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Antioxidant and neuroprotective effects of crude polysaccharide fractions
from Cudrania tricuspidata fruits
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Abstract The current study examined antioxidant and neuronal cell protective effects of the crude polysaccharide fraction
in Cudrania tricuspidata fruits (CTP). The radical scavenging activities of (1,1-diphenyl-picrylhydrazyl and 2,2'-azino-bis-
(3-ethylbenzothiazoline-6-sulfonic acid)) and reducing power and FRAP of CTP were increased dose-dependently. In
addition, the expression of neuroprotective effect of CTP was tested in HT22 mouse hippocampal cells. CTP treatment
exhibited non cytotoxicity at dose levels below 500 pg/mL. Within this optimal concentration range, CTP treatment
significantly increased cell viability in H,O,-treated HT22 cells. Furthermore, CTP treatment increased superoxide
dismutase (SOD) activity and decreased malonaldehyde (MDA) levels in HT22 cells. Therefore, these results indicate that
the crude polysaccharide fraction from Cudrania tricuspidata fruits (CTP) possesses antioxidant activities and displays
therapeutic potential as a useful source material in the development of brain disorder treatments targeting oxidative stress

in neuronal cells.
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Th(Schepetkina Quinn, 2006; Sim 5, 2003). 2] &4 UIHEL
FEAM|EE] Fe receptor FHS FXAA WGFXE ARtk
HIEW(Kim &, 2002), &9, FRA), I, S37A L
2 ¥4 24 55 UeE AeE dEA o, ol by
FE sulfate T EA, G249 sulfate H2], T3] 2
EHoZ 7t Alxe] #8715 FIAA AAA 9 AE A
A a3 5o 7154 9 AEAAEREAY At g 9
=3l Atk(Wang &, 2010). 2 55, & 9 njAEd dg] &
EEYE A dFRE dolde f71A19] 2teld E48 4
wated o] A BHZE AAREA F88 AL s A

Uebgom Nz 74 e AEPIRAEA g 5

¥ |o

=

oH(Yu 5, 2009; Matkowski &, 2008; Yuan %, 2008).
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4 59 X|E AREEINSH, TR E Evlvt A,
24, &H A, 7F 2 AFRT G So| = Ao dHA 9
tH(Choi &, 2013; Heo, 1999). F-x|%o|| 2 AR
T2 ZEvE A5y FPRxol=2A Zerdl, e, &
S FP IO, ETtRE FEIA|E, IE Fo| Briy
dHA JOoH(Kim 5, 1993; Park 5, 1992; Zheng 5, 2013),
ht, AR, 39k, 7HRS, dmpol# 2, ST, A
g =r], v gy 2 FENA 5o A e A7t B
=)o) AThKim 5, 2008; Kim 5, 2012; Kwon %, 2003; Lee
5, 2004; Lee 5, 2009; Lee 5, 2012). X9t 7|&9] A4
AAEL oere g WEey 71 F7)8uE ARSSle] 2
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TXE Lo Z=CHR(CTP)l M=

FAGE oikollA st AzE FAE s APAS
B2 7] (NSG-1002SS, Hanil, Seoul, Korea)2 Ea&te], A& 1
2 50 goll 400 mLe] FHFDOW)E 7h8ted 100°CollA 2417 &

St €4 FEIUH. FEES AESI(No. 4, Whatman, Kent,
UK)E 3} & ofgtelo] 70% olehe-S 7Fate] 4°CollA 12417+

& AAE2](3,200 rpm, 20 min)ake] JAH Zrhd
FCTP)S EEAt FE2E5S HAEFoI(No. 42, Whatman,

Kent, UK)Z o3 & A41%2)(3,200 rpm, 20 min)ale] A&EH-&

Hakga BAT PO 23] MESALh W FHele] de
35 4392 $4 A% 0NN BEste] B A A}
23t

DPPH ZiC|Z MHs

A dol] ZoEE 2EE(CTP)Y 1,1-diphenyl-picrylhydrazyl
(DPPH, Sigma-Aldrich, St. Louis, MO, USA) &tz A7 5<&
Blois(1958)2] ®HS Ui FAste] B4t HEREo] &3]
® 0.1 mMe] DPPH £ 100 uLol] =¥ FX8 duf Zopg
F BEEE(CTP)0.625, 125, 25, 5 ¥ 10mgmLyS A7 &
elA 30%7F WHAITl TR mlo]AR2EYO|E 57 ©f
&3t 517 nmollA] FHEE FA4A

