Higher Mathematics
In Todays Medicine

Neal R. Cholvin D.V.M., M.S.

S WORKERS in biological and med-

ical sciences have broadened their
understanding of the advanced branches
of mathematics, many phenomena asso-
ciated with life have been analyzed, and
then defined in the language of mathe-
matics. Numerous occurrences presently
defy rigorous mathematical treatment, but
eventually will yield to at least some ex-
tent to elucidation by analytical means,
while others will no doubt forever remain
enigmas.

It is the intent of this discussion to
enumerate several broad fields of mathe-
matics and to show application of them
to various phenomena encountered by
biclogists and medical workers.
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ology and Pharmacology), and the College of
Engineering (Department of Electrical Engineer-
ing) at Towa State University.
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1. Algebra
Definition

Algebra is a branch of mathematics in
which arithmetical operations are studied
by the use of generalizing symbols. These
symbols in turn represent factors which
interact in a system or situation. Once
the relationships between the symbols
have been assembled into a formula or
equation, then specific quantities can be

substituted in order to solve individual
problems.

Examples

A. The Henderson-Hasselbach equa-
tion expresses the relationship of the pH
of blood plasma to the buffer systems of
the blood?. The principal buffer system
which maintains the plasma pH within a
narrow range near pH — 7.4 is the bicarb-
onate system. Both acidic and alkaline sub-
stances are neutralized by this buffer sys-
tem. The algebraic expression which des-
ignates the relationship between the pH
and the concentrations of the components
of this buffer system is:

[HCO:7]

pH = 6.1 + log —————
g [H:COs]
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where [HCO,-] is the concentration of bi-
carbonate ion in plasma and [H,CO,] is
the concentration of carbonic acid in
plasma. Figure 1 shows the graphic ex-
pression of this equation.
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B. The Michaelis-Menten equation® re-
lates the reaction velocity of an enzyme-
substrate system to the amount of sub-
strate present:

Vm [S]
Vi= ———
[S] + K.

Vi is the initial reaction velocity

V. is the maximum reaction velocity

[S] is the concentration of substrate

K. is the Michaelis constant
The equation as expressed above is diffi-
cult to interpret when represented graph-
ically. Lineweaver and Burk? recommend
transformation into a linear equation as
below:

1 1 K
V.  Va + V. [S]

Thus 1/V; can be plotted versus 1/S to
give a straight line relationship. The re-
sulting straight line provides a much
simpler means of checking the validity of
the theory against laboratory data. Figure
2 shows this relationship in the case where
d-serine is acted upon by the hydrase of
Neurospora crassa, in the presence of the
coenzyme pyridoxal phosphate, to form
pyruvic acid and ammonia.
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Micromoles Pyridoxal
of pyruvic phosphate
acid formed 1 Concentration 1
in 20 minutes A\ (X10°M) [S]
0.150 6.6 X10¢ 0.20 .5 X108
0.200 5.0 0.40 .25
0.275 3.6 0.85 .118
0.315 3.18 1.25 .08
0.340 2.94 1.70 .06
0.350 2.86 2.00 .05
0.360 2.78 8.00 .0125
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Figure 2

II. Trigonometry
Definition

Trigonometry is a science which deals
with the definitions, properties and rela-
tions of lengths and angles. It uses the
methods of algebra and its principal goal
is to give numerical answers.

Examples

A. The power expended on a treadmill
whose platform angle can be varied is ex-
pressed by the equation?:

P =P, + P

where,
P, — power normally expended when
walking along level surface
P, — power expended in lifting the body
vertically
In the case where the treadmill is horizon-
tal, the power expended is expressed as:

P =P,

A rough approximation of P, can be made,
assuming that an average adult man (70
Kg.), while walking on a horizontal sur-
face at a rate of 4 kilometers per hour,
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would expend energy at the rate of 2400
calories (kilocalories) per day or 100 kilo-
calories per hour, or 116 watts, or 42.7
kilogram-kilometers per hour. The rela-
tions between the above units are as fol-
lows:

1 watt = 1 joule/second
1 kilocalorie = 4185 joules
418500 joules
100 kilocalories/hour = ———————— == 116 watts
3600 seconds
116 joules dyne-kilometers
116 watts —= —————— = 116 X 102 ——M8M8M
second

sec
116 X 102 X 3600 gram-kilometers

980 hour
kilogram-kilometers
=427 ——
hour
When the platform is tilted upward, the
additional power expended in lifting the

body vertically can be expressed as:

Pn=WVsin g

where W = weight of the subject

V = velocity of subject on treadmill

¢ = slope of the treadmill

V sin ¢ = velocity in the vertical direction

The total power expended when the

treadmill is slanted upwards at various -

angles is indicated in the following table:

platform slopz power

4] sin ¢ kg-km/hr watis

0 .000 42.7 116 |

5° .087 66.7 181
10° 174 91.7 250
15° 258 114.7 312
20° .342 138.7 378
25° 423 160.7 438
30° .500 182.7 498

II1. Analytical Geometry

Definition

Analytical geometry is the field of math-
ematics in which the methods of algebra,
geometry and trigonometry are utilized to
simplify and clarify problems which arise
in any of the three respective fields and
to portray in accurately plotted coordin-
ates interrelationships among 3 variables.

