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(IPNS) OF POLY(2-HYDROXYETHYL

METHACRYLATE) (PHEMA)

A. K. Bajpai* and Mudita Shrivastava

Bose Memorial Research Laboratory, Govt. Autonomous Science
College, Jabalpur-482 001, India

ABSTRACT

A binary hydrophilic interpenetrating polymer network (IPN) comprising of
polyethylene glycol (PEG) and poly(2-hydroxyethyl methacrylate) (PHEMA)
was prepared and the adsorption of bovine serum albumin (BSA) was carried
out onto the surfaces of the IPNs. The adsorbed amounts of BSA were inves-
tigated as a function of the composition of the hydrogel, pH and ionic
strength of the protein solution. The adsorption of protein was also studied
kinetically and various parameters such as the rate constants for adsorption,
diffusion and penetration rate constants were evaluated. For the assessment of
the antithrombogenic property of the IPNs surfaces, blood-clot formation
tests were performed. 
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INTRODUCTION

Hydrogels are water-swollen macromolecular matrices consisting of poly-
meric chains crosslinked together either covalently or non-covalently and insolu-
ble in water at physiological temperature, pH and ionic strength [1]. The water
imbibing capacity of hydrogels is not only responsive to the pH, temperature and
ionic strength of the swelling reservoir, but also to the chemical architecture of the
network such as chain flexibility, crosslinking density, hydrophilic functionals,
osmotic potential, and free volume. The high water content of the hydrogel not
only imparts soft and rubbery texture to the material, but also develops antithrom-
bogenicity in the polymer matrix because of the lowered free energy of the
hydrated interface [2]. These physicochemical properties of hydrogels enable
them to serve as potential biomaterials in biomedical engineering and allied
fields. 

At present, a wide number and great variety of clinically important hydro-
gels are finding applications as short and long term materials in kidney dialyzers,
blood oxygenators, heart valves, vascular grafts, contact lenses, etc. [3, 4]. All of
these implants and devices contain materials that are recognized by blood as for-
eign; the result is a process of thrombosis often followed by formation of thro-
moemboli. This process generally involves a sequence of protein adsorption steps
followed by blood cell interactions. 

In fact, protein adsorption onto biomaterial surfaces is believed to be the ear-
liest event following implantation. This process is determined by the nature of the
protein, the composition of the biological fluid, and the surface characteristics of
the implanted device [5]. Conditioning with a protein layer can induce a series of
consequential processes which may be beneficial or deterimental to the perfor-
mance of the biomaterial. For instance, the binding of structural proteins such as
fibronectin and collagen can improve the attachment of tissue cells, favoring the
integration of a prosthesis into the host tissue [6]. Conversely, fibronectin and fib-
rinogen have been found to enhance the adhesion of bacterial species such as
Staphylococcus aureus, a common cause of implant-related infection, onto poly-
meric biomaterials [7]. 

Since the first attempt  in 1950s to develop blood-compatible materials with
a negatively-charged surface for artificial vessels [8], continuous efforts to design
biomaterials with superior blood compatibility have been made by various
research groups. For instance, an extremely hydrophilic surface was found to dis-
play minimum protein adsorption and to prevent thrombus formation [9]. This
concept stimulated research in the development of many type of hydrogels which
have utility for constructing blood-contacting surfaces of various medical devices.
Among these approaches, surface grafting with tethered brushes of hydrophilic
polymers, such as polyethylene glycol (PEG), have been found to achieve minimal
interaction with proteins and platelets [9]. Both flexibility and hydrophilicity are
thought to play an essential role in this reduced interaction of brushed surfaces
with blood components due to a steric repulsion mechanism. 
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It has also long been recognized that various plasma proteins offer different
degree of interactions with the biomaterial surfaces and thus lead, to respective
physiological events. For instance, it is known that fibrinogen has a high affinity
for most surfaces [10] and that fibrinogen and γ-globulin (lgG) adsorbed to sur-
faces promote platelet adhesion and activation [11]. In contrast, albumin has been
found to reduce biomaterial surfaces towards thrombogenic reactions [12], in part
due to lack of glycoprotein subunits present on fibrinogen, IgG, and other plasma
proteins that permit platelet membrane binding [13]. 

