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Antioxidant and neuroprotective effects of crude polysaccharide fractions
from Cudrania tricuspidata fruits
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'Department of Food Science and Technology, Kongju National University
2Food Science Research Institute, Kongju National University

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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of 5 ost AHo] WA= =,
1993). ElA 217423 X 8317] {8 AsPUAA B8, MAx
ol2] "l 93td & 5 TS X EHo] AL AATE g F
B Az &4 5 2 R8-S Yo zy Akshi A
S Mo g 3 ARAEE BHET £ JE AE ) A &
Aol Aol @ 7ET 9 Ao th(Yoon 5, 2007).

Th(Schepetkina Quinn, 2006; Sim 5, 2003).
SXAAEE] Fe receptor TS SFAIA

HIEWKim %, 2002), &9, FuA|, <
a2 34 2 5L el Zlez dEA den, ole

= sulfate $HE EAE, FZE 9 sulfate 91X, A2
EHo2 7} Axe FE715 FXANA ASPEAA 9 AE A
A &3 5o 71eA 2 AREAELEEA Y] A7t 9 13

H3 Jrk(Wang 5, 2010). 2 T=, S 2 A= gy &
ZFo%E A tdRes AdoRlE #f71A9 AtslE 4S8 49
sk o] 2 BZ AAANEA Fogt 988 sk A
o2 yepton N2 7eA Jde ashixAEA gl

JTHYu %, 2009; Matkowski 5, 2008; Yuan 5, 2008).

TR Y (Cudrania tricuspidataye U] &30 GAA
WEOZ IMYFHAE S, dg HRS diE, T
gAJo} FHAY FollA] ol AW ETH(Lee, 2006). dZFE L}
7] ¥ REe 1, A4, v 55, B, 3434

W b

74,



544 =2 Z 388 x] A 50 WA 5 & (2018)

A 59 HIRF AREENOH, FRTANE Felivt
AF, EHa A, 7F @ AFEIES] So| Y= Ao UFA 9
th(Choi &, 2013; Heo, 1999). x| &o|| a-ful YIRS
T2 FYuE ATy SHErolE2A TR, FHEE, &
RS FIrels, ZEtEE FIAlE, FE So] Briy
dHA 9om(Kim 5, 1993; Park &, 1992; Zheng &, 2013),
e, ABPIAA, A, 7HRF, dbboly s, Mt 3AAE
g 27], nast 9@ FE0 5o S0 uisk Ak B
I} thKim %, 2008; Kim %, 2012; Kwon %, 2003; Lee
%5, 2004; Lee 5, 2009; Lee &, 2012). 3A|vt 71&9 A+H
AAEL e 2 wEgey e {f7)8uE AREste] FE3
HI & A3t AFEoH, FAE dule] o B &l A3t
ATE EEY, AES ofgi| el (YR LAHJE
TR #He AFE, B B A3 vug Aot

[¢)
£ ATE FAE djelA &
4 L ARAE BE Gl Pste] Lolwy)
A 2 uhe2 HAAA | TR Do o] ZodF
Aglsle] AEAEL, AEY 4FsPER]4] §4 superoxide dismu-
tase (SOD) ¥ A4 =1ksl AJ/dE malondialdehyde (MDA)®] &
H5S #zha] Bt
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FX|E Hoj =CIER(CTP)R XM=
SAGE dlatolA et AxE AE duils APAE
4241 71(NSG-10028S, Hanil, Seoul, Korea)= -3f|5tod, 224 &
2 50 gl 400 mLe] FRHFDW)E 7h8ted 100°CoAlA 2417 &
At G FESITE FEES AESeINo. 4, Whatman, Kent,
UK)Z o3} & ofztolo] 70% oleh2-S 7}8ted 4°ColA 12417k
B A3 & AR (3,200 rppm, 20 min)dte] HAAE Zrig
F(CTP)S stk FFES AEFI(No. 42, Whatman,
Kent, UK)® 7 & 423,200 rppm, 20 min)dte] 42
AsAa FLe WPoR 28] WHESIT W FE5}]
AL T4 Azl 70°CoHM BPse] B Ag

