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In contemporary medical practice many procedures are applied, 

that cause blood to come into contact with foreign materials 

for shorter and longer periods of time. The surgical replacement 

of a defective heart valve or blood vessel by similar parts made 

of plastic are two very well known examples of such procedures. 

At a foreign surface in contact with blood processes are taking 

place, which finally lead to the coagulation of blood. Addition 

of heparin to blood prevents its coagulation. Also the surfaces 

to which heparin is attached have proven to possess a good blood 

compatibility. The heparin coatings are not really stable, 

however, and therefore new and better blood compatible materials 

are still sought. 

About ten years ago, doctor L. van der Does and his 

collaborators reported a preparation of a water soluble synthetic 

polyelectrolyte, which showed anti-coagulant activity. The 

polyelectrolyte is obtained from cis-l,4-polyisoprene and contains 

three types of structural units (shown in figure 1 between the 

brackets). Two of these units contain N-sulfate and carboxylate 

groups which are also present in heparin (figure 1). 

It appeared to be possible to couple this synthetic poly

electrolyte to the surface of silicone rubber, which is a very 

common biomaterial. This can be achieved by adsorption, followed 

by grafting, induced by irradiation with gamma-rays. The obtained 

polyelectrolyte-covered surface showed an anti-thrombogenic character 

in vitro experiments. 

For the study of the formation and the stability of the 

polyelectrolyte coatings a technique was required for the 

determination of sir.-iil amounts of polyeloctrolyte on the surface 
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of silicone rubber. This kind of determination is usually most 
satisfactorily accomplished by the use of the compound in a 
radioactively labeled form. The purpose of our work was to 
prepare a radionuclide labeled polyelectrolyte tracer of adequate 
stability and specific activity and to carry out measurements 
pertaining to the binding and release of polyelectrolyte by 
silicone rubber surface. 

Two kinds of polyelectrolytes are used, which were prepared 
from polyisoprene with molecular weight of respectively 250,000 
and 6,700. Different labeling procedures were tried out by which 
introduction of three different radionuclides, namely 

1251э 35S 
and tritium, was attempted. 

Labeling of the polyelectrolyte with i25I was based on the 
assumption that iodine will react with carbon-carbon double bonds of 
the polyelectrolyte molecule. The well known Chloramine-T method and 
an electrolytic method were used to convert carrier-free 125i into 
oxidized, reactive state (figure 2). After iodination, the reaction 
mixture was dialysed in order to remove low molecular weight compounds, 
including radioactive iodine. It was noted thereby tha+ the radio
activity remaining in the dialysis bag was continuously decreasing 
with time, even after 165 hours of dialysis (figure 3). Analysis of 
the content of the dialysis bag, using gel filtration with a Sephadex 
G 25 column, revealed two peaks. One corresponding to the labeled 
polyelectrolyte and the other to iodide (figure 4). The area of the 
first peak decreases with the "age" of the 125I-polyelectrolyte 
solution, indicating an inferior stability and thus the inadequacy 
of this labeled material. 

Labeling of the polyelectrolyte with 35S is based on a method 
used by others for the labeling of heparin. N-sulfate groups in 
heparin and polyelectrolyte are not stable in acidic medium, and 
the rapture of nitrogen-sulfur bonds takes place. The (reSul
fation of free amino residues is possible in basic medium. 

The 3!>S-labeled polyelectrolytes were prepared by sulfation 
of partially desulfated polyelectrolytes with sulfur trioxide 
trimethylamine complex containing 35S (figure 5). After 
resulfation, the polyelectrolyte was separated from low molecular 
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weight compounds by dialysis (figure 6). After about 20 hours, 

no activity is lost from the dialysis bag indicating a stable 

incorporation of S into the polyelectrolyte molecule. The 

labeling yield was between 9 and 14%. The elution pattern for a 

reaction mixture applied to the Sephadex G 25 column immediately 

after resulfation showes two peaks (figure 7). One corresponding 

to the 35s-polyelectrolyte and the other to the low molecular 

weight compounds containing 35S. When samples of pure 3 5S-

polyelectrolyte as obtained by dialysis or gel filtration were 

applied to the column, only one peak belonging to labeled poly

electrolyte was found, even after standing for more than 24 hours. 