Thus, looking to the significant consequences of protein adsorption on bio-
material surfaces, we, in the present investigation, are reporting results on the
adsorption of bovine serum albumin (BSA) onto the surfaces of an IPN of poly-
ethylene glycol (PEG) and poly(2-hydroxyethyl methacrylate) (PHEMA). The
selection of PEG as a hydrophilic polymer for synthesizing IPN rests upon the fact
that it is a low cost, water soluble, biocompatible, non-toxic and non-immuno-
genic material and has been extensively employed in biotechnical and biomedical
fields [14]. On the other hand, the HEMA polymers are well known for their vast
biomedical and pharmaceutical applications such as soft contact lenses, wound
dressings, surgical prostheses, blood compatible surfaes, drug-delivery vehicles,
etc. [15]. The protein opted for in vitro adsorption study is BSA which is among
the most abundant proteins in vertebrates and is commercially available at low
cost. BSA has also been widely used in biochemical work as a generic protein. 

EXPERIMENTAL

Materials

Polyethylene glycol (mol.wt. 600) was obtained from Loba Chemie, India
and used as received. 2-Hydroxyethyl methacrylate (HEMA) was obtained from
Lancaster, England and freed from the inhibitor by the method described in the lit-
erature [16]. The monomer was further purified by vacuum distillation at 67oC
and 3.5 mm Hg. Hydroquinone was added to the distillation flask to inhibit poly-
merization during the distillation. The top and bottom 20% fractions were dis-
carded. The middle 60% was stored in a dark glass bottle at 4oC prior to polymer
synthesis. Ethylene glycol dimethacrylate (EGDMA), used as a crosslinker, was
obtained from Merck, Germany and used as received. Potassium metabisulphite
and potassium persulphate (both from E. Merck, India) were used to form a redox
pair and their fresh solutions were always prepared prior to start the experiment.
Double distilled water was used throughout the experiments. 

Preparation of IPN

An IPN has been defined as an intimate mixture of two or more polymers in
which at least one has been polymerized in the immediate presence of other [17].

ADSORPTION OF BSA ONTO POLYMER SURFACES 1125

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
0
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



Following the above definition, the IPN’s were prepared by a redox polymeriza-
tion method. In brief, into a petri dish (diam. 4’, Corning) were added PEG (3.4%
v/v), HEMA (34.5% v/v), EGDMA (2.3% v/v), Ethylene glycol (34.5% v/v, as a
cosolvent), potassium metabisulphite and potassium persulphate (11.5% v/v of
each solution of 0.4M and 0.04M, respectively). The mixture was allowed to poly-
merize for 72 hours and then equilibrated in bidistilled water for a week where it
changed into a soft white circular disc. The swollen IPN was cut into equal sized
buttons (diam. 0.5 cm, thickness 0.18 cm) which were then dried at room temper-
ature for 15 days. Upon drying, the buttons became transparent from white.

For testing the stability of the IPNs, the IPNs were left in a water reservoir in
a swollen state for two weeks and their weights were recorded every day after one
week. It was found that the swollen IPNs gained constant weights after one week
which indicates that neither PEG nor other reacted components of the IPN were
leached-out after optimum swelling. This clearly implies a stable IPN. 

Swelling Measurement

The extent of swelling was determined by a conventional gravimetric proce-
dure. In brief, a preweighed piece (0.10 g) of hydrogel was immersed into a swelling
medium (pH 7.4) and allowed to swell till the equilibrium swelling was attained by
the hydrogel. The swollen piece was then taken out, pressed gently in between two
filter papers to remove excess water and finally weighed. The degree of water sorp-
tion was expressed in terms of the equilibrium water content as given below:

(1)