Examples

A. Bacterial growth and destruction
can be expressed as a complex curve com-
posed of several phases’. When plotted on
a semilog plot (logarithmic for bacterial
numbers and linear for time intervals),
the following general curve in figure 3 re-
sults:
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The phases are:

latent or initial stationary phase
lag phase

. logarithmic growth phase
negative acceleration phase
stationary phase

accelerated death phase
logarithmic death phase

final phase of decline

PN WP

1. The growth of a bacterial strain in
broth culture is shown in the following
table.

time log [bacteria/cc]

0 hours 6.3

1 6.3+

2 6.3—

2.5 6.6

3 6.9

4 7.2

5 7.7

6 8.2

7 8.4

8 8.5

9 8.54-
11 8.5+
25 8.6

These data are plotted on figure 4. The
curve which results is S-shaped, or sig-
moid. Fortunately, a curve of this shape
can be reproduced when the equation,
log y — tanh x is plotted, making allow-
ances for translation of axes and scaling
factors. In figure 4 the equation log y —
7.45 4- 1.15 tanh (x-4.5) is also plotted.

2
It approximates very closely the experi-
mental data.
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2. Figure 5 illustrates the logarithmic

death phase of a culture of bacterial

spores. Here the use of a three cycle semi-

log plot gives a linear representation of
the following data:$

Mean number of

Bacteria per drop Time (hours)
439.0 0
275.5 0.5
137.5 1.25
486.0 2.0
15.8 3.0
5.45 4.1
3.6 5.0
0.5 7.

Appropriate analysis of the analytic geom-
etry of the straight line drawn to fit the
data reveals that the mean number y of
bacteria per drop is related to the time t
(in hours) by the equation y — 438e-t,
where e = 2.71828 is the base of the
natural logarithm system.
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Figure 5
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B. Hill Equation for muscle. When a
muscle contracts under a load, the speed
or velocity at which it contracts is maxi-
mum initially and decreases as the ten-
sion on the muscle increases!®, The fol-
lowing equation accurately portrays the
relationship,

(P+2) (v+b)= (P4 a) =k
(a constant)
where P. — initial tension on the muscle
P = tension at any time during con-
traction
a = a constant having the same di-
mension as P
v = velocity of contraction = change
in length per unit time
b = a constant having the same di-
mension as v.
Graphically, the relationship appears as
in figure 6. The curve shown is one branch
of a hyperbola, and it can be said that
contraction velocity decreases hyperbolic-
ally with tension in an isotonic contrac-
tion. The Hill equation, and its related
curve, has been shown to accurately repre-
sent the contraction characteristics of
nearly all skeletal muscle, regardless of
the warm-blooded species.
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1V. Differential Calculus

Definition

Differential calculus deals with contin-
ually varying quantities, and especially
problems which relate the rate of change
of one variable with respect to another.
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Examples

A. Body temperature rise in an environ-
ment where heat cannot be lost (external
temperature near normal body tempera-
ture, relative humidity near 100% ).
If an animal, for example a 75 Kg. pig, is
placed in the above-specified environment,
the time for the body temperature to in-
crease by a given amount can be calcu-
lated:
For a 75 Kg. pig the resting metabolic
rate r is
r = 1.55 Cal./Kg./hr.
By definition, one Calorie is the amount of
heat required to raise the temperature of
1 kilogram of water 1° Centigrade. The
body temperature rise per hour, in the
environment which prevents heat loss, is
calculated as follows:
If: M — resting metabolic rate of pig
(in Cal./hr.)
dT — amount of temperature
change
dt = time interval for the temper-
ature to rise by the given
amount (dT)
w = weight of animal (in kilo-
grams)
c = mean effective specific heat of
the body tissues — 0.85

then:
M dT
—_— = c—_
w dt
M
dT = — dt
cw

For example, to estimate the time inter-
val for the temeprature of a resting 75
Kg. pig to rise by 5° C., direct substitu-
tion in the formula gives:

(0.85) (5) = 1.55 dt
dt = 2.73 hours

Recent laboratory experiments indicate
that this prediction is reasonably well
confirmed.®

V. Integral Calculus
Definition

Integral calculus is that branch of
mathematics which, from the relations
among the infinitesimal (small)
changes or variations of quantities, de-
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duces relations among the quantities
themselves.

Examples

A. Cardiac output from a dye dilution
curve. In determining the flow rate
of blood from the heart, one method
involves the use of a known quan-
tity of dye which is rapidly deacti-
vated (i.e., indocyanine green). If
the dye is rapidly injected into the
right atrium, is allowed to mix with
the blood in the lung, and the con-
centration of dye in the aorta is
monitored by photometric means, a
curve resembling that in figure 7 is
obtained. The solid line indicates
the concentration of the dye as
sensed by the photosensitive trans-
ducer.

