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Jin Yoon Kim*, Seung Yeon Kim**, Hyoung Min Kwon**, Chan Hyun Kim**, Seung Jin Lee*,
Seung Chun Park* and Kyung Hwa Kim**# ikt

*Laboratory of Veterinary PK and PD, College of Veterinary Medicine, Kyungpook National University,
Daegu 702-701, Korea.
**Daegu Technopark, Daegu 706-808, Korea.
***Department of Skin and health Care, Susung University, Daegu 706-808, Korea.
**4*Monang Int., Daegu 706-808, Korea.

ABSTRACT : The present study was carried out to evaluate the antioxidant and anti-inflammatory activities of three
extracts (hot water, 50% ethanol and mixed solvent;water, ethanol, butylene glycol, propylene glycol) of dried chestnut,
chestnut shell, chestnut leaves and dried chestnut leaves obtained from Castanea crenata tree. When conducted DPPH assay,
radical scavenging activity of ethanol extract of chestnut shell was the highest with ICsy 10.8 g/mL among four extracts
from these parts (p < 0.05). In additional results by the xanthine oxidase assay, antioxidant activity showed that water
extract of chestnut leaves showed the highest xanthine oxidase inhibitory activity in the tested extracts (p < 0.05). Futher-
more, extracts of chestnut shell and leaves exhibited no cytotoxicity in RAW 264.7 cells (p < 0.05). Also, anti-inflammatory
activity by NO assay showed LPS-induced NO was significantly inhibited following treatment with extracts of chestnut shell
and leaves of 3 mg/mL (p < 0.05). These data suggest that extract of chestnut shell have antioxidant and anti-inflamantory
activity including chestnut leaves. Therefore, it is considered that Castanea crenata research range and selection of functional
material can broaden chestnut shell to other fractions such as chestnut and chestnut leaves.

Key Words : Antioxidant, Anti-Inflammatory, Castanea crenata, Xanthine Oxidase, Nitric Oxide

M oA olt} (Kim et al., 2007).
wre] o)abslby AJEL FE 65.3%, ZHNA 6.6%, AW
WRPRE RSl (Fagaceae) 202 ofrlol, §3, 0.9%, RS 23%, RIE 1.7% W2 7A=Y 9lor
Hoje)7}, Hiolzelsl SAe) Lofxede] 1350] Yom,  (Nha and Yang, 1996), = 9] AROZ kel 38 RE
I 5 FARYAS s BRI (Castanea crenata) 5 ol A ferulic acid?} caffeic acid, sinapic acid, p-coumaric
o] ujellA] A=A ATt =] B AR 1980 49k, aicd, salicylic acid (Yoon, 1991), o] 3] HFEoA
1990 8=, 19970 128HEC 2 Z7tsithrt Wy A 11.0 ~ 12.3%°] 3 whdo] Barsle] It} (Cho, 1993).
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I 2k & e B3 50% oEeS FEEuE AREE)
o 100CeA 2A17H5Qt FE351AT 28 EF-Em=E
5 coEke  REAZYE  Z2HAIYE ¢G:4:1:1)E
water bath (Shaking Water Bath MSB-1511D, MonoTech
Eng Co., Daegu, Korea)old 70Ce] &2 F®sle] A7
F=3I3th oA (whatman No.2)E AREste] FEES o
3 F B[N FEZ7] (Rotavapor R-114, BUCHI, Flawil,
Switzerland)2 53ttt 2 ¥, ¥59 &S 1.7mL E-
tubeel]l 500 uL® WHAHI F4XFEE7] (Cold Vac 50/
Modulspin 31, Bucheon, Korea)Z & =2 39t 5=
A AR FAZ A F, A6l A48T T FE G0,
100, 300, 1000, 3000 1g/mLYE 7z} Aol vi= fulz 34
sjo] FHlSIIT), EREREE R A9, ¢ Az} ofeig
sug XZFFF F, o5 100%= 3k 0.03, 0.1, 0.3, 1,
3%= st A1l o]8-sisitt.

Table 1. Extract rate of various parts of C. crenata and solvent.

