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Antioxidant activity and neuroprotective effects of ethanol extracts
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Abstract This study examined the antioxidant activity and neuroprotective effects of ethanol extracts obtained from
Diospyros kaki core (DCE). The total polyphenol and flavonoid contents in DCE was 786.47+15.27 and 31.14+0.82 mg/
g, respectively. In addition, DCE exhibited a dose-dependent induction of radical scavenging activity, determined by 1,1-
diphenyl-picrylhydrazyl (DPPH), 2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulfonicacid) (ABTS), ferric reducing antioxidant
power (FRAP), and reducing power assays. The viability of HT22 hippocampal cells was examined to investigate the
neuroprotective effect of DCE. DCE treatment did not induce cytotoxicity at concentrations below 1,000 pg/mL. Additionally,
DCE treatment in the background of H,O, induce oxidative stress revealed a significant increase in the survival rat,
indicated by increased SOD activity and decreased levels of MDA, a lipid peroxidation product. Therefore, the results
suggest that DCE can be used as a source of natural antioxidants source and a therapeutic agent for the treatment of brain
disorders induced by oxidative stress and neuronal damage.
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butylated hydroxyanisole (BHA) % butylated hydroxytoluene
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ok S 2 e AR dEA UtkLee 5, 2000).
#(Diospyros kakiye &Fo] YAAZA JWHA7 =2 Hd

=
s 24

SIS

=]
=

2

o)
A

~

uy

=

o |

]

o X

[e} RS
%9 itz FE3} vitamin A, B, C7F FR8h Ao FE3
FEHlde] EulE Fxlela, Foluzte] fshd o]k, &EA,

EY, g, 8, 5 9 254 5ol gEahBian 5, 2015;
Jo &, 2010). B S Y& dispyrine 84 wd AEO
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(Jeong 5, 2010). #relli= gallic acid, catechin, epigallocatechin
gallate ¢ 7+ FlEA SFE B quercetin, rutin 59 7HEH =
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ol= s}gHEo] v FHEe] dom, ol#d AREe
el Yele] HEe FAMAE JAsKE 5ol Hoju A4 A
Fol Aksle 2Ed sl e REagdt @ xdaE oA &
7} dEA UTHChang 5, 2013; Joo %, 2011; Kim 5, 2018;
Wang 5, 2008; Yoo 5, 2011). 53, o|{RE 7] &, %], 3}
5, A9 5 2o o] Felol g nd, FAtst, FES, g
H27], FolET, gt o] A st B2 At A
3= 2 JtKCho &, 2015; Kim %, 2011; Yoo} Jeong, 2009).
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A RE 7Zhe] HAbE F stul & A A|(Diospyros kaki Core,
DCE)ell thgt |5 miH)gh A4 O]E}. = I T s
siebd 2 2 AT 548 % T F Utk MES 2L

F7F 7R 7leA AR BuREAIA 174 E B 5}%}%9] &l
ANFRZ AR F A Zlolt) o]Hd HES alger B A+
= DCE9] olghE FEEol gk it &4 9 AZAA 2ol of
g HoaAs IRlete S FRE sl T Evs, T 2
Hiolt 3= 3ksl &4de 523k 1,1-diphenyl-picrylhydrazyl

(DPPH), 2,2'- azmo-bls-(3-ethylbenzothlazolme-6 -sulfonicacid) (ABTS)
U 2% 2 BAHLS W7} Ak w3 A vt fol
HT22 AlX] DCES Ag|st] A2AEE, A2 kst a4
E(SOD CAT) 2 XAkl A4 E malondialdehyde (MDA)S]
HeS dEs] Bodth
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fsted S ikt AelsTlelA AlEE FUsIAT) o] %
AE Bl 40°ColA] Azt
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DCES| M=

Az AR 40go 119 95%2] ethanol (Duksan, Ansan,
Koreays 7}3sle] 24X7F B9t b &35tk LAEE(2,000
pm, 20 min)3te] S HS EEsIAT. S NS Filter paper
(No. 42, Whatman, Kent, UK)Z ¢J3} 3 FZE3l] A& & 4
ZANE 54 AP, -70°ColA BAsle] B A ALg-s)
A
& Edlnls g &3

