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ABSTRACT

Atopic dermatitis (AD) is a common skin disease characterized by chronic and relapsing inflammatory

dermatitis with immunological disturbances. In spite of the continuous increase in the incidence of AD, it is regrettable
that till date there is no effective treatment to treat the same. Therefore, the present study was designed to examine
the possible anti-atopic effects of Castanea crenata inner shell extracts fermented by Lactobacillus bifermentans (FCS)
in 2,4-dinitrochlorobenzene (DNCB) induced AD in NC/Nga mice. Based on the results of HPLC analysis, we found
that FCS contains anti-inflammatory factors such as gallic acid (10.18 mg/g) and ellagic acid (2.14 mg/g). The groups
that we have used in this study included 0.1%, 1%, 5% fermented Castanea crenata inner shell extracts (FCS 0.1,
FCS 1, FCS 5), 1,3-butylene glycol treated control (AD), and normal mice. After topical FCS treatment, we observed
that the clinical severity score for AD was lower in both the FCS 1 and FCS 5 groups than the AD group. We
also proved beyond doubt that there was improvement of melanin, erythema and skin moisture indices in the FCS
5 group. Spleen index and gene expression levels of pro-inflammatory cytokines such as IL-1p and TNF-o were sig-
nificantly decreased in the FCS 5 group compared to the AD group (P<0.05). Further, we also found that the level
of serum immunoglobulin E (IgE) in the FCS-treated group was decreased in a concentration-dependent manner. The
results of our study suggest that FCS can be effectively used as a cosmeceutical ingredient for both the prevention

and improvement of AD.
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HTH10,11). o]of uje} o}Es] FH-do] ofnk 9 s
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Aol itk FHitol= ofey] Rl Wi Ml &
feE AAEAR b F25012), vgg 2 Az 3=
WEE(13), Wyl FEHE(14) o] ®arg vk k.
&9 Ux b3 Buna)el thad A 2EQl whvr
(Castanea crenata Sieb)®| 3}24Q1 Wo] &A= v h&
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1 1= (FEF =A@l A Alggtol
%3}91 . %349] FE2 Y AR FF v 1099
25 7tste ¥4 FEF71(KSNP B1130, KyungSeo
Machines, Incheon, Korea)o| A 70°C, 3A17+¥ 33] wt&
FZ3hal 79} 55 7] (rotary vacuum evaporator, N—-1000,
EYELA, Tokyo, Japan)® §&3+ & 521A% dlo] 4]
SHiTh &9 aE Az AMES dFE SR AERE
Ao BFEre 1 amylophiluscKCCM 40980)¢} L.
bifermentans(KCCM 40981)E& Wl o 2 5 A&7 7}

75 o83 &9 daEe FJFAXE 54 3 ZAbske] &
9 FEEANA 5 ASS YER 2 2E & HS68 I15
A E et NESAHS 4T L. bifermentanss ©)-&
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AZE sk & AARE & ARl S dS 34t
FAAZ st B AT AL8-31SI Tk

HPLC 24

S Wa &) 350 2= gallic acid®} ellagic acid
o] gFaEe high performance liquid chromatography
(HPLC, e2790/5 HPLC system, Waters Co., Milford, MA,
USA) 45 &3] SA4s3th. 248 9 A8F &9
HEE 0.1 gol 5 mLe S/FFE 7hske] &38fskar 3,000
rpmOl A 2087+ FAIEE] 3 & A4S NS 10 mg/mLe] &
=2 343 t}8 0.45 pym membrane filter 2 o 3}3} o
A8 T HPLC +4 éﬁf_’ Table 13 #om UV de-
tectorE AF&-3}o] 254 nm 2 280 nmolA H S5 B
& 578kal mg/go® ‘%EPLHSdE}.

