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MATHEMATICAL METHODS : INVESTIGATIVE PROJECT
DRUG DOSAGES

The safe use of a drug is dependent on the ability of the body's rate of
absorption and rate of clearance. The concentration at any time can be given
by the product of two functions:

x(t) = Atbe-ct

where: x is the concentration of the drug in the blood in mg/L at time t,
t represents the time, in minutes, since administering the drug
and "A", "b" and "¢" are arbitrary positive constants.

ABSTRACT

This investigation was based on matherhatical modelling and rates of
change. The chosen starting point, drug dosages, involved the investigation
of the safe medicinal use of a drug. The above equation was used to relate
the processes of Absorption and Clearance. Thus, the principal aim of this
investigation was to develop a series of models and graphs which relate the
values of the arbitrary constants and the concentration relationship over time.
Each constant was found to influence the concentration curve in a definite -
manner. Further experimentation provided evidence that the function AtP
varied the absorption rate and the second part of the functlon e~Ct affected the
clearance rate. It was found that when the maximum and minimum
concentrations were compared at time t, the variables A, b and ¢ could be
determined. A general model was formulated which allowed the values of A b
and ¢ to be calculated for any situation once the local maximum and minimum
concentrations that occurred at a specific time had been set.

In extending the model it was neccassary to discover the effects of
repeated dosages. Using mathematical techniques the concentration of the
drug, administerd at regular intervals, can be maintained between two limits.
Hence, a second model for concentration limits was developed and
generalised, albeit severely limited, as a simple function could not be found
that related n to the number of required doses for constant concentration
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THE MAIN TEXT

A)  x(t) = Atbe-ct ; when A=b=c=1.
When A=b=c=1,
x(t)=te-t and f(x) is the product of two functions x4 =t, and x = et

The graph x(t)=’ce't can be drawn as the intersection of the domains of the
individual funtions.

MULTIPLICATION OF FUNCTIONS: X=t x X=e = te
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The graph is only valid for all values of t 2 0. This is because time starts
when the drug is administered. In addition, concentration cannot have
negative values. This imposes a limitation on the domain:

GRAPH OF X=te IN THE POSITIVE REGION
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Here, the graphs are a true representation of time. As can be seen from the
above curves the x4=t functions appears to influence the increase in
concentration of the curve x(t) for small values of t (eg: t <0.5), whilst the
x2=e‘t curve influences the falling concentration curve for larget (eg: t>
1.5).

.. x1=t regulates absorption; x2=e‘t affects clearance rates.

Maximum Concentration Rate

The time for the concentration to reach a maximum value can be found by
determing the derivative (dx/dt) and equating to zero. The function is a
product of functions, .. Product Rule will be used to determine the derivative.

PRODUCT RULE: x(t)=u(t).v(t);
dx(t)/dt =x'= du(t)/dt.v(t) +dv/dt.u(t) = u'v+v'u

x(t)=tet Therefore: Letu=t u'=1
letv=et v=-et
dx/dt = tet + 1.et=et(1-t) Let dx/dt = 0.
O=et(1-1)
From the null factor law:
a)et=0 Thus t=infinity is a solution. Rejected as
etz0foranyt
by1-t=0 Thust=1.

The nature of the turning point at t=1 was determined by the change in
sign of the gradient at t=0.8 and t=1.2.

t 0.8 1 1.2
dx/dt + sign: / 0 sign: - - sign:\
Thus at t=1 function is maximum. By substitition:
x(t)=t.et

x(1)=1.e"1=1/e
Maximum concentration occurs at point (1,1/e) = (1 ,2.7132)
The rate of change of the concentration with respect to time can be closely
observed through the graph of dx/dt = et(1-t):
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dx/dt=e (1-t)
e (1-1)
CONC. A
mg/L /
X 5
(X) o
o 0is P N 2if o ne s 415 i5 |

TIME t minutes

As can be seen from this graph, the rate of absorption equals the rate of
clearance at t=1.

IS THIS A DESIRABLE MODEL? (for A=b=c=1)

YES NO
The rate of absorption is faster than | Not practical. Max. concentration
the rate of clearance for t<1. ocuurs at t=1 min.

Practical as want drug to act this
way to be effective.

