysis softwareS ARES}o] B9k

2.8. &7 24

= AEE 594 Al #4339 o) (independent
3 experiments) 351301 Ail= Bl + SEMO= #7]
Itk Studentr testE 085101 A F pglol
0.05 oJskz= ZlEnt Aol Hhgs3irt.

3. Zut H TH

3.1. AIO|XPO|XIE Z=HIBEZRE(S daviflorum) F=Z29|
2ty As &4

S daviflorumzZ3=2] ‘g8 DPPH} ABTS 28 2]
Z 2SS HPEEAR SAste] MEeE UElch
1 ugollA oF 35% 5 ugollAl oF 67%= Uehior, 10 ug
opde] FkollAl 80% oVde] =& DPPH 2t 245S
LERN S S H(Figure 1A), half-maximal inhibitory concentration
(ICso) AF AT}f 244 + 0.15 ugl 2 YERITHTable 1).
DPPH 2fejzt 275 Zje} 2] ABTS 2tz 47158
1 pg ofM= OF 469%= =2 B AA5S Holil, 5 ug

(B)

o 100 kEKk  kEk  KkEK
£

g 80t

3]
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— Kk K
2w}

Eu.]

2 20

< 0

CON 1 5 10 50
Concentration ( pg)

Figure 1. Radical scavenging effect of S. claviflorum extract by (A) DPPH assay and (B) ABTS assay. Values are expressed as mean
+ SEM (N = 3). Asterisk mark means statistically significant from control (CON: vehicle treatment) ( p < 0.001).
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Table 1. ICsy of S claviflorum extract in DPPH and ABTS assay

o 44 L AABYAE BEHE £ 63

Half-maximal inhibitory concentration

S. claviflorum

DPPH radical scavenging

ABTS radical scavenging

ICso (ug) = SEM

2.44 £ 0.18

2.05 £ 0.03

The values are expressed as the means £ SEM (N = 3).

olge] Ssrol ARl 0% ool e iz 4
O w(Figure 1B) ICsp 25 2.05 + 0.03 ugl &2 §1*01E]°4
T{(Table 1). DPPH HPH& ¢Fg3l Akgejtizd® 3RAIEIA
ol ofsl B8 49 feom Te 4 glo] Tk
DPPH 2fejzto] 7| follit 38 2 QlojH 2 3t
A1) 2 AT Bkl AL Qdc wiell ABTS
ol Brize: S0l §7lgulo] BF e 21
4, 71 skl Sez 47 Bl ool o)
th olF &3l gEH At 9= S daviflorumTEES
x]_,_k] b‘l—/l]—g}-xﬂé zﬂ-O ]_—r o]q_—y ZX‘@‘]— 2~ o]q_

=

3.2. S claviflorum FEE°| MEZ=M =X

NHEK A|ZE- 0|85l S claviflorum5=2°] 24374
Az Fofel] m)Rl= Fake dopr] Hofl, CCK-8 assayS

&3l Azl Hit S, claviflorum F522] Y= SIS
E](Flgure 2). Z-EAAE] S daviflornmTE5S %
HE z2|slal 48 h ujorslo] Ao AELS FolEly
o, ANEE AHEHA] g AEE dixFo® il
AT, 2, 5 ugml =N ZE2F 99.5% 104%, 89.1%
2 o] oA Alazof] AL Frks FA] YA

o] AEE
10

Concentration ( wg/mL)

120
100
80
60
40
20

Cell Viability (%)

CON

Figure 2. Viability of NHEK cells treated with different concentrations
of S. claviflorum extract by CCK-8 assay. Values are expressed as
mean + SEM (N = 4). Asterisk mark means statistically significant
from the control (CON: vehicle treatment) (p < 0.05).

9k 10 ugml oA 80% MEEE S davilorum 3
28] Aol B4L Uehiie 2 szt 4 ok
o AU vjgton FaEe] g Ano) HEE 2
A e vAA = S pugml olskE st dEle
Sgsiict

3.3. S claviflorum Z=E=0
KREA 2ol =

olet ZHAIGME 2at

7}
=x5190t) 7 xEngu

Ao et XIJ 27w
o #&= 1 pgmL= PﬂﬂlOb— 72 h iSO, Al
= Aeslr] P AEE xtoR sigick 1 A}
3} 27] 2|3 S22l KRTI, KRT109] W87} 71X|5 AP
oA wo] UHEE KRT29| YiE 76k A8 @
ol5tthFigure 3). =712 e}, dmjcho] woh B3l §
Folx] e == KRT99| o] F7Fsloirt. 124 thil
291 LOR, IVL, FLG®| ¥&o] T7fshe 2l e1d ‘21
CHFigure 3). E3F Au]o] FuMdS ZAk= tight juncti

o] 229 Q49| CLDNI19] H&go] Zlel= AL &2 _/’\_
Ick(Figure 3). o1& &3l S Clavlﬂomm 2290 7443
AN B3l A7 B 71T ok AL 3

U

3.4. In Vitro OIEL| 220N S claviflorum FEE2]
Filaggrin 2ol S

Western blot-2 £3)] of21] w3 SixjollA| wo] dha]
Tl AJoEFRI IL4IL-130] 28] 74% filaggrin THH2]
o] S daviflorum FZE=0] 2J3f SHEEEAIE Bjls)
it 2P Ao 55 1 pgmL} 212} 10 ng/mLo)
L4, IL-13S A28kl 96 h vjokslal, AlRS 2ejaA|
ok MEZE e xLLoE stk 1 Ayt SAERF

ol vI&}| S claviflorum SZ50] *|2]E H|ZE= filaggrin ¢
ul2) dieo] 37| F718Fa(F ThY), [L42} IL-130] A&
¥l A= filagerin ThijE Wo] TA(OF 46%0)7t ZE BF
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Figure 3. Relative mRNA expression of NHEK cells treated with S
Asterisk mark means statistically significant from the control (CON:

(&

FLG e — 60 kDa

A —actin 43 kDa
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IL-4/IL—13 = — + +

(B)

0.9 r

Arbitrary unit
(ALG / p-actin)
<
oy

0.3 r

. nn
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IL-4/IL-13 = = + +

Figure 4. Filaggrin protein expression of NHEK cells treated
with S claviflorum extract. S. claviflorum extract restores FLG
protein expression in NHEK treated with IL-14/IL-13. Values
are expressed as mean + SEM (N = 3). Asterisk mark means
statistically significant from the control (vehicle treatment)
("p < 0.001, "p < 001, p < 0.05).
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