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Antioxidative and Antidiarrheal Effects of Persimmon Extracts
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Since oxidative stresses are involved in gastroenteritis and diarrhea, we investigated antioxidative and
antidiarrheal activities of persimmon flesh extract (PFE) and persimmon calyx extract (PCE) in vitro and in
vivo, respectively. PCE significantly scavenged 1,1-diphenyl-2-picrylhydrazyl hydrate and 2,2'-azinobis (3-
ethylbenzthiazoline-6-sulfonic acid) from 500 pg/mL, although PFE was ineffective. In addition, PFE and
PCE exhibited strong nitric oxide-scavenging effects from 1 pg/mL, in which PCE was superior to ascorbic
acid (50 puM). Furthermore, PFE and PCE significantly inhibited FeCl;-induced lipid peroxidation as well as
Cu**/H,0,-induced protein oxidation from 10 pg/mL. In vivo charcoal-propulsion assay, in contrast to a
negligible effect of PFE, treatment with PCE (160-500 mg/kg) markedly inhibited intestinal motility. The
results indicate that extracts of persimmon, especially PCE, possess antioxidative, antiinflammatory and
antidiarrheal activities. Therefore, it is suggested that persimmon extracts could be used for the relief of

gastroenteritis and diarrhea.
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(reactive oxygen species, ROSyS X&3t =}
2t Z(free radicals= DNA A (DNA denaturation),
2] A 7HaksHlipid  peroxidation) % w23} (protein
oxidation) 5 ¥Q1oBA A 715E ASAA =3},
o, FHAs, A, 3, FriEaA ddd
A3kl Aolo] FrhValco et al., 2007). E=
7} Aksit 7Y, ALHR REH S,
o &g 918d B A= F8F ATS
tHRadema et al., 1991; Rao et al, 1999, 2000).
, A Alztdeldt lipopolysaccharide 52 M4 &=

¢

O
(¢} ’

o ot
4 fo
4 Jlﬂ

=1

=

o

=
o

AN o mo mE oS o

TThese authors equally contributed to this work.

*Corresponding authors: Sung Soo Joo, Division of Marine
Molecular Biotechnology, Gangneung-Wonju National University,
120 Gangneungdaehakro, Gangneung, Gangwon 210-702, Korea
Tel: +82-33-640-2856

Fax: +82-33-640-2340

E-mail: larryjoo@hanmail.net

Yun-Bae Kim, College of Veterinary Medicine, Chungbuk
National University, 410 Seongbongro (Gaesin-dong), Cheongju,
Chungbuk 361-763, Korea

Tel: +82-43-261-3358

Fax: +82-43-271-3246

E-mail: solar93@cbu.ac.kr

407

1 December 2010; Accepted 5 December 2010

P

[e]
O~ ~

proinflammatory cytokines
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et al., 2010), o3 F=HEe
g nuclear factor-kB &
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myeloperoxidase
op7Ish= HhlLee

Toll-ike receptorg %

dete] Asde IgE Az
(Cario and Podolsky, 2000).

S Ashy AZEFS 4F 9 2EFRY 9

% 22 =X
4 (gastroenteritis) | M = ¥ Q1o dejx] Stk =,

=]

olg] AFollA water-immersion restraint stress 2 cold-
restraint stress Z@lolA HEHEEA tumor-necrosis factor-
a (INF-a)7t 5438] F7ketar, 2o theh BT =
corticosterone®] A5sh= 2oz ol tt(sobe et al.,
2004; Rao et al, 2004; Byun et al, 2007). %3+ €
Aol ethanokE o] & (stasis)e Zeliste] A Z <
=8 2 IXE LS 8} radical reactionsol] wE %]
A FiksHkgo] #Aosh= AR AR thShah et al,
2003; Raffin et al., 2007).