%= ZY9E ¢S Folin-Denis ' (Appel 5, 2001y LF
HEste] AU 10mgmL $59 F5& 20 uldl 75
400 pLE 7}3 th, 2N Folin-ciocalteuphenol reagent (Sigma-
Aldrich, St. Louis, MO, USA) 40 uL2 Y& ¥ wukslsio). o]
ol 30% Na,CO, (Duksan) 400 uL. = 7}3ke] 147k &<t uh
SA1Z1 3 microplate reader (Epoch, BioTek, Winooski, VT,
USA)E ©]&sl 765 nmollX §8=5 SHsKIh & SThi=
olzo] AL 3t gallic acid (Sigma-AldrichyS ©]-&3te] 2
At FF FAHOERH & FgEolE IS Feldh

Davis(1947) WHES A HY sk
A1t 10 mg/mL F=9] FEF 100 pLell diethylene glycol
(Sigma-Aldrich) 1 mL®} 1N NaOH (Duksan) 100 LS &3}
37°C F2FzolA 1A et vttt §EEe] Wske
microplate reader (Epoch)E ©]-8-3}] 420 nmollA] =743} o,
F ZElHxo|=9] HFS 93} naringin (Sigma-Aldrich)S ©]

$olo] AT TF FHORYE F SehivolS YL Takch.

DPPH 2iC|Z AHs

DPPH (Sigma-Aldrich) 212 2752 Blois(1958)2] W<
g7 st BASIGIT Wkl g3lE 0.1 mMS] DPPH &
A 100 puLel F=9 DCE (0.3125, 0.625, 125, 25, 5 ¥ 10
mg/mL)E F713E 3 galoA 3087 wh3-A17] TR microplate
reader (EpochyE ©]&3}o] 517 nmollA SF=E =43

£ gts) &4 61

A -A
_ ’sample blankl) % 100

Scavenging activity (%)=(1
Ablind - Ablank2

A7 A e sampleJJr DPPH ¥Fg-89e] 3T E ojn|3m,
Apania sampleA % F9=E8 Uehlla, A, DPPH &<
ok

blank - b nd
&= \/}E‘r‘%%ftl, Ayaio= 3AEE HERITH

ABTS 2iC|Z a7s

ABTS (Sigma-Aldrich) 2}HZ &£7%2 Re 5(1999)°] ¥H-S
ol gl =43tk 7.4 mM ABTSS} 2.6 mM potassium persul-
fate (Sigma-Aldrich) 24417 F<9F 28 Xjdtsle] ABTS oz
PN F, o] AL 760 nmel A FHE Fhel 157 H=
SHTE 4“ 3T) 34E ABTS &9 20 uLell sERE
AZ3 DCE (03125, 0.625, 125, 2.5, 5 2 10 mg/mL) 20 uL=
%28 ¥ microplate reader (Epoch)yE ©]-&3l>d 760 nmol|A &

_I}m o

A
Scavenging activity (%)=(1 _ lampe le) x 100
Aplind
A7 A, sample?t ABTS WHg-8-o10] FREE ofu]sin,
Ablmd‘—‘ ABTS _Q_oﬂ_/] D} 'il_.; =5 ‘/]’E]"T”_q

FRAP X

FRAP-S Benzie®} Strain(1996)2] WS ¥ sl =439t
03M sodium acetate buffer (pH 3.6, Sigma-Aldrich), 10 mM
TPTZ (Sigma-Aldrich) @ 20 mM FeCl,-6H,0 (Sigma-Aldrich)S
Azsted A Aol 10:1:19] Hl&E2 £33l FRAP £9<
A Z3FATE FRAP €9 750 uL9t ¥ =9 (0.3125, 0.625, 1.25,
25,5 2 10mg/mL) DCEZ 30 uL® #7138k & 37°C F&5x
oA 1587+ ¥k-8 F microplate reader (Epoch)E ©]-83}<
593 nmeA FEEE ZA43Ih