o
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DPPH EiC|Z MHs

PR Fof] ZoEE 2EE(CTP)Y 1,1-diphenyl-picrylhydrazyl
(DPPH, Sigma-Aldrich, St. Louis, MO, USA) &tz A7 5<&
Blois(1958)2] ®HS Ui FA4ste] EASHTE g &3]
E 0.1mM¢] DPPH & 100 uLol FE8 A% dn) 2o
F BEIE(CTP)0.625, 125, 25, 5 ¥ 10mgmLyS 713 &
aelA 3087 WHAIT] TR mlo]A2EY0|E #E57]E ©
&3t 517 nmelX FFE=E 57833t

Asample B Ablankl) % 100

Scavenging activity (%)=(1 -
Ablind - Ablank2

714 A, samplet DPPH WE-&-8-4¢] FF=E oJv]s}
W, Ay sample®] B $FEE YE Y, A, = DPPH &
o) W5 FHEE YERIP, A, AR UepiT

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

52 Re 5(1999)¢] W5 ol-83ix SA4sIGth 74mM ABTS
9} 26 mM ZEAFEERT(Sigma-AldrichyS 24417 B¢k o4 W
J3led ABTS HHzs FAAIZ T o] A4S 760 nmollA] &
FE fhol 1.57F HES /T2 4 34€E ABTS &

I mLoll T=EE AZX3 A8(0.625 125, 25 5 2 10mg
mL) 20 uLE 23t T nlo|ARZZHo|E =715 o83l 760
molA FHES SAEAT

N

12 ofg

A
Scavenging activity (%):(1 _ Sample) « 100
Ablind
A7 A, sample?t ABTS W
], A= ABTS 99 T &
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FRAP =X

FRAPZ Biglari(1958)2] "8 HEsted S43ISTE 03 M of
A ELMAF 58N (pH 3.6), 10mM TPTZ (Sigma-Aldrich) 2
20mM FeCl,-6H,05 #lZ3le] A7 Add 10:1:19] HE&E &
§35le] FRAP 92 A 231t} FRAP £ 750 uL9} sx=®
0625, 125, 25, 5 2 10mg/mL) A|EE 30uL¥ H7He &
37°C F2FzolA 1587 ¥k F nlo|AREHY OE A571E
o] &3ated 593 nmelX FE=E SAsIAT

Eh2l3(reducing power)

S-S Oyaizu(1986)HS UF H 3]
H(0.625, 1.25, 2.5, 5 2 10 mg/mL) F-=]%
E(CTP)2] 100 uLoll 02M U2k A58A(pH 6.6) 100 uL 2
1% #2|Ato|Stsl FEElF(Sigma-Aldrich) 100 uLS z}z} 3 7}s}
o] 50°C g-2FFo0A 208 W-3-A1Z1 - 10% trichloroacetic acid
(Sigma-Aldrich) 100 pLZ 7}8}3 12,000 rpmollA 108 < &
A2e 9tk 2 F 0.1% D3HE (I)(Sigma-AldrichyS 20 uL
7¥&te] 37°C F25x0lA 208 WHE & mlo|I2EYolE =
715 o83t 700 nmellA =S SA T

HT22 mouse hippocampal M|ZEHH2F

AF sk F2 HT22 cell line AEUIskal G0z gholA]
wopito} ALSIGom, 10% 2elolE R Y, 2EdER}
o]A1(100TU/mL, 100 pg/mL)S 53k Dulbecco’s modified
Eagle’s medium (DMEM, Life Technology, Carlsbed, CA, USA)
S0 7 37°CE FAH= 5% CO, wig7]oNA vl gslair).

