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Anti-inflammatory effects of ethyl acetate fraction of unripe astringent
persimmon (Diospyros kaki Thunb. cv. Cheongdo-Bansi)
on lipopolysaccharide-stimulated RAW 264.7 cells
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Abstract Unripe astringent persimmon (Diospyros kaki Thunb. cv. Cheongdo-Bansi) is a by-product produced when
thinning out the superfluous fruit of persimmon. We investigated whether unripe astringent persimmon has antioxidative
and anti-inflammatory effects. Unripe astringent persimmon extract was fractionated sequentially in n-hexane, chloroform,
ethyl acetate, n-butanol, and water. The ethyl acetate fraction had the highest total phenolic content, total flavonoid content,
and antioxidant capacity compared to those of the other fractions. Pretreatment of lipopolysaccharide-stimulated RAW
264.7 macrophages with the ethyl acetate fraction reduced nitric oxide, interleukin-6, and intracellular oxidative stress in
a dose-dependent manner. Ultra-high-performance liquid chromatography-electrospray ionization-tandem mass spectrometry
analysis revealed gallic acid, protocatechuic acid, 4-hydroxybenzoic acid, quercetin-3-O-glucoside, quercetin, and p-
coumaric acid as the phenolic compounds of the ethyl acetate fraction. Collectively, these findings suggest that unripe
astringent persimmon is a source of functional materials that can promote antioxidative and anti-inflammatory effects.
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ZUANZE #HE Al2K(Folin & Ciocalteu’s phenol reagent),
2,2'-01A] i-dfo] 2~ (3-of Dl o] o} & T -6-A EAH)(2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid); ABTS), 2,2-Tlo|#d 1338
3lo] =244 (2,2-diphenyl-1-picrylhydrazyl; DPPH), vle]EFTl C,
3} ¢=Fv]F(aluminium chloride), 2,2-0}Z1lo]2=Q2-HEZZ2 92
olulo|dl) tho|slo) = 2F 2 2}o] =(2,2'-azobis(2-methylpropionami-
dine) dihydrochloride; AAPH), 24}, 71El%](catechin), ©F&4t 4
H(sodium nitrite), 3-(4,5-Cho|HlEMfolo}E2-Y)-2,5-tho|F L EH| E
GEF HZwlo] =(3-4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide; MTT), Tho]lWl € AdZAlo]=(dimethyl sulfoxide;
DMSO0), 2\ 7-tto| S22 ZZ 0 #A4¢l tho]olAlE| o] E(2',7-dichlo-
rofluorescin  diacetate; DCFH-DA), A4S 2] 4 <(phosphate
buffered saline; PBS), A ATHdF, 222 A|%K(Griess reagent),
E2Kformic acid)< Sigma-Aldrich Co., LLC. (St. Louis, MO,
USA)PIA FY3FATE E 20(polyoxyethylene sorbitan monolau-
rate; Tween 20)2 Bio-Rad Laboratories, Inc. (Hercules, CA,
USA)IA U319tk o2 (ethyl alcohol, 95%), =2-3A4|¢] (n-
hexane, 95%), ==& (chloroform, 99.5%), °l2 olAHo|E
(99%), =2-FeFS(n-butanol, 99%), ©HA| EL}o] E (acetonitrile,
HPLC grade), 4t} AF(sodium hydroxide)2 Daejung Chemi-
cals & Metals Co., Ltd. (Siheung, Korea)2FE T3lSich. &4k
Z~F(sodium carbonate)> Yakuri Pure Chemicals Co., Ltd.
(Kyoto, Japan)ollA] -3} th Hank’s Balanced Salt Solution
(HBSS), W3] QIAFHS 21 <(Dulbecco’s phosphate buffered
saline; DPBS), Dulbecco’s modified Eagle’s medium (DMEM),
A - /2~E 3] Ento] 2 (penicillin/streptomycin), AEljo} &3 (fetal
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E g gl x}o]H (3,3 5,5 tetramethylbenzidine; TMBYS BD Bio-
sciences (San Diego, CA, USA)NA U3t

A
jor

FE

p =)