To be completely desirable would Not practical. The concentration is
neeed different values of A, b and ¢, | cleared after 7 minutes. To be
allowing clearance and absortpion effective would need to repeat
rates slower. dosages every 4-5 minutes.

B) Systematically vary the values of A, b and c to determine the effect
each has on the concentration function.

The effects each constant has on the maximum concentration of the drug
in the blood, the time taken to reach this maximum, and effect on the rates of
absorption and clearance were observed and compared.

For: x(t) = AtPe-ct
Time to reach max. concentration occurs when dx/dt = 0
Using product rule: - u=Atb v = gCt

dx/dt = AtP(-ce-Ct) + (e-Ct)(Abtb-1)
dx/dt = -cAtPe-Ct  + Aptb.t-1 e-Ct
dx/dt = AtPe(blt - c)

Time at which blood is a max.

Atbe-Ct=0 or bit-c=0
t=0 ort=blc

Substitute: x=0 and x = A(b/c)PeP
Therefore max. = A(b/c)PeP at t=bic
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VARYING A: (When b=c=1)
Here x(t) = Ate-t. To find turning point differentiate and equate to zero:
dx/dt = u'.v +v'.u
Let u=Atu=A
Letv=et v=-ot
dx/dt = -Atet + Aet Let dx/dt = 0.
0=Aet(1-1)
Aet =0 (t rejected as above)or 1-t=0
Therefore t = 1 minute is where the concentration is a maximum for all values
of A. Now find the x-co-ordinate of the turning point:
x=Ael = Ale . Amaximumoccursat (1,A/le)
LetA=0.25 0.5, 1,2, 3and 4. The curves look like:
x(t) = Ae (b=c=1)

CONC /“=4

mg/L

(X) <<//_
ne —

- A=2

_— A=t

]
=

/X

/ 1 \ 2 3 4 5 6 / 8
A=0.25"' A=0.5 TIME t minutes

eThe maximum concentrations are directly proportional to A

eAll graphs have maximum concentraions at t=1.

eThus A does not effect the time taken to reach the maximum blood
concentration.

eThe rate of absorption must increase in order to absorb the drug in the same
period of time.

A dilates the function in the x direction, and affects the rate of change of
the concentration, by a factor equal to its given value. dx/ dt = Ae-t(1-) it can
be seen that when A=1, dx/dt = e'{(1-t) when A=2, dx/ dt = 2e-{(1-t) (two
times rate when A=1) and when A=0.5, dx / dt = 0.5et(1-t) (1/2 the rate when
A=1). This can be graphed,;




dx/dt=e (1-t) - VARYING A

2
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VARYING b:
Let A=zc=1. .. x=tPe-t To find maximum concentraion, find derivative and

equate to zero using same steps as undertaken in varying A:
dxfdt = (bt(P-1))(et) + (-ety(tP) =b.etP.t-1 -the
= tbet (bt -1) (Eqaute to zero)
tbe-t= 0 or b/t -1=0
t=0 t=b

Prove minimum occurs at:
t=0, . x=00e"0 = 0 turning point (0,0) for all values of t greater than 0.
t=b -. x=bbe-D turning point (b,oPeP) = [b, (ble)P]

To illustrate on graph, let b=0.25,0.5,0.75,1,2, 1 and 3.

FUNCTIONOF t e

O.V\—% b=3

CON
mg/L
(X)

TIME t minutes

When:
= tMAXIMUM (time where | tMINIMUM (time where
max. Conc. OCcurs) = min. conc. occurs) =
0.25 0.25 min. 0 min
0.5 0.5 min. 0 min
0.75 0.75 min. 0 min
1 1 min. 0 min
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2 min. 0 min

wiN

3 min. 0 min

As b increases the maximum concentration in blood increases as does this
time to reach the maximum.

The graphs go through the same point at t=1 min:
x=tbe-t when t=1, x=10e-1 As 1(anynumber) = 1;
x=e"1 -, all curves go through (1, 1/e).

When b>1
einitial rate of absorption is low (see graph of dx/dt below)
ethe curve does not rise sharply:-

When b<1

eintial absorption rate is high (.. time it takes for maximum concentration
decreases. ta b)

ethe curve rises sharply:-

As b is part of the function, tb it only effects the shape of the concentration
function before maximum concentration is reached. Therefore, b influences
the rate of absorption. So b dominates the first part of the graph.

dx / dt:
VARYING B-dx/dt=t e [(b/t)-1]

T
CONC.
mg/L
(X) }
ENEER
o Q\ N .
0 1 \\ﬁ’_’ﬁb_/—fi_—’——'—’_’lf
/‘
TIME min. (t) b=1,2,3 and 4.

