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MASTER 
Background for' the Research and Subsequent Developments 

in the Research Program 

Analysis of radioisotope tracer data has often involved assuming 
complete compartmentalization of the biological system being studied 
If the experimenter has access to all compartments of a truly N 
compartment system, complete determination of all rates and volumes 
of steady state and non-steady state systems is possible by 
simultaneous measurements of N-l different isotopes (1,2,3). 
Completely accessible steady state systems can also be solved by 
appropriate analysis of the tracer concentration time dependencies 
of a single isotope (4). When all compartments are not accessible, 
a solution or range of solutions may still be obtained by studying 
the various constraints imposed by the physical nature of the 
problem (5,6). Perturbation methods can also be combined with 
tracer determinations (24). 

The point of view emphasized in the above treatment finds 
expression mathematically principally in terms of systems of coupled 
first order linear differential (or difference) equations in which 
the classical mathematical program is reversed. Instead of finding 
the solution (i.e., concentration curves) from the equations and 
boundary conditions, the objective is rather to determine that 
system of equations which gives rise to the experimentally observed 
specific activity curves. It was recognized, however, that the 
integrated values alone of the specific activity curves might, in 
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some cases, provide enough information to solve a multi-compartment 
system (7), (i.e. determine rates and volumes) an approach recently 
extended (8,9) to various, partly accessible, special multi
compartment topologies for which systems of differential equations 
did not necessarily apply since non-continguities and therefore time 
lags could exist. This latter development suggested that general 
multi-compartment analysis might not have to be restricted to 
continguous topologies at all and that integral equation approaches 
previously principally restricted' either to two-compartment systems, 
vascular flow treatments, and individual parameter (i.e. volume) 
determinations (10,11,12,13,14,15), or focused essentially on the 
inverse problem of predicting the tracer time dependencies from 
known transfer characteristics (16) could in fact be adapted to 
solve steady-state, non-continguous, multi-compartment 
systems (17,18) in the sense that all the actually determinable 
intercompartment transfer properties of generally injectable systems 
could be specified. While the resulting integral equation approach 
permitted analysis of many previously rather intractable systems, 
two difficulties remained. Since the method focused on transport 
from one compartment to another, flows of material leaving a 
measurement compartment and subsequently reentering the same 
compartment without having been in any measured site in the interim, 
could not be treated readily in the analysis. Secondly, the data 
obtained from compartments which were measurable but not injectable 
was not easily incorporated into the formalism. The 
integro-differential equation approach was developed in an effort to 
deal with these difficulties (19,20,21). 
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The integro-differential equation approach is probably 
applicable to all of the many situations in which a realistic 
representation of the tracer data curves can be made in terms of 
decaying exponentials. There are, however, situations in which 
sufficiently accurate measurements of the early points are not 
really feasible. Also any curve in which "bumps" appear is 
difficult to effectively represent exponentially. 

Discrete analogs of the integral and integro-differential 
equation approaches have been developed to deal with these 
difficulties. The discrete method avoids all analytic curve fitting 
and simply makes use of the counts sequentially recorded in 
successive time intervals. The inherent simplicity of the formalism 
made possible, to our knowledge, a novel analysis of monocompartment 
randomized data (22). In collaboration with medical investigators a 
discrete integral equation approach has been used in studying 
calcium metabolism (36). The rate of absorption of calcium from the 
gut into the vascular system is determined by correlating the 
results of external probe measurements following i.v. and oral 

47 administration of Ca (25). The method may have direct clinical 
applicability in diagnosing hyperparathyroidism (26). 

Our research in the field of diffusion-interaction was 
fundamentally motivated by the importance of this area to cell 
metabolism and to antibody-antigen systems. A diffusion-interaction 
equation for the reaction A + B C has been derived by the 
group (23), and the rate of thermal dissociation calculated for an 
antigen-antibody-antigen like system (27). 
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By applying many of the same physical principles used in the 
thermal dissociation calculation a theory was now developed which 
appears to predict in a reasonable quantitative way those antibody, 
antigen and particulate concentrations at which flocculation will 
occur. To our knowledge this is the first general theory of 
antigen-antibody-latex flocculation and perhaps flocculation in 
general in which the very significant role played by dissociation is 
quantitatively treated. A-brief report of this work has 
appeared (33). 

Complete determination of a multi-compartment contiguous system 
by means of tracer measurements was, of course, demonstrated over 20 
years ago. The method initially proposed involved injection into 
one compartment and measurement in all compartments. Subsequently 
it has been demonstrated that a solution can also be obtained by a 
series of injections in all N compartments with the repeated 
measurements restricted to a single compartment. Characterization 
of the general sets of N injections and measurements necessary and 
sufficient for complete determination of an N compartment system has 
until recently not been possible. A solution to this rather classic 
type of problem has now been obtained principally by Ms. P. 
Spetsieris. A brief report of this work has appeared (34). 

Research on F.C.C.S. was carried out for quite a few years 
beginning with the original experiments at Brookhaven National 
Laboratory (28,29,30). Detection of multi-millimeter sized cold 
lesions has recently been reported (35). 
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The 5 probe F.C.C.'S. system described in last year's report has 
been further tested using a variety of phantoms. It has been shown 
that the F.C.C.S. approach is particularly well suited for detecting 
small cold lesions (considerably less than 1 cm ) within a well 
defined limited volume. It is probably not likely to be as useful 
as a general purpose screening type instrument because the overall 
count rates are significantly lower than those obtainable with other 
approaches (36). For cold lesion detection within small organs or 
for re-scanning suspicious regions seen using other larger scale 
scanning techniques, however, F.C.C.S. is extremely promising. It 
may also be useful in obtaining some kinds of tomographic kinetic 
data. 

The system has also been used successfully on animals, 
43 imaging K in excised dog hearts extremely well. A three 

dimensional traverse for automating a complete scan has been 
constructed and plans are being completed to transfer the system to 
a Medical Institution (i.e. one of the Hospitals .n the Albert 
Einstein College of Medicine Complex) for in vivo animal and 
possibly patient use. 

We are grateful to the U.S.A.E.C. and its successor ERDA for 
past support. 
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