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B OE T T R AL BE (PPMM ) b 4% 1 0% B R 5 B2 i 3 1 (LDL) WY RE T, BB T — A3 2% 9 PPMM
I [ E IR A T7 k. BT RGN R IR AR & il B W Mem AL, L2 e o (A B R R R
M [E E T PPMM LT, 2R 15 K 1 T R AL #Y PPMM. ATR-FTIR #1 XPS 23 87 8 3IE 11 4 ik A2 v JIE 3% 17 4 AT %
A B3 9 8 A SR T 2 7K 4 Ml 7 000 0 0L /N 28 B 52 3y, 28 %8 1 3R 1 T I A T 0 S e R ol A
P, K BUAE T 3 62 AL 7. 39 pg/om” B, SR 1T K 42 fil ff 1h (138 £7.2) ° FHEZE(35. 1 £2.7) °, IfL A
PEVE LA B I o LA AIBC S 3 TR BRI 4 K (ELISA) 73 Bt 7T 3R AL TR PPMM X & — TR 45 4 F 3
v LD (0 W B 5 100 0% B A 45 SR F2 W, 22 4k PPMM X LDL (1% Wi Bt £ B W 88 K, HL 3% AL 3% 7R 11 (HSA) 1Y
THBN, UL AT R AL PPMM X LDL B A7 2 45 0 B 1 BE 5 NaCl I8 W RE H5 AT 25 b PPMM 2 i W% B A9 LDL 3%

JB I 2, T W I 254k PPMM Xt LDL 9 W B HL A7 m] 336 .

KGR BWHMALEE, LW, FFRMA, (K% EIRE S (LDL) Wk

W AR i P A% %5 R IS 2 1 (low density
lipoprotein , LDL) 7K 3F- J& T8 5 1 ¥4 77 0 i 1L 45 95
WA Rz~ MR T 2R Ak
P ARG i 9 P LDL iK1 He 5 5 Ak A 4
PR BB ML 3K B 4 1 R 25 LDL, WA S e A
SR B A T 3 6 0 G UL 5 6 VR T T . AR AN AR
PRk 25 LDL 35 A 62 45 1 3¢ 8 95 | XU E g
a7 B R A R I T 4k R e e B
JIF %% S R 4 LDL YL 3¢ (HELP) "' LI K ift 4 94
W B ( DALD) ' & B DALL 46, 1E 3 5 LDL
BT, #8005 AT I 43 B, 8K 5 T I 7 % LDL
FEAT I B 4 0 2 I 4 B 0 P O e, IR e )
£ 0 LDL AT 3 #6105 BF 140 5 43 1 40 18 M, 76 3
AT 4 B I ) S0 LDL A 3 B BL A o B 1Y
PSS

LDL 4374 iF HLPE (43 7 9 B100 4544
Hh A A R O E P R R FORS A R ), BT
T G A B R AR — F e i
e FL A S B SR A T T R I R A
ST AT LA 75 % LDL EL AT ¥ #6108 B 3 B 14 b

BE. Ma 250 ] HF 2 18 i B 2 0% B kL Huang
SR A U SR U T, 2 LA I ) 44
Pyt LDL ELAT 6 3 4 W B4 B . Matharu 260 5@
1t A 2H 2 8 AR T E B 3814 3% T ) A% X LDL
B PN VERE 1% e . DFIR IR R W B 2 [
T o> T AR R T, AT DAY R BRI 3R T AR
A 2 R O YA

RN WAL (PPMM) T HA R4 ) 1k
AE AL 22 R E Tk AN RS AR, 1R AR W o B B A
Z— A H T B K P A i i A A AR
WF ¢ B, 3k 3 T ek M AT DA s H i A
e AT L PPMM Sy S I 58 ok 1 2 7 3
B BT 2R LA [ %2 3 PPMM 21, DL k45 H A AL
SR AR 25 M B LDL 2 A7 36k B 3 4 A0 =
Iy T B AR 2Rl ATR-FTIR (XPS | i 745
IR Sl £ ) R 2 T 20 A5 M BE AT SRAL 8 o
B A 7 W [ 90 %2 ( enzyme-linked immunosorbnent
assay, ELISA) 3 R #F 58 if & /& PPMM 5 LDL #)
AHEAE AT, O 2 T 1M /0N Al 66 B 52 46 25 45 1
2 THT A 100 98 FH 25 1
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1.1 {F5UE