MIE

2 A A ALES A3 —3— 653 ® 47 NC/Nga
mice(21~26 g)&, (F)FU4 A5 E(Seoul, Korea)ol A
T gol *'EJEU*M]H 1543t 4%’\]7‘ T A3 ALE
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AT A F AR B AHRo] AFAHeH
AFGA Y] LR 2242°C, 4 55+15% 18]al W
12A17F 715 543kt A2 DNCB(Sigma—-Aldrich,

St. Louis, MO, USA)E X ¥3} atopic dermatitis(AD),
DNCB % 0.1% &3] $aES EX % fermented Castanea
crenata inner shell(FCS) 0.1, DNCB % 1% &3 W&
5 =¥3% FCS 1, DNCB ¥ 5% &3] va

FCS 5+, 28]aL oAl =¥8h4] o2 A%
o] Z ol oE WFEem ZF el 6ukE]A by A
At o] FEAES AT H AT Blo] B 2F
FAE FEdd&eds]e] S(EdWE: BHCC-
IACUC-2012-02)8 o} 3= AT},

Table 1. HPLC conditions for quantitative analysis of gallic acid
and ellagic acid of Castanea crenata inner shell extracts fer-
mented by Lactobacillus bifermentans

Item Operating condition

HPLC Waters €2790/5 HPLC system equipped with 2487

system UV detector and autosampler
Column YMC-Pack Pro Clg
5 um, 4.6 X250 mm (YMC Inc., Milford, MA, USA)
Sol. A: 0.05% H3;PO, in H,O
Solvent Sol. B: 100% MeOH
A linear gradient elution from A to B for 50 min
Detector UV 254 & 280 nm

Flow rate 1 mlL/min
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DNCB M= % OIEm mfE R

r4 3} 7]3ko] Xk & animal clipper(JP-6116, Joas
Electronics, Namyangju, Korea)& ©]&3}o] ZE NC/
Nga mice® & & 7AZ3HAl A8k 779 wAl A
H7F A e = 244 3F WA 1§ 1% DNCB 8-
(acetone : olive oil=3:1) 200 pLZ 5 F-¢Joll =E3}o] 3
RS sttt =2 39 F 0.4% DNCB €9 150
uLE ] R=xsiglon, 49 $HEHE F 334 3F ¢
0.4% DNCB €9 150 L& E¥alo] o}29 922 §
WA TH19,20).

FCS 0.1, FCS 1,
FCS 5ol mid Azl Alzkel] &3] #aES 77 0.1%,
1%, 5% =% 1,3-butylene glycol(Sigma-Aldrich)
200 pLell 3lAate] 353 mastglon &Y 713k 52k AD
a-ol+= 1,3-butylene glycol 200 pLE =333t}

et At H7F 852 9k erythema), 7H 33 3511
Z(pruritus & dry skin), %3 g% (edema & excor-
iation), AFE(erosion) 18 3L )X 3}(lichenification)®]
w Z}7be] g gid] T4 sl (0%, FF(1H), BEQ
A), AEFGHeR ARG 5, FAkete] HA 0HolA
154 Atole] H4E Fo3hairh(21,22). A5 =x7F £
NC/Nga mice?] A5 AAAE(CP423S, Sartorius AG,
st AT

Goettingen, Germany)< ©]-&

o
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A
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A 7]171¢l Multiprobe Adapter System(MPA5
580, Courage & Khazaka Gmbh, Cologne, Germany)<
ol gate] obEs] ¥R FelolA Wahehis BN FEAS

(Corneometer® CM825), M F-Aeux 4 21 vH&
WA = (Mexameter® MX18)E =4 2 w2489t}
AN 8 =27F £ NC/Nga miced| & #9] IH=
3M A& SAEY @S e 54 FAE A
% 21~23°C, % 50~60%7F fAHE A4 AZeA
=3

