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Abstract

Blood compatibility of polyamides has been improved by introducing amido-amine groups in polymer backbone. Polyamide
block-copolymer are synthesized by reacting amine end-capped polyamides with N,N0-methylene-bisacrylamide. Polyamide block-
copolymers, thus produced found to have the ability of absorbing heparin. Heparinized polyamide block-copolymers have shown
significant improvement in blood compatibility as evident from thrombus formation and hemolysis studies.
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1. Introduction

Blood compatibility is the major problem in develop-
ment of biocompatible polymers. Several techniques
have been employed to improve blood compatibility of
the polymers [1-9]. Usually, a large amount of heparin is
administered periodically to prevent the thrombus
formation. Heparin administration is quite successful
method of preventing blood coagulation. To avoid
excess heparin administration, many researchers have
attached heparin to the polymer surface by ionic or
covalent bonding [10-12].

It has been shown that polyamido-amines possess the
ability to selectively adsorb heparin from plasma or
blood giving stable complexes without any adverse effect
on plasma proteins and blood cells [13,14]. Polyamido-
amines are prepared by nucleophillic addition of
diamines to acryloyl piperazine. These materials as such
have little significance in biomedical fields due to their
poor mechanical properties [15]. Azzuoli et al. [16]
grafted polyamidoamine chains onto the surface of
polyurethane. Heparin formed complexes onto
the surface with polyamidoamine-g-polyurethane,
which improved the blood compatibility of polyur-
ethane. Barbucci et al. [17] coated different commercial

materials such as polyurethane, PVC, glass, etc. with
a well-characterized biomaterial PUPA (a copolymer
of polyurethane and polyamidoamine) to improve
hemocompatibility.

Yang et al. [18] has grafted dimethyl-aminoethyl-
methacrylate (DMAEMA) onto styrene-butadiene-
styrene (SBS) tri-block copolymer membrane by
UV-radiation induced graft copolymerization. The
substituted amino groups were quarternized by
iodomethane and subsequently it was heparinized.
They found that with increasing graft amount and the
heparin content, the surface tension and water content
of the graft copolymer membrane increased. The
amount of the adsorption of albumin and fibrinogen
decreased with increase in the graft amount and the
heparin content.

From the above studies, it can be concluded that
heparinization is one of the best techniques to prepare
anti-thrombogenic polymer. Heparin can easily be
attached with tertiary amine groups. In the present
study, attempts have been made to improve the blood
compatible of polyamides by incorporation of amine
groups in the backbone followed by heparinization.

2. Materials and methods

Caprolactam was obtained from GS Chemicals
(India) and was purified by re-crystallization twice from
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cyclohexane. N,N0-methylene diacrylamide and 1,6-
hexamethylene diamine (E. Merck, Germany) were used
without any further purification. Sodium salt of heparin
(1000IU) was obtained from Gland Pharma (India).
Glutaraldehyde (25% solution) of Reidel-de-Haen,
Germany was used. Commercially available Bright
nylon-6 (Tufnyl SB-4000) of SRF Ltd., India was
procured from market and used as a reference material.
All other chemicals of laboratory grade such as acetone,
formic acid, m-cresol, sodium hydroxide, ethanol, etc.
were used in the study.

2.1. Synthesis

Copolymers were prepared by a two-step process. In
the first step, low molecular weight amine end-capped
polyamides were prepared from caprolactam by ring-
opening polymerization. In the second step, these low
molecular weight polyamides were further polymerized
with N,N0-methylene-diacrylamide.