._°._J'=5.(reducmg power) 4

3182 Oyaizu(1986) WHS Y5 ¥t EAs3Th &
=¥ DCE (03125, 0.625, 125, 25, 5 2 10mg/mL)] 100 uL
o] 02M sodium phosphate buffer (pH 6.6) 100pL % 1%
potassium ferricyanide (Sigma-Aldrich) 100 lLE ZHz} H7teted
50°C 2o 208 ¥HEAIZL § 10% trichloroacetic acid
(Sigma-Aldrich) 100 uLE 7Fakal 482 (12,000 rpm, 10%) 3}

Atk T % 0.1% ferric chloride (Slgma—Aldrlch)—a— 20 uL 7Fsked
37°C 2524 208 ¥ microplate readers ©]-8-31
700 nmel| A =S ZA3I3ATt

HT22 mouse hippocampal M|ZHl2F

AF slimk 2 HT22 cell line ATCCOlA vl & AME-3H
o1, 5% fetal bovine serum (Gibco, Grand Island, NY, USA)
I} penicillin, streptomycin (100 [U/mL, 100 ug/mL, Gibco)2 &
3t dulbecco’s modified eagle’s medium (DMEM, Welgene,
Namcheon, Korea) 8H 02 37°C, 5% CO, HlY7]olA] Hlgs)
Ak,

HT22 M=M=E "I}

HT22 cell2 3x10* cells/well®¥ 96 well plate (SPL, Pocheon,
Korea)oll #5313, 37°C, 5% CO, incubatordll X 12417+ &<t Hj
oA AEE S8 A & #2498 DCE (31.25, 62.5,
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125, 250, 500 2 1,000 pg/mL)9} H,0,2 $A 228t 37°C,
5% CO, 71004 SAIZF 5 wikst & 3-(4,5-dimethylthiazol-
2yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT, Sigma-Aldrich)
248 S8 AEXEAHS Y3 MTT assaye Bl 35
< AASL MTT €45 mgmL)yS 30 ul? 22 wellell F7b
ste] 4x17k Bt wFet & /¥ formazan crystalS dimethyl
sulfoxide (DMSO, Sigma-Aldrich)®ll =< 517 nmolA SF=E
24313

M= Lf SOD activity &8

SOD &4-& SOD assay kit (Dojindo, Kyushu, Japan)g ©]&
3t A3t 6 well plate]l HT22 cell2 3x10* cells/wellZ
5313, 37°C, 5% CO, incubatoroll Al 6A17F FF Ml F3lHA
AEZE A5 R 3 F=¥ DCE (500 2 1,000 pg/mL)}
H,0,5 &A1 23tk 37°C, 5% CO, 22 SAI7E &<t vl
&l & cell lysis buffer (Cell Signaling, Danvers, MN, USA)S
A7ksto] iceollA S WEEAIZIAL, 13,000 rpmellA 1087 42
3k cell lysateS E23I99th. #2]E cell lysate= BCA protein
detection kit (Thermo Scientific, Rockford, IL, USA)S AR&-3}o
1 mg/mLe| SE= thild FiFste] 7|42 Agsion, 54
g2 Ax2p7E AA g ARl wet Re skt

M= LH MDA level X

HT22 Aol tigk DCE®] %8| ¥ H,0, ] ©E MDA
level W3S 2213}17] 98l MDA 586 kit (Oxis Research, Port-
land, OR, USA)E °]&3t3th 92 ImgmLE A HF3 cell
lysateS ©]-8-3le] AZA7F AAISH 2|l w2} MDA levels 3
Eirv=g

M= | CAT &M =3H

CAT 4L Catalase Assay Kit (Calbiochem, Inc., San Diego,
CA, USA)S o]&3le SAAth 919 1 mgmlE g cell
lysateE ©]-8-3te] AZA7E AAISE A6 wet CAT 84< &
ATt

