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Comparison of Protective Effects of Young and Ripened Persimmon Extracts against
Inflammatory Stress Induced by Deoxycholic Acid in Small Intestinal Cells
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ABSTRACT Bile acids are endogenous metabolites that aid in the digestion and absorption of ingested fat and fat-solu-
ble vitamins. However, high concentrations of deoxycholic acid (DCA) in the colon are associated with high incidence
of colorectal cancer. In the present study, the binding of persimmon extracts to DCA in order to decrease inflammatory
stress induced by DCA in a small intestinal epithelial cell line, Caco-2, was investigated. Young and ripened persimmons
were extracted with distilled water (DW), ethanol, and acidic ethanol. Further, DW extract residue was re-extracted
with acidic ethanol. Of the obtained extracts, acidic ethanol extract of young persimmon showed the highest bile-acid
binding capacity. Moreover, acidic ethanol extract of young persimmon significantly inhibited nitric oxide production
in Caco-2 cells stimulated with DCA and prevented significant reduction of trans-epithelial electric resistance. Based
on these results, acidic ethanol extract of young persimmon can be used as a functional ingredient to enhance gastro-

intestinal health.
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So] G54 AF F sty DCAF A%s 4 d=AE
#Q18kaL, DCAR 13t Al Ee] E4-2 frolshl #aAA
= T I=AE ZAEIATH o) & A&l olud g szt 4
zhg 'hd Aol o FipE s FESaL o)E FEES
o]-&3te] B =, wEAte] AdsE, Gl A <]
nitric oxide(NO) A4 A5, FAE k=59 W3l gigh

A=

2 A7 ARggE AJ2FQl DCA, gallic acid, Folin-
Ciocalteu phenol reagent, salfanilamide, naphthylethyl-
enediamine< Sigma-Aldrich Co.(St. Louis, MO, USA),
dimethyl sulfoxide(DMSO), ethyl alcohol, methyl alco—
hol& Y4kek=(Ansan, Korea), polyvinyl polypyrroli—
done(PVPP)< Fluka(Neu-Ulm, Germany), sodium car-
bonate+ Junsei Chemical Co.(Tokyo, Japan), sodium
nitrite$} phosphoric acid ™74 €& (Namyangju, Korea)
oA Z+z} F-9)ate] ARE-stSlT.

Aok 1xE g FEEL HF 571 500 pg/mlrt HES
phosphate-buffered saline(PBS)oll =] A3}t

Etil gtk =3

7+l 'rd 3L Rakic S(19)2] WS WEslo] A
shalth. WA Flm vjehdAd WA dis, 84 HEd v
S 84 dERE RSk v sEES ARkl
AR HAES F5 B 0.25 g8 80% "WeHe 8 mL=2 244
gk 22 FEES, T8 Ve FE EH 025 g5
239 8 mLE 2443wk 58 FEES B4 o] &
stk BErdA AA Hise A7) 80% WS FEES,
Hghdyg 84 dEe 37 25 FEES o83t o
Akl PVPPE H7lele] wyk, E8ala 40°Col 4] 1587+
HRSAIZ] 5 4l Ee] g A5 dS Add o] &3t 7+
o] FEE 9 A5 i =S Folin-Ciocalteu W
(20,2D)< ®Egste E483lth. Gallic acidg )43kl &
TAF F4E Aegla g Alskel] o] &&qlt). whd A
Hize A dzmolA vghdA wize ahs, 84 A
Hize 784 dEolA nerdA 584 dE9 s 47

e o sgieh AA el g vy s
4 Wy sEe) gL O oz s

In vitro bile acid—binding assay

DCA 200 mM&E DMSOel| 5o 7531 PBS®E 3]4 8}
o AR&-FAATE 1%(w/v)e] F5E2 125 uM2] DCA &
3 37°Coll A 103 21 'shaA] vkgA 7tk d4ldte] $
o] A5 el DCAQ &%+ bile acid-kit(BioAssay Sys-
tems, Hayward, CA, USA)Z o]&3lo] FA 33Tt 125
uM DCAS9] &% Aol 7t 55 Fedo A3 g&
7+t kS o]83}9] bile acid-binding(%)& =333t}

AL nitriteE NO A2k X g2
&3kl AAEdn AEE 96
well plate®] 1x10° cell/mL ¥%== 200 uLA #F3F th&
H A& WA FAAN 275 Wil 25
FZES HZE 500 ug/mL7t HEZ A ). 2447
% 0.4 mMo|] ¥ =5 DCAE g H 641t s s}
o FEEY AFIS 100 pL A2 platedl &
Griess reagentS 5% 7}l COq Ql5fH|o]E o A 10+%
F W FAZ F 540 nmell A FHEES s ol
Griess reagent:= 5% phosphoric acid®} 1% sulfanila—
mide?] £¢-8N 0.1% naphthylethylenediamine &2
THFo R E3tsto] AHgsglth Sodium nitriteE ©]-8-3}¢]
A S4& AL &= Algkel o] &st3ith
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Trans—Epithelial Electric Resistance(TEER)

AIZE transwell plate?] insert plated] 1x10° cell/mL
FTERE 2 mLA B3¢ o 257 vl 25
WA S serum-free BIA & 1A}l F+E553 DCAS &
Aol =28k & Millicell_ERS system(Millipore, Bedford,
MA, USA)E A-8-3le] TEERS S48ttt 252 DCA
£ Agstr] A A1z, e F25E 0.5 1, 3, 6,
12, 24, 4843+ W) TEERS F438t3ith. S4€ TEER #%
plate®] WA& o] g3l A} & At