HT22 MEZdEE ot

HT22 cell2 3x10* cells/well?] 96 well plate (SPL, Pocheon,
Korea)oll 5313, 37°C, 5% CO, incubatoroll A 12A]17F &<t Hj
oA MEE $ds] AR & 5= (31.25, 62.5, 125, 250
500 pg/mL) FA% Gr Z2obR EYE(CTP)S Hakskra
B4 Agsik 37°C, 5% CO, 2HOZ SAI7F ot ujget

3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl-2H-tetrazolium  bromide
(MTT, Sigma-Aldrich) 418 &3l AMZ54E A=tk MTT
assay= MTT £ (5 mg/mLyS 30 uLA ZHzt welldll H718kar 2
Al Bt widEt = ouid AEdS AASL AAdE formazan
crystalS dimethyl sulfoxide (DMSO, Sigma-Aldrich)ol] =<3 517
mmelX FF=E 43

ot w2

MZ W =1ME1E M7{E4 (SOD) &M &X
AW gu) zofdE BIE(CTP)] 7IX|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 (meantSD) were expressed as inhibition percent. **““Values with different letters were significantly different (p<0.05).

4] 71E(Dojindo, Kyushu, Japan)g ©|-8-3l] Z43ISTt 6 well
platedll HT22 cellS 5x10° cellswell2 #F3}3L, 37°C, 5% ©]At
Sheka wjgrIolA 6A17E SRt wFslHA] MEE s H2h
A F FEE (250, 500 ug/mL) CTPH HAEEAE B4 Ag
3t 37°C, 5% CO, ZASZ 5AIZF B3t vt & cell lysis
buffer (Cell Signaling, Danvers, MN, USAYE 37Fsle] iceoll A 5
£ WESA]F]AL, sonication AlZ1 13,000 rpmollA] 1027 A%
2138t cell lysates E2]3F9 Tk E2]E cell lysates= BCA T
2 & 7|E(Thermo Scientific, Rockford, IL, USA)S AR5}
I mg/mLe] FEZ w7 gaFsle] 7|d2 AMEslon, &4
gL AZAE A Aol wEt K.

MZ LH malonaldehyde (MDA) level &4

TR Qe ZOHFR(CTP)O] Ftsd = SAHSZEHE
AAEE HT22 AEANAS MDA levels H71817] 98l MDA
586 kit (Oxis Research, Portland, OR, USA)2 ©]-&3}t}. ¢19]
1 mg/mL= “J3FS cell lysateE ©]-&3t A7}t AAgE 23
o] W} MDA levelS =33t

84 24

o] AddA Ao A= Statistical Package for Social
Sciences (SPSS, 10.0, IBM, Chicago, IL, USA) softwareZ ©|-&
sto] JUux] BAHEA 02 RS oM, Als e folide
AA Ao R p<0.05 FENA B e
T Y
CTPe| X7aiCId M7 &4

DPPH gtz AlAGE AsPAd 249 AAFAseR
3 WIS sE W S oIl 93] $HE]o] Ao
Age =2 Yelle A5E AR sl ggst TR/
AE] g AR S45ke WolthKang 5, 2002).
A% Auljo] ZopdRH £EE(CTP)el tigk DPPH 2tz AlA%E
of &3] Yol A3}, CTPE 0.62, 125, 2.5, 5 2 10 mg/mLe]
FEE AHIsHe, v 9£¥ 2= DPPH oz AlA &4
(45.69+0.73, 88.29+1.26, 106.94+2.46, 133.22+15.54 % 183.79+
12.62%)°] F7t3h= 3ol YElstthFig. 1A). DPPH 2|z A
Aol Eod AFEZ-S FANTIAY A7 580l &
of AbshA] &4 B B4kt e Afeirde] AlA 2

