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=Abstract= \ ‘ :
Modified Cellulose for Heparin Binder

Won Kyu Lee, Ki Dong Park, Dong Keun Han, Seo Young Jeong, and Young Ha Kim

Heparin binders (Cell-PALA) used for selective heparin removal from blood, were prepared by im-
mobilizing a cationic polymer, poly (allylamine) (PALA), onto cellulose substrate by a novel method.
Their absorbing capacity for heparin was compared with untreated cellulose control using heparin sol-
ution ir vitro. The surface areas of obtained heparin binders and untreated cellulose were 1.36 and 2.
56 pg/cm’, respectively. The amount of bound heparin to PALA immobilized celluloses was deter-
mined to be 0.16~0.30 ug/cm’, which is much higher than that of untreated cellulose (0.03 ug/cm?).

These results suggest that Cell-PALA materials can be utilized for a heparin removal system.

Key words : Heparin binder, surface modification, poly (allylamine) grafted celluloses, PEQ spacer
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28 1. Cell-PALAY H|T= BAE
Fig. 1. Scheme for preparation of Cell-PALA

2. &l el MAH M|z

1) Cell-PALAR| X|Z=

13 1.8 Cell-PALA ¢ Al Z=34-E vepdl ZA 2otk
7] 50 ‘CoAlA] 48 A7t Fok ZHet A=A cellulose Sg&
DMSO9| ¥41X]7] 3 HMDI 21.78 g (0.13 mol)=} stannous
octoateZ 0.25ml A7 & 60 Tl A 2417} uk-&A1 A el
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Fig. 3. Change of NCO content on reaction time in Cell-HMDI
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E1. 7HAE cellulosesS| NCOZ| &2k
Table 1. NCO content of modified celluloses

.| Sample  NCO content (moljg)*
Cellulose -
Cell-HMDI 1.66 x 10*
Cell-TDI 1.40 x 10*
Cell-TDI-PEO1K-TDI 9.00 x 107
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1. NCOZ |7} =&} El cellulose

Cellulose#] hydroxyl”]+= HMDIY} TDI® & & isoc-
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Fig. 4. Change of NH2 content on reaction time in Cell-HMDI
and Cell-TDI

¥ 2. Cellulose beads2| T M
Table 2. Surface area of the cellulose beads

Sample C B (mig
Cellulose 2.555
PALA-grafted celluloses 1.358

NCO#aFo] F7}sle}r} 1204-0] AvbA] Zhashe A&
£ < 9lEd o] AL celluloseol] “12tZ EE NCO7] Alo)
9] 7katv} bridgingel] o)t o2 ALw ),

I 1o 2712 v o R A2 NCOZ17F =43 cellu-
lose®] NCO7| =& A3t 2 FollA] ALl vle)
Zre] HMDI#} ¥H-3-412] 297} 744 ¥-& NCO7| <<
Hepli ok, =3 PEOE £514121 A% 7k & NCO
7] ¥%s velllEd) o] A TDI-PEO-TDIE $#A4T
% cellulosesll 12} E X137 w-Fo| PEO #-=49] A
A ZEAFe 7]A7E JAAF R Qlste] e A F
71 ¢ aRlEEgS Be Al Fagch ALl
TDI-PEO-TDI®] 42 NCO Ao 3k Alaky
(NCO~7] 3§, 4.65x 1093} FT-IR-& ©]43 AAEA
(2250 cm™ el 4] NCO7) 9] B4 == Ful7} vepdoz
galspsded.

2 PALA 7} J2t=EF cellulose

Celluloseo] PALAS 18} ZEA)Dw] cellulosee] 2%
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E 3. PALAZ| J2I=EE cellulose2] NHa7| g-z-;q = LT
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Table 3. NH: content and adsorbed amount of heparin in
PALA-gratfted celluloses

NH: content Heparin binding

‘ Sample

(mol/g) (pg/em?)
Cellulose - 0.024
Cell-PALA10K-I 3.20 x 10° 0.157
Cell-PALA10K-IT 5.66 x 10° 0.163
Cell-PALASSK 9.90 % 107 : 0.170
Cell-PEO1K-PALA10K 439 x 10° 0.293
~ Cell-PEQIK-PALASSK 4,59 x 10° 0.295

NCO712} PALAS] AEde) ol 814l opul7]7} whke-
ste] AgE sl e A olulE free¥t AH 2 Folole
A wgbA sl olw weke] NH7| & ANat SaAdezg
#15}9dr}. 119 4% Cell-HMDI-PALAS] ¥-2 A7}
wE NH:7| 9] &=k asks vehd Zlelo)

nH3- A7kl el A NHe7)9] fege] F7)siclr) 24
A|Z}F o] Fd level off ¥ ¢lc}. =3 PALAE ¥:3% o1&
cellulose -4 5. o] 9} FA13F yh-¢ A 3FS ¥}