27t B §, NC/Nga miceE AAA b3S
AEsta FAE A3t v FX(spleen index)+
NC/Nga mice®] H7¢ FA(mg)E AF(g) 22 Hro] k=
SFATH23).
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&S cytokine |FTX} W &3
M B Z2A9] RNAE Fibrous Tissue Mini kit(Qiagen,
Valencia, CA, USA)E ©]§3te] F&3I5Tth 5% RNA
9] FE+E NanoDrop ND-1000 spectrophotometer
(Thermo Scientific, Wilmington, DE, USA)E ©]-&3}¢]
43} o1 cDNA synthesis kit(Clontech, Palo Alto,
CA, USA)E ©]&3to] 5 ng® mRNAS cDNAR A3
T real-time PCRoll AF-83}%It}. Quantitative real-time
PCR(gRT-PCR)2 Corbett Research RG-6000(Corbett
Life Science, Sydney, Australia)< ©]-&3}o] 4233} t}.
A= F cytokine? §HA WHL QuantiTect SYBR
Green PCR kit(Qiagen)& AF8-3}$131, endogenous con-
trol> GAPDHE AF&-3}% 2.1, primerd] & =7} 10
pMe] = A WA AT FAR BE 9 fold change= del-
ta-delta Ct WHS o] &3l A3 vH24). gqRT-PCRO
AFEE 93 cytokine primerst ZH2be] A7 e vhS-3}
Zt}, IL-1B(forward, 5'-CCC AAG CAA TAC CCA AAG
AA-3"; reverse, 5'-GCT TGT GCT CTG CTT GTG
AG-3"), TNF-a(forward, 5'-GAT TAT GGC TCA GGG
TCC AA-3'; reverse, 5'-GCT CCA GTG AAT TCG GAA
AG-3"), GAPDH(forward, 5'-TGA ATA CGG CTA CAG
CAA CA-3'; reverse, 5'-AGG CCC CTC CTG TTA TTA
TG-3".

g3 IgE sk &%
NC/Nga mice®] GO ZRE AFHg NS AL
T YAHS 55 g4 W IgE 555 Mouse Serum
IgE ELISA kit(Shibayagi, Gunma, Japan)& ©|-&3}o] =
A3t th. 96 well plateo] &% 5 plL¢} buffer solution
45 uL = Estel A2tel wellel 50 ul# 253l 20~
25°Col A 2417F 5ot W3 F washing buffer® 33] 4|
23l t}h. t}A] biotin—conjugated anti-IgE antibody 50
uLE ¥aL 20~25°Cell A 22131 E<b ket $ofl thA] 33
A28t} o]o] A HRP-conjugated avidin 50 pL& @il
20~25°Coll A 1A17F &t v et & thA] Al H ki) vhA
Ul o 2 chromogenic substrate reagent 50 pL& Y1
20~25°Ceoll A 20%-7F v k3t & 50 ul9l reaction stop-
perE F7}8Fal Multi Microplate Reader(infinite M200
PRO, Tecan, Minnedorf, Switzerland)Z ©]&3lo] 450
nm(reference wavelength, 620 nm)ol X &3 =2 43}

e,

_I.