H o @ o

X2 A Wl =815 dAlsks a7t e AR 4EA
2AtH(Aoshima 5, 2004; Kim 5, 1995).
ABTS 2tz A75S DPPH o AAS3 FAR W
Al 24 AF Yo E ABTSS A3MEERS &
tod hdrell FH ABTS ol2o] A== ditst Edx
o] o] FEA o] BEY o] FHE WIsIE 45
Ho|tl, ABTSE= DPPHe} Hlwsle] whgo] wi2w DPPHe}
Alge] Mae] ofg FHFE F7g0| gk Bl flvke
| v BRI HATKYoo &, 2007). FAE duje] Zoby
Sl E(CTP)ell ek ABTS Uz A|A%el #ate] Lol
TPE 0.62, 125, 2.5, 5 2 10mgmLe] =& A5
o, = o&Fo =z ABTS ZHUZ AA 4(2.98+0.60,
620,68, 34.91+0.86, 52.62+0.68, 78.10£0.70%)°] Z7}8h= 7
o] UEFTHFig. 1B). Wt & dAtelr] R Gufjo] o}
F EEEY AREHEZ AATe] Sk 3L FAE gl
TR 285 kst g I3 uE Aol Azt

ol

oo
ol
ol

H

%

m O
o

#

BN ofl ot o i U o) ml rlr (g% lo
e
a

¢} Strain, 1996; Kim %, 2011). Sung 5(2016)°ll W= DPPH
2 ABTS 22 A% 8 44 Ashix] 842 A
sl vEhte 212 masojint. 919 AtelA DPPH 3
ABTS =tZ AAT 4 2tz AA 24¢] S7tsislon
2, figo] UHd Jlow FEEY. AR drle] 2ods
EHZ(CTP) tEt FRAP 5 218 o= Sl S AR
Az, CTPE 062, 125, 2.5, 5 2 10mgmLe] FE2 #2)s}A
<, vk AR AAYE FTPE AoR AU
(Fig. 2). Wb & Agollx PA% duje] 2opdsF £3&e
9] A B AA e Fdsl Edgo] S
o2 Hop #AR dufje] ErpdH EHE9] v Fadel
Il w2 Rzt Az

CTPe MZ 235 &1t
TR Guje] R EYECTP)] AF FH si=tAEe]
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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,O,-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).

HNEZEA] nx= Hrysl7] 98k HT22 cell°1 =

CTPE Aste] CTPOl thdt AZAESES MTT WS Fato
7} s tHFig. 3A). CTPE 31.25, 62.5, 125, 250 ‘;‘l 500 pg/
mLe] EEZ P W RE wxA] 40 YehtR] &
RO, 125 pgmLe] FEANFE FE EH O {lshA Al
EAEEO] Frkete ZoE #AFUTE wEtA CTP7F 540]

Y=

w2l 3125, 62.5, 125, 250 2 500 pg/mLolA] FAkslEA
2 frd i BdozRE MEE HEsE=R] HFsISthFig
3B). L Ad HsleaE AR Aol e gz gy
63.28%°] AEES JUeploH, Itstaet CTPE B4 A
23t AT E = oEF o2 s irt fEsks 4t
3} EXORRE AEE HIde FI94.18, 113.58, 132.55,

e &
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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%)7t ZZE AT ¥ AAFM x9S ExspAw)
A ®ol et om, H AR A AW Atsh=
o2 Ao ujg] 4tsld &go] vgAdH oz v Tigsln g
AZAPES do7= Yoz 4dA UthZhao 5, 2009). ¥
AZAA FAA ] B AL 0] IS A ET 4 DNA JH] 2
WY AEZo HES fdd] AEAs doyy, dxxo=w
g=stolr o, IRIEHI e A FEe zsA "ot
(Rao, 2009). weA 2 2tsix] A48 72k HJEEL g
A 2EYHAZRE AAMIE B33 Hl# AEEES E4F