PPMM th 74 [E Membrana A BR A ® 4 7=, 1
fLA2 0.2 pum, fLER AL 75% ; JIF R 44 (Heparin )
Aladdin A&l 7= 5 1-(3- & FER ) -3-4 3k
TR R # (EDC - HCL) | N-F2 55 3% 31 9t 0. i
(NHS) ity 7 b e fb 2= BB A R R 5 B R i
W (TB) AFBEIR S aN B R — B R Al —
by AN R R 30% i AL A VAR L 2
Jiie (CEDA) Wy [ [ 24 4 P Ak 2 500 A PR A 5 0F B
Kot o bR BT ik 20 TR N TE B4R T
A BRI FL = R TR, R B A
DL B3R 3 R 2 B 2. NI TR (AA) O 1 ifg 8 e £k
SRR A BR 2 ) 7 i, 5 P AU 25 1R R A A
FENREH(LDL) , = 95% ,M B Millipore 2\ A ; 4~
My HEH (BSA) , = 96% , 11 pi it 2 9 B 4%
AMRAFE; NIMTE B & H (HSA) Fifk—(TgY) |
oAk = (1gG) Jy Sigma 23 w) 7= i 5 & ML/ MR I3 H
BEH AL 1 3 4 3t

PHI-5000C ESCA X-$§} 2% T 66 3%, &
Perkin Elmer /A &) ; Nexus 470 % %% ik 4 )2 9 21 4p
Y63 , 35 B Thermo Nicolet 2y & ; CTS-200 7Y 3% fih
F A, 7 i R BE R A LA B UV-2450
LHN-RT WA EE B T, H AR B HE 4 ] 5 ELx800 #Y
fifE bR A%, 26 [ BioTek /23 w5 3 & 5 49 4 Ao Wb 134
5% SIRION-100, fif 2% FEI 2% 7] ; &40 63 4 B 4
BE (TR 500 W, F 8 TAEJ K 365 nm) , 525
%= [l
1.2 PPMM RERMZENEEL
1.2.1 AA 7 PPMM K WOLE| EHA RS

DL 2R HUER (BP) ot B, il ik 58 40 (T
500 W, E2 TAEW K 365 nm) B G & 257 B
PPMM | &4 i A 1 2, 1 51 & AA 7€ PPMM
R IERCR G, B FRANT o 28500 73 B 7 v
i) PPMM 7£ 25 mmol/L BP IF B k21 7 91 1% ifd 60
min J5 , £ %5 P BT, BP A 2] PPMM . H]
PRI 3 ~4 s, H Tl FH sk JE 4 e 7, B F
BFEMP,FEAL2mL0.5% ~ 4.0% (V/V)
AA VW, SR AM GRS 15 min J5 R BEE Y FH 2588
FARREDRGE TR E T TS D& .
1.2.2  Z Ry szl

¥ AA R PPMM # T 15 mL /9 HEJE R
L MA 4 mL KB 1K 2 mL pH =5. 6 fFF 5 R

ZEWVA W 2.3 mL 50 mg/mL NHS /KiEW & 1.0
mL 20 mg/mL EDC - HCl K%, RS 5 T 20C
R KV iR 3 B 90 min 4 RS |, FHAT 15 R
MR 3 R, RAR O WP IR
SR 24 hoof BRI 25 88 oK R R TR LT
JE BT AT
1.2.3 RN EE

50 mg JFE% T 10 mL pH =5. 6 IYFrE R
ZE bW R, A 50 mg EDC - HCI & 30 mg NHS
o, e B E A £ RN PPMM 2 A H ]
HIETERTRG RN 24 h, H pH =7.0 (Y@L
AW (PBS) R B EUE, BT R BT TR
& .
1.3 HZEEBEEUZENNE

