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ABSTRACT: In order to elucidate the interaction between blood platelets and polymer 

surfaces of microdomain structure, block copolymers consisting of hydrophilic chains of 2-

hydroxyethyl methacrylate (HEMA) and hydrophobic chains of dimethylsiloxane (DMS) were 

synthesized. Films of the HEMA-DMS block copolymers exhibiting hydrophilic-hydrophobic 

microphase-separated structures were found to enhance platelet adhesion more than homogeneous 

surfaces of poly(HEMA) or poly(DMS). Platelet adhesion to the block copolymer increased with 

morphological changes in microdomains so long as the HEMA composition of the block copolymer 

· was 0.90 to 0.58. Platelet adhesion also varied with morphological change in the microdomains 

caused by changing the casting solvents, though an identical copolymer was employed. These 

results indicated that platelet adhesion to the HEMA-DMS block copolymer was influenced by 

domain morphology rather than HEMA composition of the copolymers. In spite of the 

enhancement of platelet adhesion, the HEMA-DMS block copolymers effectively suppressed shape 

change and aggregation of adhered platelets. The HEMA-DMS block copolymers were considered 

to have good antithrombogenecity on the basis of inhibition of activation and aggregation of 

adhered platelets. 
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The antithrombogenic property of synthetic 

polymers is influenced remarkably by the balance 

between hydrophilicity and hydrophobicity of 

polymer surface. 1 We propose that the micro

domain structure of polymer surfaces constructed 

of hydrophilic and hydrophobic sites of orderly 

assembled marcomolecules is the most important 

factor for designing effective antithrombogenic 

polymers.2 

We synthesized new amphiphilic block copoly

mers and comb type graft compolymers consisting 

of a hydrophilic monomer, 2-hydroxyethyl methac

rylate (HEMA), and a hydrophobic monomer, sty-

rene (St).3 Films of HEMA-St block copolymers 

formed hydrophilic-hydrophobic microdomain 

structures on their surfaces. Platelet adhesion, an 

important process in the initial stage of thrombus 

formation, was studied in relation to block co

polymer surfaces. The amount and deformation of 

adhered platelets were effectively suppressed on the 

surface of HEMA-St block and graft copolymers. 

This suppressing effect was found to be influenced 

by the shape and size of the microdomain rather 

than by the composition of the copolymers.2 •4 The 

copolymers having microdomain structures of alter

nate lemellae with about 0.05 µm in width exhibited 
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the least adhesion and aggregation. The balance 

between hydrophilicity and hydrophobicity of the 

surface of the hydrophilic-hydrophobic micro

domain structure can be changed by varying the 

surface free energy of the microdomains. In this 

paper, we synthesized new block copolymers con

structed of hydrophilic chains of HEMA and hy

drophobic chains of dimethylsiloxane (DMS) hav

ing a lower surface free energy than polystyrene 

(PSt). The HEMA-DMS block copolymer films 

formed surfaces of hydrophilic and hydrophobic 

microdomain structure. The surface free energy gap 

between hydrophilic and hydrophobic micro

domains of the HEMA-DMS block copolymer is 

larger than that of the HEMA-St block copolymer, 

since the DMS chain is more hydrophobic than the 

St chain. These HEMA-DMS block copolymers are 

suitable models for investigating the influence of 

surface free energy gap on the adhesion behaviour 

of platelets. We estimated the platelet adhesivity 

and shape change of adhered platelets on the 

HEMA-DMS block copolymers. From the results, 

the role of hydrophilic-hydrophobic microdomains 

in interaction of platelets with the copolymer sur

faces is discussed. 

EXPERIMENT AL 

Synthesis of HEMA-DMS Block Copolymers 

The HEMA-DMS block copolymers were syn

thesized by a coupling reaction of the oligomers of 

amino-telechelic oligo(HEMA) and isocyanate

telechelic oligo(DMS). Oligo(DMS) having two iso

cyanate groups at each end of the chain was pre

pared as follows. Hydroxyl-telechelic oligo-DMS 

(Petrarch Systems, Inc., U.S.A., functionality; 2.0) 