A -A

Scavenging activity (%)=(1 - M) x 100
Ablind - Ablank2

A7IM A sample?t DPPH WH3-§<¢] 38 olv|s}

o, Ay sampled] @5 F3=2 Uehly, A, = DPPH &

9] BE FHEE vEhi, At 0T AEE ek,

ABTS ZiC[E MHs
TR dnf 2odF 2 E(CTP)] 2,2'-azino-bis-(3-ethylben-
zothiazoline-6-sulfonic acid) (ABTS, Sigma-Aldrich) 2tz A A

52 Re 5(1999)°] WHE ol&six ATt 74 mM ABTS
9} 2.6 mM 3 EENT(Sigma-Aldrich)S 24417F §9F b4 9
Z3led ABTS HHze FAAZ T o] §HS 760 nmolA &
BE el 1.57F HES SF/FTE F4sth 34€E ABTS &
A ImLoll FEHEZ A3 AF(0.625 125, 2.5, 5 2 10mg/
mL) 20 uLE *]2)3F & rmlo]aZ2ZgolE HB=71E o]&-3k] 760
mollA FF=E S

A
Scavenging activity (%):(1 - &p]e) x 100
Aplind
A71M A sample?t ABTS H-3-8j¢] FJws ojujst
™, A= ABTS &40 &= F3=s vehit

FRAP =X

FRAPS Biglari(1958)¢] S walsle] 24819t 03 M of
AEXLF 98 A@pH 3.6), 10mM TPTZ (Sigma-Aldrich) 2
20mM FeCl;-6H,05 Azt A3 2 10:1:19] H[&= &
§35lo] FRAP 912 A 231tk FRAP £ 750 uL9} sx®
0625, 125, 2.5, 5 2 10mg/mL) A|EE 30uL¥ A7 &
37°C F2FxAA] 1587 7hg & nlo|AZEY0lE A=E7]E
o]-g&3t] 593 nmeollA FHEE SA AT

8243 (reducing power)
AL Oyaizu(1986)HHS I+ M5l
(0,625, 125, 25, 5 2 10 mg/mL) 7%
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1% #2|Ato|Stsl FEElF(Sigma-Aldrich) 100 uLS z}z} 37}s}
o] 50°C g-2FFo0A 208 W-3-A1Z1 - 10% trichloroacetic acid
(Sigma-Aldrich) 100 uLE 7182 12,000 rpmollA] 108 <t €
AR sk 2 F 0.1% Q3 () (Sigma-AldrichyS 20 uL
7¥ete] 37°C F25x0lA 208 WHS & mlo|I2EYolE BE
715 °l-&3te 700 nmollA EHE S A3

HT22 mouse hippocampal M|ZEHH2F

AF sk F2 HT22 cell lineS AEUIskal G0z gholA]
ol ARSI O, 10% AEjoldA ) HUA™, 2EFEn}
o]A1(100TU/mL, 100 pg/mL)S 53k Dulbecco’s modified
Eagle’s medium (DMEM, Life Technology, Carlsbed, CA, USA)
g0z 3FCE FAHE 5% CO, Mol kst

HT22 M=ZMEE "It

HT22 cell2 3x10* cells/well?] 96 well plate (SPL, Pocheon,
Korea)dll ®F3}2, 37°C, 5% CO, incubatorollA] 12417F &<t Hj
FetHA MEE 2hds] T2 § F=H(31.25, 62.5, 125, 250
500 pg/mL) FA dnf) 2ohdF EIE(CTP)H Ftsra
B4 Agsih 37°C, 5% CO, ZHOZ SAI7F Fotb wjet

3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl-2H-tetrazolium  bromide
(MTT, Sigma-Aldrich) 418 &3l AMZ54E A=E330th. MTT
assay= MTT €(5 mg/mL)yS 30 uL® zH2b welloll H7Vekar 2
AlIZE Bt wiekst & e FENE AASE ABAdE formazan
crystalS dimethyl sulfoxide (DMSO, Sigma-Aldrich)ol] =<1 517
mmoll A FHEE 233

ol wE

M= W =182 M7{E4 (SOD) &M X
AW gu] zofdE BEEE(CTP)o] X|E SOD 42 SOD
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Fig. 1. DPPH (A) and ABTS (B) radical scavenging activities of crude polysaccharide fraction from Cudrania tricuspidata fruits (CTP).