Dye

Canr.é- TRATION

Time

Figure 7

The phenomena represented by the
curve may be explained as follows:
Shortly after the dye is injected it
mixes with the blood in the lung,
and it is soon found in maximum
concentration in the arterial blood.
As the heart continues to beat, fresh
dye-free blood dilutes the dye in the
lung and its concentration de-
creases. The second peak on the
curve results when the arterial blood
containing the dye has returned as
venous blood to the lung. In analyz-
ing the data, the useful portion of
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the curve is that part showing de-
cline in concentration of the dye
following the initial peak. This part
is found to be linear on a semilog
plot (as shown in figure 8a and
therefore represents a simple ex-
ponential decay on the linear plot.

TImeE

Figure 8a

A dependable value of the initial dye
concentration C, is easily found by
extrapolation to zero time on the
semilog plot, as shown by the
dashed line. The value of the “time
constant” t, for the exponential de-
cay is found by extrapolating, on the
linear plot, the initial slope of the
curve, as shown by the dashed line
in figure 8b.
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The decrease in dye concentration
is expressed in mg./ml./minute,
and is taken from the linear portion
of the curve. It is designated as:

t
/C..(t)dt
o

and equals Ct where C is the aver-
age concentration of the dye during
the first circulation.

The flow rate, or cardiac output, is
calculated from the equation:?

Q mg liters

Fe—o — T - -

Q
t Ct m3/liter/min min.
Co(t)dt

where F — flow rate
Q = quantity of dye in-
jected
The equation representing the con-
centration C of dye in the aortic
blood following the initial peak is:

(E
VJt
C=¢0C, e

where V — the volume of the
mixing chamber
(lung capillaries)
F — the blood flow rate
e—2.71828 = t h e base
of natural loga-
rithms.
Integrating this equation with re-
spect to time t gives:

()
~ — =)t
/C‘.e V7 at
o
v
@)

Now, the product VC, is equal to the total
quantity Q of dye injected, and the integral

[o 8}
/ C dt is equal to the total area A under

the idealized exponential-decay curve (fig-
ure 8b), ie.,
VC, = Q

o0
/ Cdt = A

But the result of the above inte-
gration indicates that:

(Cont. on page 82)
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Q
A= —
F

Consequently the simple equation,
Q
F = X— gives the blood flow rate F

(in liters per minute) in terms of
the total quantity Q (in milligrams)
of dye injected and to the area A
(mg.-minutes/liter) under the ideal-
ized curve representing the concen-
tration C (in mg./liter) in the aortic
blood as a function of time t (in
minutes).

B. Electronic integrator for use in cal-

culating hormone feedback. In an
analog computer, integration is ac-
complished rapidly and with preci-
sion limited only by the tolerance of
its components. The basic inte-
grating unit is an operational ampli-
fier with specific coupling impe-
dances, as shown in figure 9.

CAPACITOR
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Figure 9

Any voltage fed into this unit will
be integrated with respect to time.
A specific voltage input V,, is used
to represent experimental data, the
output voltage V,,, will be related to
it in the following way:

1 t
Vout = —— Vin dt
RC o

This may be verified as follows:

The charge Q across a capacitance
C is expressed as Q = CV where V
is the voltage across it. When it dis-
charges, the current i that flows is

dQ (change in charge), and

Tae (change in time)

is in turn equal to C ¢ dV ) where
de

dV is the change in voltage. Rear-
ranging the equation:
dav
at
to read:
i

dV = — dVv
C

and integrating, gives:

1 t
V=E/°i dt

The high gain amplifier with its
feedback capacitor always acts to
maintain its input voltage near zero.
Writing the circuit equations for the
system shown in figure 9 gives:

Vln dVout
Cc

R dt

This is equivalent to stating that:

t
V;n dt

Vout = - —

RC o

Integrating amplifiers of the type
shown in fig. 9 are widely used in
groups to solve systems of differ-
ential equations, which are fre-
quently necessary for adequate des-
cription of physiological phenomena.
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placed within a larger ice packed con-
tainer. The package should be labeled as
a rabies suspect on the outside as a safety
precaution for laboratory personnel.

The diagram is a suggested mode of
packaging for all specimens requiring re-
frigeration.

Sample jar packcd in container of ice

The Becton-Dickinson Company, sup-
pliers of laboratory equipment, states: “A
laboratory diagnosis is no better than the
specimen submitted and the specimen is
no better than the manner in which it
was collected.”
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Dares for Staie
Board Examination

Are Announced

The state board examination will be
given at the State Capitol Building Des
Moines, Iowa. They will be held June 1
and 2. The tests will be given commencing
at 8:00 a.m. in the House Chamber.

Each applicant should be advised that
he must present a diploma showing that
he is a graduate of a recognized school of
Veterinary Medicine.
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