Blood Compatibility Tests

In order to evaluate the blood compatibility of the IPN surfaces, a blood-clot
formation method was used as described elsewhere [18]. In brief, the IPN samples
were equilibrated with saline water (0.9% NaCl solution) for 24 hours in a con-
stant temperature bath. To these water swollen and equilibrated samples were
added 0.5 ml of acid citrate dextrose (ACD) blood followed by the addition of
0.03 ml of CaCl2 solution (4M) to start the thrombus formation. The reaction was
stopped by adding 4.0 ml of deionized water and the thrombus formed was sepa-
rated by soaking in water for 10 minutes at room temperature and then fixed in
36% formaldehyde solution (2.0 ml) for another 10 minutes. The fixed clot was
placed in water for 10 minutes and after drying, its weight was recorded. The same
procedure was repeated for the glass surface and other IPNs and respective
weights of thrombus formed were recorded. 

Protein (BSA) solution for adsorption experiments were made in 0.5M phos-
phate buffer saline (PBS) at physiological pH 7.4. A fresh solution of BSA was
always prepared for every adsorption experiment. Prior to adsorption experiments,

geldry   theofWeight 

gelswollen  in the water ofAmount 
Content Water mEquilibriu  =
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the IPN buttons were equilibrated with PBS for 24 hours. The adsorption was then
carried out by gently shaking a solution of BSA of known concentration contain-
ing preweighed and fully swollen IPN button. After a definite time interval, the
IPN button was removed and the protein solution was analyzed for the remaining
concentration of BSA by a spectrophotometric procedure (Systronics, Model No.
106, India) as described elsewhere [19]. The adsorbed amount of BSA was calcu-
lated by the following mass-balance equation:

(2)

where Co and Ce being the initial and equilibrium concentrations of BSA solution
(mg/ml), V is the volume of the protein solution and m the mass of the swollen
IPN button, i.e., the adsorbent. 

For  studying the kinetics of the adsorption process the amount of adsorbed
BSA was determined at predetermined time intervals. 

All the experiments were performed in replicate numbers (five) and a fair
reproducibility was always obtained. 

RESULTS AND DISCUSSION

Swelling of IPN Samples

For a complete adsorption investigation a series of IPNs were prepared by
manipulating the feed mixture composition of the IPNs by varying the concentra-
tions of PEG, HEMA, and EGDMA in the feed mixture. The IPNs synthesized
with different compositions and respective water sorption capacities are presented
in Table 1. It is clear from the data that a variation in PEG, HEMA, and EGDMA
clearly and significantly brings about a change in the EWC of the IPNs.

m

V)C(C
BSAAdsorbed eo −

=
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Table 1. Data Showing the Equilibrium Water Content of the IPNs of Varying Compositions

S. No. PEG (% v/v) HEMA (% v/v) EGDMA (% v/v) EWCa

1. 3.45 34.5 2.3 250�6.24
2. 5.75 34.5 2.3 210�4.80
3. 9.2 34.5 2.3 180�2.12
4. 13.8 34.5 2.3 108�1.88
5. 5.75 25.8 2.3 280�3.46
6. 5.75 34.5 2.3 210�2.95
7. 5.75 43.1 2.3 162�1.76
8. 5.75 51.7 2.3 110�2.68
9. 5.75 34.5 1.15 270�1.76

10. 5.75 34.5 2.3 210�1.84
11. 5.75 34.5 3.45 166�2.26
12. 5.75 34.5 4.6 140�1.94

aValues represent the mean ± S.D. of at least triplicate determination.
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The results indicate that when the concentration of PEG increases from 3.45
to 13.8 %v/v, the EWC significantly decreases from 250 to 108. The observed fall
could be attributed to the reason that on increasing the amount of PEG in the IPN
the number of network chains also increases which, in turn, enhances the density
of the IPN. Thus, the IPN becomes more dense in network chains which results in
an entrance of less number of water molecules into the IPN thus decreasing the
EWC. In a similar way the increasing amounts of HEMA and EGDMA suppress
the EWC of the IPN’s. Water sorption results have already been discussed else-
where in detail [20]. 