Results (mean+SD) were expressed as inhibition percent.

4] 71E(Dojindo, Kyushu, Japan)& ©|-8-3l] Z43ISTt 6 well
platedll HT22 cellS 5x10° cellsiwell2 #F3}3L, 37°C, 5% ©]At
shetas wiE7IolA 6AIZE B9F BiFElHA AlE2E ghds] FE
Az % FEE(250, 500 ug/mL) CTPH kA s A g
3t 37°C, 5% CO, S 5AIZF B3t vt & cell lysis
buffer (Cell Signaling, Danvers, MN, USA)YE 37Fsle] iceoll A 5
£ WHg-A17]3L, sonication A1Z1 - 13,000 rppmol|A] 107+ AHE
213t cell lysates £2]31 Tk E2]E cell lysates= BCA T
2 7Z& 7]E(Thermo Scientific, Rockford, IL, USA)S ARE-3}o]
ImgmLe] FE2 hild FFale] 7|H2 Ao, 54
HH L AzAE A e whet gkt

MZ=Z L{ malonaldehyde (MDA) level &3

TR Erf ZoFRCTP] AsHrd f= SAHCZNE
AAEE HT22 AENAe] MDA levele 715171 $J3l MDA
586 kit (Oxis Research, Portland, OR, USA)YS ©]-&3}itt. ¢1¢]
1 mg/mL= “J3FSt cell lysateE ©|-&3t Az}t AAgE 23
o] W} MDA levelS =331t

=1
=

84 24

ol’de] AdedA Aox A= Statistical Package for Social
Sciences (SPSS, 10.0, IBM, Chicago, IL, USA) softwareS ©|-&
sto] JPux] FAHEA 02 BASIH o™, Als 7k folde

A ABOE p<0.05 Zaol A ¥l e

#dnt g o
CTPel AR2fTizr A &Y
DPPH 2t1Z Al7%5-2 AshgAy £249) Axgelsos

3 W slEE 9 WS ofFlRe] o8| Fel]o] Aol
Ae 22 Yele JES ARE sl kst F79
el gk AR s S7gske W olth(Kang 5, 2002).
AW dujo] zogH EFE(CTP)] g DPPH =tz AAS
o &3l Yol Az}, CTPE 0.62, 125, 2.5, 5 2 10 mg/mLe]
TEZ Asegd, ¥ ¥4 22 DPPH U AlA &4
(45.69+£0.73, 88.29+126, 106.94+2.46, 133.22+15.54 % 183.79+
12.62%)°] F7t3h= 7ol YElstthFig. 1A). DPPH |z A
Aol Eom AHEUZS FANTIAY NI Tl &

of AbshA] FA B DAkaet 22 AFEH R AlA 2

+H el o

abedefyalues with different letters were significantly different (p<0.05).

SHoZ A W =3k AAlSRe a3t e FoE g
SITHAoshima &, 2004; Kim 5, 1995).