was allowed to react with toluene diisocyanate 

(TDI) in toluene at 0°C for 48 h. The quantitative 

introduction of isocyanate groups to both ends of 

the oligo(DMS) under this condition was confirmed 

by IR and isocyanate group titration. Amino

telechelic oligo(HEMA), which has one amino group 

at the chain end, was synthesized by the polymeri

zation of HEMA using 2-aminoethanethiol as a 

chain transfer agent, as described elsehwere.3 •5 

The HEMA-DMS block copolymers were syn

thesized by reacting the isocyanate-telechelic oligo

(DMS) with amino-telechelic oligo(HEMA) under 

the condition of [NCO]/[NH2] = 1.0 in dimethyl

formamide (DMF) at 0°C for 96h. The reaction 
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mixture was precipitated with diethyl ether to re

move the unreacted oligo(DMS) at first, the precipi

tated polymer was then dissolved in DMF-toluene 

and reprecipitated with a methanol-water mixture 

to remove the unreacted oligo-HEMA. 

Analysis of the Microphase-Separated Structure of 

Block Copolymers 

The block copolymers were dissolved in pyridine 

or a DMF-toluene mixture. The concentration of 

the solution was adjusted to 0.5 wt%. The solution 

was cast on a collodion membrane coated with a 

carbon layer and stored at 40°C for 24 h to evap

orate the solvent. The prepared films of the block 

copolymers were then stained with osmium tetra

oxide vapor at 40°C for 24 h in a desiccated glass 

container. The microphase-separated structures of 

the films of the block copolymers were observed by 

a transmission electron microscope (Hitachi, HU-

11). 

Estimation of the Interaction between Polymers and 

Platelets 

The block copolymers were coated on glass beads 

(40-60 mesh, Japan Chromato. Ind.) by a solvent

evaporation technique.6 That is, the block copoly

mer solution was cast on the surface of the glass 

beads which were then stored at 40°C for 24 h to 

evaporate the solvent and then dried under reduced 

pressure. The beads coated with the polymers were 

closely packed in a column (inner diameter; 3 mm, 

length; 10cm) fitted with a three-way cock at the 

column outlet. Canine whole blood extructed from 

juglar veins without anticoagulants was injected 

into the column at a flow rate of 1.2 ml/min for 

1 min using a perfusion pump (Precidol, Model 

5003). The column was previously primed with a 

saline solution to avoid the direct contact of blood 

with air. Eluted blood from the column was col

lected in a bottle containing etylenediaminetetra

acetic acid (EDT A) and the number of platelets 

was counted in order to estimate the retention of 

platelets in the column. 7 •8 After this, the column 

was rinsed with a saline solution at a flow rate of 

1. 9 ml min - 1 for 1 min. The beads packed 2 cm 

downward from the inlet were taken out and fixed 

with a 1.25% of glutaraldehyde-saline solution, The 

beads specimens were freeze-dried, and then sub

jected to scanning electron microscopy observation 

(Hitachi-Akashi, MSM-1001). 
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Table I. Synthesis of HEMA-DMS block copolymers• 

Mole fraction of HEMA 
Yielda 

No. 
Chain length of Chain length of in the block copolymer 

HEMA (M.)• DMS (M.? 
% 

Calcd Found' 

[I] 2,700 2,400 0.56 0.58 30.3 

[2] 3,100 2,400 0.60 0.61 30.4 

[3] 4,200 2,400 0.67 0.67 67.6 

[4) 5,100 2,400 0.71 0.70 38.l 

[5] 7,100 2,400 0.77 0.82 17.4 

[6) 12,100 2,400 0.85 0.90 19.8 

• Determined by amino group titration. 

b Determined from the concentration of hydroxyl groups. 

' Calculated from C¼ of elemental analysis. 

a Yield of the coupling reaction of oligo(HEMA) and oligo(DMS.) 

rH 3 H H H ~H 3 H H H f H 3 

e HffCHz7r,SCH 2CH 2N6N fi NCO( CHz"T}f ~i O 7iji"fCH 2+30CN(jrNBNCH2CH 2sfcH2~)-nH 

W ~3 OC 
1 CH CH I 
OCHzCHzOH 3 3 HOCHzCHzO 

RESULTS AND DISCUSSION 

HEMA-DMS Block Copolymers 

The results of the preparation of HEMA-DMS 

block copolymers are shown in Table I. The calcu

lated composition of HEMA in the block copolymer 

was approximately equal to that determined by 

elemental analysis. The presence of HEMA in the 

block copolymer was demonstrated by the carbonyl 

band at 1740 cm- 1 , the hydroxyl group band at 

3450 cm -l, and many other absorptions in the IR 

spectra. DMS was also contained in the block 

copolymers as indicated by the absorption of Si-C 

stretching vibration at 800 cm -l. The increase in 

molecular weight in the block copolymers was 

confirmed by the rise in intrinsic viscosity (['7] = 

0.37, blcok copolymers [3] of Table I) compared 

with prepolymers of oligo(HEMA) (['7]=0.29) and 

oligo(DMS) (['7]=0.052) in a DMF-toluene (4:6) 

mixed solvent at 25°C. The gel-permeation chroma

togram of the block copolymers was obtained as a 

single peak, indicating that the unreacted pre

polymers of oligo(HEMA) and oligo(DMS) were 

eliminated in the precipitation process. 