2.1.1. Preparation of poly amide
Low molecular weight polyamide (PA6) samples were

prepared by ring-opening polymerization of caprolac-
tam (CL) using water as catalyst as described by
Sorenson and Campbell [19]. Hexamethylenediamine
(HMDA) was added to control the molecular weight of
the resulting polymer and to obtain the amine end-
capped polyamide (PA6). In a typical experiment,
caprolactam, 56 g (0.5 M) was melted in a tube and was
mixed with HMDA, 0.875-7.0 g (0.0077-0.0614 M).
Water (1ml) and acetic acid (0.2 ml) were added to the
reaction mixture and tube was sealed under nitrogen
atmosphere. Polymerization was carried out at
250 7 51C for 6h in a metal bath. Tube was cooled
and opened carefully. Reaction tube was reheated to
250 7 51C for 2 h under a stream of nitrogen to flush out
the water for getting the amine end-capped polyamides
of desired molecular weight. Then the tube was removed
from the metal bath and the molten polymer was poured
into a petri dish. To prepare the polyamides of different
molecular weights, CL/HMDA molar ratio was varied
from 8 to 64.

2.1.2. Preparation of copolymers
Block copolymers were prepared by addition of

various amine end-capped polyamides to N,N0-methy-
lene-diacrylamide (MDA). In a typical experiment, PA6
(25 gm) was dissolved in m-cresol (150 ml) in a two-
necked round bottom flask equipped with nitrogen inlet,
condenser and magnetic stirrer; MDA (3.785-0.525 g,
equimolar to HMDA added during the polyamide
synthesis) was added to the flask. Polymerization was
carried out in nitrogen atmosphere at 1001C for 24 h in
the presence of acetic acid (2 ml) as catalyst unless
otherwise specified. Polymer was precipitated by pour-

ing the resulting viscous solution into a B2% dilute
aqueous solution of sodium hydroxide and then the
polymer was washed with acetone and subsequently
dried.

2.2. Elemental analysis

The polyamide and its block copolymer were analyzed
for determining the percentage of carbon, hydrogen and
nitrogen. Analysis was carried out using 240-C Perkin
Elmer elemental analyzer.

2.3. Viscosity measurement

The effect of various reactants and reaction condi-
tions on the resulting polymer was followed by
determining the intrinsic viscosity of polyamides and
its block copolymers. Viscosity of polymer solution in
formic acid (85%) was measured at 25 7 0.51C using
Ubbelhode viscometer. Intrinsic viscosity was deter-
mined by plotting viscosity at various concentrations of
solution and then extra-plotting to zero concentration.

2.4. Preparation of heparinized polyamide films

Thin films of nylon-6 and polyamide block copoly-
mers were prepared by melt pressing at 220-2301C and
180-1901C, respectively. Thickness of the films varied
from 0.2-0.3 mm. Films of polyamide block copolymers
with CL/HMDA molar ratio 32 were washed with water
and ethanol and then equilibrated with saline solution
(0.9% NaCl solution in water) for 12 h. Sodium salt of
heparin (1000 IU) was diluted 20 times with 1:1 water/
ethanol mixture containing 2% acetic acid. Films were
treated with diluted heparin sodium solution at room
temperature for 12 h. Treated films were immersed in
5% aqueous solution of glutaraldehyde for 2min,
washed with water followed by ethanol and dried at
room temperature in vacuum desiccator.

2.5. Surface studies

2.5.1. Contact angle
Contact angle formed by a drop of distilled water on

the surface of copolymer films was determined using
Rame goniometer model 100-00-230.

2.5.2. X-ray photoelectron spectroscopy (ESCA/XPS)
ESCA is sensitive to the upper 30-100 A layer. A

physical electronics PHI Model 1800 ESCA spectro-
meter was used. Spectra were recorded using Mg Ka

radiation (1253.6 eV) at 400 W. In order to avoid
inelastic scattering, the ESCA experiments were per-
formed under high vacuum (approximately 10~9Torr).
The resolution of instrument was 1.0 eV.
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2.6. Thrombogenicity assay