ABTS )z A A% DPPH &)z AASH FAKS
Al =4 AE WHo g ABTSSE H3ITENGS &
sle] ¢kaoll FH ABTS ¥ol2o] A= ed st Ed=
3t B HEMo] GAlEH o]] FFE WIstE SA
JHo|t), ABTSE DPPHS} H|3le] ¥kg-<o] wlEn DPPHS}
AEL] Ao o3t FFE ZHo it FAHe] §luke
| vt BRI HAKYoo &, 2007). FAE dufe] Zoiy
E(CTP) tst ABTS Uz A|A%C #ate] Lol
, CTPZ 0.62, 125, 2.5, 5 ¥ 10mgmLe] =& A5
o, 5 o|&EFHOZE ABTS @tz AlA &/3(2.98+0.60,
624068, 34.91+0.86, 52.62+0.68, 78.10+0.70%)°] Z7}8h= 7
o] YERITtHFig. 1B). Wb £ Ao 1% duje] zr}
B35 AFHuZ AATe] S7HE AL FAE Guj
350 Ut fadie] J3l w2 Holg s
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9} Strain, 1996; Kim 5, 2011). Sung 5(2016)°
9 ABTS &1z A AT 348 SHA AP
A Uehte ZAoR HiEoith. 9]¢ Ael|A DPPH %
ABTS HZ AAT 584 Sz A ddo] F7keilern
2, $go] FU1E Ao FHHEY. AR duje] ZudH
EYE(CTPR] e FRAP 3 &<l WRoR selss 2ARE
Az}, CTPE 0.62, 1.25, 2.5, 5 2 10mgmLY 5= A8
< o, T= gEFoE IYPHS TyMTIE A= AAFIUh
(Fig. 2). WhA] &£ ArollA] FAE dufe] 2oidf{ £9=¢
el A Bud AA Sh5H TLsl o] S A
o2 Hol B dwje] 2R EIE] et fERe
Pl w2 Aolg} AYztgitt

Lo

CTPe| M=

5
A due] ZgR B

=(CTP)°] AF F2l sfur 2]
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Fig. 2. FRAP (A) and reducing power (B) of crude polysaccharide fraction from Cudrania tricuspidata fruits (CTP). Results (mean+SD)
were expressed as inhibition percent. **“*'Values with different letters were significantly different (p<0.05).
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Fig. 3. Protective effect of crude polysaccharide fraction from Cudrania tricuspidata fruits (CTP) against H,O,-treated neuronal death.
Cell viability of HT22 cells pretreated CTP was analyzed by a MTT assay (A). The result was demonstrated that CTP treatment increased cell
viability in HT22 cells (B). CTP pretreatment protected HT22 cells against H,0O,-induced neuronal death (C). Protective effect of CTP was
assessed by microscope. The CTP pretreatment inhibited the H,O,-induced morphologic changes in HT22 cells. Results were expressed as the
mean£SD (7=3). *****Values with different letters were significantly different (p<0.05).

AxEQe mR= FFE Hls7] 9l8te] HT22 ce11°1 &

CTPE A5t CTPA tidh AlZAEES MTT WS 531y
7} sAThFig. 3A). CTPE 3125, 62.5, 125, 250 ‘;—l 500 pg/
mLe FEZ HIBIPLS ul BE FRoA EAo] JehA] &
O™, 125 pgmLe] FENFEH TE EFH O FolsiA Al
FAEEC] Frkeke Zo® HEEI webs CTP7F S74d¢]

T2l 3125, 62.5, 125, 250 2 500 pg/mLolA] FAkslEA
=H A3 2o gRE MEE HIEEA H7FEItHFig
3B) I A itsleiE g A FdAe g2t g
63.28%°] AEES YUl oH, Its54et CTPE 419 A
3 A FrE 5 JE&2For IMsrirt fEshE A
3l EXHORRE AEE HTEE TH(94.18, 113.58, 132.55,

%i%
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Fig. 4. Effect of crude polysaccharide fraction from Cudrania tricuspidata fruits (CTP) of cellular SOD activity (A) and cellular MDA
level (B) on HT22 mouse hippocampal cells. The cellular SOD activity and cellular MDA level were measured in indicated doses. Results
were expressed as the meantSD (n=3). ***%Values with different letters were significantly different (p<0.05).

144.08 2 194.74%)7} #ZA= ) ¥ AAMES ExsA
AR Wol et dom, ¥ AAMEEA 9] A AksheE
o2 2F| Hlg)] 2tsly o] vidH o vle viztslng
AZAES Joy= Yoz e UthZhao 5, 2009).
ANAA EoA o] Ak e M Eu; &4 DNA vk 2
HYs Mo WEe Fus)] AEALs dory, dxxo=m
g=slolw ®, FFlEy e A4 A xsA "ol
(Rao, 2009). w}aw o sl @48 72 HERES 4tg
2 AEYARRE AAMEE BHEsl] AX PEES EoF
2E fEe AA %é—% galsh= At %}‘ﬂa‘ﬁl XJ?&E]I
ATk B A=
AR RE fEEHE {?*PBE—‘?—E% &) *J%Hlié EEOM Hl
Ze