84 24

o] o] AHdollA Aojx A= Statistical Package for Social
Sciences (SPSS, 10.0, IBM, Chicago, IL, USA) softwareE ©]-&
3te] one way ANOVA test2 #4131 0H, A5 7Ho] fode
Duncan’s multiple range testZ p<0.05 =<0l H|w3}3iTh.
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/Y-t
DCEQ| +g, & Z2jHs ¥ & E2l2x0|= &
ZYH s A4 sg2olgty s, Ao B 7t
45 T AR westEe] dRvt welet 23 UrREER 2
EAlol o EAgth 22 U] dlsd v 24 o
e A EAES Ak AR dits), g 2 FH 2
£ AslEg 5 o AREEE /e AeE dEA st
(Jo &, 2010). TR =0 == C6-C3-C6 o 725 zh= SE
2 28] & F7] 9 gl Tl Bo] FRE Jon, s,
g B AT FA Fol Bl ItkByun F, 2018). &
& Chen 5(2008)8] =& W=2W Diospyros Kaki®] &
Eolle & 39l E5E SPESe] Aty By
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Table 1. Yield and total polyphenols and total flavonoids
contents ethanol extracts from Diospyros kaki Core (DCE)

Total Flavonoid
(Naringin, mg/g)
31.14+0.82

Total Polyphenol
(Gallic acid, mg/g)

786.47+15.27

Sample  Yield(%)

DCE  10.36+1.34

rogenic acid, caffeic acidoll ©|gt Z}=g d4kst 235 YEpAT
3 B3I )t Muhammad 5, 2017). 9k olU2} Diospyros
Kakiol 283 ZE2]9E 3HEE(ferulic acid, tannic acid, proto-
cathechuic acid, vanillic acid, epicatechin gallate, catechin gal-
late)& B/GLHAFROS)ON ek AstEEd 2o et S48 &
HH o & o] & & QIrhal B UTHFu 5, 2015; Lee &,
2012; Zhou 5, 2016). &3+ Diospyros Kaki FZ2M+ thFsh
flavonoid (quercetin, hyperin, isoquercitrin, kaempferol, glyco-
side, catechinyS X8l om, o]t SIFEES Tt it
3} 29& 7KIYal BaEkal Qok(Ohguchi &, 2010; Sun 5,
2011; Sun %5, 2014). Wehd DCEQ] % Zojds3 & S8R
ol= FHF WstE ZATOoEHA st Y AHEAME RS g
et 7hsAdE ERIsslth WA B Evles & SRl
o et XTFEFZ garlic acid®} naringing 717} ARSI
DCE®] & 1036+1.34%01H, & Z29s I & ST
wol= ke 786.47+15.279F 31.14+0.82 mg/g= LEFSITH(Table
). Wb, & Aelxe 7 ARAE st B4l 274 713
= HEEAS £ s ¥ ZEEeo|E $hste] Hold 3

A%} BohE Vb Ao® Az,

DCES| DPPH ¥ ABTS AIRZICIZ A7 M

DPPHE &2 S He goZd=zA kst 249 [z 3
o= Q3 WIS IE g IS ofvlRe o3 el
o] AAe] DPPHZE BAllElo] U= AEE ARER sl At
3} &AS A= Wlolti(Choi &, 2003). DPPH 2ozt &
Asol o sl &4 Fxog A Y =32 JAlske
a3t UthLee 5, 2013). DCEY] #4ts}l 848 dolnr] ¢
3l DPPH % ABTS At 2tt]z &7 @Al tigte] ZAMIS
. DPPH % ABTS =tz &A5E &1ls] £ 43, DCE
03125, 0.62, 125, 2.5, 5 2 10mgmL)E A9 W, =
°|E£2 o2 DPPH =tz 2AEA 0] T7kshe ATl Yelsith
(Fig. 1A). DPPH 2}tz &AGHL A 2itze] Sdgdo
2 g4 ke AAZAEHE HEHA RAoE gEA Je
ABTS 2tz &A% E3t ditsl &4 A Al ANl AF
WHo 2 ABTSS #3MMdES Ested ddel FH ABTS
Folo] A=) ikt BH P wkgste] 5fe] HEMol &
AEm ol Fdw WstE FAEE WHeltHYoo T, 2007).
DCE®ll gt ABTS 2]z &5l #ste] Yol ZHz) DCE
S AYsIFS w), = gEHoF ABTS 2izar] &4o) =
7kehe Ae #9l & o ASIThFig. 1B). wEA 2 ATelA
t & FE9 AREUZ 2ATe] SN AL 74
29| thke faAgdRel ZdE ¢ EgEko=