K TB B 5 T 2 A0 [ a2 420 2 i [
JEJHFZ B PPMM A 5L 85 i B AR 1.4 em (W15 7, &
T 24 L. InA 1 mL 0.2 wt% ) NaCl % ¥ LA
K 1 mL TB Fr¥ 5 TB % F 474 0.2 wit% NaCl
i) 0. 01 mol/L HCI %3, il /i 0. 005% ) TB #7;
WEVRW) YR ¥% 30 min, i R EWIFE S
B TB FE 4 S, B HORCRH 1.5 mL Jf A
1.5 mL 0.2 wt% % NaCl IR & 3457, B A L
L, W AE 631 nm &b (% 02O B2 R 40 A o ith
TR E T R 0 R A B B o 5 ikl
T 1.
1. 4 [RHIRIE

K H ATR-FTIR 4387 el P 2 72 v i 2% 1 56 141
B2 4k, XPS F3 B FF it 2% T8 2H 5 M 45 JC R 1 A %t
o

e FH A6 T 2 000 £ R ) A M A 0
K i P OBUTHT J oty 1 % s T 8035 R L 2 pl
VIR TR VR T I T, P 5 A5 ML TS R o T AR
J5 WAL A 1T AR A5 R S A S K oA T
A EAEY R 5 U & ) SF S
1. 5 LDL &M% Kt 5 Bt IR Bt 35 06
1.5.1 LDL fy W 52

P2 [ € AL HT J A PPMM 85 B 1142 1. 4
em R F, B F 24 LA, KK AE 500 pL AN A
W) LDL (8¢ LDL 5 HSA —JoiR& &AL, Ik
fEpH =7.4 1y PBS H) H M (& 1% BSA 1y
PBS %) Hi— (& 0.1 wt% BSA f# PBS ik
B8 5000 /%) .51 — (FH& 0.1 wi% BSA [y PBS
VS W BE 10000 £%) H135F 60 .30 .60 .60 min, Hif
PR IEE G 1 mL pH =7.4 4 PBS ¥ 3 i, J5 ¥
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W¥:H 5 H TBS W (% 137 mmol/L % NaCl,
1.4 mmol/L ) KH,PO, ,4.3 mmol/L f Na,HPO,
PA K 2.7 mmol/L ) KCI, J§ 1.0 mol/L [ NaOH
WWbRER pH =7.4, F M A 0. 1% #yntii 20)
UE3 . AR RS = — B 24 fLAR
A 500 wL W VAW (2 0.2 mol/L Na,HPO, #i
0.1 mol/L AP MR IR & W) , Z W I 10 min J5 il
A 500 L Z&1E 51 (1 mol/L 5 H,S0, ) , H i b f%
D22 VS W AE 450 nm b B IO BE P47 E 3 I
- 1.
1.5.2  LDL Ay W B 52 56

% 10 wg/mL LDL #11. 0 mg/mL HSA —JC
REEAFEBTHEE 1 h 5, KK EARE
W) NaCl %W rh Uk 3 3, SR 5 2 W B 5 50 5 72
N2 55 2 T R A 9 LDL B &, S A7 I 2 3 IR
B
1.6 MHEFEENEE

Be il AS [\ e 461 /9 LDL 5 HSA i & & [
W, JHBCHERT fE PPMM ST i Hh i) LDL 3547
B, Of 4 15,1 95 J7 300 2 WO B B HSA X
LDL W Bt i) 52 mm 2 22 o D7 F5E Ay 3 %

1.7 /R %6 B 14 g K

PR 2y 20 WL & s /MBIl 5% 55 B4 fish 30 min
Ziftis ) PBS (pH =7.4) % ¥k 2 R, R 5 A
2.5% )% . /PBS W A [E € 30 ming [H E 5
AT £ B 7K sk 5 R 30% (40% |
50% 60% .70% .80% .90% #11 100% B 7, 5 & W
A0 30 min 7K, B 5 DA Al B UL Z I /) A
TE PPMM T 1) 2 B 17 150 .