ERES:

r1r

grz_oq TE‘

M= Lf CTP2Q| SOD &4

ZIbslE AATASODYE A oA Fa3t Ashix] &
A& F shteln, gitsl wolxAle] A WA @AA NADPH
AbslE ol s AAE FAo] e 075 HutsrAE HFA

71 S S 0% 4 sl delael w3
WHAE, A 9] I W el 3 ol ME 2 £3o)
s dorl 28 R & 3% ek QA 50D

&g AMate AlxEd o]oJR|aL, o] AD, IZIEHs 2
A7AA AEe deoxl r:‘r(Zemlan =, 1989) B 2goA CTP7}
ksl el o8 frdE kskd ZE# 2 gk Al B
S71-E F9Isl] lsle] M2 Sad AksbgA] 5491 SOD
ZA =A3IATHFig. 4A). CTPE 250 2 500 ug/mlLe] 52 A
A & A AE Heste] AEEAS fEd oS Ax
U SOD &4 &4 2 Ax, HIsras Ag Xzl
M 51.37%2 eSO, BAksleaet CTPE B4 e
AT E e oFEFOZ 6926 L 71.94%E AE Y SOD
DS ST et HT22 ¥ AAME Be g3h= CTP
of o8 Itelriz FrE A &3S AlEY SoD 54
g9 Sotell st ez HokE)

M=Z W CTP2l MDA level X

TELH I =MDAYE 7HE de] ol A it
F AEZ MDA ghefo] F7kEo] MR Ats)
A 71%5e AsA, =3t 94 o8 dHE fFrsith HE
she AN EYE Bxs ke wol FREtaL 2dof A

_1244
B
>
.,

©

she the 20 vls) MR o R v Wzt Momow 5,

1992). 2te] 3% B3} AW *J% 2 2z iyl kgl 9
8 ItstEE, o] AL dF, o, AA o]EFe] B4 2 w3
AAMEEE 4ol XA o]th(Inal 5, 2001). wEbr] AW it
3 A4 EQ MDAE ADY IS 238 =348 AT
oNx 2AME] &4 HAEE A= NEE e AMEEY
(Anzai 5, 1999; Benmejo 5, 1997). ¥ A& CTP7} I1ksh
$48 FEF MDAEZ 9Asl=A] 7FelthFig 4B). CTPS
250 2 500 pg/mLe] FE2 X3 F AN S 2E]sted]
HNE =4S F53 03 MDA levels 33 B Az 343}
FAhUE A2l ge] T oEHoZ 68.69 B 79.09%= MDA
level2 ZFAAIFTE 71 Aol o)t Adls ohdFH(selenium
polysaccharide)’} #2F38}4=42 213 ASlAEY~E quﬂﬂoi
A A ZAPES B, AlZY SOD A4S £7M1713 MDA
2T B tHLiu 5, 2005). Wb HT22 cellol 4 <] ﬂ
AANE BE ZI9= CTP7} IIesraz g Al &4
o2 2% AEU MDA A& TaAY)E Aoz vk,

kO
12

2 Adte PAE g 209F EYECTP)Y] AR &
d 2 ABHNE BE Gyl #Asfe] Polrr] 9ty datsl g
A Bz AAS 2 sES Hrisk A3, PR gl &k
FF Tt TUMEFE Al JX] Ao fedez Zrtst
= AR YT S ol#fst PR dnl 2opdRel H4l
AAE B3 gapo] Fslo] gotrr] flste AF | sint F)
HARAE FAW G 2GRS AT F JilslriE
ABHARl ZEH A fEste] Al A i) golE Ay,
TR dArf) 2R HTes v AdEHOE WA AEQ
AEES F7MHLH, old gt 2kshi=] &4l SOD &4
o] ——7]—0]—57_. A ksl AAAEQ MDA levelo] 7448 AL

s

U % U9tk o1ge] ATRER FAR Irh kPRl AshyA
24 8 SANE 55 Eael Ba BT - Ao,
F offl WAUZOE ARAEE uEsheA 14 A7)
298 2o Y7en 7Y o) 2R BB A5y
A W A JEdARE AZAE REEHE el o
B AAAE ool §89 AW AF 27 B 5o
Z AtsHEh
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