ABSTRACT

Characterization of polysaccharide A-1 from Opuntia
ficus-indica and it’s protection effect on alcoholic induced hepatic
oxidative stress

II-Hwan Ryu', Ji-Wung Kwon', Eoh-Jin Lee!, Young-Gab Yun’, Tae-Oh Kwon'

'College of Life Science and Natural Resources, Wonkwang University, lksan 570-749, Korea
?Department of Oriental medical prescription, Wonkwang University, lksan 570-749, Korea

Reactive oxygen species(ROS) can induce hepatotoxicity and trigger apoptosis in the liver. In
this study, we investigated the sulfated polysaccharide A-1 from Opuntia ficus-indica against
alcoholic oxidative stress in human liver Hep G2 cell. An antioxidant substance A-1 obtained
from the enzymatic extract of Opuntia ficus-indica fruit was purified by DEAE-cellulose ion
exchange and sephadex G-100 gel permeation chromatography. The purification yield and
molecular weight were 143% and 1.8 KDa, respectively. The A-1 predominately contained
arabinose, galactose, rhamnose and also sulfate group. The structure of A-1 was investigated by
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periodate oxidation, FT-IR spectroscopy, 'H-NMR spectroscopy. The A-1 mainly composed of
alternating unit of —4)-a-L- Rapp-2-SOs; -a-L-Galp-(1— and branched linkage of B-D-Arbp-
(5—. The antioxidative activity was measured using the SOD, CAT activity and GSH assay,
respectively. The expression of Nrf2 protein was analyzed by western blotting. The viable cell
count analyzed by autofluorescence. Oxidative stress induced by ethanol(l M) were dramatically
reduced by A-1 treatment. A-1 also prevented cell death induced by oxidative stress. It also
increased expression Nrf2 protein level. We concluded that sulfated polysaccharide A-1 from
Opuntia ficus-indica effectively protect Hep G2 liver cell from alcoholic oxidative stress.
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(Chromic alcoholic liver disease, ALD)
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2 Ao AR Opuntia ficus-indica: %"L
heA gz 4z ditel A% IA.
AP RS, HYFAEATt Qe Aew °—JE:V§‘4
. Opuntia ficus-indicas 692% 255 E3stx
deom, 34 2 4 AdER, BFpaa,
dstaa? § o At nady ge
u ARSI E 2ol 3t AYPA AT obH o] F
o] 2| A ¢k& Abgfo|t},

2 A= Opuntia ficus-indicas EAA 23
gl d=-e] AAel s #A gHE Eels
A, dFEel ot AP AEHAE W2 AE
o &4 A 23S AEsn.
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citrate buffer(pH 4.5)= 7}8t3 grinders
of Estdet. EE] 10 mL &X
(cellulase : pectinase = 5 : 5)<& 247}5}"4
oA 10A17F FeF 238ty st AAsde
3]5}93‘4 Bo 7] while] o3 sAlsiaA
o 235 2kt eE 28s F
Z 3k 20T W BastwA ARk
o #gs foomeZ A=¥ DEAE
-cellulose S column(3 x 50 ecm)ell #7348
mL/hre) 402 4 mLA £3Iste] $Z39H
o] ZHE AZ dglom, NaCl(0—04 M) gradient
elutions 33sted Be} CE 247 dgich 74+ £
9] &2 phenol-sulfuric acid® o & EAsgon,
3 A B, CY &2 231%. 7.3%. 33.2%°14
o). A —Erg. AZ Sevage methodS AH&-3te] free
proteine Xﬂﬂﬂ?ﬁ‘:} Sephadex G-1002 column
(3 x 50 em)el FAs, FF5Z AHEst 40
mL/hre] fr4o2 §ZE3te 4 mLA FE 35
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of = spots ST AT FAH>
AEZRY #AFE FAHAT 5 3lx Sakurada-
Houink2lell ¢]3ted AAtstgion F3dze
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A2 phenol-sulfuric acidH .2 v]A A=k 3}
adt. A-1 A8 1 mL¢ 5% phenol 1 mL7}
/‘]5\: Foll 5 mLe ¢-H:S0.%5 7Fskar 3087 b
490 nmolA EFxE 2A3led TFIMo=m
HE] o ok FAs A A-1S 100C, 5A17Hs
oF AZFRE(5.0 M trifluoroacetic acid) sulfate
X BaCly/gelatine method™ & 2733 c}.