Thrombus formation studies were carried out using
in-vitro ‘‘kinetic method’’ developed by Imai and Nose
[20]. ACD human blood was used for this purpose.
ACD blood was prepared by adding 1 ml of acid
citrate dextrose (ACD) solution to 9 ml of fresh human
blood. ACD solution was prepared by mixing 0.544 g of
anhydrous citric acid, 1.65 g of trisodium citrate
dihydrate and 1.84 g of dextrose monohydrate, to
75 ml of distilled water. Before conducting the
test, polymer films were hydrated to equilibrium in
saline water (0.9% sodium chloride solution in
water) and kept at 371C in a constant temperature
water bath in petri dishes. ACD human blood (0.2 ml)
was placed onto each film. Blood clotting was initiated
by adding 0.02 ml of M/10 calcium chloride solution and
mixing it properly by Teflon stick. Clotting process was
stopped by adding distilled water (5 ml) after 15, 30 and
45min. Clot formed was fixed in 36% formaldehyde
solution (5 ml) for 5min. Fixed clot was washed with
distilled water and blotted between tissue paper and
weighed.

2.7. Hemolysis assay

Polyamide films were cut into small pieces. ACD
human blood (0.2 ml) was added to each sample
(150 mg) that has been equilibrated in normal saline
for 30min at 371C. After 10min, 4 ml. of saline water
was added to each sample to stop the hemolysis and
these samples were incubated for 60min at 371C.
Positive and negative controls were produced by adding
0.2 ml of human blood to 4 ml of distilled water and
saline water, respectively. After incubation, samples
were centrifuged. Optical density of the supernatant was
measured at 545 nm. The percent hemolysis was
calculated as follows.

% Hemolysis
OD of test sample — OD (—) control

~ OD ðþÞ control - OD (-) control
100:

3. Results and discussion

3.1. Polymer preparation

Polyamides of different molecular weight are prepared
by ring opening polymerization of caprolactam (CL) in
the presence of water as catalyst. 1,6-Hexamethylene-
diamine (HMDA) is used in the preparation to get
amine end-capped polyamide. Due to functional group
imbalance caused by addition of HMDA, low molecular
weight polyamide-6 is formed. Molecular weight of the
polyamide increased with the increased ratio of CL to
HMDA. Molecular weights of all polyamides deter-
mined by viscosity measurement are shown in Table 1.
Molecular weights calculated from feed are close to
experimental values for polymers with low level of
HMDA. The difference in theoretical and experimental
values of molecular weight may be due to unknown
values of 'K' and V for amine end-capped polyamides.
Molecular weight is calculated using 22.6 x 10~3ml/g
and 0.82 values for 'K' and 'a' respectively which are
reported for nylon-6 [24].

Polyamide block copolymers (PABC) were prepared
by polyaddition of amine-end-capped polyamides onto
the N,N0-methylene-diacrylamide (MDA). Quantitative
elemental analysis was carried out to find the participa-
tion of reactants (amine end-capped diamine and MDA)
in the reaction. Ratios of carbon, hydrogen and nitrogen
in all polyamides and block copolymers were deter-
mined (Tables 1 and 2). Values for these elements were
also calculated from the feed and are shown in
parentheses along with experimental values. Experimen-
tal values of nitrogen/carbon ratio (N=C) of all
polyamides are in well agreement with theoretical
values. It may be concluded that reactants goes into
reaction completely in the ratios as taken in feed.

The effect of reaction conditions on the viscosity of
resulting block copolymer was studied (Table 3). The
addition of primary and secondary amines to various
diacrylamides has been extensively studied [21-23]. Imai
et al. has shown that acetic acid has catalytic effect on
polyaddition of aromatic amines to bisacrylamides [23].
In the present study also, acetic acid has been found to

Table 1
Viscosity of amine

Polyamide

PA1
PA2
PA3
PA4

end-capped polyamides

CL/HMDA ratio

8
16
32
64

n] (dl/g)

0.096 7 0.010
0.136 7 0.012
0.212 7 0.013
0.32170.018

Viscosity
average mol. weight

1600
2450
4200
7000

Calculated
mol. weight

1020
1924
3732
7348

Elemental ratios

H=Ca

1.92 (1.93)
1.88 (1.88)
1.87 (1.86)
1.86 (1.85)

