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Statement of Purpose: Control of interfacial properties 
of biomaterials is critical for the success of devices used 
in diverse biotechnological and medical applications. The 
objective of the present research was to synthesize anti-
fouling, water-stable, non-biodegradable surfaces to be 
used in blood contacting biomedical implants. Here we 
report the preparation and characterization of amphiphilic 
methacrylic-based terpolymers with polyethylene glycol 
side chains. Polymers with different monomer 
compositions were prepared and their physical properties 
characterized by measurement of water contact angles and 
water adsorption studies. Cell adhesion studies 
demonstrated robust cell-resistant interfacial properties.  
 
Methods: The monomers used to produce the terpolymer 
were n-hexyl methacrylate (HMA) (Alfa Aesar, Ward 
Hill, MA), methyl methacrylate (MMA) (ACROS 
Organics, Pittsburgh, PA), and poly(ethylene glycol)(n=9) 
monomethyl ether monomethacrylate (PEGMA) 
(Polysciences, Warrington, PA). The terpolymer synthesis 
was carried out via a free radical solution polymerization 
in 100 mL of N,N-dimethylformamide (DMF) (Sigma-
Aldrich, Milwakee, WI).  The solvent was purged with 
argon for a minimum of 2 hours to remove oxygen.  
Different combinations of monomers were used to vary 
the hydrophilicity of the resulting material. Terpolymer 
molecular weight was determined by gel permeation 
chromatography. Static contact angles were measured 
using the sessile drop method. Water adsorption was 
analyzed by submerging the samples in deionized water. 
The percent change in mass after two weeks of 
submersion was taken as the equilibrium value. 
Cell culture and adhesion assays have been described 
before [1, 2]. The use of human material described in this 
study was approved by the institutional review committee.  
 
Results: We synthesized random terpolymers 
comprising of HMA, MMA, and PEGMA with a range of 
compositions via free radical polymerization reaction. 
The amount of HMA was kept constant at 20 mol % 
while the amount of PEGMA was gradually increased up 
to 10 mol %. The yield of the polymerization reactions 
ranged from 30 to 60 wt % with an average of 52 wt %.  
The terpolymer surfaces were characterized by measuring 
the water contact angles. As expected, the increase of the 
PEGMA content of the terpolymer lowers the contact 
angle, thus rendering more hydrophilic surfaces. 
Compositions with 7mol% and 10 mol% PEGMA have  
contact angles that are significantly lower than the contact 
angle for the base HMA:MMA terpolymer. Water 
adsorption studies showed that as the amount of PEGMA  

 
increases the amount of water increases to a 25% change 
in mass at 10 mol% PEGMA. Cell adhesion studies with 
human umbilical vein endothelial cells (HUVEC) and 
whole blood indicated that hydrated thin films of 
HMA:MMA: PEGMA with a composition 20 mol%:70 
mol%:10 mol% effectively resisted cell adhesion. 
Representative images are shown in Figure 1. 
 

 
Figure 1. Adhesion of HUVEC (A, C) and whole blood 

(B, D) on hydrated terpolymer surfaces containing 
different amounts of PEGMA. Scale bar – 10 µm. 

 
Conclusions:  Methacrylic-based random terpolymers 
were synthesized from hexyl methacrylate (HMA), 
methyl methacrylate (MMA), and poly(ethylene glycol) 
methacrylate (PEGMA) by free radical copolymerization. 
The comb polymers had a flexible poly (methyl 
methacrylate) backbone with both hydrophobic (hexyl) 
and hydrophilic (polyethylene glycol) pendant side chains 
which formed an amphiphilic surface with robust 
interfacial properties. Polymers with different monomer 
compositions were synthesized and their physical 
properties characterized by measurement of water contact 
angles and water adsorption studies. Static contact angles 
decreased and water adsorption increased with increasing 
PEGMA concentration. Hydrated thin films of the 
HMA:MMA:POEM terpolymers with a composition 20 
mol%:70 mol%:10 mol%, effectively resisted cell 
adhesion under physiologically relevant conditions. The 
materials described here are stable in water-based 
environments, non-biodegradable, and therefore suitable 
for use in long-term implantable medical devices such as 
small diameter vascular grafts and intravascular stents. 
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