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Heparin : NH. OH COOH

Potential Attach- Concentration

ment Groups

(mole/mg hep)
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S0, 3.05%x10°
COOH 1.68 < 10*
NH. 5x108

O SO;H N —-SO;H

Effect of Blocking on
Anticoagulant Activity
10~20% block : minimal loss (APTT)
~ 8% block ! complete loss
10~20% block : minimal loss
> 50% block : no anticoagulant activity

blocking : minimal loss

Fig. 5. Functional groups of heparin
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hollow fiber artificial kidney(HFAK)Z& =l&
F(sheep)ol| A1 xdled & ANE A& o) F
WAk o] 2 =2 (uremic) FAboAl R <) 44
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@) Pol-OH+CNBr+ H;N — 3| 5} 215
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=+ PHEMAo| #4315 &jatel2 Aeld] 7] plas-
ma recalcification timeg& el dlmdo] PVAS
A & gkl g

4) Carbodiimide/s|| T}l

Fh2 8275 343 4)7)= carbodiimide(CDI)
& o) &ab= W o & & 1ethyl-3-(3-dimethylami-
nopropyl)carbodiiimide(EDC)v} 1-cyclohexyl-3-(2-
morpholinoethyl)carbodiimide(CMC)2} 7+e CDI
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Table 2. Bonding heparin to hydrogels

C=NR
Hep—COOH+ [~ ——

, 0
(I? /NR Il
Hepr~O~C\ ~——s»Hep—C—NH-—Pol
NHR’
+NH;—Pol

O Pol — OH + CNBr + e —~ ACA +CDI+ H,N — &)
bl

A E WYL 15% HEMASL 5% NVPg
Brols fgd guold RAdY FEFRo2
a2 EAA AL FEEAF PHEMAS =&
A171% CNBrz. $4247 ohe 43 d9ale o
A 8let A} =+ spacer armQl ¢ —amino caproic
acid(e - ACA)E 4241732 Al<3] 4 CDIS 73}
of slztaia FHAYE Fedch B2e 2 FA0
o dskie AHelsld HE niAS vnd Ao

“Active” surface and bonding type

2—0H
Hydrogel 3
OH
0
™~

Hydrogel C=N-HEPARIN

+BrCN O/
Hydrogel O\

+BrCN /C:N“"‘"’COzH

+e-ACA Z-0
Hydrogel O\ G /R

+BrCN = C=N-—C N\

+e-ACA =0 - C

PR
+CDI 0 NH
\Rl

Hydrogel Z}-0 ~ %)

+BrCN C=N ~~C—~NH-HEPARIN

+e¢-ACA 0 -

+CDI

p¢g Heparin
on Film pg Heparin/cm?

(Phys. adsorption) 16.5 1.32
(Bonded directly) 27.1 2.06
(Phys. adsorption) 29.3 2.22
(Phys. adsorption) 5.7 0.44
(Bonded via “arm”) 173 12.60
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Table 3. Antithrombogenic activity of immobilized

samples
Materials Schematic Anti-
Immobilized Representation thrombogenicity
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Albumin BSA
H +
Heparin 2: H:i
+
ATH —Hep %: jIXT m *
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K +
Urokinase 2: EK
AT —Heparin Il\T]]I N UK +++
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Table 4. Estimates of surface heparin loadings
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Ak A 3 e 71EE 10080 49 &
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Ionic bonding

Covalent bending

Heparin Heparin
Surface Concentration Surface Concentration
(ug/cm?) (prg/cm?)
Graphite- 1.6 PVA 13.8
benzalkonium
Various 1.1~186 SBS 93~252
polymer-TDMAC
PET-APTES 0.4 NVP/VA 0.39~3.1
PET-HDPB 1.0 Silicone-CICN 50~100
PU-diamine 0.4~1.8 HEMA/NVP 2.06~12.6
DEAECA 58~63 PU-diaminoalkane 1.27~24
Cellulose-
Ethyleneimine 4~700 PU PEG 1.45~6.6
PVPyr 3 PEUU 24.5~40.4
PU-PAA

4.2~48
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Table 5. Characterization of ionic & covalent coupled heparln
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