N=Ca

0.19 (0.19)
0.19 (0.18)
0.18 (0.17)
0.18 (0.17)

aCalculated values from feed are given in parentheses.
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Table 2
Effect of size of polyamide block

Polyamide block copolymer

on intrinsic viscosity of copolymer

Polyamide used

synthesized

[».

at 1001C in

] (dl/g)

24 h

Elemental

H=Ca

ratios

N=Ca

PABC1
PABC2
PABC3
PABC4

PA1
PA2
PA3
PA4

Insoluble
Insoluble
2.24 7 0.07
1.17 7 0.04

1.82(1.87)
1.80 (1.85)
1.80 (1.84)
1.78 (1.84)

0.20 (0.20)
0.18 (0.18)
0.17 (0.18)
0.17 (0.17)

aCalculated values from feed are given in parentheses.

Table 3
Effect of reaction conditions on the viscosity of polyamide block
copolymer prepared from PA3

Acetic
acid (v/w, %)

Temp. Hydroquinone
(w/w, %)

M (dl/g)

Nil
100
100
100
75

125

Nil
Nil
0.5
Nil
Nil

2.24 7 0.07
1.10 7 0.05
2.29 7 0.07
0.52 7 0.02
1.02 7 0.04

O - H

R - NH, - H2C - CH = C - NH - CH

1

R-NIL O- I I

YL£ CH = C - NH - CH2 -

show significant catalytic effect on the polyaddition of
amine endcapped polyamide onto the N,N0-methylene-
di-acrylamide (Table 3). This catalytic effect is similar to
that observed in Michael addition. This reaction is an
addition of primary or secondary amines to double
bond activated by electron withdrawing groups like
Michael addition. Hence, reaction is a nucleophillic
addition and likely to follow ionic mechanism (Fig. 1).
Weak acids like acetic acid are expected to catalyze
reaction as shown in Fig. 1.

Bisacrylamides may undergo nucleophillic addition
reaction with amine to give polyamidoamine or free
radical homo-polymerization or both. These competi-
tive reactions are expected to affect end polymer.
Hydroquinone is well known to inhibit free radical
polymerization. Hence, the addition of hydroquinone is
expected to decrease free radical homo-polymerization
and change the viscosity of end polymer. However, in
the present studies, the presence of hydroquinone
(0.5%) does not show any significant effect on the
viscosity of resulting polymer (Table 3). Hence, this may
be due to insignificant contribution of free radical
polymerization. It may be concluded that MDA under-
go nucleophillic addition of amine rather than free
radical polymerization.

Reaction temperature plays a key role not only in
determining the rate of reaction, but also on the
occurrence of a reaction and extent of reaction. In the
synthesis of block copolymer, temperature has signifi-
cant effect on the resulting polymer. It has been
observed that after 24 h, the intrinsic viscosity of
block-copolymers synthesized at 751C and 1251C was
lower as compared to that of copolymer prepared at
1001C (Table 3). Lower viscosity of the copolymer at

O - H

R - NH - H2C - CH = C - NH - CH, -

Fig. 1. Mechanism of addition of amine to activated double bond.

751C might be due to very slow polymerization at lower
temperature. Danusso et al. [21] have also observed
lower molecular weight of resulting polymer from the
polyaddition of 2-methyl-piperazine to 1,4-diacryloyl-
piperazine at higher temperature in aqueous medium.
This anomalous behaviour has been explained by
simultaneous hydrolysis of amide linkages. In the
present case, polymerization was carried out in m-
cresol. Hence, there is no possibility of hydrolysis. Block
copolymer repeat units have structure similar to that of
Mannish bases. Mannish bases decompose on heating to
give enones and amines.

R 2 C O 2 C H 2 2 C H 2 2 N R 0 2 " R - C O - C H = C H 2

þNHR02:

Like mannish bases, copolymer is expected to give
amines and unsaturated amides on heating. Hence,
equilibrium may exist between polyamide and diacryla-
mide on one hand and block copolymer on other hand
as shown below.

