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SRR T RN, 38 AR PR S | 3R A A L I I R R B2 A8 AN [R) PV B B0R 0 W BRI 2 g
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Scheme 1 Synthetic routes of the affinity adsorbent with PVI as the ligand
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Fig.3 Kinetic adsorption of ET on the sorbent Fig.4 Adsorption isotherm of the affinity sorbent
2.3.2  WIFIERL  WE THECR GD R 2. 5% WTEVEM MRS ET M4 R L, K3 ET i9%)
BRUEAR T 450 EU/mL I, 2808 BE55) 20 315 A3 R BT i35 i nl e B 25 UL E 19 1 EU/mlL LT,
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2.3.3 WERETRLAN pH (B xR M AR B R e AR AP BN R R X T A I R SR BE 4 R i L
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MEARER 7RISR R B K MRS 3%, AT ET 5 PVI FCHE 2 A4 AR i s K PEAH ELAE T 55
—J5Tl, H4E Debye-Hiickel B, 00 B 15 B Th w2 ET 201 [ XU 2 5 2ol , i BT 5
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Table 1 Effect of NaCl concentration on ET removal from aqueous solution

c¢(NaCl)/ ET concentration/ ( EU « mL -1y Removal c¢(NaCl)/ ET concentration/ (EU + mL ! ) Removal
(mol - L)  Before adsorption  After adsorption efficiency(% ) || (mol - L™1)  Before adsorption  After adsorption efficiency( % )
0 31 0.77 97.5 0.6 31 0.27 99. 1
0. 05 31 0.59 98.1 1 31 1.02 96.7
0.1 31 0.4 98.7 2 31 2.80 91.0
0.2 31 0.5 98. 4 3 31 4.00 87.0
0.4 31 0.43 98. 6

h T G AT BT A MBSt I T VAR P AR FR PR B A AL 5 BSA B X
ET AW BFHAERE, [RIEHA RGEHFGE T WA pH (B X B0 RE A2 (18] 5) . S5 9380, 2444 BSA
FETERT, WX ET B R BRB AT TR, UBHTER AEE T, MR 8 A — e s, 35f
HXF ET (W FHRE 7198055, (5 BSA (R K T 96% 1B LL PVI e K& (4 376 1 W B 0%t ET 4 ek
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R =Y. 10
MW pH =7 B, TG WOh 2 & 71 7 st
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F-08. 5% . i fEHTRPES IR IR 10 S 1 T, W < ’
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7 0F, ET 43 FH BB LSS a1k, i s 2r
TR TP EF R ar B>, [, ET 195 o, o, T
T B PO A k™ | TR 5 51 M
oy PV EA R ’ AT AR X 1A 7 3 Fig.5 Effect of pH on ET adsorption from BSA-free
4V B B T B AT buffer(a) and BSA (1 mg/mL)-buffer(b)
24 pH > 7 BF, W BRF 75 A bk s 5 i T P 2 Initial ET content in solution; 31 EU/mL.

fi%, RO N FE R A LBRVERERY TR, i ELZERPEEREE SR A W Ic 3 A T /K 3T B AL 2 A8 T8t AN )
FXF ET A B2

T IRBEIER pK, (K, 2006 ~7, TR, (U2 10% RIBKIEER T4k . fnl A
HED, PVI X ET AR T H /RIS, S AF e AR R (VB AR AR B AR, SR 43T 18] BB K AH B4R
[FIRESXT ET (W RN P~ A AR R A2 . ARTE pH =7 B, & TAFr (pl =5) (19 BSA Wiy i, {HH A
TG K MEAR L ET 55, M2 8 15T 3R T 285 440 fit iy v 3508 3 AR08 7 356 F AR T i, 81 5 i e 1)
AR LU R, W R8s )N, DL BSA B RIS A .
2.3.4  WHEA YR AE A M AE 100 mL & ET 945 0 K LT BT 0. 03 g/ml, ET iRJE
5 EU/mL, pH =7.0) H /il A 200 mg LA, 7637 CHR¥ 6 h, SRI5 HE s &S00 03 LIS, 76
100 CHN# 10 min, BEPRIMEHIR GRSy, Kl ET WeBE. 45 R ISAEZ 50 FIsw hak & ET &2
ST 1 EU/mL, XF ET B98N 87% , efith RAar. Ao b S s i W B i J 138 HP 45 Bl o 19 A8
TR, W B R AP R AR (R 2).

Table 2 Composition of serum before and after ET removal

. Concentration in serum/(mmol + L~1) . Concentration in serum/ ( mmol « L™1)

Component . . Component . .
Before adsorption After adsorption Before adsorption After adsorption

Na 71.0 66. 0 y-GT** 7.0 8.0

K 2.6 2.4 LDH ** 198.0 188.0

Cl 58.0 56.0 Prealbumin * 0. 02 0.02

Ca 2.4 2.2 Creatinine 0. 079 0.074

P 1.2 1.1 Uric acid 0. 033 0. 027

Mg 0.7 0.5 Glucose 1.4 1.3

Bilirubin 0. 0031 0. 0024 Total cholesterol 0.4 0.3

Combined bilirubin 0.0017 0.0017 Triglyceride 0.1 0.1

Total protein * 18.0 17.0 HDL-ch 0.1 0.1

Albumin * 11.0 10.0 LDL-ch 0.2 0.1

Globulin * 8.0 7.0 APO-A™ 0.1 0.1

ALT** 4.0 4.0 APO-B * 0.1 0.1

ASp** 6.0 10.0 APO-E * 0. 001 0. 001

ALP™ 73.0 71.0
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Studies on an Affinity Sorbent with Polyvinylimidazole as
Ligand for Removing Endotoxin

ZHANG Yuan-Yuan', ZHOU Kang’, PING Zheng-Hua'"

(1. Key Laboratory of Polymer Molecular Engineering of Education Minisiry, Department of
Macromolecular Science, Fudan University, Shanghai 200433, China;
2. Zhongshan Hospital, Fudan University, Shanghai 200032, China)

Abstract A novel composite affinity adsorption material bearing polyvinylimidazole ( PVI) as the ligand for
selective removal of endotoxin( ET) was prepared by graft polymerization of vinylimidazole onto silica gel parti-
cles in DMF ( N, N-dimethyl-formamide ). The characteristic bands of imidazole ring at 1500 c¢m ' and
665 cm ™" were detected via FTIR and the grafting degree( GD) of PVI was measured with TGA according to
the weight loss of the sample. The ET adsorption capacity of the sorbents shows dependence on GD of PVI on
the sorbent, and the maximum ET adsorption capacity was attained with GD of 2. 5% . The effects of ionic
strength and pH values of the testing solution on the sorbent performance were also studied. At pH =7 and
ionic strength lower than 1 mol/L the sorbent had the best adsorption ability toward ET even in presence of
BSA. The sorbent shows a good blood compatibility. The adsorption kinetics and the isotherm of the sorbent
were well accorded with the second order equation and Freundlich equation, respectively. The results reveal
the applicability of PVI or other compounds with imidazole group to serve for good ligand in ET removal.

Keywords Endotoxin; Affinity adsorption; Vinylimidazole; Graft copolymerization
(Ed.: D, Z)