[ |
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I 5 AAE2]7](VS-6000CFi; Vision Science Co., Ltd., Dae-
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97k BIHESY F dE T FUXLE HE AIFS
o]-&-3k Bk (Singleton?} Rossi, 1965)0.2 =43}
o] 7} BYE g 26 mLY SHTE ¥ F FTUAZE
HE AleF 200 uLE EFSI 687 Aol W-SAIZTE o] F
o 7% (wiv) BRAF 2F 89 2mLE FA7IEF & 4R ok Wk
A1Z1 TS E-43=A(SPECTRONIC 200; Thermo Fisher Scien-
tific Inc., Waltham, MA, USA)E ©]&3le] 750 nmollA FH=E
AT 97 BYEE] F v FHE A4S AREY
F3A (standard curveyS 2HdeH & A7FEIH oW, mg A4t 9
(gallic acid equivalents)/100 g ¥ &2 LERATE
97 BEEE0] £ FetEeols T WYE Kim 5(2003)
o wpHog =&k 500uLe] zH B E {43 32mLe
SHT H7F T, 5% (wiv) oA &F 150 uLE E9ste] 5
7 BESAIAET 10% (wiv) B3 ¢FvE &9 150 uLg A7t
o 17 F7IE ARl & 1M FAksE &F 8 1mlE
T EgHste] 510 nmol|A #24 %A (SPECTRONIC 200)2 ©]
o FHEE ST AR & ZEpE o= e T
< o|g3le] BFE THo= HHINUH, mg JHHIZ TH
(catechin equivalents)/100 g #&=2 YeRYATE
2bspiR e g AAse 719kst ABTS'H DPPHW
o]43te] =43t ABTSHE ©]43 ApixsL Kim
(2002)2] #el wieb okt ol S48kt 100 mL A4S
219<=o] 1.0mM AAPHS} 2.5mM ABTS7} H=2 &£§31
70°C @F-25ZoA 308 F¢ W-SAIA ABTS Sz §9S
Stk ABTS )z S48 734 nmoll A 0.650+0.0202] &3
7t HEE Qe AAFE stk ABTS g 89
980 uLe} 7t B3 E &N 20 uLE T, F2FE 37°CAA
1027 W8 F, 734nmellX F2% HAaE ST sk
Ase wlolEl €9 XF FAS o] &3l HHFEAUL, mg v}
olel] C & (vitamin C equivalents)/100 g &= LERNSITH
DPPH 2}t]ZS o] &3t 2HshR]5-2 Brand-Williams 5(1995)
o] HPES skl =439tk 200mL 80% (vv) HIES-E &
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gt 808 Algsle] 1.0mM DPPH 2]z 848 A%
nmol| A 0.650+0.0209] &4=7} ¥ =% DPPH =tz &d&
80% (viv) W= & 8o M3t 7t £8= &
50 uLol DPPH 2Ho]Zh €9 295 mLE H7lste] Ad2ox 308
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B 3o AME3 RAW 264.7 Al ZE AXF f2f tAZEF
= Korean Cell Line Bank (Seoul, Korea)oll A 7-i3le] AR5}
ok AIE WS A 10% (vv) € B84 FBS, 100 units/mL
AU, 100 pgmL 2EHErto] NS 718 DMEM HiA| S
AREBIIEE. AlEE 37°C, 5% CO, 271¢] #l%71(CO, incubator
BB 15; Thermo Electron LED GmbH, Langenselbold, Germany)
o wjerstT).
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=42 Heo 5(2001)2] MTTHS H3sted 43Tt 97t ol
g olAHolE RHEY AE =4 H7E sl 96-well plateol]
RAW 264.7 AIEZZE 5.0x10° cells/well2 EF3}] 24117k w3}
Ao, uix] AA F, 97 od opHH|o|E R Eo] EIH )
A5 10, 20, 50, 100 pg/mLe] FEZ 100 WA EF31e] ThA|
2477 S Ml MTT Al2F 100 ulg A7Hka 2417 &
o WAl ¥, DMSOE 50 ul® EF3ie] HElale] Erpzt
(formazan)y &3r17.0H, nlo|aZ2Z g o|E =7 (Infinite M200;
Tecan Austria GmbH, Grodig, Austria)S ©]-8-3F] 570 nmollA]
EAES =480tk xR (control)] AFE AEE ] 90%
ol el AEES B Ut o oMEolE 2 ES HUFS
A B oldlll A AE AYS s8I
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b da FHL aels Aof ukeS FEik SgsiSith RAW
264.7 A M EZE 48-well plateol] 1x10° cells/wellZ2 FF31e] 24
AIZE aj st wiA] A A 5, W3 ol opAEIo|E E¥ o]
g WA= A28kl 100 ng/mLe] AWAHYFE A=3te
2477 FQE F7EE wigEtGATt. 48-well plateol] X3 wiA] A
SHEZ 96-well plated] 50 uLA &7 F 50 uL 122> AJefg
Aelste] 23°C A 1587 WHEAIZ o, vlo]ARZ Y o|E
=7 (Infinite M200)S ©]43l4] 540 nmol|A] FH=ES =439
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0.05% (v/v) Tween 20; PBS-T, pH 7.4+0.)Z 7} wellS A 23|
A 10% (viv) FBS7F E3HE QlakebE: 214 200 ul” &
sle] 1A17F 59 B2 (blocking)3lal PBS-TZ Al &3 &l
$TNE 100 pLA 3130 2417F Foll PBS-TZ 53] Al
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3k o) Aol 147 B WA ZATE THA] PBS-TE Al
F ok, 712 g9l TMBE 100 L A 2)3kdth Aol 30
B AR T, 2 N B soulLy BFShe] wkeS F
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H(fluorescence probe method)S AFE-3IATE RAW 264.7 T A
ZZ 96-well platecl] 5.0x10° cells/well2 EFa1o] 2447 vk}
Atk wiA] AA F 97t e oMAHo|E EIES HA 3t
o] 24A17F B9t F712 wjFst §, 50 uM DCFH-DA7} 3+
HBSSE 100 uL #5731 177k F<t *2]819ith. HBSSE A
A% & oA 20uM AAPH7F ®£3HE HBSSE 100 uLE 3718t
o AZF E3F WEEAIZ]l T mlola 2 ZHo|E 57| (Infinite
M200)E ©]&3}e] &% (excitation)> 485nm, *WZ(emission)>
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Table 1. Total phenolic and flavonoid contents, and antioxidant capacities of five fractions of unripe astringent persimmon (Diospyros