Concentration Effect and Adsorption Isotherms

To observe the influence of initial concentration of BSA solution on the
adsorbed amounts of protein, the concentration of BSA was varied in the range
from 1.0 to 6.0 mg/ml. The results clearly indicate that the adsorbed amount grad-
ually increases with increasing BSA concentration and finally it attains a limiting
value which is indicative of a formation of a monolayer on the IPN’s surfaces. The
observed findings are quite usual and may be explained by the fact that with
increasing bulk concentration of the protein solution, a greater number of BSA
molecules appear at the interface and get adsorbed over the IPN surfaces. This is a
very common result and has been widely reported. 

More quantitative information about the protein-surface interaction can be
obtained by constructing an adsorption isotherm by plotting the adsorbed amount
of BSA against the residual concentration of the protein solution. The isotherm so
plotted is shown in Figure 1, which implies that it belongs to a typical Langmuir
type curve which is characterized by an initial rising portion followed by a plateau
portion. A similar type of isotherms have been frequently reported in the literature
[21]. 

The affinity of BSA for the IPN surfaces was quantitatively evaluated by
applying the following linear form of the Langmuir equation:

(3)

where Ce is the equilibrium concentration of the protein solution, qe is the amount
of adsorbed BSA, Qo is defined as the mass of the protein adsorbed per unit mass
of adsorbent in forming a complete monolayer (monolayer capacity), and b is a
constant known as the adsorption coefficient or affinity constant. The value of b
has been calculated to be 0.45 cm3 mg-1 from the linear plot drawn in accordance
with Equation 3). When we compare this value of adsorption coefficient with the
values determined for the same protein adsorbing on polystyrene and
poly(styrene-co-ethylene oxide) [22], it is found that a much lower value of b is
obtained in the present system which indicates a low protein adsorbing nature of
the IPN’s surfaces. 
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Effect of pH and Ionic Strength

The influence of pH on adsorption of proteins onto ionic surfaces is of prime
significance as a variation in pH of the system affects the charge profiles of both
the protein and surfaces. In the present investigation, since the adsorbent is an IPN
of non-ionic nature it is, therefore, believed that the extent of BSA adsorption will
be solely determined by the net charge possessed by the protein molecule. To
observe the role of pH in BSA adsorption the pH of the BSA solution was varied in
the range 3.6 to 10.7 and the results are depicted in Figure 2. It is clear from the
results that a maximum adsorption is noticed at pH 5.0 which is near to the isoelec-
tric point of the protein. The observed maximum adsorption at isoelectric point has
been largely reported by other workers [23] and may be attributed to the fact that
BSA molecules form compact structures and more molecules can adsorb in the
given surface area, because the electrostatic repulsions of intramolecules and the
lateral interactions between BSA molecules are minimized in the isoelectric region. 

An interesting and important observation is that the shape of the adsorption
isotherm is appreciably affected by the ionic strength of the medium as shown in
Figure 2. As the figure implies, in the region of acidic pH, the amount adsorbed
increases with increasing ionic strength. For this result the possible explanation may be

ADSORPTION OF BSA ONTO POLYMER SURFACES 1129

Figure 1. Adsorption isotherm of the BSA on the IPN surfaces of fixed composition [PEG] = 5.75
%v/v, [HEMA] = 46.0 %v/v, [EGDMA] = 2.3% v/v, Ionic strength = 0.01 M KCl, pH = 7.4, Temp. =
27 + 0.2oC. 
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that with increasing ionic strength the electrostatic repulsions in the interior of protein
molecules are decreased. This leads protein molecules to form more compact struc-
tures. Moreover, lateral repulsions between adsorbed protein molecules decrease with
increasing ionic strength. Thus, more molecules can adsorb in the given surface area. 

Another interesting feature displayed by the Figure 2 is that with increasing
ionic strength of the protein solution, the optimum pH shifts towards acidic range
as noticed by several other authors also [24]. A possible explanation may be that
with increasing ionic strength, the isoelectric point of BSA may also shift to the
acidic range as BSA is well recognized for its binding property [25]. What actu-
ally may happen is that the salt ions may interact with anionic groups (such as
–COO–, –O– and –S–) and cationic groups (such as –NH+–, –NH3

+, and =NH2
+)

of the protein molecule and thus alter the isoelectric point of the protein. 