Hexoses?} deoxyhexose®] FAIAIE-2 Sawardeker
o ¥l wet etk Al 2 meol 2 M
TFA(1 mL trifluroacetic acid) 1 mLE A7}3lx
120CelA 6087 7Fas) & ¥ 7R Es
alditol acetate S=A=Z &FAIst] LCEAS 33}
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3. Periodate oxidation

FAZY 2 HHE AR] 3k A-1 10
mge 10 mM sodium metaperiodate periodate 100
mLell #H7Fsta 4T b el A 797 vk 7] 7
g ztHdoz A2E FH3le] periodate(10s)9)
auE wae ez 2Asd. FA
0.5% phenolphthalein7} £&% 1 mM NaOH-$-}
o2 AAsEA formic acid ¢ S A5
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o 01 g sodium borohydrides} 12 A7+ wh&-
Z B2 regent= 01 N HCIZ 3 &
FA & AAE formic acidES oFle Al <3|
ZHAkslo ot

The production of formic acid (Mole)

AxBxC
D x 1,000

: The amount of consumed alkali (mL)

A
B: The concentration of alkali used (N)
C: Total amount of sample (mL)

D

: The amount of sample used (mL)
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Infrared(FT-IR) 2+ nuclear magnetic resonance
(NMR) spectra

FT-IR spectrume KBr pelletss A}8-3}o]
TR-700(JASCO, Japan)Z ZA 3t o), 'H-NMR
spectra= A-1% D20(99.9%)9 &3] 27|32 JEOL
FX-100 NMR spectrometer (500MHz) & =33}
Aok

5. M2 vkt MStAER| A FiE

Hep G2 (human hepatocarcinoma) (ATCC #
HB-8065)2 1 mM sodium pyruvate’t ®7b=
10% fetal bovine serum, 50 units/ml penicilline
50 wg/ml streptomycine®] 3 minimum essential
medium (Gibco BRL. USA)el #HZEs 1 37T,
5% CO, incubatorel A monolayer® wi<¥a}sich.
cell-linee] 5x10* cells/mle] == 96-well plate
(1x10* cell/wel) ol HF3k3 1 M2 ethanoli A
7Vste] ABBFAEHAE sl Wik
e sl NEE £, AHS T 2y ‘4‘% A‘l
& kel 0.1%, 05%, 1.0%, 20% Z7¥sked 20
A7 gk i ekstsich.

6. GSH Azt
GSHE: Sedlak 579 whel| whel w]whal-SH
2 243l 1 M| ethanol® H7bste] Akt~

EYAE §4 & dAEE dtq Ax2E A
T 27 g A1 vkl 247P5}°4 20
Fst A E homogenateell 25% HPO;
41 Egksled 4T, 8000xgel A 10+
A4 E 3l 96 wellell ZH5H2+ 0.4 M Tris
buffer(0.02 mM EDTA., pH 89) 2 ml 001 M
5.5-DITHIO-bis(2-nitrobenzoic acid) 50 W& 7}
sto] 15 #7F Wb 3 412 nmeld FEES 24
ek 4= A F GSH g3k A2
o3 2

GSH content = 0.D/ 13100(mol/L)

7.S0D & &8

SOD®] 24 Fridoviche] wy®e] F3le] =
Asled ot 50 mM potassium phosphate buffer(0.1
mM EDTA, pH 7.9) 1 ml, 0.5M xanthine 67 ul,
1% sodium deoxychlorate (DOC) 10 «l, 1.5 mM
KCN 10 al, 0.2 mM cytochrome C 50 W& ¥
mixturee] A E homogenate A5 3 ul, xanthine
oxidase 3 W& ¥ &3 £ 550nmelAy FFEe
HILE 28 T A o Ef_f"—‘i—‘li
superoxide dismutase standard(Sigma Co.)E AR
3ot
8. CAT( Catalase) &M =X

