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Sulfated Modification of Polysaccharides from Allium macrosttemon
Bge. and in vitro Antioxidant Activity
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Abstract: In order to optimize the sulfated modification conditions of polysaccharides from Allium macrosttemon Bge.
(PAM) and to investigate the probability of enhancing antioxidant activity of PAM after sulfated modification, total PAM
was exiracted by ethanol precipitation and three fractional PAMs obtained by chromatography were modified by chlorosul-
fonic acid-pyridine method. The modification conditions were optimized by response surface analysis with the ratio of
chlorosulfonic acid to pyridine ,reaction temperature and time as the factors. The degree of substitution (DS) was tested
by sulfate barium turbidimetric method. The in vitro antioxidant activity of modified product was measured by H,0,/Fe**
and pyrogallol systems. The result showed the optimal conditions were as follows : chlorosulfonic acid to pyridine of 1:3,
reaction temperature of 65 °C and reaction time of 2 h. Under these conditions, the sulfate substitution degree of 0. 470
was obtained. In addition, the in vitro antioxidant assays showed that the antioxidant activity of PAM was enhanced by
sulfated modification.
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Table 1  Factors and levels of response surface analysis
e K- Levels
Factors 1 0 +1

SRR MEE (v:v)

Chlorosulfonic acid to pyridine 13 14 13
RAHRE( C) 50 60 70

Reaction temperature
S fE] (h) s 20 55

Reaction time

1.2.2  BRBRALIR ) 64 %) &

FET A PR B FNVA B B 250 mL = #ike
SIS 19 TOK ML IE |, IR E T ok ERia
B ZU AT P, PR SR IR 4% B 1 Y LL )
BIHZNE A (40 min N 5EIK) o TN 5¢ B2 5 42
UKERTR KR AR 20 CEAARH .
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FEHfFRIL 500 mg 3 [ Z 0% (PAM) |, 43 H( T 30
mL JE7K B P e o o R 1 22 R, SR R A
Bis Ak IR, Fe % 1 5 19 B g ik 8 AR sz o e ] 8 7K
PR o SN 25 B S U B A 2 R

SRIG I A T4 B9 100 mL kK 1, I 1 mol/L 1
NaOH ¥ h A E pH 7.5, N A PSR TEK &
fist 4 CHpE i U8 B UTTERT FRKENT 3 d,
ZRIBAGENT 1 do BT DA AR R Y Tk £
TUHT , DUTE 2L L 25 T 145 20 5 B2 15 Th 2 11 20
A9 (sPAM)
1.2.4 7 6 s BRARBAX ] 2

PR RN L 3ok 3200 00 4%l 65 A 7= 49 40 B 1
Lo N iR

PrifEtiZe iz il Bl 1.0 mol/L i R # s
VSR, I — R G AN [R) A B A B R 0 A E VS VR T
A A FEZR IR K HARFC 10 mL, 2R 5 HA 10
mL 0. 18 mol/L EfRAEW .1 mL 0. 5% WA, 75
SrPIRGHRS] A 2 mL AL O-BH A (10 g
FALBA T 100 mL 0. 5% M) , IRG IR,
ZFIRACE 20 min J5LIZEWEK NS, T 360 nm Ab
D RO AR . DABR IR AR 5 R B A B, RS R 9\ A
b, il bR th £

R ity HEUARC B2 (83000 2+ 0 i 11 22 W IR T Ak AT
AR RR R S i, BORE i 10 mg FHZE IR K I
Je n—E B e £E 2 2= HCL ¥ A 3 mol/L, &f
F,100 C/Kfi% 6 h, 40, WUE e 251, il b=
IR Fe PO ek 25 1, A LIRS, T4tk
VIR BRI E S T 10 mL R i, O TR
50 pL, ¥ MbnaE i 2 iR o bR E fh 2t 5
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W45 22 WE AR o TIE vk BE Ol 4 mg/mL (5 VR
6 %, 4 hm A 0. 75 mmol/L 48 R IAEAW
1 mL,150 mmol/L pH 7.4 PBS 1.5 mL, 8B~ 5 o
JA 0.75 mmol/L FeSO, ¥ 1 mL, &0 1 4557 B
RAT ARG Hrh—45mA 0.01% H,0, 1 mL (i
1), 75— A H,0, CREL3) , L2 KRN FE ik
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Table 2 The results of RSM

ﬁ?{?’?% A B C Dﬁéﬁif
substitution

1 0 -1 -1 0.170

2 -1 0 1 0.395

3 0 0 0 0.436

4 0 0 0 0.419

5 0 0 0 0.427

6 0 0 0 0.445

7 -1 1 0 0.430

8 1 -1 0 0.206

9 0 -1 1 0.189
10 -1 0 -1 0.361
11 -1 -1 0 0.234
12 0 1 -1 0.255
13 1 0 1 0.308
14 1 0 -1 0.293
15 0 0 0 0.435
16 0 1 1 0.293
17 1 1 0 0.271
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Table 3 Analysis of variance

PESAR v 1 2 ‘ ‘ i

Sources of P Degree of 7 F A P A
. Sum of square Mean square F value P value

variance freedom

M7 Mode . . . <0.