If t0 has a turning point at t=0 the intial rate of absorption is zero.
If t© has no turning point at t=0 the intial rate of absorption is co.

Therefore b does effect the absorption rate.

VARYING C:
Let A=b=1, .. x(t)=te‘°t To find maximum concentraion, find derivative and
equate to zero using same steps as undertaken in varying b:
dx/dt = t(-ce"Ct) + (e7Ct) = e~CY(1 - tc) (Egaute to zero)
eCtz0foranyt or 1-c=0 .. t=1/c
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Find maximum turning point by substituting t into original equation:
x=teCt and t=1/c . x=(1/c)(e-c(1/c)) =(1lc)e1) =1/ce
Concentration is a maximum at: (1/c, 1/ ce) for all values of c. This is
highlighted on graph where ¢=0.25, 0.5,1,2and 3:

x@=te - VARYINGC

5.

‘ 6£0.25
CONC - e=1 4
mall | G2 // c=0.5
(X) A

N = T ——
o N 1 2 3 4 5 <] 7 g 9 10 1L 1z 13 14.
L TIME i minutes t<1/c, ) > 0N
c=3 ’ Hence max.
t>1/c, FO <0~y 5 whent=1/c

eAs ¢ decreases, the rate of clearance increases. Therefore c directly affects

the rate of clearance.
eAs ¢ is increased, the maximum concentraion of drug in the blood is

decresed.
eRates of absorption and clearance with respect to time decrease, when c is

increased. See graph below:

dx/dt=e (1-ct) - VARYINGC

c=\1
>0
cong\ . — 7072 _
mg/L 0 \\< o 3 L} 5 6 7 B
X) A\ €205
TN =025

TIME t minutes

The graphs also highlight the fact that at intial rate of absorption, where
t=0, the rate is at a maximum (equal to one). proven as:
dx/dt = e-Ct (1-ct). Let t=0 min. .. = €0(1-0) =1mg/min.

C) Determine the values of A, b and ¢ when
e the drug reaches its maximum concentration of 0.2 mg/L after 30

minutes.
e the concentration after 2 hours is half of the maximum value.
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To find A b and ¢, want x=0.2 mg/L when t=30min.

want x=0.1 mg/L when t=120min.

As the maximum value will be reached at t=30, it is known that at this time
dx/dt must equal zero (The maximum value refers to the maximum turning
point).

These three requirements can be re-written mathematically:

0.2. =A30be-30C 1
0.1 = A120be-120c -2
The derivative must be found to set up the third equation:
x(t) = Atbe-ct To find the derivative use the product rule:
u=Atb u'=AbtP-1
v=e-Ct v'=-ce~Ct

dx/dt = eCtAptd-1 +  AtP(-ce~Ch)

=Ae-Ct tb(bt-1-c)

dx/dt=x(t){b/t - c} Equate to zero to find point at t=Max.
From the null factor law, x(t) ot {b/t - c}=0. However, x(t) cannot equal zero
as it is the original equation and must have a value. .. {b/t - c}=0

t=b/c butt=30 .. b=30c -3
Three equations and threee unknowns. Simultaneous equations are now
used to determine the values of A,b and c.

Divide the first equation by the second:

0.2.= A30bg-30c  ~+
0.1 = A120Pe-120c
2 = (1/4)be90C -4 Sunstitute 3 into 4:
2=(1/4)Pe3b
2:(2-2)b63b
2=0-2bg3b
21/2-2b=g3b
2(1+2b)=g3b
loge2(1+2b)=logee3P  Take loge of both sides.
(1+2b)loge2=3b loge2=0.69315 (To five decimal places)
(1.38631)b + 0.69315 = 3b
1.6137b=0.6931
. b=0.42954 Substitute back into 3.
c=b/30
-.c=0.01432 Substitute b and ¢ into 1 and make A the subject
A=0.2 / (30Pe-30C)
-.A=0.07131
The model which best describes the concentration function under the
prescribed conditions is:

x = 0.0713110-42954¢ - 0.01432 1 {t:t >0}
This function graphed on a concentration versus time graph:
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SINGLE DOSE CONCENTRATION GRAPH: CONC. LIMIT = 0.2
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D) Keep the drug concentration between 0.1mg/L and 1mg/L by use of
repeat dosages.