PALAZ} 2R 3" )7} A4 cellulose?) NH.7| &
e E 30 Atk A2 PALAS) Exjepo] 27}
gl wteba] NH27|9] 28lZEgo] Frlsle 72 ol
3 Ao 2 0]7-& PALASSKZ} PALA1OK Xt} o}ul~)7}

@o} ululg ofulo] Wo) lolgly| wiFo|v) w3t S

W NCO?] a2 2499 Cel-PEOIK-PALA 7} ¥ &
A ¥& NH7) 9& 2o|3 glid) o] A& vie}
Zto] PEOE =81A17) 2 2.4 celluloses)| 4] ¥R} b2 w
7l Foid 1ol w-g-shEs] AR F A wkE PEO
o) AbE el 71<13te] Deke] NCO 717} PALAS}S]
o] 4ol8 g7 WEoR ALEHc)

3. ool &&=

A3t #5 AAA ) bead ol 2R # v FF
FL v1S 94 Hrtelr] 91814 beado] EHAS 13}
t} ¥ 25 bead®] ¥ 2 AFNEZ, celluloses| PALA
7} A3k 7o) nlA = cellulosee]] ¥l sl A 2F 122 33
o] Ztagd o= TEAIEEY] PALAZ} 12tEE =9)

7] wjFolt}. 538t coupling agentd] £FHo) 2 Td]e

Z W3S Ho)x] gfglt)
23 5% AR ARE 0.609% sl Lo =L
71 F FAA 712 A7t B E HH2le] 3 A xS e}

0.17 T T T T

0.14 -

Heparin bound (ugfcmz)
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L

0.13 | L 1 ]
0 20 40 60 80 100

Immersion time (min)

38 5. AlER2| EXA|Ztol T2 FTieiel Hita
Fig. 5. Heparin-adsorbing amount on immersion time to sam-
ples

ZAlo|th, 602e] Ao w7t F3Hgo] FA Sl
9 7 o] Foj & level off F= AR Hol BE T AR
2 60122 7434 Fr}slc).

PALAZ} 24 EE cellulose?] &=l FEekS E 34
velhfgicl,  CellPALAL0K-I$+  Cell-PALAI0K-II,
Cell-PALASSKE vl s o NH:7| §Heke] 23] A&
F7Ftd el = F3R slg3e) o) A9 W3} gle
< E 4 e, o) s gd=e] #)% bulkydr] af -
PALAS] o}ul7] gtefolv} BAlekelle =A] o 3F& W%
e 2 2vlRic} o)e) s Cell-PEOIK-PALAIO
K, Cell-PEOIK-PALASSK= PEO7} ¢l 7] &2] A|88
o} 26 Ax B2 Ayl F3eks Jehgdc o) §
PEO &+ A1 82) 353 §F3}efo] 953 212 NH7| &
o] ARl 7S ¥} %S Wulk olz} PEOS) Eolo g
A AbE f-EA e FrLE d ==l F2s7|7E 7] Wl
Fog A4 Q4 =R A AAAE o] g3t
82 (plasma) 2 A ¥ (whole blood)ell A]2] #| =&l F2+
& Yk slvk
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A
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dy oy HA=g Addgden F3s7]) 43}
cellulose 7] ol PALAS A 23 up] e 2 74 8}3lo] 3|
g A AR Z A 27 L in vitro 3 S oA F2}
AR S Pt ohg3 2+ AAE At
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cellulosesl] e} EA|AA A z2s}Ach v)xie] 2 Q2
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2% A5 FHdHol oF 128 At} In vitro ¥ 2H-A
o] F3 Ao A5 AHA|zko] 60AA 3L
o ol2x o F3Y =] ok A W) g} 0.16
~0.30 ug/em?® .2 1) A 2] cellulose (0.03 ug/cm?) R} A
SRt F2A5-E vtk

o|Atel AE R A9 I AAA= Zz ¥
2 dgeA AgF e e F4T 7 S AL
2 7€}
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Yoo 2Ry J3PdE Az o2 A A7) 3] cellulose 7] A o] oFeo] & LEA}2L poly (allyla-
mine) (PALA)-S ) 29 vhy o 2 wA 3 ste] 8| wtal A AA) S A28 o2 in vitro 327 £Y ol
A FAAYE Bsled, vlx2] cellulose controle] F25-& wlwatg . A= s A A A <}
u]x) 2] cellulose®] EHA-L 7z} 1.36 2 2.56 m*/g= A A2 A2 xHA ] ¢F 1/2% 7h4vs}
vk, = A xR #5D AAA N FAD A=) oF2 A el =} 0.16~0.30 pglem’ 2 7
28 cellulose (0.03 yg/cm) B} 453 537t =2 F35
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