H2N-R-NH2 + n H2C=CH-CO-NH-CH2-NH-CO-CH=CH2

-—HN-R-NH-H2C-CH2-CO-NH-CH2-RH-CO-CH2-CH2—-

At higher temperature, rate of polyaddition and
decomposition increases. But the effect of temperature
on the rate of decomposition predominates resulting in
low intrinsic viscosity of the block copolymer.
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The size of polyamide block in the copolymer also
affects the molecular weight and ultimate properties of
the polymer. It was observed that block copolymers
prepared from PA1 and PA2 (PABC1 and PABC2) were
insoluble in any solvent and viscosity of the block
copolymers prepared from PA3 was greater than that of
copolymer prepared from PA4 (Table 2). This difference
is due to the amount of HMDA added during
polymerization of caprolactam to get amine end-capped
polyamide. HMDA introduces primary amine groups,
which take active part in the reaction during second step
of copolymerization. Addition of HMDA to caprolac-
tam gives polyamide with primary amine groups on
both ends of the chain. A primary amine group can add
on to two double bonds. Hence, primary amine end-
capped polyamide can add onto four double bonds as
shown below.

-HN-CO-CH2-CH2\

-CH2-HN-CO-CH2-CH2'

>N-R-N<

/ CH2-CH2-CO-NH-CH2-

^CH2-CH2-CO-NH-

As a result, increasing HMDA content introduces more
primary amine groups and leads to highly branched and
cross-linked insoluble copolymer.

The effect of reaction time was studied in PA4
polyamide. It was observed that initially the viscosity
increased rapidly and then the increase became slow
(Fig. 2). Polymerization time required to attain suffi-
ciently high molecular weight seems to be 24 h, after
which there was no significant increase in the viscosity of
the polymer.

3.2. Surface studies

Interaction of implant materials with tissues
and physiological fluids stimulates body's defense

1,

mechanism. Surface of implant material plays key role
in determining the nature of defense reactions and
biocompatibility. Surface of copolymer films are mod-
ified by heparinization. Surface studies were conducted
by contact angle measurement and XPS studies.

3.2.1. Contact angle studies
Polyamides contain polar groups and are significantly

hydrophilic. With the addition of hexamethylenedia-
mine surface has become hydrophobic and contact angle
of water drops with copolymer films increased with
increase in amine content in polyamide block copolymer
(Table 4). These results showed that hydrophilicity of
the polyamide surface has decreased with increasing
amount of hexamethylene content.

3.2.2. X-ray photoelectron spectroscopy (XPS/ESCA)
The surfaces of polyamide and block copolymers films

were studied by XPS technique. Four spectral peaks at a
binding energy of approximately 160, 286, 400.5 and
533 eV were observed which correspond to sulfur,
carbon, nitrogen and oxygen atoms in the polymer
respectively (Fig. 3).

C1s electrons contributed peak at a binding energy of
286 eV. In polyamides, a prominent shoulder was
observed at binding energy of 285 eV. Two peaks
correspond to two types of carbon atoms present in
polyamides. Peak at 285 eV is due to carbon attached to
carbon or hydrogen atom and peak 286 eV is due to
carbon attached to nitrogen. Prominent peak at 286 eV
shows presence of large number of amide groups on the
film surface. In block copolymer, peak at 286 eV has
further increased that may be due to amine groups
introduced in copolymers. Heparinized polyamide block
copolymers show single peak at 285.5 eV. During
heparinization some amine groups may react with
heparin resulting in shift of peak. Single peak at
285.5 eV in heparinized copolymers may be formed
due to overlapping of two C1s peaks due to C-N and
C-C atoms.

N1s electrons contributed peak at a binding energy of
400 eV. In polyamides, nitrogen is present as amide. In
block copolymers, amine groups were also introduced
that may show a peak at lower binding energy. As a
result, N1s peak becomes broader and shifts to lower
binding energy. After heparinization, copolymer show

0 12 24 36 48
Time (hours)

Fig. 2. Viscosity of PABC4 as a function of reaction time.