4% oo Ad BAL gasE d7vt 39s AgHw
9tk B AT ME A% du) zu}%% EEZCTP] 7
l:l

SrARRE fEEE SYOENE A AFMEE BEst A
IREES Eo F= A0E Alsdrh
M= W CTPel SOD &M

ZIbskE AAEZASODYE AAl oA FTast Akshx] &
& F spelH, ditksl WojAAle] A WAl ©Al4 NADPH
Abstadee] oa) AdE o] g 07 AR [ASA
< gt O AA =shet A iy S
A=, Z2 Sl o] gk vEEAdo] il ol Ml H éZMl
=48 04074 &S FLY F Utk oA AAEAE A SOD
g4 Ashks AEZSAPLZ o]0, o] AD, IFI<EH Y 22
ARAA AgS doFItiZemlan 5, 1989). 2 Ao CTP7}
sl Al o8 fdE Akshd ZE# 2 digk Al B
iﬂ%d—% gelslr] flste] Mxd Fash AR 421 SOD
sk 231 tH(Fig. 4A). CTPE 250 2 500 pg/mLe] FE2 A
zm ?1 ?— Isras Ast] AESES fFd v A=
W SOD 248 =43 2 A3, ItsrAs Aeg Al
ME 5137%2 YePo, sitsleie) CTPE BAld A2
AP E FE oEHORE 6926 L 71.94%E AXE Y SOD
A4S 7Y web HT22 ¥ AAAE BE g3+ CTP
of o&] IitetrazE FEE AtslE &8 A2 SOD &4
gAe] F7tel| oJgt Aog dArtEr

>

%

M= L CTP2| MDA level 38

D2 sl =(MDA)E= 7Y gl 2ol A 4tst
A AEZE MDA o] S7kE o] M2 Aksld &4
A 7es AsAA, =3 € o8 AHS et HE
sk AAA ZEe EXSIAES Bo] Fslal o] A

9

st ohE A4 vlE)] v R wl- 97kEtHMorrow 5,
1992). o] 3% Exs} ke 2 T ujr) wkge] <
3 FatslE, o] P AF, o, AA o]EH] B4 E =3
AAMEZE 4ol XA o]th(Inal 5, 2001). Wb AW it
3 A4 EQ MDAE ADY IS 238 X3 Ag AT
AA AAAES] &4 HAEE SHs= AER L*E] ARE-HTH
(Anzai 5, 1999; Benmejo 5, 1997). ¥ Ado|A CTP7} 2Hits)
TARE 28 MDAS AIsk=A B7leithFig. 4B). CTPS
250 ® 500 pg/mLe] FEZ AHd & IS LE AT st
AE 4L F53 U3 MDA levels 48] 2 A3, 3k3}
TAYE AT O] T oEH0Z 68.69 2 79.09%= MDA
level2 ZFAAIFTE 718 Aol ol Adls thdF(selenium
polysaccharide)7} ZHAtetEAE 13k ABIAEYAE AT R
A AEAPES By, Al EY SOD 48 £7M1713 MDAE 7+
2N BaEATHLiu 5, 2005). Wb HT22 cellelA9] =
ARAE BE E3Fe CTP7) Ieese f2d ety 24
o2 A% HEU MDA B4& ZaAY)E Zoz ddEnh

r°l'

o
L

2

2 e PR gl 20ER S8 =(CTP)S sk &
g AAAE BE gao Fsle] Golry] fJsld, sl &
 HUZ AAT 2 FLEE Hriek Ay, AR Gl 2o
o Tt TSRS AR @4e] freldez 18t
Aoz Yepdt) K3 ol2fst 1% dul FudRe w4l
AE 1S Gyl #sle] dolrr] fsled AF e &inl fl
AN E A8 G 2OPRE A & JilslriE
AslA el REHAE fEst] AE EA] Hete] dolE A
FAR du) z2oFRe] Ade FE EFHOR WA AE
*3}—%% S7IALH, ool wEt AkshgA] §491 SOD 4
7hstal A ksl AEE] MDA levelo] 7HAsE A&
ALt ol de] AEZ FAE duf Z2opdRe] AtshA|
9 A E BE gl et FRIT e, F
H HAYFSOE AAMNEE BI3H=A] T7}310L A7t
83 Aoz Azieit), A vl ZugE £35S Ay
9 ksl ~EYAZHE ARME HEg9E Yepo] H

4 ABAR el 83 A7IsA AF A7 2 AL
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