kaki Thunb. cv. Cheongdo-Bansi)

Total phenolic content Total flavonoid content ~ Antioxidant capacity )
(g gallic aocid g jir\l/(;ll:::n:;)/rll (‘;(I)l fraction) (mg catechin equivalents/ (mg vitamin C equivalents/100 g fraction)
£g q g 100 g fraction) ABTS" DPPH?
n-hexane 110.1223.59% 7.743.3° 69.7£38.2° 82.9+53.7°
chloroform 415.7+82.6% 40.0+17.3° 661.6+103.4° 385.0£113.5°
ethyl acetate 4,121.0£571.1° 1,539.2£519.4° 12,716.5£2,362.9* 13,191.5£3,504.4*
n-butanol 1,889.4+161.1° 494.1£270.5° 4,420.7+633.9° 2,810.6+1,100.8°
water 706.2+231.4° 206.0+65.4° 1,728.2£232.1¢ 1,039.8+176.7°

12,2'- Azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) radical scavenging assay

22,2-Diphenyl-1-picrylhydrazyl radical scavenging assay
IData are expressed as meanststandard deviations (n=3).

“Mean with different superscripts in the same column indicate significant difference by Duncan’s multiple range test (p<0.05).

[e]
9l i‘?af-f‘ﬂxﬂ 1 2251} oF 2008 =9UTH
ABTSH 3} DPPHHS ©|&
A olE oMEHIC|E> TR >E>FZ 2 E> 1Al
MR GrolH Tt ol olEHIC|E ®EEo] 494 (p<0.05) Zo]
5 Holr 7Y B2 A4S Hor, JdE oMAHolE BIE
9] AR Te - '«?Mlﬂ %Q%EE} ABTSHoIA <F 1824,
DPPHY <F 159v] o] &2 $XE 2th
23} g2 7ol oy v‘i— E SollA old opMEo|E £3
Bol 7p¢ i:—a— = Jﬂi T, F FeEeol= 9 Akshy
]‘EIE]—(Kim %, 2011a; Lee &, 2014). Jeong
52018y 7+ ’Qéliﬂ ZF v 3, & EgRxols g 9 4t
SR A od ofME|o|E B EA 7P =kt B
ST & ANz %7“’ ol g3t 7z BIE Fof od oA
HolE & Eo] 7'M w2 F e T, £ *ﬁmio}: S
9 bR Tg BT Ol” 7 el ZH S £°]
thE 25| vjs)] ol" oMHo|E FEEo| o] EX) }~ A
< oujsit). B Aol ARS-gH A et Fmnka] 9zt oflg o}
AHCIE £8&9] & de T, 5 Fethxols & 9 4l
WA 5 7|1Ed BmaE 27t 4 ““’ 7 dddolAH o E 1¥
2ol Hja] Ajdez vhe AFAE BA(Kim 5, 2011a; Lee
, 2014). ol= Adolgt 5, 7k 27, AR Ao] o] &

1. 1

23 gzte Oﬂ‘f%_] OWIH] °|E EEE°] RAW 264.7 TAA|E

= 8 %=(10, 20, 50, 100 pg/
o] g3l ME A& Hrlst
oA oE olAHIO|E 52 Tl
iz Hwste] B °94Z*(p<0 05) ZFol7} fl= ME S
&8 1ol 54| gle AL I8k th(data not shown). wEhA]
o|F AgoM= 151 oMAEHC|E B E A F= 100 py