Drugs administered, often have to be consumed over a period of time.
However, once taken the drug has to stay within a required range. There are
two different methods which can be applied to keep the concentration within a
certain range.

« The Constant Dose Method (METHOD 1) - All doses are left the same.
Therefore the values of A, b and ¢ will remain constant.

« The Variable Dose Method (METHOD 2) - The first dose has different
values of A, b or ¢ to the subsequent doses. When added, they will rise and
fall between two given levels of concentration.

Drawing repeat dosages: The first dosage function is drawn, starting at
t=0. At a time equal to120 minutes later a second function is drawn. This
function is identical to the original function except that its starting time has
been translated to the right by a value of 120 minutes. This can be
mathematically related to the original function as x2(t) =x1 (t-120). Similarly
the third function is given by x3(t) =x1(t-240) and so forth.

REPEATED DOSAGE CURVES
x1(t) x2=x1(t-120) x3=x1(t-240) x4=x1(t-360)
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The composite concentration curve is made up by adding all of the
individual concentration curves over time.

ADDITION OF ORDINATES - PART c) IS USED FOR REPEAT DOSA(

0.2
CONC.
mg/L .
\\
(X)
TIME min. (t)

In this process the first peak is less then the required maxima and the
subsequent doses raised this value to an acceptable solution. This will be
METHOD 1. As can be seen from the preceeding graph the maximum and
minimum values stabilise and oscillate between two fixed values.

The method of finding of A,b, and c as used above (see Part c) , was now
generalised.

Lett XMAX = U at t="7T
XMIN =V at t=T
{Frompartc, Xyax ~ =02,T=30min. XmiN =01, T= 120min. }

These values can be shown on a graph:




GRAPH LABELLING ASSUMPTIONS AND THEIR POSITIO!
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GENERALISE: (Using theory and equations set up in ¢)

dx/dt = AtPec.(bit - c)
Atbect =0 or bit-c=0

t=0 ort=Dblc
u = Atbe-ct 1
v = ATbe-Ct -2
Divide 1 by 2:




1
U, -b0--]

—=r'e TAKE LOG BOTH SIDES

v

FROM EQUATION 1

U
A=

b, —ct

T €

)
7
o)

The derived formula above, can now be applied to find a drug
concentration that is kept between 0.1mg/L and 1mg/L.
Several assumptions need to be made to keep the drug practical:

METHOD 1 -

Let Xpax = u = 0.7 mg/L.
Let Xpun =V =0.2 mg/L

Let T = 240min
Let T =60 min.
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T = time between doses. 240 min. was chosen as it applies to everyday

drugs.T = 60 min.This is to ensure that concentration levels are gradually
increased.

u = 0.7 to ensure that the concentration does not exceed 1mg/L. (When
ordinates are added the 'peaks' will rise well above the initial dosage.)

v = 0.2 to ensure that the concentration does not fall below 0.1 mg/L.

A model was designed that would follow the prescribed conditions. To
graph, A, b and ¢ were found,;

o)

T
b:ilo r_(l—gz)‘ where ¢ ::l:
L & b3 J
o 7
b: Oge 0'2
e 50 a0 |
|98 50 60
log, 35
b =
[10g, 025 - (-3)]
- 125276
161371
b = 077633
b
e = —
T
c= 001294
u
A =
T be —¢T

0.7

6 0.77633 —0.01294%60
O e g

A = 006337

Now the equation can be drawn, and added together.