1130 BAJPAI AND SHRIVASTAVA

Figure 2. Adsorption isotherms of BSA onto the IPN surfaces at different pH and ionic strengths of
the BSA solution at fixed composition [PEG] = 5.75% v/v, [HEMA] = 46.0% v/v, [EGDMA] 2.3%
v/v, Temp. = 27 + 0.2oC.
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Effects of IPN Composition on Protein Adsorption

A large number of investigations have confirmed the observation that the
composition and organization of the adsorbed protein layer can be varied by
numerous factors relating to the substrate, such as hydrophobicity, sorbed water
content, microphase separation, and surface chemical functionality. As far as the
chemistry of surfaces is concerned, the effect of hydrophilic and hydrophobic bal-
ance of constituent chains in polymer surfaces has been found to play a key role in
influencing  protein adsorption and subsequent platelet adhesion to polymer sur-
faces [26]. In general, a hydrophobic surface offers greater affinity for protein
adsorption then that by a hydrophilic surface and this has been confirmed by a
number of investigators also [27].

In the present study, the effect of PEG content in the IPN on protein adsorp-
tion has been studied by increasing PEG content in the feed mixture of the IPN in
the range 3.4 to 13.8% v/v. The results are shown in Figure 3 which indicates that
the equilibrium protein adsorption decreases with increasing PEG content in the

ADSORPTION OF BSA ONTO POLYMER SURFACES 1131

Figure 3. Effect of PEG content of the IPN on the adsorbed amount of BSA at fixed composition
[HEMA] = 46.0 %v/v, [EGDMA] = 2.3% v/v, [BSA] = 4.0 mg/ml, Ionic strength = 0.01 M KCl, pH
= 74., Temp. = 27 + 0.2oC.
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IPN. This can also be seen from the Figure. A maximum adsorption of BSA (12.6
mg g-1) is observed for that IPN which does not contain PEG. The results can be
explained by the fact that PEG itself is known for its unique physiological behav-
ior in suppressing levels of both protein adsorption and platelet adhesion [28, 29].
Another reason may be that PEG rich surfaces have extreme chain mobility or
excluded volume effects [30], and for a lack of molecular binding sites on PEG for
proteins [31]. The inertness of PEG towards proteins is further confirmed by the
fact that PEG is used to concentrate proteins in blood. Several workers have also
noticed a reduced platelet adhesion and thrombin adsorption with PEG containing
hydrogel surfaces [32]. 

If the above results of BSA adsorption are correlated with the water content
of the IPN’s, then a contradiction is noticed as we have earlier said that a less
hydrophilic surface should display more protein adsorption which is not the case
here. It is, therefore, worth mentioning here that the water content is not only
important, but also the surface mobility and volume restriction which, conse-
quently, determine the state of water (degree of free water fraction over restricted
water), a critical factor influencing blood interactions at polymer interface.
Therefore, it is imperative that a conclusion is not drawn of biocompatibility
based only on water content of polymers. Similar types of observations have also
been reported by other workers [33]. 

The influence of HEMA content of the IPN on the adsorption of BSA has
also been studied by increasing HEMA in the feed mixture in the range 34.5 to
69.0% v/v. The results are depicted in Figure 4, which reveal that the adsorption
increases with increasing HEMA content in the feed mixture. The results can be
explained by the fact that increasing HEMA results in less water content in the
IPN and, therefore, as a consequent adsorption increases. 

The crosslinker employed in the present study was EGDMA which is a
known hydrophobic crosslinking agent. The effect of EGDMA on the adsorption
of BSA has been investigated by increasing its proportion in the IPN in the range
1.15 to 6.9% v/v. The results are shown in Figure 5 which reveal that the
adsorbed BSA increases with increasing EGDMA concentration in the IPN. The
increase in the BSA adsorpton can be attributed to the fact that albumin, which is
identified for containing high hydrophobic domains interact with the hydropho-
bic segments of the crosslinker EGDMA and thus cause adsorption of BSA on
the IPN surfaces as a result of entropic hydrophobic interactions and lyophilic
liquid binding capabilities. A similar type of results have been frequently pub-
lished by other workers [26]. 