S, et 242 HAMdiarrhea) 2 ©<=(dehydration)
o] AFHA dQlo] H=u|, Hae) ofg ko] &4
< el elecrolytes) 287155 24AA71M, cyclooxygenase
(COX)ell ¢J3ll 474 prostaglandin E, (PGE)= FH=ES

<l mucuset s o] felz AFH Bvle ST

=2
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gt PCE,= mast cellsZ%8 histamines
(smooth muscle cells)g A=gto=zx &+
& ole} o] FUE EHIEY FeE2
L] lﬂ T *7} g o Slpe] Frte] mE AL
o] i

o doloz =g3HOsweiler, 1996). w}aw Azt
g Aals iR Aute] & 719, A g4

o 7)EAEE 2k s};L_HLﬂ—JgHOd%Lsi] 2004).
3| g, T, Y&

ZH(persimmon) ofAJo} x|, 53 o
A Ak, AR e EJEA ’;‘%Q_E ulEo] o
71 &, H2ddle A Aur dE 718 §8 S

o2 Jhesiy Az 99 9= FrkKang and
Chung, 1997; Jeong et al., 1998; Lee et al, 2001a,
2001b; Jie et al., 2007). 7 2 553 @53 Bto=
2H|RE Zo] Yl ARl nf, 53] AAY FA= o7t
EEA &2 =0E9A AE=rt =0t s E 9
AE e e steR <ls) of"olEe HAiwrt "o
A3, AAY A B Folle o] ghob & HAL
Ffe7] wiieel] Ade] "olxe & dRE AUl 9l
th e HLEA o]§ 2o 7“3 ToE JtEo]
A= S Q) Ok Bae et al, 1996), el 714l & A
FEA ol 959 7| EAFO2A S 7L A B
b gatm Qe Agolch

ol 923} vitamin A 2 C (ascorbic acid)”} &%
sto] G ZEE RIZEQHOR ok, BRF, EF, Y,
%Y, F= g 229 i SOl AREEe] grh(Yu, 1976;

Ceorge and Redpath, 2008). 53] #elli= ¥ (tannins)
59 #E g&E(phenolic compounds)e] T &= o]
e Aoz dHA JE vl tanningS FAF3HGarcia-
Alonso et al., 2004), 3<HHibashmi et al., 1996), &%
Wl A sHGorinstein et al., 2000), &FNAL FZ(Kim et
al, 2001), 33 A (Lee et al., 2001a, 2001b) 5
o] tpekal @32 YekdthkSeo et al, 2000; Serrano et
al, 2009). ErlEAE el dia T2 B2 75
3 ele] Bulg Qs 202 HIHYOHChung
et al, 2002), 7FEHA e Az AF= AAE 93t
sta, ek Ag wHlE sk Aew A vk
webs kst B dal i S5 Ad Fho] 4kskE
Ao B @S9-S AAlstd 8d 2 AL N
A Aoz 7= ARt 0};“77}74 el gatkst
ARGl g At ek AAl ok 2=
2 & dFdAe e #S FE=(persimmon flesh
extract, PFE)Z} FHXA] FZ = (persimmon calyx extract,
PCES] 3itst 9 A5 AdAasS H7Igte = A4
2AAE N 71 2EAe N TRse Al

s sl
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AIFAERD WAl FF] SIS 20099 = (3=)ellA
1197 AT Aoz EHANARA, d=hozie 7
Attt FEE Axs 98 ¢4 F%% ‘;—l ZAZ &

¥ of Lkl
=y E«E‘/\]E 10 gl 200 mLe] =& methanol 7}
&kl 4°C<>1W 100 rpme.2 Z8ap 2447k jz%ag;
Whatman No. 1 &J#A|2 ofzgh §

712 2SS sFshth Aozl PrE B PCE=
dimethyl sulfoxide (DMSO)ol o] Aol ARE-slSAT.
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sRon, APFEE THALE (Purina® pellet ALE,
=)ot 2@ BAF)E AREA AdFH kS stk
2 AFoxe] BE SEAPES SEUse ddsEd
TALAE SEAEAE] 93] (Institutional Animal Care
and Use Committee)2] %<1 3lo] & Al ZE=2QE
A (Standard Operration Procedure)ell w2} =331t}
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1,1-Diphenyl—2—picrylhydrazyl (DPPH) radical £7]

methanol 493 mL)}S AZ3}
]3—]‘:’2] S 93 AedA 30
AFABIA 517 nmell A §-

, 2009).