Part Solvent** Rate*
Distilled water 1:5

Dried chestnut 50% ethanol 1:5
Mixed solvent 2:5

Distilled water 1:10

Chestnut shell 50% ethanol 1:10
Mixed solvent 2:5

Distilled water 1:20

Chestnut leaves 50% ethanol 1:20
Mixed solvent 1:20

Distilled water 1:20

Dried chestnut leaves 50% ethanol 1:20
Mixed solvent 1:20

*C. creneta sample (g): Solvent (mL).

**Used as solvent for C. creneta extraction, 50% ethanol; DW
(Distilled water) and ethanol (1 :1), Mixed solvent; DW, ethanol,
butylene glycol and propylene glycol (4 :4:1:1).

2. DPPH radical 2s &8

A& &9, &9, 1EYFEE4] DPPH radica 275<
Z3tAth 4714 F-919] 7247 37EA] FE89 10 uLs
DPPH (2,2-Diphenyl-1-picrylhydrazyl, 100 uM)2] 200 uLE
g3ted 96 well plateell H7F § 37CelA 304 <t ui
3Rt F¥E =4S VERSA max microplate reader
(Molecular Devices Corp., Sunnyvale, CA, USAYS A}&-3}
o] 517 mm oA ZA3}Ac}. A|Z¢] DPPH radical 7% 3
7he ofEfjel o] Akeritt.

DPPH radical &A% (%) = [(Ab-Aa)/Ab] x 100
Ab: FA T FHE
Aa: AFH7H] S35

3. Xanthine Oxidase &4 Xolls &7

A& &9, £49, 489 F=E9 s} 2945 A5
7] $18ll xanthine oxidase A3 E/4-& 543192, Saghal
(2009)8} Lee 5 (2009)2] W< WMEste] AT}
Fuloll 10mMe] PBS 1,760 uL2} 0.175mgmLE =91
xanthine (Sigma, St Louis, MO, USA) £ 100 uL= &7}
staz, s]A4gk AlE 100 uLet 10mM PBSOl =<1 0.15 unit/
mL®] xanthine oxidase (Sigma, St Louis, MO, USA)
40 pLE #H7teted 38 &<t WvheAIZl = AAE uric acid
4 =4317] 280 spectrophotometer (Kontron Instrument,
Zurich, Switzerland)E ©]-83}¢] 295 nmol|A] THEE =H 35}
Ak ARE F7HA &2tz AR tAl PBS
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TIE - 250 - AUl - ZES - 0|5 - BiEE - LSt
I, FZ2E M2 g2 S35 1AL ofFel 7o) Z YeRSlem™, SAS package (Statistical Analysis Program,
ALt 3Tk version 9.3)8 AFE3IY] ANOVA £4 o felAdo] 214
H AEHAH OS2 Duncan’s Multiple Range Test (DMRT)S
Inhibition(%) = [ absorbance(control)-4 absorbance(sample)] AL p<0.05%2] A9 BAIFLCE foAo] e AeZ

/4 absorb ance(control) x 100
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RAW M EZFE= Z+z} 100 unit/mL-100 £g/mLe]  penicillin-
streptomycin? 10% fetal bovine serum (FBS; Sigma, St
Louis, MO, USA)°] £%{21& Dulbecco’s Modified Eagle’s
Medium (DMEM; Sigma, St Louis, MO, USA)S HiA| =
ARg3le] 37C, 5% CO, incubatorol|A] wjokalSTh. A=A
AlEAL, RAW MEFE ZF welld 1x 107171 H =5
180 uLA 96 well plated]l HFHUIL, wlF Hdl v=
HE IAFE AN S ZOuL”V“ HAEs9. HE 49
2mgmLZ A% 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl-
tetrazolium bromide (MTT; Sigma, St Louis, MO, USA)%-
HE 7} welld 50 uL¥ HF skl 447 FF vjksk &,
HAE AE7E DolAA] BE WA E AASAT. 2 F
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o] microplate reader (Molecular Devices Corp., Sunnyvale,
CA, USA)E o]&3alo] 540 nmol|A F4ES ZAsHTh
5. Nitric Oxide (NO) 24 O] &td =X

