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Biocompatibility of medical materials for implants is greatly affected by physico-chemical characteristics of the
materials surfaces directly contacting to tissues or cells (biointerface) other than toxicity of various eluates and
microbiological safety. Most important adverse event for the implants applied to circulatory system is the onset of
fatal diseases based on thrombogenesis. The appropriate method is needful and important for evaluating the
thrombogenicity, but no method is established and harmonized internationally to date. In this study, it was attempted

to develop novel method using biointerface characteristics as a marker for evaluating blood compatibility of medical



devices applied to circulatory system, as a part of establishing regulatory framework to accelerate development of
new medical devices. Moreover, we also attempt to apply the method as selection tool of the materials at the early

stage of product development. Summary of the results yielded in FY2016 is as follows.

1) Development of new method for evaluating blood compatibility

Availability of biomakers to evaluate blood compatibility of medical materials was further verified with 9 kinds
of 3 groups of newly synthesized polymers. As the results, the candidates selected in this study to data were narrowed
down to VINC, C3, and Cls for materials absorption proteins and TAT, B-TG, and PF4 for factors in blood,
respectively. The results of first investigation using closed blood circuit system described below suggested that these
biomarkers theoretically vary depending on the difference in blood compatibility of the materials. For establishing a
blood compatibility evaluation method based on dynamic characteristic of protein adsorption, analytical condition
was optimized by using dissociation constant of FIB and ALB on QCM sensor coated with polymers as a marker.
The results revealed that well-trusted Langmuir plot is most suitable as a plot mode for the saturation method. For
developing a new fluorescence microscopical method to evaluate platelet adhesion onto the materials surfaces, a
maker expressed on the cell membrane of normal and activated platelets was selected and optimized, and it was
revealed that anti-CD41 and anti-CD62P antibodies were useful as the makers for measuring total and activated cell
population. A water molecule appeared to be intermediate water was detected in PMEA by molecular dynamics
simulation to estimate hydration water structure around the materials surfaces, but not PHEMA and PBA known to
compose no intermediate water. However, since significant difference was not detected between PMEA and PMEMA
in the dynamic analysis of water molecule around ester-bonded carbonyl oxygen, we will attempt to use the

combination of several analytical methods using other factors.

2) Design and characterization of biocompatible polymers

Various analogues of PMEA were synthesized according to the intermediate water concept, and the relationship
between hydration water structure of the polymers and its blood compatibility was estimated. The results revealed
that platelet adhesion onto the materials surfaces was most suppressed in the analogue induced a side chain into every
5 units of the acryl backbone, and denature level of the adsorbed proteins was decreased according to increase of
intermediate water content of the polymers. For analyzing protein adsorption behaviors based on hydration water
structure and surface interaction forces around materials surfaces, direct interaction of proteins and materials surfaces
in the formation process of a protein adsorption layer was quantitatively estimated by using polymer brush surfaces
having various chemical structures. The results revealed that intermolecular interaction between proteins and
materials surfaces closely related with the formation of a protein adsorption layer, and degree of denature and

irreversible adsorption of the proteins was increased in proportion to increase of the interaction.

3) Establishment of evaluation method using air non-contact / closed blood circuit system

We succeeded in the development of closed system (inner capacity = 55 mL) to circulate pulsatile blood flow
without air contact, by connecting each piece of pulsatile pump, valves, compliant tube, reservoirs, and extension
tubes with connecters. Nine kinds of 3 groups of polymers were newly synthesized in large scale as coating materials
having different blood compatibilities, and the condition to coat the inner surface of the circuit with the materials was
optimized. Verification study on the availability of biomakers to evaluate blood compatibility was started using the

closed system.
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