0.06337 t 0.77633 @ ( - 0.01294t)
The graph shows the drug being administered over a 24-hour period.
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METHOD 1
ADDITION OF ORDINATES - CONCENTRATIONS VARYING FROM 0.1g/L tc
0.1
/o ™\
CONC
mg/L
(X) /\
\
g1 _1po oy 2£4 AM\# Ev % \1@

TIME min. (t)

This graph shows that when all the dosages are kept the same, that is A, b,
and ¢ are kept constant, and added together through addition of ordinates,
the maximum concentration of curves rises at first, but several 'doses' later
the peak and minimum concentrations remain within constant limits. These
stable peaks and minima concentrations values can be found:

DOSE | TIME MAX. TIME AT MIN. | CONC. MAX | CONC. MIN
1 60 240 0.7 0.2

2 300 480

3 540 720 0.21625

4 780 960 0.21630

5 1020 1200 0.216306

6 1260 1440 0.78

The table shows that at some time between doses two and three, the

concentrations remain constant. The best explanation for this comes from the

following table. Here the concentration values of dose one curve, are

evaluated for different values of time t. The t values chosen correspond to the

values as used in the previous table.

| DOSE | TIME

| CONC.
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1 60 0.7

1 240 0.2

1 300 0.1093997
1 480 0.0153

1 540 0.0077

1 720 0.0009

1 780 0.0005

1 960 0.00005

1 1020 0.000025

1 1200 0.0000028
1 1260 0.0000013
1 1440 0.00000014

Consider both tables:

TIME - t DOSE at (mg/L) DOSE at (mg/L)
720 = (0.0009 3=0.21625

960 1 =0.00005 4=0.21630
1200 1 = 0.0000028 5=0.216306

Thus as seen the first dose has very little significance on the third, forth or
fifth dose concentration values at time = 720, 960 and 1200minutes
respectively. At a time = n this pattern is repeated and second dose will have
no effect on the subsequent doses. So at a point in time when the peaks start
levelling off, the previous doses (before the most recent) can be said to be
negligible to the maximum concnetration.

METHOD 2 - The first dose reaches the required maximum and subsequent
doses have different values of A, but rise and fall between the same two
levels

To calculate, must let concentration = 1 when second dose reaches a
maximum. So 1st dose +2nd smaller dose = 1. (Smaller dose is required to
ensure concentration does not rise above 1 mg/L.)

Let u = 1.0mg/l (max. level), v = 0.2mg/l (min level so doesn't fall below 0.1)
and T = 240min and 1 = 60.

Using equation from above (See appendix 1),
A1 =0.04567 b=0.99735c=0.01662

Equation 1 - X = 0.04567t0.99735¢-0.01662t
As the T=240 and u = 1.0, the new value of A that must be found is
determined by:
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1 = 0.04567(240 +60)°*7 g OO0 | 4 (3002 40)09575 g 00166200240
(N.B. 240+60=MAX. ON SECOND GRAPH)
1=0.09297 + 4, (2189579)

~ 1-009297
27 2189579
A,= 004142

Therefore, the equation for repeated dosages is:

0.04567 t 0-99735 g (- 0.01662) + 0,04142 (t-240) 0.99735 g ( - 0.01662(t-240))
+ 0.04142 (t-480) 0.99735 g ( - 0.01662(t-480)) etc,

The graph will look like:

THE VARYING DOSE METHOD

CONC. VARYING BETWEEN 0.1mg/L - 1.0mg/L. OVER A 24-HOUR PERIOD
1.0

CONC.
mg/L 5
(X)

—

0.2 \
feldio o :H Xr\ e %m_lm

TIME min. (1)
As subsequent doses have same value, once the maximum concentration is
reached, the same dose must be required to keep the peaks constant. Unlike
the first method, the graph will remain constant after the second dose.
However, the first dose becomes constant at n times later.

DOES IT MAKE A GOOD MODEL?

METHOD 1 METHOD 2

Practical. Relates to everyday Not as practical. If a tablet, cannot
situations. One tablet is taken every | be selected a random as dosage is
T hours. not always the same.

First dose is not as concentrated as | Good if want a 'night tablet'. That is,
subsequent doses. The body will first dose last eight hours before a
slowly get used to the effects of it. 'day tablet' is administered.