Table 4
Contact angle

Polymer

PABC2
PABC3
PABC4
Polyamide

Contact angle (1)

73-76
69-73
61-64
54-56
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Fig. 3. X-ray photoelectron spectra of polyamide ( ),
heparinized polyamide ( ), PABC3 ( ) and heparinized
PABC3 ( F ) .

sharp peak that may be due to covering of amine groups
due heparin attached on film surface through amine
groups.

A peak at binding energy of 533eV due to O1s was
also observed. It was more or less similar and is of little
significance.

Adsorption of heparin of the surface of polyamide
block copolymer is confirmed by appearance of S2p peak
at about 160eV in heparinized polyamide block copoly-
mer. Although, polyamide films were also treated with
heparin, but no S2p was observed. This observation
indicates that heparin does not absorb on polyamides.

3.2.3. Thrombogenicity assay
The weight of blood clot formed at a interval of 15, 30

and 45min with various polyamide films are shown in
Table 5. It was observed that clot formation was quite
faster with polyamide film. Polyamide block copolymer
showed slight decrease in the weight of clot. Surface
properties play an important role at the molecular level

Table 5
Weight of thrombus formed with time

Preparation

Polyamide
Heparinized polyamide
PABC3
Heparinized PABC3

W e i g h t o f t h e t h r o m b u s f o r m e

15min

4874
34 7 4
45 7 5
Nil

thrombus

30min

63 7 6
50 7 7
59 7 4
Nil

formed (mg)

45min

82 7 8
76 7 6
70 7 5
15 7 2

in surface-induced thrombosis [25]. Hydrophilicity is
one such example of surface property that determines
the interaction of plasma proteins with the surface.
Water contact angle is measure of hydrophilicity. As
observed from Table 4, hydrophilicity of polyamides has
decreased upon co-polymerization. Hydrophobicity of
surface may encourage adverse interaction with blood
components via protein denaturation [26]. Ishihara et al.
[27] has recently shown that increase in hydrophilicity
does not have similar effect on blood compatibility.
Hence, slight improvement in blood compatibility of
polyamide on introduction of amine groups might be
due to the adsorption of heparin from blood plasma on
amine groups of polyamide block copolymer film that
appears to retard the blood clotting process. However,
heparinized copolymer films showed marked improve-
ment in antithrombogencity as no blood clotting was
observed up to 30 min. Even after 45 min, the weight of
clot formed was very less. It seems that polyamide block
copolymer form stable complex with heparin and it is
retained on the surface of film. These results are in
agreement with findings of earlier workers for various
polyamidoamines [16,28]. Similar effect has not been
observed on heparin treatment of polyamide films.
Small decrease in blood clotting observed in heparin
treated polyamides might be due to loosely held heparin,
which remains on the films after the treatment.

3.2.4. Hemolysis
Hemolysis of the blood is another problem associated

with the bio-incompatibility of material [29]. Red blood
cells hemolyse when come in contact with water. This
problem may be aggravated in the presence of an
implant material. Effect of block-copolymers and
heparinization on the hemolytic activity of polyamide
was evaluated. Results obtained for hemolysis of ACD
blood with polyamide and copolymers are shown in
Table 6. Autian [30] has reported that up to 5%
hemolysis is permissible for biomaterials. It is observed
that hemolysis is less than 1% and not significant with
any of the polymer used. It may be concluded that
polyamide and polyamide block copolymers are com-
parable and can be used as biomaterial without causing
any hemolysis.