NO =742 cell®] dZolX NO9| 42 Griess reaction
(Green et al., 1982)° 71%3] =43}l RAW 264.7 cell
< 15%10° cellymLE HE32, o8] ez e gz
A Aggt &, 1A17F FHell lipopolysaccharide (LPS; Sigma,
St Louis, MO, USA) 1 ug/mLE& A g|ste] 24A17F Bl
SFATE 96 well plateo] Al vl =5 50 uLe} Griess
A1k 1% (w/v) sulfanilamide 50 uLE 713k 02 xpg3}e]
105 &9t A2olA WESAIZI ¥, 2.5% (v/v) phosphoric
acidoll =<1 0.1% (w/v) N-1-napthylethylenediamineS 50 puL
Tete] 10 st ARgste] WEEAIZ]AL, 30 ofu el
microplate reader (Molecular Device, CA, USA)S ©]&3}o]
540 oA FFEE SAEIATE NO2| A F A2 nitric
oxide standard solution2 ©]-83}o] A4SIATE.
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1. DPPH radical 2Hs A

DPPH radicall & W@} 4o Wlas W
U2, DPPHY A EE 7|Fo 2 &2 EZ 3t
2kslE-e =43} (Lee, 2003; Wang, 2003). &3, &3
&5, 1&% Tl g 8 FEE0 st SS ]JJ—
3}7] $1ste] DPPH radicalol] that 2ASHS Hwaisl o
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G ez kst EAdo] A= ascorbic acidE ARE-S)
St} (Table 2). F+=8v'¥ DPPH radical 2AEE L F25
TR oEH o= FTkIeH (p<0.05), EFEE, dEEF

2%, EENFEE

TO=E YEith E5EE 9 degF
=5 3 mg/mL)lIA 723 ~97.4%2] A8 o] YeRd wbd,

EeFEENE &9 (823%)2 AlQsty HAAHoR
who AASA (277 ~67.9%)S BHATE EFEE} ok
25 J|Fo 2 B9 DPPH radical &7 A4S v sIiE
o, -‘l]-ir%ﬁ AEFEE, §9F2E, 78932 E ©
o7 o] ;gkom, G 72+t 10.8~19.8, 48.7~52.5,
62.4~634, 180~183ﬂg/mL ZZolQT), E3], NS E9)

73S, FNZTLeE ARESE ascorbic acid (ICsy, 23 /4/mL)
EE]- wo Fx0 7 YelY, DPPH radical 275 &4 5
o] ¢ =& Zoz IFIFAUY. Kim 5 (2007)°] H23E <l
2ol BFEEI oeheFEE (10 mgmL)2] DPPH radical
275 (46%) BRPS u, FH F=E2] DPPH radical

20l § ¥e Ao FYT. T FF. 58 5
54 AEOR ol o)8HT gl B nl%H Ee

FZE (ICs, 2498 #g/mL) (Kwon ef al., 2011)%} H]aa}ed
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Table 2. Effect of extracts from various parts of C. crenata on DPPH radical scavenging activity.

DPPH radical scavenging activity (%)

Solvent Concentration (mg/mL) Ascorbic acid Dried Chestnut Chestnut Dried chestnut
(Control) chestnut shell leaves leaves
0.03 59.3+3.7c 61.1 +£3.4b 65.6 £ 4.6C 33.7+5.3d 27.2 £5.3**e*

0.1 89.2 +4.2b 61.4+4.1b 75.1+4.3b 62.2 +3.6C 37.5+4.6d
Distilled water 0.3 97.2+2.1a 61.9+2.1b 91.6 £ 7.5a 79.9+3.5b 59.1+2.7c
1 97.4+2.6a 64.6 +4.5b 97.7 £3.1a 94.1+2.6a 73.7 +4.3b
3 97.4+1.1a 72.2+5.3a 97.4+3.5a 96.1+3.2a 93.7+3.8a
0.03 61.6 £ 2.4c 71.9+3.9b 36.3 +4.6d 25.4+3.7d
0.1 60.7 £ 4.1c 92.8+5.3a 58.3+£5.2¢c 27.5+6.5d
50% ethanol 0.3 63.2+3.6bc 98.2+5.7a 81+4.8b 65.9 £4.3c
1 69.8 £ 6.4b 98.1 +3.4a 92.8+6.3a 81.4+5.1b
3 82.5+1.3a 98.2 +1.6a 99.1+2.1a 95.9+2.2a
0.03 18.4£5.1b 18.9+6.7d 7.9+ 3.6¢C 8.1+ 5.6C
0.1 14.0+£4.3b 23.1+2.5d 9.5+6.2c 7.8+£7.5C