PART F)

To find the time when the concentration peaks and minima first reach
constant values between two given limits, the above process can be
generaised. Method One is more practical than Method Two and it will
therefore be generalised.
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From above, it is known that at some point in time, dose one concentration
will become negligible when compared to its peak value. Similarly the
concentrations of dosed two and three and so on will at different times reach
their negligable values. The values at which these concentrations occurr at
different times, can in fact be related to corresponding values of the original
dosage curve:

CONC.
mg/L
[X1(t1)] x1(11=T) x1(t1=2T)  x1(t1=3T)
; lf/?ﬂME min. (1)
CONC.
mg/L x2(12=T) x2(12=2T)
[X2(12)] L TIME min. ( t2)
0
CONC.
mg/L X%QSZT)
[X3(t3)] TIME min. ( 13 )

P

0
For example: x1(t1=T) = x2(t2=T)=x3(t3=T). Notice that each graph time is
referenced to its own time origin. However if the concentrations of the second
and third graph are placed on the first concentration graph (viz moved
vertically up) then:

X2(t2=T) = x2(t1=2T) and x3(t3=T) = x3(t1=3T)

Using this method, once the dosage curves are summed together, they can
still be related back to the original curve.

Total Concentration after three doses

1st Dose

Total
CONC
mg/L
x(t)

0 7 T 2T 3T Time t minutes
x(t=T) / Z(H) / x/'(t:T)
x(L=2T)

x(1=2T)
x(t=3T)
First minimum occurs at t=T and equals: x(T)
Second minimum occurs at t = 2T and equals: x(2T) +x(T)
Third minimum occurs at t=3T and equals: X(3T) +x(2T) +x(T)
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and so on.
At some point these minimum concentrations will become constant:

¢ > N \‘

some time later....

q x[t=T(n—1)] %X(t:Tn)

where n = number of doses

As discovered previously, at some point in time the first dose
concentration, and then subsequent doses, become negligible when
compared to recently administered doses and the graph will rise and fall
between two values. In order to find out how many doses must be added
before the concentration becomes constant thea calculation can be
performed:

x(t =Tn) .
Let m < ERROR where Error is a very small number where the value
of the concentration can be considered negligible.
Where x(t=T) = original equation at minimum concentration
and x(t=1Tn) = the first time where min concentraion becomes constant
FROM EQUATION WHERE At'e™*'
A(Tn) b e —L‘(Tﬂ)
AT be e
Tbnbe - e(Tn-T)
Tb
nbe—cT(n—l) < ERR
log, {n’e™ " """} <log, ERR.
log, n* + log, e *"""" <log, ERR >
blog, n—cT (n-1)<log, (ERR)

< ERR.

T 1
log, n—ib—(n—l) < log, (ERR)? but b=crt

1
- T
log, n — log, (ERR.)? < ———CT (n—1)
c
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I

log{ . ; | < L (n—1) n cannot be simplified further.

Ry |

But, T=240, v =60, and b = 0.77633.

Let ERROR = 107% This toensure that concentration considered to be negligible

is in fact a small number . Note: 10 ~* could have ben chosen but would not be
as negligible. find n:
Tryand obtain L. H.S.< R H.S.

Let n=3 . LHS < RHS
188945 < 8 (Incorrect)

Let n=4 191822 < 12 (Incorrect)

Letn=>5 194054 < 16 (Incorrect)

Letn==6 195877 =~ 20
Son=6
Six doses are required before error is 107°,

At time = 1440 min. (affer 24hrs) the minimum concentrations will stabilise.

SUMMARY:
Once u, v, T and T are set as limits, A,b and ¢ can be found by:

U u

Lk @ o e H
L { 1}1 °= { 1}1
r be e Lloger - 1~;J rtloger— lw;J

And n can be found by solving the following inequality:

T
log;—-ﬁ—T <—(n-1)

(ERR.)?

where ERR is a number which sets the minimum parameters.

Hence at n +1, the concentration can be calculated by summing n
concentration terms.

[For n=6 eqaution is:  X(t) = AtPe-ct + A(t-T)be-C(t-T) + A(t-2T)be-c(t-2T)
+ A(t-3T)PeC(t-3T) + A(t-4T)Pe-C(t-4T) + A(t-5T)be-c(t-5T)
Or in general the Z n terms. For concentration minima:

X(t=nT) = X(T) + X(2T) + X(3T) +X(4T) + X(5T) + X(6T) . . . X[(n-1)T] + X(nT)
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where [X(T)] = 1st minima.
[X(T) + X(2T)] = 2nd minima etc.