Z

g 717 & &NRT 5 feEl]
FTA3le 58S LIt Ferric ferricyanide (Fe') &

=
=
Eo FAE FAE AL free radicalS HPBMA|A ferrous ion



AR ek FEE0] kst 24 63

(A) - 20
E
-2 ab 2
S 3 150} b
—
- © C
S5 c c
=] L
T2 100, d
oo
¥
02 s
©
[+]
o
o vitC
(1mglmL)0‘312 0625 125 25 5 10

DCE Con.C(ma/mL)

B) - 150
&
T ‘,—a,’ c d b a
L g 100 e
R
- o
wc
[ f
mc 50|
<e
= g
o
)
0 vitC
(1mg/mi_)0'312 0625 125 25 5 10

DCE Con.C(mg/mL)

Fig. 1. DPPH (A) and ABTS (B) radical scavenging activities of from ethanol extracts from Diospyros kaki Core (DCE). Results were
expressed the radical scavenging activities as inhibition percent. Results was expressed as meantSD. “*Values with different letters are

significantly different (p<0.05).
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Fig. 2. FRAP (A) and reducing power (B) of ethanol extracts from Diospyros kaki Core (DCE). Results were expressed the radical
scavenging activities as inhibition percent. Results was expressed as meantSD. **Values with different letters are significantly different

(p<0.05).

FeM= Adsle SA8s FFE 7o = VERItk(Lee 5, 2011).
3t go] FErE 218 B2 717A] A Etk(Kang 5, 2016).
FRAP 9 reducing powerZ %8 Z4¢ 23}, DCE (0.3125,
0.625, 125, 2.5, 5 2 10mgmL)E A9 L o], = &4
o= gdgs STM7IE Aor AFEAhFig 2). 7 AA
EAshe ZY¥E 9 SPRko|E 3FEN e AR
AE] ol o8] g e Yep= 3102 Ho|w, DPPH %
ABTS 7 AA &4 3 AshiA] 58S 7R o,
FT ksl G55 7 JAE 2AEAMQ B8 AT Eol
A Ao= HelT}
DCEQ| M=ZE 4 % MZE 25 531t

MTT assay= H|EZEZg|ole] @448 Ax(mitochondrial dehy-
drogenase) ZH&-ol oa] =ekde] 84 71AS NS ve
H|584 MTT formazan® 2 A7) 58S o433 =4
o]th(Kwak 5, 2013). DCEo] A% 2 slinke] MZEAgol v
e QS Felsict HT22 AlZdd FEE (3125, 62.5, 125,
250, 500 % 1000 pg/mL)E A 2]3ke] DCES] H,0, Aol 9|3t
AZEA] e MEZAEELES MIT assay HHOZ F78lsth
DCES HT22 Al A2 si3le W BE Folr AlE5do]
UEPA] ¢ $ER 35 A¥S 1gs3ithFig 3A). Wb
H,0,2 218} =% HT22 AlXo] 744 oge F2E52 A
dlo] 2tsl EACRRE REsex <) sk 2 A, Fig
3B¢} 7ol H,0,% DCEE §Alol AEg 27| oA o3