0.05 M potassium phosphate buffer(0.] mM
EDTA, pH 74) 1.9 mlel AE homogenateZ
800xg 20#7F A% T’/]fﬂ A 100 wE T4
buffer® 80w 3]A&F &< (.1 ml9 H:0p 1 mlE
el 1¥ 3027t FRES AaE FAEG
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9. Western blotting
A2 cytosolic ¥3 AL Bio-Rad protein
assay S o|$3l] ZA3)9ic)k SDS-PAGE electrophoresis

% gelo] wAS immobile membrane(PVDF:
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Milopore)®ll transfer buffer(25 mM Tris-HCl(pH
8.9), 192 mM glycine, 20% methanol) S A}-&-3}ed
transferstdch. membranes 0.05% Tween 20°] E
39 Tris-buffered saline(10 mM Tris, 150 mM
NaCl)(TBST) 2.2 A% * 5% nonfat dried milk
2 Dlocking 393 membrane primary antibody
Nrf2(1 : 200003} B-actin(l : 5000022 47T,
overnight3lH A hybridization A1Z1 ¥ TBSTZ 3
3] A& % A-2ol|A peroxidase-labeled secondary
antibody 2 45%7F WA Fe. TBSTZ 33] A%
% chemiluminescence western blotting regent
(Amersham Phamacia Biotech)2 2% detection

< #stsie

10. Autofluorescenceol| 2/t cell viability 58

Hep G2 (human hepatocarcinoma) (ATCC #
HB-8065)2 1 mM sodium pyruvate’t ®7b%
10% fetal bovine serum, 50 units/ml penicilline
50 we/ml streptomycine®] E3H minimum essential
medium(Gibco BRL, USA)¢l HZs}x 37T, 5%
CO, incubatorel 4l monolayer® wjokat A x5 =
°3 PBS + 2% FBSelA Ajde Az A2E
23 A" & 1~2 x 100 cells/mZE 223
FITC monoclonal antibodies® 4 % 1 ml
staining buffer= A€t 217177, OLYMPUS VANOX
fluorescence microscopeS ©]3}e] autofluorescence
signals® cell viability =74 5>,

1. A-12] 228 F& 2 ZH|

Opuntia ficus-indica A E3-& pectinase, cellulase
B 24E AREEle] Ealsloidh o] &4 #3
A Mz B2 s Opuntia ficus-indica
fruit H5e kst A& 7= polysaccharide,
protein, phenolic compounds®] FZo| Z7}3k9] ).

24 &3 £8E$ DEAE-cellulose(Cl form)
ion exchange chromatography3t Z3+= Fig. 13
A AlE WERTZRE AT, FRTEEH B
o} CE 27 dold 24 32z brf Sol

A AL e ART Co Ak 1427 ¢/L
dov], 82 332%%0 W Sol2A Ao

(e}
e BRI 2HF52 453 FA Y BIME=
Akl el vehtA gkt @4 13 CE
sephadex G-100 gel permeation chromatography3t
A3 Fig. 2 oA B vkel o] a, b, ¢, d9] 4
Mol & & vello] Baleke] ME o2 45
o EFEE Ao Hel des ¥ 4 Atk
& F ks Ao 43 vE EEEin
A 7zt A-lelgt HHEY g A¥E ¥
s HE &L 143%0193, AAEE 9
spote gelstgiom, Eata-2 1.8 KDaolsith

Opuntia ficus-indica| A1 83 A-19] FAA
B 454% neutral sugars, 8.9% uronic acids,
42% sulfate® w23 %2 sulfate ester FS
T e AR vedeh A-19] 2
charge density= sulfate/total sugar molar ratio®l]
71913 Ao ® ke

Uronic acid®] 7<% Matusuhiro 52 Opuntia
fieus-indica®) X”iz“éﬂ 44 2 244 29
uronic acid®] 3ol 27+ 15.6%. 28.0%=x B30
& wk, Habibi S uronic acid7t 24314
ety Rusisidh