For maximum concentration:
X(t=nT) = X(T) + X(27) + X(37) +X(47)

where [X(T)] = 1st maxima.
[X(T) + X(27)] = 2nd maxima efc.

n = number of doses

+ X(57T) + X(67). . . X[(n-1)T] + X(nT)

n= | TIME AT t=nT (For min. conc.) | TIME AT t=nt_(For max. conc.)
1 240 60

2 480 300

3 720 540

4 960 780

5 1200 1020

6 1440 1260

7 1680 1500

8 1920 1740

Using previous values for A, b, ¢, T, u, v, T and n, the concentrations can be

calculated.
A=0.06337 b=0.77633
t=T=240 2T =480 etc.

c=0.01294

T =240 1 = 60 n=6th dose

CALCULATION FOR MINIMUM CONCENTRATION

DOSE NO. (CALCULATED AT TIME T)

MINIMUM CONCENTRATION

1=T

0.2

2=T+2T 0.21534
3=T+2T+3T 0.21628
A=T+2T+3T+4T 0.21632
5=T+2T+3T+4T+5T 0.21633
6=T+2T+3T+4T+5T+6T 0.21633 ™

7=T+2T+3T+4T+5T+6T+7T

0.21633 OR I of first 6 terms

8=T+2T+3T+4T+5T+6T+7T+8T

0.21633 OR I of first 6 terms

*+*Time where concentration becomes

constant.

CALCULATION FOR MAXIMUM CONCENTRATION

DOSE NO. (AT t = t increments)

MAXIMUM CONCENTRATION

1=1

0.7

2=T+2T

0.80930

3=T+21+37

0.81703

tsh




A=T+2T+3T+4T 0.81759

5=T+2T+3T+4T+5T 0.81762
B=T+2T+3T+AT+5T+6T 0.81762 ****(see above)
7=T+2T+3THATHET+BTHTT 0.81762 OR X of first 6 terms
8=T+2T+3T+AT+5T+OT+7T+8T 0.81762 OR X of first 6 terms

Thus, the concentration at the time where the dose becomes constant at the
minimum and maximum values can easily be determined. Once n is found,
the concentration is the ¥ of first n terms.

CONCLUSION
(Note: Many conclusions were developed throughout the text and have
therefore been integrated throughout the document. )

As can be seen from the graphs of the mathematical 'product of functions'
model, a relation was found that linked the three parameters. The model for
concentration for a single dose given by x(t) = AtPe(-Ct) was simplified by
assuming A=b=c=1. This was analysed. |t was found that the A value was
directly proportional to the peak level of the concentration in the blood. This
ocecured at b/c minutes after the dose was administered. The rate of
absorption was dependent on the value of b (proportional to tb) whilst the rate
of clearance was dependent on ¢ being proportional to e(-ct) t minutes after
drug intake.

It was found that when repeat dosages are administered:
« the height of the total concentration can be limited between two values.
« with the Constant Dose Method, the height of the concentration in the blood
reaches a horizontal asymptote.
« with the Variable Dose Method, b and ¢ were kept constant and A was given
a differerent value for the first dose only.?

This investigation required to find the time at which the concentration

minima and maxima reached stable values. This was only established after
the value of the constants was determined by the following formulae:

) . log, (’9 e log, (%) ,
A= ?‘b'-e—_—cf— ‘Lloge r- {1—%}} TiLIOgG ' {1— %H

An error criteria was established which was used to determine the number
of doses needed to achieve a stable concentration. A formula was found

1 Experimentally this was the case, however it was shown mathematically that finite values
of the functions are always present.

2 This allowed the concnetration to fluctuate between between the two set limits.
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which allowed the number of doses to be calculated once n was found to
satisfy:

T
loge——f———f < ?(n—l)

(ERR.)?®
Due to the complexity of the above equation, the number of required doses n
was found by an iterative process.

The main limitation to this extension was that the ERR. value is subjective
it is a ratio relating the additional component of the concentration at time t =
nT, to the original concentration value at time = T and gives different values
of n for different ERR. values.

FURTHER INVESTIGATION
The project allows for a wide scope for further investigation. This may
include:
e the effect on varying the values of borc when administering repeated
dosages.
o the effect gender, mass or height of a patient has on the rates of absorption
and clearance.
e the effect on the dosage curve when the dose period is not constant.
e the actual effect different drugs with different parameters have on a patient.

Despite the above limitations, the model can easily be applied to a realistic
situation and gives an effective insight into the complexities that face
pharmacists when designing an important drug.
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