Table 6
Hemolysis of blood by polyamides and its block copolymers

Sample Optical density
at 545 nm

Hemolysis (%)

Water
Saline
Polyamide
Heparinized polyamide
PABC3
Heparinized PABC3

5.01
0.01
0.05
0.03
0.04
0.04

+ ve
—ve
0.8
0.4
0.6
0.6

control
control
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4. Conclusion

Polyamides block copolymers containing amine
groups have been synthesized by addition of amine
end-capped polyamides to bisacrylamide. These copo-
lymers form complex with heparin. Heparinized poly-
amide block copolymers have shown significant
improvement in blood compatibility.

Acknowledgements

This work has been supported by Board of Research
in Nuclear Sciences, Department of Atomic Energy,
Government of India.

References

[1] Kelly AM, Mark HS, Joseph ES, Larry KK, Mark EM.
Preparation and characterization of hydrophobic polymeric films
that are thromboresistant via nitric oxide release. Biomaterials
2000;21(1):9-21.

[2] Tanaka M, Motomura T, Kawada M, Anzai T, Kasori Y,
Shiroya T, Shimura K, Onishi M, Mochizuki A. Blood
compatible aspects of poly(2-methoxyethylacrylate) (PMEA)F
relationship between protein adsorption and platelet adhesion on
PMEA surface. Biomaterials 2000;21(14): 1471-81.

[3] Qiu YX, Yu XJ, Feng LX. Synthesis and characterization of
amphiphillic and microphase-separated graft copolymers. 1.
Synthesis and bulk characterization of polystyrene-graft-stearyl-
poly(ethylene oxide). Macromol Chem 1992;193:1377-86.

[4] Ji J, Feng LX, Qiu YX, Yu XJ. Stearyl poly(ethylene oxide)
grafted surfaces for preferential adsorption of albumin Part 2. The
effect of molecular mobility on protein adsorption. Polymer
2000;41(10):3713-8.

[5] Bos GW, Scharenborg NM, Poot AA, Engbers GHM, Beugeling
T, Van AWG, Feijen J. Blood compatibility of surfaces with
immobilized albumin-heparin conjugate and effect of endothelial
cell seeding on platelet adhesion. J Biomed Mater Res 1999;
47(3):279-91.

[6] Uchida K, Yamato M, Ito E, Kwon OH, Kikuchi A, Sakai K,
Okano T. Two different types of nonthrombogenic surfaces: PEG
suppresses platelet adhesion ATP-independently but HEMA-St
block copolymer requires ATP consumption of platelets to
prevent adhesion. J Biomed Mater Res 2000;50(4):585-90.

[7] Korematsu A, Li Yu-Jun, Murakami T, Nakaya T. Synthesis and
blood compatibilities of novel segmented polyurethanes contain-
ing phosphatidylcholine analogous moieties in the main chains
and long-chain alkyl groups in the side chains. J Mater Res
1999;14(9):3789-98.

[8] Korematsu A, Tomita T, Kuriyama S, Hanada T, Sakamoto S,
Nakaya T. Synthesis and blood compatibilities of novel segmen-
ted polyurethanes grafted phospholipid analogous vinyl mono-
mers and polyfunctional monomers. Acta Polymerica 1999;
50(10):363-72.

[9] McClung WG, Clapper DL, Hu S-P, Brash JL. Adsorption of
plasminogen from human plasma to lysine-containing surfaces.
J Biomed Mater Res 2000;49(3):409-14.

[10] Chen Z, Zhang R, Kodama M, Nakaya T. Anticoagulant surface
prepared by the heparinization of ionic polyurethane film. J Appl
Polym Sci 2000;76(3):382-90.

[11] Young JK, Inn-Kyu K, Man WH, Sung-Chul Y. Surface
characterization and in vitro blood compatibility of poly(ethyle-
neterephthalate) immobilized with insulin and/or heparin using
plasma glow discharge. Biomaterials 2000;21(2):121-30.

[12] Mollnes TE, Videm V, Christiansen D, Bergseth G, Riesenfeld J,
Hovig T. Platelet compatibility of an artificial surface modified
with functionally active heparin. Thromb Haemostasis 1999;
82(3): 1132-6.