2,2'-Azinobis—(3—ethyl-benzothiazoline—6—sulfonic
acid) (ABTS) £7 &% ZA

o7& 3ol A ABTSel potassium persulfate (K,S,0,)
g 718t 4A7F B<F WESA]1A ABTS radical cation

(ABTS)& AAAI AT Park et al., 2009). Phosphate-
buffered saline (PBS}S 71sled 734 nmollX| §-3%=7} 0.7
,000 pg/mL) A ?ﬁ 2&

of HE% HHG F R
=z ]
=

U3 734 nmollA 73X %%u—‘é— =43k

Nitric Oxide (NO) £7]&% 5 7}
NO donor¢l
(SNAP in 10% DMSO)=

250 uM  S-nitroso-N-acetylpenicillamine
88l FER(1-1,000 pg/
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ml) AFEAE 71elal 37°ColA] 3A17HESH wkeAI AT
(Park et al., 2009). EL#e] Criess reagent} 107k
HESAIZL & 540 nmelld S8 229313, sodium nitrite
2 ZJ3t standard calibration curveZF-E nitrite FE=S
A st Blois, 1997).

Z| A B AFSHEEL (lipid peroxidation) A &S W7t

Ao H2AES cold salineC® #AF3H T 2)F 5k
PBSE ¥l 10% w29 (homogenates AZ3IATE A&
FtsHhE-2 malondialdehyde (MDA), 5 thiobarbituric
acid (TBA)-reactive substances 3$F&Fo =z Z=A3Att
(Ohkawa et al., 1979; Park et al, 2009). =, >%3%
AN FEH(1-100 pg/ml) AFEZ FeCl, EF 50
BME 7kl 37°Cel A 2087F WEEAIA T Sodium
dodecyl sulfate (SDS) % acetic acid €45 o] AHZ
< Talstal AdskE A1zl F thiobarbituric acid (TBA)
HES-gollS 7kl 95°CellA 3087t SRt W2t
F A2 AFHst 532nmellM FEEE A,
triethoxypropaneZ 2/ ¢t standard calibration curveZ+-
Bl MDA =5 st

chul 2] X}3HEES (protein oxidation) AA|ELS W7t
Hydroxyl radical (OH) = Atshebs oid deid=
bovine serum albumin (BSA, 0.5 mg/mL PBS)& A|x3}
Atk FEH(1-100 pg/ml) AFEA o]o] Cu*(HF
100 M) 2 H,O,EF 2.5 mME 7I8kaL 37°CellA] AF
keS FxEsdthMayo et al, 2003). 10% SDS-
PACEZ #719%3 ¥ 0.1% Coomassie blueZ 213k
o2, 2kshikgo g 22 BSA @A bandS #4351
AFE-) 98 degradatione AAFEE H7Fstdth

ATy

A= o) S
FES A9

32s 5%
AlZE A 24A17F EF AAAR F
Aol =2 50, 160 EE 500 mgkgel AHEA
mi/kge] AFoew ARSI 208 & Fs 3
< &l carbachol (0.5 mgkg; Sigma-Aldrich, St. Louis,
MO, USAYS salineoll 561 5 ml/kge] dgFoz djat=
Folsidnt. 158 F 5% A ¥ (charcoal) F7(0.25%
suspension in carboxyl methyl cellulose)}S 1 mL/kge] <8
2o g AFLEASYHCrod et al., 1997). 20% &
= ANA MES & AAdele] &%, F 9
2HY RS 4 g
Aes Ity freEftEiEe] dojg SAst &
=

o
o

=]
=

=Y
o

o
w1

N

150+ A

1 50

100 500 1000 (ug/mL)

100+

% Vs. control

1248 1248 1248 1248 1248 1248
1609 B

1 50 100 500 1000 (ng/mL)

1004

50

% Vs. control

0
1248 1248 1248 1248 1248 1248
min.