Due to the rather low yield ' : labeling, it was not possible 

to prepare labeled polyelectrolytes with specific activity 

higher than 0.2 micro Ci/mg. This specific activity was not 

sufficient for the measurements of the small amounts of poly-

electrolyte on the surface of silicon rubber. 

The third labeling procedure was based on the coupling of 

amines, to the carboxylate groups of the polyelectrolyte using 

a carbodiimide as carboxylate activating agent. 
3H labeled ethanolamine and EDC (ethyl-dimethylaminopropyl)-

carbodiimide (EDC) were used for this purpose (figure 8 and 

figure 9). Dialysis experiments (figure 10) showed that the 

radioactivity in the dialysis bag remained constant, even ^fter 

100 hours of dialysis. This means that the label was stably 

incorporated in the polyelectrolyte molecule. The labeling yield 

was better than 90%. The specific activity of the labeled product 

was about 3 micro Ci/mg. 

With this material as tracer for polyelectrolyte, experiments 

were carried out in which the adsorption of polyelectrolyte from 

aqueous solution onto the surface of silicone rubber was measured 

by counting tritium activity of small discs of silicone rubber 

foils in a liquid scintillation counter. Independent of concen

tration, the adsorption equilibrium was obtained in about 100 

hours. Adsorption isotherm for the adsorption time of 145 hours 

and for solution concentrations up to 200 mg/ml polyelectrolyte 

was measured (figure 11). The polyelectrolyte could not be 
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desorbed from the surface of silicone rubber by washing with 
water or 0.5 molar NaCl solution, but "Lumagel" a scintillation 
liquid, containing o-Xylene as solvent removes polyelectrolyte 
almost completely. The strength of the binding of the poly
electrolyte to the surface of silicone rubber could be enhanced 
by irradiation with 60Co-gamma rays. Namely, depending on the 
irradiation dose, less and less polyelectrolyte could be 
removed by o-Xylene containing liquid (figure 12). 

Concluding, one may say that the procedure, consisting of 
adsorption of polyelectrolyte on silicone rubber followed by 
gamma-irradiation induced grafting offers a possibility for the 
production of silicone rubber surfaces covered by firmly bound 
synthet ic polyelectrolyt e. 
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Figure 1 Structure of the polyelectrolyte and heparin molecules 
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Figure 2 Methods of iodination 
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Figure 3 Radioactivity ( 1 2 5 I ) in the dialysis bag as a function 
of dialysis time. PE: polyelectrolyte; without PE: 
blank experiment 
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Figure 4 Radioactivity ( i 2 5 I ) in different fractions obtained by 
gel f i l t ra t ion of two dialysis-residues. 125I-PE; 125i_ 
polyelectrolyte', ^^1 : 12*I-iodide 
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5 Incorporation of 35S into the N-sulfate group of the 
polyelectrolyte 
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6 Radioactivity (3 5S) in the d i a ly s i s bag as a function of 
d ia lys i s t ime. PE: po lye lec t ro ly te ; without PE: blank 
experiment 
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7 Radioactivity (35S) in different fractions obtained by 
gel filtration of a reaction mixture 
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Figure 8 3H-labeling of the polye lec t ro ly te using 3H-ethanolamine 
and EDC: (ethyl-dimethylaminopropyl)-carbodiimide 
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Figure 9 3H-labeled polve lec t ro ly te . Note that the -OH group of 
the carboxylate group is subs t i tu ted for -NHfC^^OH 
group containing 3H 
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10 Radioactivity (3H) in the dialysis bag as a function 
of dialysis time. PE: polyelectrolyte; without PE: 
blank experiment 
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11 Adsorption isotherm for the adsorption of polyelectro

ly te onto s i l icone rubber 

IA0S0RPTI0N (pg/cm2) 

500-

W0-

300-

200-

100-

i 
1 

0,8 2 S 
-QUANTITY OF RAOATION 

•
(Mradl 

ADSORBED PE 
E after washing with water (14Sh) 
В after washing with 05M NaCI (145h) 
Ш after washing with Lumagel (1 week) 

Effect of gamma-irradiation doses on the adsorption of 
polyelectrolyte on silicone rubber and the removal of 
it by washing 


