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ll1is report constitutes a final summary of work carried

out u"'lderthe grant titled ''''!athematicalTheory of \Iolecular

Control Systems" AFOSR 091660.

~fajor emphasis has been placed on the analysis of problems

associated ,~ith the effects of surfaces on blood clotting and

on the theory of blood clot regulation. This subject is now

at the forefront of medical and surgical research because of

recent advances in prosthetic materials and artificial organs.

A theory Kas developed (16) whidl may be of considerable

importffilce in clarifying the effect of basic surface properties

on clotting. TI1ere has been crnlsiderable discussion in the

literature concerning the effects of surface energy and surface

dlarge on the initiation of blood clotting. ~mch of this dis-

cussion deals ,-liththese factors in an unrelated way and it is

one purpose of this paper to provide a unified theory of the

interaction between proteins and surfaces which takes into ac-

count both surface energy and charge among other factors. Ex-

pressions are obtained showing among other things that the effect

of surface energy (liquid-solid interface) depends on the re-

lative partial molar surface area of the solvent ffildprotein.

It is also shO\\11that the effects of surface charge density and

interface energy are interrelated and ought not to be considered

independently of one another. A second matter dealt with here

is the developmcnt of a model describing the structural trans-

formations undcrn:onc by adsor!)cd nroteins. Lxnerimental evidence
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is reviewed for the existence of several surface phases depending

on surface pH and l1rotein concentration. The relevancy of model

to activation of Hagman factor is discussed.

A second study relates to the control theoretic aspects of

blood clot regulation, extension of previously published vv'Ork from

this group, and is summarized in the attad1ed.

Other Studies

Major emphasis has been given to some of the more basic pro-

blems arising from the application of mathematical techniaues to

physiological regulations. Thus two reports (1,2) have dealt with

the very important regulatory mechanisms underlying protein synthesis,

both linear and non-linear models have been investigated. It is

satisfying to report that the publication (3) on the studies re-

lating to the linear model seen~ to have aroused 1videspread interest

as indicating by the receipt of over SS reprint requests. Some of

the predictions of this model agree with experimental data provided

by Pardee and results appear to account for some of the features

of adaptive enzyme formation.

In addition to the above work, the first phase of the study on

renal electrolyte regulation has also been released (4,9). This

work is directed towards establishing a mathematical model of the

kidney and associated regulation of the body electrolyte system.

In addition to the intrinsic interest of this problem, the results

of the study should be applicahle to the elucidation of environ-

mental stresses as:;oci.ated\dth the li.fe support systeJlLS emT11oy~<l
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in outerspace explorations and elsewhere. Various aspects

of this work were also presented at the International Bio-

physicc1l Conference (10) and the 19th Engineering in Biology

and \!edicine Conference (11).

Greatest emphasis has been placed on the extension of

the previously published work for the renal-electrolyte system.

An effort is under way to include the regulation of calcium \'li th

the purpose of examining various models of decalcification dis-

orders. TIle hemostatic control of calcium ions has been re-

presented by a model which takes into account the action of

parathyroid hormone on calcium adsorption from bone, renal

tubules, and from the intestinal tract. TIle negative feed

back effect of serum calcium on the production of parathyroid

hormone is also considered as is the effect of the hormone on

phosphate renal excretion. TIle influence of calcitonin and

thyrocalcitonin has also been incorporated into the model.

Studies of this kind should play an important role in the

elucidation of decalcification in the overall medlanism of renal

electrolyte regulation. TIliswork has elicited considerable

interest as indicated by the receipt of several hundred reprint

requests aIld invitations to speak at such universities as Texas

and Cornell ?-!edica1 Center. A number of commercial firms,

(Sonotone, General Electric, etc.) have also expressed interest

in this work as well as that on microcapsu1ation systems.
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TI1ework on the theory of the inverse piezoelectric effect

of polymers which are encountered in living tissue was the sub-

ject of an invited paper (5) presented at the International

Conference on Electrochemical Aspects of r.101ecu1ar Biology

sponsored by the Berlin Academy of Sciences. Some aspects of

this work have also been published (6). This work may have

some applications to non-med1anical1y driven pumps, for example.

]\lost recently the theory of enzym~ mnplifiers has been

under study 11ere and applied to the problem of blood coagulation.

Brief communications have been released (7,8).

Work has also been carried out on the theory of stimulus

electrodes which, for example, are used in pacemakers for the

heart and elsewhere in bioengineering. Some results of these

studies have been published (13) and extenslons of this work

were presented as an invited paper at the Gordon Research Con-

ference June 17-21, 1968.

Finally, and p~rhaps most interesting of all, work has been

started on the theory of the reactivity of microencapsulated

systems (13). TIlese systems may have a number of important

practical applications including the artificial kidneys.
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