Kinetics of Adsorption

Accurate knowledge of the adsorption kinetics under a given set of condi-
tions is a prerequisite for elucidating the mechanisms of many fundamental bio-
logical processes. The process of adsorption of proteins onto solid surfaces
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involves the following three steps [34]: (a) transport of protein molecules towards
the surface by diffusion and/or convection, (b) attachment of protein molecules at
the active sites on the surface, and (c) changes in the conformation of the adsorb-
ing protein molecules. 

In the present study, the progress of the adsorption process is shown in
Figure 6 which implies that the rate of adsorption is almost constant up to 15 min-
utes and then it gradually slows down with time. Actually, the adsorption kinetics
of end functionalized large chains is a two regime process [35]. At the initial
stages, the substrate surface is bare and the kinetics of adsorption is governed by
the diffusion of the chains from the bulk solution to the surface. All the chains that
arrive at the interface are considered to be immediately adsorbed. The mass trans-
port can be interpreted as a Fickian diffusion.The diffusion coefficient can be
determined by the following equation: 

(4)DtC
2

q oπ
=
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Figure 4. Effect of HEMA content of the IPN on the absorbed amount of BSA at fixed composi-
tion [PEG] = 5.75 %v/v, [EGDMA] = 2.3% v/v, [BSA] = 4.0 mg/ml, Ionic strength = 0.01 M KCl,
pH = 7.4, Temp. = 27 + 0.2oC.
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From the slope of the curve drawn between q (adsorbed BSA) and √t, for the
BSA solution at varying concentrations, the diffusion constant has been calculated
and summarized as Table 2. It is revealed from Table 2 that with an increasing con-
centration of BSA solution, the diffusion constants also increase. 

After the initial step, an activation barrier of adsorbed chains is formed
which governs the kinetics because the chains arriving from the solution have to
diffuse across the barrier. Ligowe and Leibler [36] considered a simplified model
where the adsorbed amount approaches exponentially an equilibrium adsorbed
amount qe with time t, introducing a characteristic penetration rate constant (1/T):

1134 BAJPAI AND SHRIVASTAVA

Figure 5. Effect of EGDMA content of the IPN on the absorbed amount of BSA at fixed composi-
tion [PEG] = 5.75 %v/v, [HEMA] = 46.0% v/v, [BSA] = 4.0 mg/ml, Ionic strength = 0.01 M KCl,
pH = 7.4, Temp. = 27 + 0.2oC.
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(5)

The above equation suggests that the second process has an exponential
nature, and the penetration rate may be obtained from the slope of [ln(qe-q)] as a
function of time. From the slope of the straight lines (not shown) the penetration
rate constants have been calculated and summarized in Table 2.

)]t/Texp(1[qq e −−=
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Figure 6. A plot showing the variation of the adsorbed amounts of BSA (mg g-1) with time t, at
varying concentratons of BSA, (�) 13 mg/ml, (�) 4 mg/ml, (�) 15 mg/ml. Ionic strength = 0.01 M
KCl, pH = 74., Temp. = 27 + 0.2oC  (IPN composition as in Figure 1).

Table 2. Various Kinetic Parameters of the Adsorption Process for Varying Concentrations of BSA
Solution

Penetration Rate Constant
Initial BSA Rate Constanta for Adsorptiona Diffusion Constanta

Concentration kp � 102 k1 � 106 D � 107

(mg cm�3) (mg g�1 s�1) (s�1) (cm2 s�1)

3.0 12.0�0.37 3.1�0.28 6.2�0.37
4.0 14.2�0.28 3.3�0.32 8.6�0.84
5.0 15.0�0.48 3.3�0.44 10.2�1.05

aValues represent the mean � S.D. of at least triplicate determination.
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We also calculated the rate constants for adsorption and desorption (k1 and
k2, respectively) from Equation 6 [37]:

(6)

and the data is summarized in Table 2. The results clearly reveal that the rate con-
stant for adsorption (k1) is almost independent of the BSA concentration, thus
confirming the first order nature of the adsorption process. 