Figure 1. 1,1-Diphenyl-2-picrylhydrazyl radical-scavenging
activities of persimmon flesh extract (PFE) and persimmon
calyx extract (PCE). Asc: ascorbic acid (50 uM). *Significantly
different from vehicle control (100%) (P<0.05).

2

DPPH 274 %%

DPPHE ¥l g3 radicalol At AAE Foid 4=
Ue E4F YA radicalo] AAF AL ool HlFEle] &
Apol & Helth wdete] #He)ek wjFe] DPPH
radicak> th¥st =29 st sk flste] €
2 ARRE I Ath(Jo et al, 2010). DPPH radical &A%
ol JojA BIREZAQL ascorbic acid (50 uMR= 30-35%
o] 8% ®o] & ubd(Figure 1), PFE= 1,000 pg/mle]
IEENE HEIRAl F 8V fas AAEES T
Fl8kA] FsisickFigure 1A). olell HIsl, PCE= 500 pg/mL
oA AjZke] Zste] wet AARSe] F7FsAL, 1,000
ug/mLellA = 15 olulell 50 uMe] ascorbic acidell W&
7Fe &S B F30tHFigure 1B).

ABTS 2A#L

ABTS A&AEAg AdAXE vIREZEQ] ascorbic acid
(50 uMR= 55-60%2] TS Ho] FUA|THFigure 2), PFE
£ 1,000 pgmle] EEolME 27E%S W3] &
sk thFigure 2A). olell H]&ll, PCE= 500 pg/mL o]/l
A Feldt 28 %S YERNUTHFigure 2B).
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Figure 2. 2,2'-Azinobis-(3-ethyl-benzothiazoline-6-sulfonic
acid) (ABTS)-scavenging activities of persimmon flesh extract
(PFE) and persimmon calyx extract (PCE). Asc: ascorbic acid
(50 uM). *Significantly different from vehicle control (100%)
(P<0.05).
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Figure 3. Nitric oxide-scavenging activities [% of control
(100%)] of persimmon flesh extract (PFE) and persimmon
calyx extract (PCE). Asc: ascorbic acid (50 uM).

NO 2A%L

250 uMe] SNAPell ozl Ad == NO°l| tigh 2417k
e aARSS 5783 A% BlaEEe] ascorbic acid
GO pM)E OF 45%°] EF& Ho FUTK Flgure 3). ol
HJ3l| PFE= TEOEHOE e &
o] 10 pg/mL ©]’dollA ascorbic acide} v"}?} §l]% =
Bhliltt. @9, PCEE H =2 NO 27]8%S Bl F
RE vl 1pgmle] AskoME oF 50%2 &%S U
ERleH, 1,000 pg/mLellA= 70% ©1’de] NOE 473t
ATt
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Figure 4. Inhibitory effects of persimmon flesh extract (PFE)
and persimmon calyx extract (PCE) on FeCl,-induced lipid
peroxidation. BHT: butylated hydroxytoluene (10 uM).
*Significantly different from vehicle control (100%) (P<0.05).

PFE PCE
M - Asc 1 10 100 1 10 100
75 kDarF- = - - - e
—
h BSA -
- Cu?/H,0, -

Figure 5. Inhibitory effects of persimmon flesh extract (PFE)
and persimmon calyx extract (PCE) on Cu?/H,O,-induced
protein [bovine serum albumin (BSA)] oxidation. Asc: ascorbic
acid (50 uM).
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Free radicalso] EE3px%3} 2kg-ste] AE ) X Zo]
sbstE]o] B EE AMel A Iksg2 A
Abstol] wE Bl AHEo] AMlEd| &S F= didelt
(Osweiler, 1996). FeCl,el 2J8l] Z31% ¥ 222 X
2rspRk-g-el tial] W wEH<Ql butylated hydroxytoluene
(BHT, 10 uMyE oF 45%2] JAEFL T3