Azl

AATFFE 223 RAW 264.7 H2IAEZ We] A3 A4
=4 A¥= Fig 13 2ok ANAGIHT X2 RAW 264.7
2MZAA 128 uM 4tsF FA7F AT 9 olE oA

20
a a

__15F
= a
=
o 10
-
E b
=2
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C
C i
Control 0 10 20 50 100
LPS (100 ng/mL) - + + + + +
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Fig. 1. Inhibitory effects of the ethyl acetate fraction from unripe
astringent persimmon (Diospyros kaki Thunb. cv. Cheongdo-
Bansi) on nitrite production in lipopolysaccharide (LPS)-
stimulated RAW 264.7 cells. Each bar represents the mean+
standard deviation of three replicates. Different letters on the bars
represent significant difference of the means by Duncan’s multiple
range test (p<0.05).

Hlo|E £S5 APsldle W A8t dae v e A
gol AAHUTE 50 pgmLe] FEE Wik old obAH o] E
=2 A 2= AEATFE A2 L3 H]'W“ =
wl oF 44%71A] AFsl A Aol FoH(p<0.05)22 Hadtl
th 53], 93 g opHIClE 8= 100 ugmLe] FEE A
23t Folle et vinlsle] A5t da Aol 7214 (p<0.05)
ApolE HolA| kgt

st Aaes AE Abole] AT MY 24 Ee 5A4E st
= 2EEA O =M AYEH, TiFE 23 ol
A, AAAGEE 2 A9 A AH 502 283K Coleman,

o &a

2001). AA] WellA 3 el <98l dlR-ol2Xd(L-arginine)>

ERE AFE st das due] &4 dAo] A Hofst
o dF WEE TSI 27 E4E op1E R Y
(Coleman, 2001). Jeon 52014y 742, 7Y 2 7%z &
Eol| Aksl A APS JAlgty Bysidon, o= ko] 7t
Folel EAlste EetR o= 7k ZoE A &

AFAME AACGFE A3 RAW 264.7 Al ZoA A3}
A4 A Asle H=RbA 97t ol ofMEHo|E EE & &
Ashe EetRwol=9} 28 HE 3PEY Zgo 93 How
dAetE
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Fig. 2. Inhibitory effects of the ethyl acetate fraction from unripe
astringent persimmon (Diospyros kaki Thunb. cv. Cheongdo-
Bansi) on inflammatory cytokine interleukin 6 (IL-6) production
in lipopolysaccharide (LPS)-stimulated RAW 264.7 cells. Each
bar represents the mean+standard deviation of three replicates.
Different letters on the bars represent significant difference of the
means by Duncan’s multiple range test (»p<0.05).

HEM AlO|EFIOl 2H|Z £H
X]“J ITFER 2 2538 RAW 264.7 S2AZ A9 1L-69] A

3 Asls A= Fig 29 2ok WA ThERy

IL-65 97 ng/mLE Bt} W7k od olAHo|E Y ES g
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Fig. 3. Effects of the ethyl acetate fraction from unripe
astringent persimmon (Diospyros kaki Thunb. cv. Cheongdo-
Bansi) on intracellular oxidative stress in RAW 264.7 cells
against oxidative stress induced with AAPH using the DCFH-
DA assay. Each bar represents the mean+standard deviation of three
replicates. Different letters on the bars represent significant
difference of the means by Duncan’s multiple range test (p<0.05).
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Fig. 4. UPLC-ESI-MS/MS chromatogram of the ethyl acetate fraction from unripe astringent persimmon (Diospyros kaki Thunb. cv.
Cheongdo-Bansi). Peak 1, gallic acid; peak 2, protocatechuic acid; peak 3, 4-hydroxybenzoic acid; peak 4, quercetin-3-O-glucoside; peak 5, p-

coumaric acid; peak 6, quercetin.

Table 2. Identification of phenolic compounds in the ethyl acetate fraction of unripe astringent persimmon (Diospyros kaki Thunb. cv.

Cheongdo-Bansi) using UPLC-ESI-MS/MS

Peak number”  Retention time (min) Molecular ion (m/z, [M+H]) Formula ((M+H]) Identification
1 8.37 169 C,H;O, gallic acid
2 9.99 153 C,H;O, protocatechuic acid
3 11.14 137 C,H,0, 4-hydroxybenzoic acid
4 11.98 463 C,H,,0,, quercetin-3-O-glucoside
5 12.42 163 C,H,0, p-coumaric acid
6 1542 301 C,sH,0, quercetin

YPeak number is assigned on the chromatogram of Fig. 4.
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