[13] Ferruti P, Domini I, Barbucci R, Beni MC, Dispensa E,
Sancasciani S, Marchisio MA, Tanzi MC. Heparin absorbing
capacities at physiological pH of three poly(amido-amine) resins,
and of poly(amido-amine)-surface-grafted glass microspheres.
Biomaterials 1983;4:218-21.

[14] Tanzi MC, Tieghi G, Botto P, Barozzi C. Synthesis and
characterization of poly(amido-amine)s belonging to two different
homologous series. Biomaterials 1984;5:357—61.

[15] Tanzi MC, Rusconi L, Barozzi C, Ferruti P, Angiolini L,
Nocentini M, Barone V, Barbucci R. Synthesis and characteriza-
tion of piperazine-derived poly(amido-amine)s with different
distribution of amido- and amino-groups along the macromole-
cular chain. Polymer 1984;25:863-8.

[16] Azzuoli G, Barbucci R, Benvenuti M, Ferriti P, Nocentini M.
Chemical and biological evaluation of heparinized poly(amido-
amine) grafted polyurethane. Biomaterials 1987;8:61-6.

[17] Barbucci R, Albanese A, Magnani A, Tempesti F. Coating of
commercially available materials with a new heparinizable
material. J Biomed Mater Res 1991;25:1259-74.

[18] Yang JM, Jong YJ, Hsu KY, Chang CH. Preparation and
characterization of heparin containing SBS-g-DMAEMA copo-
lymer membrane. J Biomed Mater Res 1998;39:86-91.

[19] Sorenson WR, Campbell TW. In: Preparative methods of
polymer chemistry. New York: Interscience, 1968. p. 344.

[20] Imai Y, Nose Y. A new method for evaluation of antithrombo-
genicity of materials. J Biomed Mater Res 1972;6:165-72.

[21] Danusso F, Ferruti P. Synthesis of tertiary amine polymers.
Polymer 1970;1 1:88-113.

[22] Ferruti P, Marchisio MA, Barbucci R. Synthesis, physico-
chemical properties and biomedical applications of poly(amido-
amine)s. Polymer 1985;26:1336^8.

[23] Imai Y, Ueda M, Sato Y. Synthesis of polyamido-amines by
polyaddition of aromatic diamines to N,N0-methylenediacryla-
mide. Makromol Chem Rapid Commun 1981;2:173—5.

[24] Kurata M, Tsunashima Y, Iwama M, Kamada K. In: Polymer
handbook. New York: Interscience, 1966, p. IV-27.

[25] Raghavachari M, Tsai H, Kottke-Marchant K, Marchant RE.
Surface dependent structures of von Willebrand factor observed
by AFM under aqueous conditions. Colloids Surf B: Biointerfaces
2000;19(4):315-24.

[26] Sharma CP, Sheela MK, Chandrasekhar V. Bull Mater Sci
1985;7(1):75-7.

[27] Ishihara K, Iwasaki Y, Ebihara S, Shindo Y, Nakabayashi N.
Photoinduced graft polymerization of 2-methacryloyloxyethyl
phosphorylcholine on polyethylene membrane surface for obtain-
ing blood cell adhesion resistance. Colloids Surf B: Biointerfaces
2000;18(3-4):325-35.

[28] Tanzi MC, Barozzi C, Tieghi G, Ferrara R, Casini G, Tempesti F.
Heparinizable graft copolymers from chlorosulphonated poly-
ethylene poly(amido-amine) segments. Biomaterials 1985;6:273-6.

[29] Shim D, Wechsler DS, Lloyd TR, Beekman RH. Hemolysis
following coil embolization of a patent ductus arteriosus.
Catheterization Cardiovasc Diagn 1996;39(3):287-90.

[30] Autian J. Biological model systems for the testing of the toxicity
of biomaterials. In: Kronenthal RL, Oser Z, Martin E, editors.
Polymer science and technology, vol. 8: polymers in medicine and
surgery. New York: Plenum Press, 1975. p. 181.