4). ool ¥lg} PFE= 100 pg/mlolr oF 25%91 Frelgt o
A&As UeERisdch v, PCE~ o 8t 10 pug/ml

1m

ol freld wTE vErie

ME 40%] =L AE Artst ‘”Zﬂ

3] 100 pg/mLol
R ]?2]"4 OI'ME]'-

M'J

S S oA B
Cu*et H,0,25H 2Ask= OHdll 9Js) 75kDadl
BSA @2 thiE Atsieo] A ETk(Figure 5). Y]
Lgé’o] ascorbic acid (50 pM)2 B3 BSA R385
< B FAUTE ES PFER 10 pg/mL odellA] 5=
—:Xﬂ,ii 2RSS A aFE Hof F9om, PCE HA|
10 ug/mL ol/dellA aitkst 855 I3l skith

H% —.%%°ll it 3%
BollA R Fojd &A%

[e)
Bgole 208 5
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Figure 6. Inhibitory effects of persimmon flesh extract (PFE)
and persimmon calyx extract (PCE) on carbachol (Carb, 0.5
mg/kg)-induced gastrointestinal motility (charcoal propulsion).
Asc: ascorbic acid (50 uM). *Significantly different from Carb
alone (P<0.05).

ot &% HAHole] 25-30%F ©1%E 35t tHFigure 6). ©]
of sl carbachol (0.5 mgkge H3z FFS w=
oF 65% olEste] 2u) ool Ae-sel EXo] IHS
o} olglgk e-s FXo| sl PFE= 50 mgkgollMe &
7 FIAATE, 160 mgkg oVdellx= ool AAlaxss
Uebdlch. 8, PCEx= PFES] B3l © &32 0] ul,
160 mg/kg o17dellA frolgh oA axsE YeriSI, 500
mgkgoll A= carbacholdll 93] Ex1¥ LS Aukoz
A7)

AFERE sbd 2EFsE w3} Y AE P
]

2 2EYEE 950, AWy dEE dHFe] S
o F= Ae=Z 2 4#A UthRoss et al., 1982). g
A oopeket Al ogk e el URle R fof H
= o] 7% sl=d], ek Ak A
Here] Sl mE A 9 o] Ay Bes
25 7118 tHOsweiler, 1996). ol g 4lg AAite] €
Qo] =& A 2 A el o] Fute] Atks)
A Aol F23 98-S FtHRadema et al, 1997;
Rao et al., 2000; Shah et al, 2003; Raffin et al.,
2007).

Az e H34A 2 AE9 23 gARMEER,
phenolic hydroxyl’l= @& 3 7]e} At ExE53 2
st kst g d9t7]15S yERHA th(Shahidi and
Naczk, 2004). 7Zoll= HIEF A2} C 2 tannins Ad&

¢
0,
>
-
ol
1o
N
O
n
o
o

=

oly e} catechin, epicatechin, epicatechingallate, epigal-
locatechin, epigallocatechingallate, betulinic acid &3 %+
= 71573 d= seteEe] ¥ &l thMoon et
al, 1996; Kim and Kim, 1999; Ma et al., 2007). &
3] dE e T Aol oF IR e tannins
ArrE WANA Fe Aoz dEA Ao et al,
2010). 2] Al o A3t methanol FEE2 F
iz FFE tannic acdE 7SR 301.45 ug/mge = 3*
7(147.79 ug/mgell wlsl 2u7FE =0, 2491(315.90 pg/
mgE FARE AeZ Aoz RIFATtKHong et al.,
2008). SRIEAE A teit methanol FEE2]
Z5(3.0 gallic acid equivalents (GAE)/glell W3l 7%
(73.0 GAF/gell 84 =& & 3950 g-fEof
Zo2 Uehsith(o et al, 2010). ¥5 & A7l ARg
o] kst Aol oo Agel tEA THEEA
FATE o] FF, F91, S e fFaeEd ¥