Mixed solvent 0.3 13.2+2.7b 45.8 £ 5.6C 17.1+4.9c 16 £4.1bc
1 13.1+£6.1b 63.5 +2.4b 39.3+2.1b 25.8 £ 6.4b
3 27.7 £5.6a 82.3+3.9a 67.9+7.5a 51.5+4.8a

*Mean with difference letter within a column are significantly different by the DMRT (p < 0.05).
**Mean values + SD from triplicate separated experiments are shown.

Table 3. Effect of extracts from various parts of C. crenata on xanthine oxidase activity.

Xanthine oxidase activity (%)

Solvent Concentration (mg/mL) Ascorbic acid Dried Chestnut Chestnut Dried chestnut
(control) chestnut shell leaves leaves
0.03 21.3+2.9e 30.1 £4.5a 38.8 +2.5d 36.9+5.0c 24.3 £1.8**b*
0.1 27.6+3.1d 30.5+3.4a 38.9+2.1cd 43.7+4.2b 25.1+2.1b
Distilled water 0.3 51.6 +2.4c 31.5+3.3a 45.8+4.8bc  47.4+3.3b 41.5+3.5a
1 86.8+1.9b 31.5+2.9a 48.8+29ab 58.0+1.8a 42.3+29a
3 95.5+2.7a 36.1+4.1a 52.7+4.7a 58.7 £ 2.6a 42.8+3.4a
0.03 22.8+2.7c 33.9+3.9d 11.6 £3.9c 20.1+2.7d
0.1 25.3+3.0c 43.6 +£4.0c 17.1+£4.2c 30.9+4.0c
50% ethanol 0.3 31.6+1.8b 49.1+3.7bc 35.3+2.4b 39.4+3.6b
1 349+4.3b 51.0£2.0ab 38.4+3.4b 44.8+1.9b
3 43.2+2.5a 56.1+1.9a 84.3+3.0a 54.3 £3.6a
0.03 4.0+2.4b 8.9 £2.8c 14.6 £2.7c 18.8+4.3b
0.1 5.8+3.9b 12.8+4.2bc  23.3+5.1b 20.6 +2.8b
Mixed solvent 0.3 71+417ab  11.1+3.7bc 32.7+3.9a 21.1+3.3b
1 10.3+2.17ab 16.6+5.17ab 36.2+1.6a 33.4+5.1a
3 13.4+3.6a 31.3+£23a 40.0 £ 5.3a 39.6 £3.9a

*Mean with difference letter within a column are significantly different by the DMRT (p < 0.05).
**Mean values + SD from triplicate separated experiments are shown.
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Table 4. ICs; of various parts of C. crenata on DPPH radical scavenging activity and xanthine oxidase activity.

ICs0 (pg/mL)
Part Solvent DPPH radical scavenging Xanthine oxidase
activity activity
Ascorbic acid 23 +0.54 226 +6.42*

Distilled water 52.5+0.36 2660 +50.9
Dried chestnut 50% ethanol 48.7 +1.24 2070 £+ 3.1
Mixed solvent 6740 +5.5 15430+ 7.5
Distilled waterr 19.8+0.14 590+ 1.3
Chestnut shell 50% ethanol 10.8 +£0.07 492 +1.4
Mixed solvent 407 +£5.64 5660 +7.2
Distilled water 62.4+£1.25 339+2.4
Chestnut leaves 50% ethanol 63.4+£5.36 855+ 1.8
Mixed solvent 1440+3.2 2220+3.2
Distilled water 183+1.6 1440 +2.9
Dried chestnut leaves 50% ethanol 180+3.8 990 £ 1.1
Mixed solvent 2630+4.8 2750+ 3.7

*Mean values £ SD from triplicate separated experiments are shown.