Q cm®=(sample — blank)¥the area of
effective membrane diameter

SAXz|

ZA % A3+ SPSS program(18.0, SPSS Inc., Chica-
go, 1L, USA)E o] &3lo] ddnjx]ZAtEAls HAAlgh &
oA zol 7 e 9 thaHl A<l Duncan's mul-
tiple range test® &-83}o] 94 7X0.0591 4 H] a3}
&t} NO¢F TEERS Dunnett's multiple range testE &8
gl o4+ X0.05914 DCA-treated control®} H]xL
skal « 2 FEAISFGIT

)
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Fig. 1. Tannin content of young and ripened persimmon. Tannin
content was determined using insoluble polyvinyl-polypyrrolidone,
which bind tannins. Values are means of three replicates and
different letters above the bars mean significant differences us-
ing ANOVA followed by Duncan's multiple range test (P<0.05).
YP, young persimmon; RP, ripened persimmon.
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/n vitro bile acid—binding assay
B2 AdEA dF A4 F59 A3t A2 FH5At
Ajtshs B4l FEd 7]Q1gtH(23). Matsumoto 5(13)
2 3R olE HHAAIZ ratdll Al HAzxzE AR (Dio-
spyros kakDS 21019 2% = 5%= AFHAAZ A3 £
ono) kel jEo] folHow e, AWk
}

i)

)

45 U2 E 22 Foldez gasigittal Bals
Ak B AFeM = oG B s Ao FEEEcl
DCA%Fe] Ajtes 113 At oldzt FEE50] w4
o2 & bile acid A5 HA T, o] FEE oAM=

AL B35 & 1585
[J DW Ex
100 7 a EtOH Ex
90 - ab Acidic EtOH Ex
B Re-Ex of DW residue with Acidic EtOH
80 1 abc
& 70
g 60
g o bed
3 50
B 40 e 4
©
2
m

104 YP RP

Fig. 2. Bile acid-binding ability. Affinity of sample (1% w/v)
for deoxycholic acid (125 pM) was analysed using a bile acid
kit. Values are means of three replicates and different letters
above the bars mean significant differences using ANOVA fol-
lowed by Duncan's multiple range test (P<0.05). YP, young per-
simmon; RP, ripened persimmon.
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NOE A2 2l 2e]ol A+ nitric oxide synthase(NOS)
o o] L-arginine©. 25 WA FH o] AU Wol7]s, 2l
sdY, 894 59 v 7S Fdsht NOo A4
Fol A ol o m A&EAHOT AFFE o] AbAaet ARe
peroxynitrite(ONOO )7} A= A Ze} 2220 Aks}=
&8 F7 ©tH24,25). Caco-2 cell lineol DCAZS g
[=gk 959 FHRE NO9o| Aol Fofdo=r F
As & 5 Jvk &#A ArH18). oH7} 4=
2] Caco-2 cell linedl A& 3 3 DCAS A2l
TS FEES vE A TellA DCA A g
oA o2 NO o] Ekss 49
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Fig. 3. Nitric oxide (NO) production by 6 h incubation in Caco-2
cells stimulated with deoxycholic acid (DCA). Cells were seeded
in 96-well plate at 1.0X 10’ cells/mL. Sample was pre-incubated
for 24 h. After DCA (0.4 mM) was treated for 6 h. NO pro-
duction was quantified using Griess reagent. Values are means
of three replicates and statistical difference was compared to
DCA-treated control group using ANOVA followed by Dunnet's
multiple range test ("P<0.05). YP, young persimmon; RP, rip-
ened persimmon.

I NO =S JAANTIA Katar 2812 A fro
= floy 37 7IE A BT Asqe] aHg olehs
FEE B §Fe oz v gls uf o bzt olg
& FEE F93 FdES BYlon, We vl FEo M=
NO A S AAsteE a3E HolX &e Aoz dddd,
G AFo M= oAUt T AEel A vehduke A )
o] YFW-EE A8k Z-&7| A Bk A7 F7 28
Hojop & oz oy}
TEER

7+ (tight junctions, TJs)< & Z3] o] A4 Fx4<] it
& Agkste= Fo Fxolnh FHe] 7]so] oA
EE uAEY B/ AT A ol HEF, &4

g 27], Aol AR < (necrotizing enterocolitis)
T 2 FAulo] A djlo] HTH26-28). # Aol =
AAGT J&3E FEEES o83k DCAdl 9% Caco-
2 cell line®] TEER 745 A 4= =5 Il
(Fig. 4). o173} =7 FZ2EE7 DCA Mg § 12/
S8 TEER gt #2914 Zpo]7} Hol7] Al =keljA] 484]3F
o] ekl woll= DCA Aol A A&gke] 53.3%
oA FAaETS EAF 4 AATh WA ol u =3k
FEEES §%, bile-acid binding 53, NO A4
Ay 71 Hold 84S 1l o7t
F=E8& DCA% 7 A2 w4 = DCA
3FS 3}o)
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2 AERE FAEE &1 5 2
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Fig. 4. Deoxycholic acid (DCA) induced transepithelial elec-
trical resistance (TEER) decrement and increased paracellular
permeability. Cells were seeded in trans-well plate at 1.0 X 10°
cells/mL. Each persimmons extracts at 500 pg/mL and DCA
(0.4 mM) were treated simultaneously for 48 h. Values are
means of three replicates and statistical difference was com-
pared to DCA-treated control group using ANOVA followed
by Dunnet's multiple range test ( P<0.05). YP, young persim-
mon; RP, ripened persimmon.
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