=3 A1 TS A 99 242 arabinose,
galactose, rthamnose’t 27 20.03%. 10.35%.
1057%%cF. ©]2%= arabinose : rhammose :
xylose : galactose] ®]&o] 1.0 : 1.7 : 25 : 41
g3 73 Matusuhiro 59 A3} 2 Habibi
=% 9) Opuntia ficus-indica pectic polysaccharide

i

negative

7} arabinose, galactose, rhamnose® A = ¢ich=
B9} §Abstgl o), arabinose, galactose® A
=9eh= Matusuhiro 5] Age} zhe]2 e}
wWeleh =& Opuntia ficus-indicad) sulfate 3ol
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H3t o= FrolR 7] oo o] A3 Fvesiculosus
9 fucoidan Ad¥-o] 48% neutral sugars, 9% uronic
acids, and 12% sulfatessith= Rupérez 529 1.
I % 37% neutral sugars, 17% uronic acids, 39%
sulfatesgb= Mabeau5™e] B9} $Alste] ont
o] Aol ula] w2 sulfated ester TS e}
ek $4 22 glycoside 22l el 23
oxygen free radical®} $AAH 02 ub-g-3lo] 3L
o4l radicale AANE Aoz dwx 9l o
o ExpEke] F7)= HAks &9 Fes 84

zhagit, = 78R sulfated polysaccharide .o
287 garsla o] e Aoz akelA o

o
@

nm 1}
°
&

-~ i

o
>
ABS at 480 nm -
> > »
NaCl concentration

ABS at 517
o <
©
T
o ©
PO

o
o_n

1.2k

20 40 60 80 100 120
Fraction number

Fig. 1. Purification of the A-1 from Opuntia ficus by
DEAE-Sephadex CL-6B column chromatography.

The crude polysaccharide from Opuntia ficus (58.3 g)
was purified using a DEAE-Sephadex CL-6B column.
Fractions were checked by the phenol-H.SO,(-I-)
and the DPPH radical(-[J-) scavenging reaction, and
by the NaCl concentration(—). Further details are
described in ‘Materials and Methods'.

2. Periodate oxidation

A-19] A3 e FozAl Ak 2] 3
A% A3} Fig 3% 2] NCS< 10,5 2|
Aol formic acid® AP, vs 24
of dAT el =it 139 7272 HE
9JA4tsted 10, ABIF formic acid BAHFE &
v Bkt A3} EalE of 35 lolgld & Y

TR
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Fig. 2. Purification of the A-1 from Opuntia ficus
by Sephadex G-100 column chromatography.

The fraction C by ion exchange chromatography was
purified using a Sephadex G-100 column. Fractions
were checked by the phenol-H:SOs(-ll-) and DPPH
radical (-[]-) scavenging reaction. Further details are
described in ‘Materials and Methods'.

McAnall 57, o] ¥ w oA 2o EAl o
22 hydroxyl group, carbonyl group, 4z} o}
5L FNE dAT 'AYRE Aol A
ol gl& W F 'hh AL AlelE SolsA A
3A)Z1e AbHE-o] 14-glucane]l X 15 ¥A1d 7
S0l = 10, A¥|st HCOOHS AAHe] & #|
7F 2 ¢ 1olvh EAZE SlE ASel= wghe O
I 3 wde] AbstEe] 10, AwF HCOOH
£ 5139 EvE A F chaind AHFHA
ob=th =3 14-glucandl Z$ole g}
v ghdatte] Abstele] 10,5 AwFH FAlol
HCOOHE& AAstA15t backbones Ab3t= o] 10,
7} Z&v)Ey, HCOOHE A=A dEd vdsd
gt M 2 MO 10 AMEy, 1 MY
HCOOHE AA s, stddtel M= 3 M9 104
£ Awsty, 2 M9 HCOOHE AAg 15 #
71% 7F ld-glucan®] A= AbstEe] 10,5
2uakAR HCOOHE AAshA ged o4ke]
A7z RE A1 ol5 EAE EZFT a-l4
glucangl Ao 2 dAgtE gl
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Fig. 3. Periodate oxidation of the A-1 from Opuntia
ficus

Determination of the amount of periodates consumed
and the amount of formic acid released during the
oxidation of A-1 from Opuntia ficus. A-1 was oxidized
with 100 mL of 10 mM sodium metaperiodate at 4°C
for 7 days. The periodate consumption (-[-) was
calculated from the change of absorption at 223 nm.
The formic acid production(-Ml-) was measured by
titration with 0.01 M NaOH, as were formic acid
production and I0; consumption