% Model 0.15 9 0.017 99.26 0.0001
A 0.015 1 0.015 87.71 <0.0001
B 0.025 1 0.025 151.86 <0.0001
C 1.405 x 1073 1 1.405 x 1073 8.43 0.0229
AB 4.290 x 107 1 4.290 x 103 25.71 0.0014
AC 9.025 x10° 1 9.025 x10% 0.54 0.4858
BC 9.025 x10% 1 9.025 x10% 0.54 0.4858
A? 1.249 x 1073 1 1.249 x 107 7.49 0.0290
B? 0.071 1 0.071 425.09 <0.0001
c? 0.024 1 0.024 144. 85 <0.0001

5%2% Residual 1.167 x 107 7 1.667 x10*
He iR 2% Fitting error 7.840 x 10 3 2.613 x10* 2.73 0.1782
t=}
4lii% % Pure error 3.828 x10* 4 9.570 x 109
BRI Total 0.15 16

Ays B
% 04 % 029,
=04 = 0.4
= 0.3 = 035
i 83 £ 030
=03 / 0%
e g 5
70 o 50 T
- 5 3,
P 0 s 40 1oy
B 0 0 AwE e COMR

(RFREL)

BULE DS ©
oo oooo0
—D) NWW A
NnO NONOWN

A BT - MERE
(AR L)

Bl SEER:MESRAEE(A) SER MRS RERE(B) &R AERES &R E ( C) 3B B #2004 0@ 5z # H E

Fig. 1

Response surface plots showing the effects of chlorosulfonic acid to pyridine ratio and reaction temperature ( A) , chlorosulfo-

nic acid to pyridine ratio and reaction time (B) and reaction temperature and reaction time (C) on the DS
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D3, OV EE 63.45 C, W T[] 2. 07 h, 7E I S5
TR R 0. 474, MR A6 S BRERfE ny 75 fE 1
O, PEPR AR IR MERE =123, NI EE 65 °C, SO I
B8] 2 h, AT B R AR B 0. 470, 55 Fiti A
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FAT SRR PR Z [ A C R o R uE 1w
LT DL AU RE F 22 Bl A R AL A8 1 2% 1 i T A
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Table 4  Scavenging effect of PAM and sPAM on - OH

b .
PAM sPAM PAM-1b
Sample

sPAM- 1 b

PAM-1l a sPAM- 1l a PAM-1II’ sPAM-1II’

W54 ( % ) Scavenging rates 41.01 50.02 8.03

16.45 0.08 11.26 69. 08 72.01
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H,0,/Fe’* " {K Z i i Fenton JZ )i =4 (1) + OH %5 %
HRHEA P e, JUHIEXS PAM-Tla 52 iz K, PAM-
a & i 57 JL-F B A W BR - OH BYAE F (3 BR &
0.08% ) , {H i PR AL AE i = ¥ B e 4 = 31 1. 26%

Vi PR IR AR AG Ui mT e AR B3 i 22 W5 0 A= W 1 1
2.3.2 G ZBERBAUSIRRT G 0, ¢ FTRER

B 228 S A5 3 X 057 [T B R 45 R sk
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Table 5 Scavenging effect of PAM and sPAM on O’

i

. PAM sPAM
Sample

PAM-1b

sPAM- I b PAM-1l a sPAM-1l a PAM-TI’ sPAM-II’

5B Scavenging rates( % ) 51.32 55.02 19.83

22.36 0.04 10. 38 0.035 11.04

H12¢ 5 AT LU Y, 2 F 2280 G R L 18 1 I X 46
K= A AR R AR 0F BRI RIE I3 e
P JuH X PAM-Tla, PAM-IIT’ 510 f% k. PAM-
Ha ,PAM-III" B4R 05 JLF- 1A WEBRAVEH , (BAT
PR ARG i J T s 8 SR B A, U P i 11 22 A B R AL 1B
T i e LA S A A

3 it

ARG R FH S sk TR -G W 3k 3oF e 1 22 W 47
PR A, e ok o 7 1 OGP TR AF 5 T 4% PR 3R X
RPE R R R A T 20461 o 25 I Z AR 44
WIS HET Sl B > A > C, BRI T X2 11 22 8
PRARIBUACE AR, O SRR MHERE (ve v) , [
7SS TR] S0 /), 4 B9 4 PR A A6 W ) e I T 25 2% A
O - SRR MEWE =103, RV 65 °C, BT i) 2
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