SA
43

% H|1

7344 B8 Statistical Package for Social
Science(SPSS, win 12.0 version, SPSS Inc., Chicago,
IL, USA) program< °©]-&3ato] 7|21 SAAE AF=3t
Aot dye 24 AT HHEREEAE A oH,
B o] oL Student's ~test2} One way ANOVA
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7Z& %3 Duncan's multiple range test2 7X0.05 &% HE=A SgEe] gt olyg g s 3k kst HYy
oA AF3A . 24 g o5 olEd HF-¢o T4 syt vEvE
Ao Atz €t
Zn} al =t 9= B30 9% sPdE 2AEN Y o] GERE o2t
S FRATEY, ARAdd og FiRET A7 g5,
=0 YSEo| &2 24 83 F2 I EE AU o] 7S FS] AR &8
S EA e gk AxEEG FAETNE YERE L bi- 2 g dE 7hsAE AYR Avk?29). ek &3¢ ol
fermentans €3 T a5 2] gallic acid ¥ ellagic acid 3 gallic acid®} ellagic acidE FA RS E sl U= 7}
S HPLC® #A1% A3, &3 wasE g 10.18 mg/g, AH(fructus chebula) FEES A7 shd W4 gl
2.14 mg/ge.2 Zt7} ZA4 5 Y (Fig. 1.). Gallic acide & HlH g skd x}=of o8t Ay 27] whgo] AA|HT Bl
o= 3}ghE (polyphenolic compounds)®] stub= H] Huk ATHB0). webA] ikt BEE S dolEd E4o]
ThA Eo M BEEE 95§ cytokined 3| A~Elwl o] B Astd &9 sgE AT ofY g AFAAE v R
H|E AAAZITH(25,26). 183 B thE =4 83 ohFet Eoke 71sAd AR FE8] &8 7HsE Flojth
&9l ellagic acidE Ca® o] 9A9} NF-xBe| &4 =712
3 A i 1A EH|E AAA IgES dE 3R HEHs 2E
A WESS AAZITH27). wEkA gallic acid$®}t ellagic DNCB =XE E3] o}lEy ¥}do] F2% NC/Nga
acid7} &= & &3 Ha 52 olEy IREAY g2 miced| TEE G &3 A ES 35 22 & 7}
A Gd=7] Ao el A NEE a5 EA] 2878 NC/Nga mice?] A5 HaE 543 Ay, A
g 5 Adg Aow saH < 31.15+1.1 g, DNCBE =¥3 ADw2 29.1840.4 g,

EodEA st & 1231 DNCB =% 5 &3] 28 =S 4
7k UEhA] & 1, FCS 52 247 29.04£0.3 8
?ﬁﬂroﬂ ofshd 10.51 go= Yepstth(Fig. 2). 4
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Fig. 1. HPLC chromatogram of Castanea crenata inner shell extracts fermented by Lactobacillus bifermentans (FCS) (A) and standard
solutions (B). The HPLC chromatogram revealed that FCS contains gallic acid and ellagic acid.
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Fig. 2. Body weight of the experimental groups. The groups
that we have used in this study included 0.1%, 1%, 5% fer-
mented Castanea crenata inner shell extracts (FCS 0.1, FCS
1, FCS 5), 1,3-butylene glycol treated control (AD), and normal
mice. All experimental groups were no significant differences
in body weight (n=6 per group). Data represent mean+SD.
One-way ANOVA.
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7k A8 NC/Nga mice®] 5 F-91& ##slo] o}l E3
el W el FejetA wists gelakqivt. Aol A=
I 5o] PejstA wslrt JebA] ekeko v, DNCBE &
g ADwol A= SRk The g R x, AR, B8
FF T olEA I wsyt ER1E AU 1% 5% &
v BEES £¥3 FCS 1, FCS 5394 o]2] 3t o} &
A FA4EC] MAEE aE YehaL, 53] FCS 53
MM = G FAEE 95 FEE eIt AdAE
TX 3F F, ol 9N oy FHES THs] A
3t ek St W7F AlY A3, A 1.00+0.45, AD

13.17£0.40, FCS 0.1+ 12.67x0.61, FCS 1+ 10.50+

1}30:1 Z)\L

0.43, FCS 53" 7.50£0.432.2 YElL} o} £
Ho] FCS 5ol A mad sd8: Ae
A7k o4

FCS 1 A gzl vl %

6 4 | —+—Normal
- AD
——FCS 0.1
31 | -e-FCS1
--FCS5

0 1 2 3
Weeks (FCS treatment)

Fig. 3. Clinical severity score in DNCB-induced atopic dermati-
tis NC/Nga mice. The clinical severity score for atopic dermatitis
was defined as the sum of the individual scores graded as 0
(none), 1 (mild), 2 (moderate), 3 (severe) for each of signs and
symptoms, such as erythema, pruritus & dry skin, edema & ex-
coriation, erosion and lichenification (n=6 per group). Data rep-
resent meantSD. Student's r-test, ‘P<0.05, “P<0.01 vs. AD group.
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olET] o] WshH Il Bhg o2 Q13| o T4
I gEo] mEgH o] Sy, olF F3l oy ASEA
Eo] 95 Y2 FAFete] Mgk 2gF 9 dFigol 7y
3. & AP e 44 v5 o3 &1 YaE =X
7F St A olET] 959G 4SS F AdSS g9l
3 ¢ 9lor, ol &y Hage] FHS E AAgYA aF
of d&FS vA F s AT
o8 X|o| H3}