2 H0F f=dhs A8} 5402 RE MXE HEshs &3t
A=A ¥ 2R GARE S ARl g-Eo] =3 iR
Ae] T AN g4k gk AshEA A Alsh
AA 7L BF 236l Hlal] i ez Ho 2 Hod T4 ol
A FHorst o2 4ex Utk(Chung &, 2016). A+ oz
o o3k ¥ AEAPEE oUA Al AR NAAS 715%
NZ JeRFa AEAFEC oJgh ¥ 2Z 9| &S A I &EH]
7] 7] o] HgAd AAFAZ YojA AAFAE B3I F
83ltkKim 7, 2018). A Akl A= giEFQ £40 &
YulEr ZEHeolE 5 Al 2EYAZRE ARFHE B
& J37F Hold o2 HIEY tiByun 5, 2018). 583
AL Diospyros Kakidll X3E Z€joE =52 H,0, 9&F
ROSO €]t M xELAdol| tfdle] Nuclear Factor-kappaB (NF-kB)
A5l 2HE Bl H2 WoladE JEpTR B 9)
o], DCEY| i3t A% B3 F3= DCEO| SHre Z2]dsE9
oJ3ted ROS ©]&3 NF«BO| st 48 AAFTLZEA] o] F
o] A Aol AtEthLee 5, 2012; Sun 5, 2014).

M= L{ DCEQ SOD &

gFaksl @491 SODE superoxide anion radical2 | #3te] A3
A oA edatie] SgozRE wWo] 28-S 3= F8% &
Zo|thBoo 5, 2011). SOD¢} 72 &Aksl a8}t dditkae] &
T A2 7|e] Eatie] FAE W] A9 AE 54
22 o]FoXtHZemlan 5, 1989). & AFo|x DCE7} H,0, A



64 Sl Z3ske]R] Al 52 WA 1 3 (2020)

A) = 150 KKK

100

HT22 cell viability (%)

(i}
H 20 2
(500uM)

DCE
- - 31.25 625 125 250 500 1000
(ug/ml)

(B)

*kk

*kk

| |
100}——

HT22 cell proliferation (%)

H 20 2
(500uM)

DCE
- - 3125625 125 250 500 1000
(ug/mL)

+  + + o+ o+ o+ o+

Fig. 3. Protective effect of ethanol extracts from Diospyros kaki Core (DCE) against H,0,-treated neuronal death. (A) After dose-
dependent DCE pretreatment, cell viability was analyzed by a MTT assay. (B) The result was demonstrated that DCE treatment increased cell
viability in HT22 cells. DCE pretreatment protected HT22 cells against H,0,-induced neuronal death. Results are expressed as the mean=SD.
(n=3). Statistical analysis was performed using one way ANOVA test with a significant level of ***p<0.001 compared to H,0, group.
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g4e &% éfv‘}"ﬂv}(ﬁg 4A). DCES 500 2 1000 pg/mLe] %
2 A Ag ¥, HO,5 AFstd esAds =g o Al
X2 Ul SOD 48 43t L A5 1 AA] oekE FE2F
o] & oJEXOoFE ME W SOD 4L FT7/MIFHT uhEhA
H,0,00 &J5fe] 2318 &4do] f=8 HT2 > AAAE BE &
FH= DCECl 98] MEW SOD &4 Ao 712 93k Zlo=w
s,

M= LH DCEOll o|gt CAT &M =H
CATE SOD¢} 37 H,07F H,0E $HE%E Zn) o3 &)
o] 21A19] free radical® A AsHE= thEZFQ 34k GAo|t), o]

(B) !
E‘ ;] e |
T e
E 5_ _'_ kA
= 4L
[=1]
£
= 2
E L
Q s
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H,0, (500 uM) - + ) .
DCE (ug/ml) - - 500 1000

Fig. 4. Effect of ethanol extracts from Diospyros kaki Core (DCE)
of SOD (A), CAT activity (B), and MDA level (C) on HT22
mouse hippocampal cells. (A) After dose-dependent DCE
pretreatment, intracellular SOD, MDA and CAT levels in presence
of H,O, were analyzed. Results are expressed as the mean+SD.
(n=3). Statistical analysis was performed using one way ANOVA
test with a significant level of *p<0.05, **p<0.01, and ***p<0.001,
compared to H,0O, group.
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9]

T3l A= I WollA H0,0l o3l 2 4 Ade
bl Sk 9 AR el et & e A
}E}(Ighodamd)r Akinloye, 2018). w2t SOD2| F7HEe }
g CATY] Z7Fe H0,2 AT AlE &4 A 7led 5
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