2 BR5UE

2.1 PPMM REMFZEEEK

WE1 Fros sl 28051k AN EECR A,
Tl A5 4 T 4 SR TN R 1 1 L AT —COOH 3 A1 1y
PPMM ( PPMM-COOH ) ; %% J5 ¥ PPMM-COOH &
B AZE] EDC F1 NHS %W, JE 1 5 5100 e S 1
f) NHS fi§ , B 5 0 &8 1 & i (EDA) )2 i, fifi 3
LA fre 5 1) 0 =X B 300 B 3 T, 2 ok 3 T Y e R
) PPMM ( PPMM-NH, ) ; &% 5 Fif &3 EDC 1 NHS
PR GrF h i R BT G AL, il 2 5 R 1w
¥ B 7 T o8 Tt i B, DA T 2R 1] 30 3 1
19 F M HFZ L PPMM ( PPMM-Heparin) "' %,

1§
—COOH +C—o—N
_, AA - EDC, NHS )
4 UV-induced graft polymerization ~ ° 20°C : 0]
1o0
il
1+ cooun ,—C—O—N;j
PPMM PPMM-COOH 0
] (I_l) (l-l)
4—C—NHCH,CH,NH —C—NHCH,CH,NH—C — P
EDA i Heparin- :
20°C EDC, NHS
K 9 ?
}-C—NHCH,CH,NH }-c—~uen,cH,NH—C— D

PPMM-NH,

PPMM-Heparin

Fig. 1 Scheme of heparin immobilization on PPMM

PPMM-COOH 3 1 () & 2L & &2 /2 5 W JIF R
SEAL W B R 2 —, o]l 1 58 A B A R
AA R e B AR A SR A R T B R R YA
T A 00 R 9 5 3 T JHE 28 1) BT A %5 L IR 2 o
TSR AA MR B 5 ER [ E A R Y R
F.BfHOAA VR H O, PPMM 3% AR BE 5 & 4
KLEDA [ 5 A % B DR e g Ok, AT A R T

REBE R w0 [ 2 k. (0 i TR Ko 7 sh ik
TR, 25 () o BELAE FH L B 1 Ak B i 1 A 1 48
FEVE 15 B SR A S B S R RN ME DL
BOHAT , SEUFZ 75 PPMM 22 16 9 5 2 25 5 o L)
BTy S
2.2 BEREMLFERSFKE

K ATR-FTIR Xf oM iy J 58 5% 1 25 141 7 2%
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Heparin density (mg/ sz)
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AA concentration (vol%)

Fig. 2 Relationship between the AA concentration and the

heparin immobilization density on PPMM

RHEAT T 200, G5 R 3 TR, AA KR,
PPMM 7£ 3413 cm "' 11721 em ™ 4b 43 51 8L T 19
J&F O—H Hil C=0 My 45 I sh W % 5 EDA
G AE 1645 em T 1 1561 em ' Ab 4 B EL T
Pkt Tty A0 e T 7 A9 W i 0, B 1721 em ™' Ak
C = Offy {45 4 2h W e e B 658 0 555, U B AA $2
RIS g B 3 28 EDC NHS {61k )5, 5 EDA 431
HP I e 5 22 100 30 3ok ok i A O . BB R v R
ARG AE 1071 em " AL T IH)E T S=0 )
Xt ik Aof 45 4% 3 W MAC U, U S T TV 3R A AE
HAZ KR F i KRR 50,3400 em ™' Ab Y
Wl A U O A8 3

1561 cm™'—:

3413 cm™! 1071 cm™!

I I N L
2500 2000 1500 1000

Wavenumber (cm )

] : 1
3500 3000
Fig. 3 ATR-FTIR spectra of the membranes: (a) nascent PPMM,
(b) PPMM-COOH (151.43 pg/cm?), (¢) PPMM-NH, (55.74 ng/

cm?) and (d) PPMM-Heparin (7.39 p,g/cmz)

K XPS 20 b T ol o B b R T Ak 2 R
IyEAEAL SR L 4 R 1. G X R, AA
ARG 16 537 eV AbB I T IH)E T O 1s i & 4t
W s FH EDA &1 J5 , 7E 404 eV b8 M T IHJE T N

Is By RGN ST & it R 5. 64% ; 3% 1 [ &

JER G, 53 AIAE 237 eV F1 172 eV AR 3G 1 &

TS 28 F1 S 2p3 KIS TLR T A 0.86% .
Cls

Ols

o

b S2s S2p3

1 1 1 1 1 1 1
700 600 500 400 300 200 100 0
Binding energy (eV)
Fig. 4 XPS spectra of the membranes: (a) nascent PPMM, (b)
PPMM-COOH (151.43 pg/em?), (c) PPMM-NH, (55.74 pg/

em?) and (d) PPMM-Heparin (7.39 p,g/cmz)