¥ I ox
X Ho

L

ALY

b i
M 8

2

2H9] 7S gRls]
25 et 7P dnbARl galkst &4 74
9] DPPH radicak- 227 #golMde AAZE 3
), N@E Ao e DPPH 279 $7k= DPPH
o] A 85 AHrel Ao FHLo WHEE F& o
ERdt}Silva, 2005). SHEA%= DPPH radical &~A&%
ol 9o PFE= &7} fislert PCEM= &%= 57t
of AN LATETo] IIFNeH, 53] ol ad+=
723t gkakalA el ascorbic acide} FAFSIATE. ABTS 4
A&l AolME= PFERTE PCES] &7t -3t
I B3l NO &A= s ejA= PFESH PCE
S+ ascorbic acide} AV A= Yehtorn, E5| 3
=9] PCE= ascorbic acid®.th= 4311t}
ol2]3t PFE ¥ PCEel ¢J3} radicals 271 A& 2 o
ol skslpkge] digt A2 eyt &, AF
F2ksakgoll glojAl PFE= 100 pg/mlollXl PCEE 10 pg/
mL o]/dollA folsk A ETS B FUSH, 100 pg
mLe] PCE= 733t ghitsiA|el BHTS] & YeMIS
oF &3 BSA AtshEgol] tisir= PFE ¥ PCE 25 10
pg/mLe] Aoz e Froixz gdst g5
3laldt. o9t Z+-& PFEQ} PCEQ] theF3l radicals 427
2% % Ad 9 i ik kst g3e] Aol
A9 tanninsg X3 Hm o] AHog FSH
o 7] WEeE oAZItHang et al, 2010; Jo et al,
2010).
44 e P52 TNF-a-NO9 COX-I-
PGES] 2714 8 HAZE T8 ZYPFEKShin et al.,
2009). &, NO= 2A4ste dSieAlEs =8 =44
EZRE BHEE radicalZ2 FEREEe] T2 wpiEE

do
:(l)L_v‘
o
(RIS
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slholt}t. Su|EAIE= PFES} PCE RS ascorbic acid
FAFIAY o 8 237 Uehd Aksiakgo] €
Z2AERe] dske B8 F9TY 2= FEA
tso] dAk= PGEel €8 mucuset Aside] f<k
HEo] mast celsZHE2] histamine 8] w}E P&
2ol 71818 THOsweiler, 1996). & ro|A] v
muscarinic receptor agonist?] carbacholol] ¢J3l] 3
ol tall PCEZE -3 AAlase B 3
. Z94 2178719 muscarinic 2 B 3 receptorsi= 917
A el EAshe Fa3 F2Tkd FEAIQ1v (Ehlert
et al., 1997), carbachole WA AHEAEEZQJA AChe]
HHIE EFXAA PR dFesd 75898 ST
Aoz Akl F3A1 Agle] ®rkBrown and Taylor,
2003). Z2E& PCEe= H58Heol #Hofsh= PGEE <
Aske]  histamine  -H] A &A1 7] A muscarinic
receptorss AF A o® Aetsle] Ae-se dsTI= A
o7 welth Wb PCEe E5 9 5ol 274
o= Zgte Joez oA
ool ArAARRH A8 AFH EA FE
radicals 227, ¥43¥3} 3 AeE AARTTS B 3
v}, £3] tannins 52 dlw $Ho] =& A F
o] Bt} % MERS, JdF 4 AX 855 2=
Ao dAdtd weby A F53 £
WS THEEE ARlell o3k Ad B AAb iAAE 9%
)

289 = 92 4

Ko

L 0o oox lo

T

¢

([

AREIE

IRTIASEE AEAE TS Ao R
AR E AR AQAdZ 20099% 4
FSHsr|eie] Yoz shed-rATe] tiskEd
AFa APrdez 3E AFY(2009-0094035).
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