Microphase-Separated Structure of HEMA-DMS 

Block Copolymers 

The HEMA-DMS block copolymer composed of 
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hydrophilic chains of HEMA and hydrophobic 

chains of DMS, exhibited the microphase-separated 

structure shown in Figure 1. The films of the block 

copolymers were cast from a mixed solution of 

DMF-toluene (4: 6). The HEMA domains in the 

block copolymers were stained with osmium 

tetroxide. The film of the HEMA-DMS block co

polymer of the 0.61 HEMA mole fraction [2] 

showed a morphology of isolated HEMA domains 

in a continuous domain of DMS, as shown in 

Figure 1-A. The microphase-separated structure 

of the block copolymer containing the 0.67 mole 

fraction of HEMA [3] showed the continuous do

mains of HEMA and DMS in Figure 1-B. This 

is a transitional pattern from Figure 1-A to 1-C, 

whereas the morphology of dispersed DMS do

mains in the continuous domain of HEMA was 

observed in the block copolymer of the 0.82 mole 

fraction of HEMA [5]. 

In the case of the film of HEMA-DMS block 

copolymer [3] cast from a pyridine solution, dis

persed domains of HEMA in the continuous do

main of DMS were observed as shown in Figure 2. 

Figures 1-B and 2 show that the pattern of the 

microdomain structure of the block copolymer [3] 

was altered by changing the casting solvents. The 

morphology of the microdomain can be regulated 

by adopting appropriate casting solvents as well as 
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A B C 2 µ 

Figure 1. Electron micrographs of the microphase-separated structure of HEMA-DMS block copoly

mers cast from a DMF-toluene (4: 6) solution and stained with osmium tetroxide. Mole fraction of 

HEMA: A, (0.61) [2]; B, (0.67) [3]; C, (0.82) [5]. 

2 µm 

Figure 2. Electron micrograph of the microphase-sepa

rated structure of the HEMA-DMS block copolymer 

cast from a pyridine solution and stained with osmium 

tetroxide. Mole fraction of HEMA: 0.67 [3]. 
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changing the composition of the block copolymers. 

Adhesion Behaviour of Platelets on the Surface of 

HEMA-DMS Block Copolymer 

Platelet adhesion to the surface of HEMA-DMS 

block copolymer is shown in Figure 3 compared 

with that of the homopolymer surfaces. Fractions of 

about 30 to 40% of the platelets from whole blood 

adhered to both the hydrophilic surface of poly

(HEMA) (PHEMA) and hydrophobic surface of 

poly(DMS) (PDMS) whose surface free energy was 

18 erg cm- 1 . We also comfirmed that PSt, whose 

surface free energy was 32 erg cm - i, showed the 

same amount of platelet adhesion as PDMS or 

PHEMA.9 On the other hand, the HEMA-DMS 

block copolymer was found to enhance platelet 

adhesion compared with PHEMA and PDMS. That 

is, platelet adhesion increased with an decrease in 

the HEMA mole fraction in the range of 1.0 to 0.58. 

These results suggest that platelet adhesion is in

fluenced by the morphology of the microdomain of 

the block copolymer rather than the surface free 

energy of the polymers. 

As for the shape of the adhered platelets, signifi

cant differences were found on block copolymer 

and homopolymer surfaces. 011 PHEMA surface, 
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platelets extruded many pseudopods and aggre

gated with each other, whereas the platelets were 

largely deformed and spread on the PDMS surface 
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Figure 3. Platelet adhesion on the HEMA-DMS block 

copolymer surfaces. [%]=(number of platelets adhered 

on the polymer surface)/(number of platelets in whole 

blood) x 100. 