3. A=A

A-19] Fx2E 437 $18ke] KBr pellet &
|83ty FT-IR &4 spectrume ZAME A3
Fig. 49} 2. spectrumell Al 372l 5ol F4
92l 3400 ecm o1} O-H group, 2900 cm el M %
o 3kl wete] aldehyde C-H group bending
variation, 16332 1055 em'e1A C=0 stretching
band¥} C-O stretching band”} Yeldtx 9lgle
w1055 em” & 611 em’elA S-O0 ¢ S-OR
ester variation®] #el=e] sulfate ester A 7}
A FeE Falstdh

A-19) 'H-NMR#4& &3 A3}, Fig. 501 o}
e} spectrumoll Al B mpel o] =AsH
e A7t 6-362-3.73414 B-D-Arbp-(5— ¢}
—4)-a-L-Rapp-2-S03 -(1—¢] #7] H-1, H-2,
H-3. H-4, H-5, H-6%] chemical shift7} 4.96, 4.82,
473, 465, 479, 1.22¢ JeRty 9lew, —d)a
-L-Galp-(1—9) chemical shift”} &-3.600114 e}
it o] 7h2 standard reporter group data$t
slastdef’ Y. o] Adzve Al FRE

4)-a-1-Rapp-2-S0; -a-L-Galp-(1—¢] backbone®ll
B-D-Arbp-(5—7F A H %= F25 7ML §
' Aoz A9 o] Az Habibi 579
Ao} A8t

0.15

Abs

C-H aldehyde

c-a

OH S-OR
C=0
=0

4000 3000 2000 1500 1000 500
09.7.20 A/em

Fig. 4. FT-IR spectrum of the A-1 from Opuntia
ficus

In the third region of interest(4000-500 cm 1), A-1
from Opuntia ficus, exhibit absorption bands. The
strong bands at 1055 cm™ and 611 cm™ were the $-O
and S-OR ester variation band, respectively.

Na-L Rapp} 50,1

H-2 | 4)1—' ~Gal p-(1
ja PO AbAG

- _ CH.CO H’G,TI“
g aal|

Fig. 5.' 'H NMR spectrum of the A-1 from Opuntia
fieus

The spectra were recorded for samples in D20 solution
at 60C. Chemical shifts are relative to internal and
external trimethyl silypropionic acid at 0 ppm. The
HOD signal was suppressed by presentation. The 4.9 to
3.5 ppm region is shown in the square.

4. GSHe| #st 3 SOD, CAT &4 &4
Minimum essential medium(Gibco BRL, USA)
oA} ®ioFst Hep G2(human hepatocarcinoma)
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(ATCC # HB-8065)M %o 1 M9] ethanols #
7hete] ABAEHAS f & AR Fe A
5 Fe, AAS & 28 O A-1E ek
A7ksle] 37°C, 20/ 7H5<k vkt AlE g &9
GSH&= 2 SOD. CAT &4 w3s =A38 4
3= Table 13 7t} hepatic antioxidant enzyme
9l SOD, CAT ¥ glutathion &8 ETolA 9
Al 2712 Jepldet. Opuntia  ficus-indica
sulfated ©H8l A-1& 1% Fo1A] controlell ®]3|
SODe} CAT A= 474 83%st 10% 7k
3, GSH| ek 73% Z7hsksieh v 2% A
7WA 1% A7MA R &4 o] Zadhe s B
3

Ak ole LExe] = H7M] Axe Wl
o3 24 AR Alzd o] AdHe Aoz

el

GSH+ 4Akeel disl A x2E 23sts it
stEA g wjEaA Ak A|AEle QleA Fo
g &S 3t} glutathion disulfide bond® &
A% tripeptided] o8] &3=EE L3 (GSH)

AFsFE] (GSSG) o] Qe A GSSGE glutathion
reductased] 9J8] GSHE 3953 hydrogen
peroxide®} organic peroxides} ¥FS-sle] 3 =24
of Zog A3 A oA e 7o w3}
9 EA e el s Ao E dEA 9ldh