2. Xanthine Oxidase &4 Xlolls EJ}

kst @48 A5 7] 98l 572 xanthine
oxidase2 &4 AdlsS H7ISIATE (Cho er al, 1993).
Table 33 o], A&7 &9, £94, UEFFEES =95
29 2 xanthine oxidase 4& JA 392 ™ DPPH
radical 2275 Aot FARE 43S BAT (p<0.05). 5
ZE3} el FEE 7|02 F¢E xanthine oxidase A
S eS|, SY9FEE, EYFEEAA AE
Zgo] Egkom, ICsy a2 27k 5903} 492, 3399} 855 g/
mL FEolh. 53], &9 EFEEC] 4y, Ut e
2 ARS8 ascorbic acid (ICsy, 236 1g/mLy} AR 52
2 Yepson, ole ANl (Castanopsis cuspidata)
o] EFEEH NEEFEES ICHel 1000 zg/mLo] L,
37131 pg/mLSl A HWA], 242 FAEAY o =& A
FFoltt (Kim et al., 2011). xanthine oxidase”} A+s}&]

ZEY LS fUths 7] Eade AT, evFEe ¥

A& &9, £49, ASQFEES] AHE 25 9 54

& #<Is7] 93l murine macropharge?] RAW
2647 AlZ2F RS olgsle] Mo AEES S8sI
(Fig. 1). 21&3} &9, &9, 1€ &55= T2 A=
=740] = LPS Fowt (FdizT)el vlsl AlZAgEE0]
froldom Frtsidlon, 18S AL YA EFEE
0.1 ~10mgmLe] & FAA] FAF (FHHET)S] A=

12

AEET s dERTE (p<0.05). Egh, 89| odghs
FEEIAMNE T A9E ERIsIHo, &9 £59] 9
B350 A9 27t 1~3, 3~10mg/mL FEolA T A E
AEEO] 90% ol Fe = el WA, EteulEES U
2 8] FEEH VRS o, E2 AX AEES B
o ol EEHFEE Ul FEdEEY Z2gd2EF
A ost MEEA] aE ddE

o

4. Nitric Oxide (NO) 24 X &4 =3

NO= 9 337, dxd 9 X oA 59| 7150l A
o}, s EAIsA =W A Falet g wRA Ho
AEze] & o2t E5E oP|E|= gt (Lowenstein
et al, 1994; Bak ef al, 2011). ¥ AN FI= A%
< vwEl] 8ke] NO F=&2el LPS 28] & A8, ¥
283 ERFEES FEE (0.03~3mymL)E A2l 5he]
LPSel gt NO A AA=FS SAAT (Fig. 2). BE F
QoA Aozl ZHte] BE FE52 LPSOl ©sk NO A4S
FroleEo 2 ARSI (p<0.05). BFEEAN AL &
vl I T GmgmLelA 43, 83%E ¥& o=
ERd Aol Blal], §99] 4, T=oEd At FEEA
3mg/mLollA 89%2] =2 oS YRl deeFEE
FFEo AEo] 92%02 A 5o 7P w=%oH, &
7} 83%, &9 HEHLS 44~ 74%E °lwA ES oA
TS e v, ERFEEIAE NO oA F<E0]
50%2.2 H|wA 2o pFoa AAFAEY), o
W FEE A8 e oS ZAET Alx
AW av= dAdE FEES FE8v9)
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Fig. 1. Effect of extracts from various parts of C. crenata on MTT assay. Data were expressed as the means +SD from three
independent experiments. Mean with difference letter (a-d) within a column are significantly different by the DMRT (p < 0.05).
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Fig. 2. Effect of extracts from various parts of C. crenata on nitric oxide assay. Data were expressed as the means + SD from three
independent experiments. Mean with difference letter (a-d) within a column are significantly different by the DMRT (p < 0.05).
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