Table 1 Chemical composition of the membrane surfaces calculated

from XPS spectra

Molar relative content ( % )

[c] [0] [N] [S]

Membrane sample

PPMM 100 — — —

PPMM-COOH
77.03 22.97 — —
(151.43 p,g/cm2 )

PPMM-NH,
81.15 13.21 5.64 —
(55.74 p.g/cmz)

PPMM-Heparin
70.06  24.75 4.33  0.86
(7.39 p,g/cm2 )

K 5 @75 7 PPMM FlI PPMM-Heparin 5% [ ()
RS K B Sl . T 0L, PPMM 6 T B 5E T 2 5,
AR ik £A WY /N 5 R T % 7. 39
pe/em’ B, A5 K 42 fil /At PPMM (4 (138 =
7.2)°FREZE(35.1 £2.7)°, % ] PPMM-Heparin
A SR 7K 1 B A5 2 oS . A Bl A R
PR3 R, PPMM Y i 25 7K B2 fih A1 328 7 08 /), U
WP 29 THT 232 7K 3 i 1 5
2.3 BFZ1{t PPMM X3 LDL #4 I Bt 5 Bt 0% Bt 47
H

ELISA H7 R HA f2 e Pk O s R 51k
SRAFL A, C T T AW A RS B BT AR B
FHAT A B 5E 22 e Bk — 5 B 5000 45 4t
K ZH B 10000 £ (19 45144 F , R ELISA AR 3k
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Fig. 5 Water contact angle of the PPMM-Heparin

membranes with different heparin densities

RO 5 LDL 7 B E i 0% B i B A R4
LEPEEZR,Y =0.1982 + 1.902X (Y RWEERE, X
9 LDL ¥ B ok BE 5007y g/ mL) 2R PEAH G R 4L
R =0.99902. ix % B o] 1§ By ELISA £ R >k b %%
LDL 7E PPMM 3% [fi W Fff 8 A9 R /s, IR, 3R ATT R
Al ELISA i R >k #F 58 LDL ¥ iF % [& % 0T J5
PPMM 3% [ (14 W% BF . 156 18 155

W 9% 2 B, BF Z AL T LDL f) % BT e Bl 25 A
% T JFF 3R 1B 28 B ) 1 KT 328 4 K B I R
PR KT 7.39 pg/em’® B, R 0 i3
Sy LB B, Xt LDL 5 B i i) 18 K R B B 5 ek
55, 7 2 A% 2 ik 8.45 pg/em’ B, X LDL )
W 8 A T AR A R AE LR BB S R, 3 EF
FAERE N 7.39 pg/em’ BYJE. K 6 &y PPMM J%
PPMM-Heparin X} B2 1 0 9% W LDL (1 45 3 0%
B it £ . DT T 0, P B LDL g 1 i Jk 347 i
& LDL e B (v 38 0 34 0, OF 32 8 fa TR R, s
T Langmuir 8 53537 2 W . 8 (5 55 57K 4k
TF) = 5 5 K 1 A AR B PPMIML 2% T [
SENFR G BRI 0 SRR PE U] 4R A R TR L
ST K 2 400 RS 2 1hT 5 B 1 B2 1] K AH B
VE R (BB 5% 45 S 4 % ¥, PPMM-Heparin %f LDL
B % R A B S s T PPMM. X UiBAE EFE 5,
LDL 7& PPMM-Heparin () W% fft £ A & 5 5% /K 7E
I3 T E AR 0

X T PPMM J PPMM-Heparin Xf —JGIR &
AP LDL B W B o 22 52, 25 SR an il 7 B
- LT Ca) AT UL, 4 445 0 TR A & A
o LDL DL BAK i ¥k B 10 wg/mL KN 28 B, B 4
HSA ¥ B (19 R i 4 K, PPMM % LDL %) 0% Fff &
Z T %, {H PPMM-Heparin % LDL A% W% B & U8 /)

75
g.;{) | —o— PPMM-Heparin (7.39 pg/em?)
0.65 it L

0.60 -
0.55
0.50 -
045
0.40 -
035
030

025
0.20

Adsorbance (at 450 nm)