7} A3+ NC/Nga mice?| JEAdX 45 43

T}, A 4

8.194+10.34, AD* 296.61£8.11, FCS 0.1
+12.32, FCS 1+ 228.72+14.26, FCS 5

105.86+2.922 e} o}l E ] JJT R Q8 Tk
Aghd gheFo] 199} 5% &3] HaEE =¥ o fode
2 frare A4S g9 o}"ﬂE}(Flg 4A). F-ZTNAFE S
A3 Ao e AT 172.56+10.11, ADT 264.33+
10.15, FCS 0.13 252.45+7.89, FCS 1+ 232.22+8.52,
FCS 5% 199.56%4.222 YEh} 5% &3] T a &9 L
ogh | FHkel {4 A ZHE AT 5 YT
(Fig. 4B). ©]9} np7 A 2 FHF-5F2] 5 S 3ke] ¥ st
M At 36.24+2.74, ADT 3.15+0.54, FCS 0.1
3.21+0.59, FCS 1% 6.35+0.97, FCS 53 17.62+1.75%
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wlth o] wka) FCS 0.1+, FCS 1+, FCS 5+& 7hzt
4.5340.24, 3.80%0.40, 3.32+0.24 % v|& =27} &3] &
FEY BEX R gEHoR gastE AL Ve
ov, 53] 5% &9 MEES BEF Lol A o4

o, it |

HERIRIE, ol ohs) A0 frs
} e

T-Y=78 u¥E

o



#3] WEgo] ohEs 37ee]

(A) 350 4 Melanin
300 4
250 A
200
150 -
100 -
50 +
0 A
Normal FCS 0.1 FCS 1 FCS 5
(C) 451 Skin moisture
40 a
35 4
30 +
25 4
20 +
15
10
5 7 -
0 - -
Normal FCS 0.1 FCS 1 FCS5
7 -
6 4
5 4
4 4
3 4
2 4
1 4
0
Normal FCS 0.1 FCS1 FCS5

Fig. 5. Spleen index of DNCB-induced NC/Nga atopic mice.
The spleen index were calculated according to the following
formulas, namely, spleen index=spleen weight (mg)/ body weight
(g). After topical FCS treatment for 3 weeks, improvement of
spleen index observed in 5% FCS treated NC/Nga atopic mice
group (n=6 per group). Data represent mean+SD. One-way
ANOVA, different superscripts on the bars indicate significant
differences at P<0.05.
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Fig. 4. Skin measurement results of DNCB-induced NC/Nga
atopic mice. Skin melanin, erythema and moisture index of
NC/Nga mice were measured by MPAS 580. After topical FCS
treatment for 3 weeks, improvement of melanin (A), erythema
(B) and skin moisture (C) occurred in 5% FCS treated NC/Nga
atopic mice group (n=6 per group). Data represent mean+SD.
One-way ANOVA, different superscripts on the bars indicate
significant differences at P<0.05.

el =4 932 vkl 2= 9th(34,35). wEl &)
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Fig. 6. Expression levels of pro-inflammatory cytokines in the dorsal skin of DNCB-induced atopic dermatitis NC/Nga mice. The
mRNA expression levels of pro-inflammatory cytokines in the dorsal skin of NC/Nga mice were measured by quantitative real-time
PCR. (A) After topical FCS treatment for 3 weeks, significant improvement of mRNA expression level of IL-18 observed in 1%
and 5% FCS treated NC/Nga atopic mice group (n=6 per group). (B) Significant improvement of mRNA expression level of TNF-a
observed in only 5% FCS treated NC/Nga atopic mice group (n=6 per group). Data represent meantSD. One-way ANOVA, different
superscripts on the bars indicate significant differences at P<0.05.
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