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ABSTRACTS 

These descriptions are meant to serve as succinct, accurate descriptions of the proposed work when separated 
from the application. 

PROJECT OBJECTIVE:  (Provide a one to two sentence, non-technical description of the project’s overall objectives and key 
milestones.)  We will design a quantitative approach to evaluate the hydrophobic interactions between 
model drug-mimicking molecules and the collagen matrix in order to understand the mechanisms that 
control the rate of drug release.  We will modify the collagen matrix with a cross-linking agent to vary the 
strength of interactions between the small molecules and the collagen matrix.  

TECHNICAL ABSTRACT: Local drug delivery systems are becoming increasingly important as methods to 
administer medicinal amounts of drugs, especially when a high dose is required. The collagen matrix has 
been known for quite a while as an excellent system for delivering drugs, but problems with control over 
the release profile have prevented universal use of that matrix. The release time is controlled by the 
diffusion rate, which in turn depends on the interactions of the molecules with the matrix. This proposal 
deals with a new method (Electrochemical Time-of-Flight) for measuring the diffusion coefficient of 
model redox probes within the collagen matrix.  The method relies on a photolithographically fabricated 
dual band microelectrode device. One microelectrode functions as a generator and the other is an 
amperometric collector of electroactive probes. The rate of the probe arrival is monitored at the collector 
electrode. Systematic variation of the hydrophobic interactions between collagen matrix and probes is 
introduced while the electrostatic interactions are kept constant.  The selected probes are not actual drug 
candidates, but they exhibit a monotonic change in hydrophobic character. The amount of crosslinks in 
the matrix can be adjusted by the addition of glutaraldehyde. Cross-linking should change the strength of 
interactions between the probes and the matrix. We predict that we will be able to calculate the strength 
of hydrophobic interactions and assess the size of the “hydrophobic pockets” within the matrix. We will 
also attempt to control the size of the hydrophobic pockets by varying the degree of cross-linking. These 
measurements will lead to deeper understanding of collagen structure and will provide a foundation for 
collagen engineering to achieve the desired control over the drug release rate. 

EXECUTIVE SUMMARY :   In treatment of some tumors, bacterial infections, or bone regeneration, local 
drug delivery is the method of choice.  In some of these cases the required dose of a drug is so high that it 
could be fatal on a systemic level. In addition it might be necessary to maintain a high local drug 
concentration for many hours.  In the latter case the drug can be “trapped” in the delivering matrix and 
released by slow progressive diffusion. Thus the drug needs to be weakly and reversibly bound to the 
matrix.  Two main forces responsible for interactions of drugs with the matrix are hydrophobic and 
electrostatic interactions.  While several literature reports address electrostatic interactions, less is known 
about hydrophobic interactions.  I propose a new technique that will enable the quantitative assessment of 
the hydrophobic domains within the collagen matrix. The technique is based on the electrochemical 
measurement of time-of-flight of a non-metal redox probe within the matrix. The probes are small 
molecules specifically designed to vary their hydrophobicity in a systematic way.  At the same time the 
collagen matrix will be systematically modified with a crosslinking agent to create different strength of 
interactions between the small molecules and the matrix.  As a result of these studies I hope to answer 
several questions concerning local environments (i.e. the existence and size of hydrophobic pockets) 
within the collagen matrix.  These local hydrophobic pockets can promote preferential binding of 
hydrophobic drugs and slow down their release. The knowledge gained from these studies will contribute 
to an understanding of the mechanics of the collagen matrix and will lead to release profiles useful for 
physicians. 


