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_ Plant model reuvisided.
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Problem 2: A Schematic Model of Red Blood Cell Production

; ‘The following problem’ deals with the number of red blood cells (RBCs) circulating
in the blood. Here we will present it as a discrete problem to be modeled by differ-
‘ ence equations, though a different approach is clearly possible.

In the circulatory system, the red blood cells (RBCs) are constantly being de-
: stroyed and replaced. Since these cells carry oxygen throughout the body, their num-
ber must be maintained at some fixed level. Assume that the spleen filters out and
destroys a certain fraction of the cells daily and that the bone marrow produces a
number proportional to the number lost on the previous day. What would be the cell

count on the nth day?
To approach this problem, consider defining the following quantities:

R. = number of RBCs in circulation on day n,
M, = number of RBCs produced by marrow on day n,
f = fraction RBCs removed by spleen,
v = production constant (number produced per number lost).

1l

It follows that equations for R, and M, are
R,.+1 = (1 —'f)R,.+M,,, ) (47)

Maei = YfR..

Problem 16 discusses this model. By solving the equations it can be shown that
the only way to maintain a nearly constant cell count is to assume that y = 1. More-
over, it transpires that the delayed response of the marrow leads to some fluctuations
in the red cell population. '

As in problem 2, we apply a discrete approach to a physiological situation in
which a somewhat more accurate description might be that of an underlying continu-
ous process with a time delay. (Aside from practice at formulating the equations of a
discrete model, this will provide a further example of difference equations analysis.)