Opuntia ficus-indica ©F3 A-1¢] 7| £ &4
Al ZaFs GSHE S7M171e A48 3l A
o2 S, SODE &4A Ak AxE &
superoxide anione i34 R WA A ALE
o2 HE NEE HIdE 4TS Pt 2h
2, d¥e] Z71gel wel SOD| HA el A

slo] AAE 3 A7, CATE microsomes]
A AAET ZAAZ o5 FAF WeHOoR
AAE LS B ARRE WEElE S
AgE ot oY AHAE FE £ o £ o
FolA B2 AA G Opuntia ficus-indica sulfated
polysaccharide A-12 GSH 3=k 271472
CTAZAR S Z7M7IEE I3&d 93 f=%
ARBIAE Y 28] ZhAve| sl Ao st

Table 1. Effect of the A-1 from Opuntia ficus on hepatic antioxidant enzyme activity for Hep G2 liver

cell with ethanol

A-1 Total SOD GSH CAT

(%) nM/(min. mg protein) uM/(min. mg protein) uM/(min. mg protein)
control 221 £ 4.2 20.1 £ 35 213 £ 02

0.1 236 £ 3.1 231 £19 136 + 3.7

0.5 337 £ 1.8 295 £ 45 165 + 2.3

1.0 405 £ 3.3 347 £ 41 234 = 44

2.0 389 £ 2.9 341 £ 2.2 188 + 1.6

Values are means + SD

5. Nrf2 CHEHZIo| glsd

ARE enhancer sequence® ¢14]3l= DNA-hinding
Aol Nrf2&: sHAREe} #3 phase 11 enzyme
gened WEAA 7= F28 sl olg Opuntia
ficus-indica sulfated polysaccharide A-1¢] 23t
Nrf2e] 2a-& 2alsl7] $13ked immunoblottingS

A A Fig 63 2ol A7h 527 woHdeS
BEYEst ARe Salsdd. o Ay
Opuntia ficus-indica sulfated polysaccharide A-1¢l]
o)8t 3}Ak3} gened S-E== Nrf2 pathwayel| E3
s RS SRS skl
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Nrf2

B-actin

Nrf2 protein level =
(fold of control)
) w IS o

—

o

0 0.1 0.5 1 2
A-1 concentration(%)

Fig. 6. Expression of Nrf2 protein human liver cell
Hep G2.

Cytosol protein(50 wg) were electrophoresis on a 12%
polyacrylamide gel. The wupper part of the figure
indicate an original blot(A), the lower part represents
the results of densitometric analysis(B). Value are
means + SD, n=3. * P < 0.05.

6. Autofluorescence0i| 2|3t viable cell count

Hep G2(human hepatocarcinoma) | == FITC
94 % OLYMPUS VANOX
fluorescence microscopeS ©]-&3ke] auto fluorescence
signalsZ viable cell& A4t 23 Fig 7olM 2e
"} 7+o] Opuntia ficus-indica sulfated polysaccharide
A-19] H7HA AlZ &L ] F7hek .

monoclonal antibodies®

Fig. 7. Cellular autofluorescence visualized in the
fluorescence microscope

Additional concentration of sulfated polysaccharide A-1
v At control, B 1 0.1%. C : 05%, D : 1.0%, E : 20%

N4 E

—

Opuntia ficus-indica?} ol&t2ol] o3 £AHS
=3 human liver cell Hep G2 sHitsA &
N EAE A= P AEs7198k Opuntia
25l A sulfated
£ 2e AAE FxiME
sl UdFER £AAZ] M Eo| Feste] SOD,
GHT. ATS &4 =5 A3 Nif2 43 8
viable cell& &Aoo 2A| alalA e W3l 2 Ag
A WstE A ugkel, WA, Opuntia ficus-indica

24 FZF £35S DEAE-cellulose ion exchange,

ficus-indicas EA&

—_

polysaccharide A-

b

brtor

sephadex G-100 gel permeation chromatography
gted A-1& Btk 25 &2 143%0l9 2
o, Fatge 18 KDaolgeh A-12 arabinose,
galactose, rthamnose® TAEL, sulfate® E3
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