0 2 4 6 8 10
LDL concentration (pg/mL)

Fig. 6 Adsorption of LDL from single protein solution with
different concentrations on the nascent PPMM and PPMM-

Heparin

B /. 24 HSA ¥ 8 K F) 10. 0 mg/mL i}
(UL LDL 5 HSA [y B2 A5 2 1: 1000, i fi%
FAE® AR b LDL 5 HSA ##k 2 e (1%
AR LDL 5 HSA (% H 524 1:30 ~ 50, /&
I 9 B % R PN I 3% LDL 5 HSA 9 [k 5 25k
1:18 ~30'"2")) ,PPMM X} LDL [ ff & 2 %
/N, T PPMM-Heparin Xt LDL Z 4578 %% K 0% W% B
LRSI SR 58 Ah 4 6O BE VL B 52 T I R AL
Jo B HSA (¥AfRAE pH =7. 4 9 PBS ) At g it
T 00, 45 & B 224k J5 BEEXT HSA (1 W B fig 77 sk
55 , HL B 2% 308 B 00 38 M a5, 24 I R A
WK 7.39 pe/em’ B, JE X HSA (¥ & 1.0
mg/mL) (4 W B 42 24 S & 1 A A 209% . LA B 45 R
6B T PPMM-Heparin %f LDL 1) W fff B A % £
PE. AL, 4R R —oCiR G 8 H BT M h HSA ¥k
BER 1.0 mg/mL AAERF , AN[A] LDL e B X i 3% 1
1 JB R R 7 S e G 7 (b ) TR S5 SR B B
% LDL ¥ BF (1 38 K, BE X LDL B 0 B 2 3% 34 38
K ,fH PPMM-Heparin %f LDL 1 [} 4 4 5% K i 22
W R, ¥ — 5L T PPMM-Heparin % LDL
14 W2 B EL AT e R

PAAS ] B2 19 NaCl s VR Sy U 300, 0 5 ¢
A WA LDL R 47 1 ¥, 45 R an il 8 froi.

M & A 01, PPMM-Heparin 35 [fij - LDL %) i
B £ 8 K, HOBE NaCl ¥k B2 A9 3% 0K T 3% K, (1
PPMM SR b LDL fy B B & 20 i 8 /. 3 Ui B
PPMM-Heparin % 1f W% fff i) LDL 6845 8% NaCl ¥ W
VRN N Sk, LB & Uk 5 NaCl ¥k JE (9 3% K, LDL
BV T kR £ | i PPMM 3 1f W Fff A9 LDL ) ¥k
PI#k NaCl 5 W JE . 3% 32222 i F LDL 4 fi K
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HIE HLA X, A 5 PPMM 3K T A E 9 T R
(il R R R R 2 2 I 1 R AT ) e A i i A
HAREHT, X Pl o AR B AR A 5 s W 0 L A
JECR T3, AT KR 1 [ T PPMM-Heparin 3% i B9
LDL pEM. PL b 45 R & W], PPMM SR ) LDL )
M RS 2 AN BT 396 08 B, — EL W B LDL Jm JBE X DL P
Hz ;1 PPMM-Heparin Xt LDL £7) 0% Fff 2 7T 355 0% f
AL AT R AR AR T A A

Binary protein LDL=10 pg/mL

I PPMM-Heparin
= rPMM

hl[[

10
HSA concentration (mg/mL)

0.7

Adsorbance (at 450 nm)

0.50
045
0.40 |
035

Binary protein HSA=1.0 mg/mL b
B PPMM-Heparin (7.39 pg/em?)
0.30

LIﬂL

0.20
0.15
L.DL concentration (pg!m[.)