PHEMA 

(Figure 4). The flattening of the adhered platelets on 

the PDMS surface implies that the interaction 

between the platelets and hydrophobic surface was 

strong. In contrast to the deformation of platelets 

observed on these homopolymers, the shape change 

of platelets and their aggregation were found to be 

suppressed effectively on the surface of block co

polymers as shown in Figure 5. Particular, on the 

block copolymer containing the 0.67 mole fraction 

of HEMA [3], platelets were attached singly without 

aggregation or spreading. 

Platelet adhesion increased on the microdomain 

surfaces of HEMA-DMS block copolymers as 

shown in Figure 3. It is not yet evident, however, 

whether this enhancement in platelet adhesion was 

due to the morphological change in the micro

domains or merely a difference in the HEMA 

content in block copolymers. To clarify this prob

lem, adhesion behaviour was investigated on the 

films of block copolymer cast from different sol

vents. The morphology of a microdomain could be 

altered by using different solvents even though an 

identical block copolymer was used. Figure 6 shows 

the results of platelet adhesion on the block co-

PDMS 
Figure 4. Adhered platelets on the hydrophilic surface of PHEMA and hydrophobic surface of PDMS 

( X 4,700). 
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Figure 5. Adhered platelets on the HEMA-DMS block copolymer surfaces. Mole fraction of HEMA: A, (0.61) [2]; B, (0.67) [3]; C, 
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Figure 6. Effects of the morphology of the microphase

separated structure of the HEMA-DMS block copoly

mer on platelet adhesion: A, PHEMA; B, PDMS; C, 

HEMA-DMS block copolymer [3] (0.67 mo! fraction of 

HEMA) cast from pyridine; D, HEMA-DMS block 

copolymer [3] (0.67 mo! fraction of HEMA) cast from 

DMF-toluene (4: 6). 

polymer surfaces of films cast from different sol

vents of DMF-toluene (4: 6) and pyridine, com

pared with the case of PHEMA and PDMS sur

faces. The surface of the film cast from a pyri

dine solutions revealed lower platelet adhesion than 

that cast from a DMF-toluene (4: 6) solution. The 

microdomain structure of the block copolymer [3] 

exhibited different patterns of morphology with 

different casting solvents, as shown in Figures 1-B 

and 2. Despite the same composition of HEMA, 

the amount of adhered platelets changed corre

sponding to alteration in the morphology of the 

microdomains. Deformation of platelets was also 

suppressed on both surfaces of the films cast 

from DMF-toluene and pyridine solutions. From 

these results, the enhancement of platelet adhesion 

observed on the HEMA-DMS block copolymer 

was influenced predominantly by the morpholo

gy of the microdomains. 

When a polymer surface is in contact with blood, 

adsorption of plasma proteins occurs imme

diately .10 Thus, the interaction of platelets with 

polymer is influenced by the nature of adsorbed 

layer of plasma proteins, e.g., amount, species, 
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distribution, etc. We previously examined the ad

sorption phenomena of plasma proteins on the 

surface of HEMA-St block copolymer and found 

that the hydrophilic domains of HEMA adsorbed 

albumin, whereas the hydrophobic domains of sty

rene adsorbed y-globulin or fibrinogen selectively. 11 

The adsorbed proteins thus form microphase-sepa

rated layers having an "organized structure" cor

responding to the microdomain structure of the 

block copolymer surface. On the surface of 

HEMA-DMS block copolymers, it is also probable 

that this "organized structure" protein layer de

pending on protein species and amount is formed 

since the HEMA-DMS block copolymer exhibits a 

microphase-separated structure having hydrophilic

hydrophobic properties like that of HEMA-St 

block copolymer.2 We assume that the "organized 

structure" of the layer of adsorbed plasma proteins 

prevents shape change of the platelets by regulating 

the redistribution of glycoproteins situated in the 

plasma membranes of the platelets.12 

We found that the HEMA-St block copolymers 

suppressed platelet adhesion, an opposite effect 

observed on the HEMA-DMS block copolymer 

surfaces.2 The surface free energy gap of the micro

domains of the HEMA-DMS block copolymers is 

larger than that of the HEMA-St block copo

lymers, and hence the composition and amount of 

adsorbed proteins in the "organized structure" lay

ers on the HEMA-DMS block copolymer surfaces 

may differ from those of the HEMA-St block 

copolymers. We consider that the composition 

and amount of adsorbed proteins influences plate

let adhesion on the HEMA-DMS and HEMA-St 

block copolymer surfaces. 
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