Blood-Clot Formation

Also, as mentioned earlier, a thin layer of protein is formed at the blood-
material interface within a few seonds after blood contacts a foreign surface.
Subsequent cellular events, such as adhesion and aggregation of platelets that ini-
tiate clot formation, are most likely mediated by this protein layer instead of by the
material surface itself. Since different IPN’s show different affinity for protein
adsorption, the clot formation must also be a function of the chemical architecture
of the IPN’s and their surface as well. 

The results of blood-clot formation study are presented in Table 3 which
indicate that with variation in the composition of the IPN the weight of the blood
clot also varies. It can be clearly seen in the table that the weight of blood-clot
increases with an increase in HEMA and EGDMA content in the IPN. While an
increase in PEG content results in clot formation of lower weights. It should also
be noted that an IPN without PEG produces a greater weight of blood-clot on its
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Table 3. Weights of Blood Clots Formed on the Surfaces of IPN’s of Varying Compositions

Wt. of Blood-
S. No. PEG (% v/v) HEMA (% v/v) EGDMA (% v/v) clot (mg)a

1. 0.0 34.5 2.3 17.2�0.54
2. 3.45 34.5 2.3 12.4�0.78
3. 5.75 34.5 2.3 10.2�0.62
4. 9.2 34.5 2.3 8.0�0.88
5. 13.8 34.5 2.3 6.2�1.04
6. 5.75 25.8 2.3 8.6�0.86
7. 5.75 34.5 2.3 10.2�0.42
8. 5.75 43.1 2.3 12.0�0.64
9. 5.75 51.7 2.3 14.4�0.34

10. 5.75 34.5 1.15 7.2�0.41
11. 5.75 34.5 2.3 10.2�0.36
12. 5.75 34.5 3.45 12.6�0.79
13. 5.75 34.5 4.6 14.8�0.79
14. Glass surface 19.4�0.81

aValues represent the mean � S.D. of at least triplicate determination.
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surface as depicted in Table 3. This is in accordance with our earlier observation
that an IPN without PEG shows maximum BSA adsorption on its surface. The
weights of blood clots formed on hydrophilic IPN surfaces are much less than that
formed on a glass surface. These results support the hypothesis that the greater the
water content, the larger would be the antithrombogenicity of the materials sur-
face, although it is not universally true. 

CONCLUSION

The polymerization of HEMA in the presence of PEG gives rise to an IPN
with improved water-sorption property. The IPN’s display a varying degree of
swelling with changing chemical architecture of the IPN. Whereas, the swelling
ratio of the IPN decreases with increasing HEMA and crosslinker (EGDMA) con-
centrations in the feed mixture, the IPN shows optimum swelling at 3.45% v/v
content of the PEG while beyond it, the swelling decreases. 

The surfaces of the IPN exhibits affinity for adsorption to BSA molecules
which varies in degree with varying composition of the IPN. It is found that the
adsorption of BSA follows Langmuirian nature. The adsorbed amount of protein
decreases with increasing the PEG content, while it increases with increasing the
HEMA and crosslinker (EGDMA) content of the IPN’s. The adsorption is found
to be sensitive to pH of the protein solution and becomes maximum at the isoelec-
tricpoint (pH 4.8) of the BSA. It is also observed that the shape of the isotherm is
influenced by the ionic strength of the medium and the pH at the optimum adsorp-
tion shifts towards the acidic range when the ionic strength of the protein solution
is higher. 

The BSA molecules adsorb at the IPN surfaces via a three step mechanism,
i.e., diffusion, attachment at the surface, and reconformation. The IPN’s synthesized
show a good degree of antithrombogenicity which depends on the chemical nature
of the surface. Thus, an IPN with higher PEG and lower HEMA and EGDMA
(crosslinker) displays least weight of the blood-clot formed on its surfaces. 
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