0.10

0.05
0.00

Adsorbance (at 450 nm)

Fig. 7 Adsorption of LDL on the nascent PPMM and

PPMM-Heparin from binary protein solution of LDL and
HSA:(a) LDL =10 pg/mL,HSA =0.1,1.0,5.0,10,25
mg/mL and (b) HSA =1.0 mg/mL,LDL=0.5,1.0,5,10
wg/mL

2.4 JI[L/J\*fiE(JﬁM‘T
— e i R T i AR RGBT AT B A T

PPMM- Heparln R ML AR ST, a5 R aniE 9
7. INIET Al DL 3], PPMM 2 1 2 B 1 O i A9 If
/I, 1T PPMM -Heparin 2 [ Ifil. /> iz 5 i %5 2 B
90, HL R T 2R [ 5 A 8 A o2 15 Y
SENFR)ZA A H T /N A AE PPMM 3 T 1Y)
ROBEE. L A, Rl B it /I A 8 9 S AT L 2 22 0. A
PPMM S, IfiL /)M (8] 4 A= B I i) SR AE T2 I |, OF
A O 2 A 32 ph T R T I YRR A M 25 R L
BEIL N 5 1 BT 1 PPMM-Heparin [ 2 1 % B}

B PPMM-Heparin (7.39 ug/em?)
=3 PPMM

03F

0.2

0.1k

Adsorbance (at 450 nm)

0.15 0.25 0.5 1.0
NaCl concentration in PBS (mol/mL)

2.0

Fig. 8 Desorption of LDL from nascent PPMM and PPMM-

Heparin by NaCl solution with different concentrations

F8 I /N B e 5K R ) B BR T, O DL £ A FE B

: l] pn

- I{Jum

Fig. 9  Scanning electron micrographs of adhered
platelets on the membrane surfaces: ( a) nascent
PPMM; (b) PPMM-Heparin (2.34 ;@g/cm2 ) and

(¢) PPMM-Heparin (7. 39 ;,Lg/cmz)

3 #Hit

i YR R AL RIE TR AL SR A =2 R
IO, R JHF 2R [ 2 3] PPMM 31T, H R 3% T AT & A
I8 A %5 L AT LLSE i A 5 AR AT AA Bk
Fr . [ JF 28 i JE B0 238 7P 0 0L 90 AH A8 1k 3
20 U] A0 R, TR T R I E W 7,39 pe/
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em® BF, K3 Ml £ B PPMM [ (138 £7.2)° F & & PR AR T A SR, T
(35.1+2.7)°. LDL W ffF &5 R £, e K5, FH TR SN F 132 DI 3 B 4 i P & 25 LDL.
PPMM Xf LDL #4 W% B} 5 B S 488 K, H W% ffF B A5 %%
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SURFACE HEPARINIZATION OF POLYPROPYLENE MICROPOROUS
MEMBRANES FOR SELECTIVE ADSORPTION OF
LOW-DENSITY LIPOPROTEIN

ZHENG Ximing'>, HUANG Xiaojun®, XU Zhikang’

(' Department of Environment and Architectural Engineering of Wuyi University, Wuyishan 354300
(* MOE Key Laboratory of Macromolecular Synthesis and Functionalization ,

Department of Polymer Science and Engineering, Zhejiang University, Hangzhou 310027 )

Abstract To endow polypropylene microporous membrane ( PPMM) with adsorption selectivity to low-density
lipoprotein (LDL) ,a versatile method was developed to covalently immobilize heparin on the PPMM surface.
This was achieved by grafting acrylic acid (AA) on the PPMM surface by UV irradiation, and subsequent
chemical binding of heparin with ethylenediamine as a spacer. The membrane surfaces were characterized by
attenuated total reflectance Fourier transform infrared spectroscopy and X-ray photoelectron spectroscopy. The
hydrophilicity and blood compatibility of the PPMM surface were improved obviously by the surface
heparinization. Water contact angle of the membrane surface was decreased from (138 +7.2)° for the nascent
PPMM to (35.1 = 2.7)° for the heparinized PPMM with 7.39 pg/cm’ heparin. An enzyme-linked
immunosorbent assay ( ELISA) was employed to analyze the adsorption of the LDL on the nascent and
heparinized PPMMs. It was found that the surface heparinization greatly enhanced the adsorption of LDL both
from single protein solution and binary protein solution containing human serum albumin ( HSA ), and the
heparinized PPMM could selectively adsorb LDL from binary protein solution. In addition, the adsorbed LDL
could be desorbed from the heparinized PPMM with sodium chloride solution, which indicated the adsorption
was of reversibility.

Keywords Polypropylene microporous membrane, Surface modification, Heparinization, LDL adsorption



