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Modeling the amount of a Drug in the Bloodstream

The goal of the following investigation will be to determine the amount of a drug
which is present in the human bloodstream for different durations of specified time.
Foremost, appropriate variable must be established to deal with the investigation. Let “t”
represent the time in hours, and let “a” represent the amount of drug in micrograms (ug).
The controlled variable will be the time, because we can establish at what hour the
monitoring will start and stop. The uncontrolled variable thus is the amount of drug in the
bloodstream; we have no control over that and it is ultimately what we hope to discover.

Foremost, a data table is created according to the information provided in the
“Amount of Drug in the Blood Stream” graph. This is done by taking all the t values and
a values and organizing them into a data point chart.

Figure 1

t a
0.5 9.0
1.0 8.3
1.5 7.8
2.0 7.2
2.5 6.7
3.0 6.0
3.5 53
4.0 5.0
4.5 4.6
5.0 4.4
5.5 4.0
6.0 3.7
6.5 3.0
7.0 2.8
7.5 2.5
8.0 2.5
8.5 2.1
9.0 1.9
9.5 1.7
10.0 1.5

Figure 1 shows a data point chart for the
Amount of drug vs. the time.

After the data chart table has been created, a graph to represent the information
should be simple to establish using graphing software on a computer. The software
chosen for this specific investigation is Graphmatica. To create this graph on the
software, simply fill in the “t” values and “a” values in the data plot chart. The graph will
barely be noticeable because it is positioned at the top right hand corner and continues off
screen. However, to fix this problem, right click and open the Grid Range controls. Here,
set the settings so that the graph goes 10 up and 10 left.
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Figure 2

Emount of Drug in the Blood Stream

e RI=T=T=t="

ShoCoooos
OpoooOoo0

cofboooooan

'
'
-
"
'
cfhooo

Soo[loooo00

Sobooooos
Oopoooooo
S
R T
R T

Sooboooos
S S,
S
R T
R T
R
cofhao
'

'
'

S
'

'
el bee
'

'
Sahoo

Soooohooos
Ooooohoo00
Soooopooooo
TS
ST (SIS,

Sooboooos

'

'

'

'

v

'

'

'

Spooo

coobooooan
Soo[loooo00

' ' ' ' ' ' ' '
' ' ' ' ' ' ' '
...... A PO DU U N
v v ' | | v v v
' ' ' ' ' ' ' '

R
S S
S TS S,
cofhao
'
'
'
S
'
'
el bee
'
'
Sahoo

| @ | oo | = H \D, | u | =+ H [ ' o

Sooboooos

Time in hours

Brl ut Bnap Jo junouy

Figure 2 shows a graph of “Amount of Drug in a Bloodstream”. As you can see, the time

intervals increase by 0.5 hours each time, while the amount of drug in the bloodstream

has no pattern in its descent.

Referring to the Figure 2, the graph is an exponential regression, because it is an
exponential graph which is decreasing rather than increasing. The data point graph has
been established, however to find the function of this graph, a curve of best fit must be

introduced. The curve of best fit basically draws a curve through the data points, trying to
get as many points directly on the line to give an appropriate representation of the data.

This can be done through Graphmatica as well. Simply use the graph already established,
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in jug

drug

of

Amount

and press the “Curve Fit” button, which draws the curve of best fit automatically. The
curve of best fit essentially is the graph in a linear graph, thus to find the function of the
graph, all we have to do is find the function of the curve of best fit. In Graphmatica, drag
the curser to the curve of best fit. At the bottom of the screen, the program automatically
gives you the function associated with the curve. The function is there fore:
a=0.00031t*+ 0.005t> + 0.0325t* — 1.33t + 9.6

Figure3

Zmount of a drug in the bloodstream

Time in hours
Figure 3 shows the curve of best fit. The curve of best represents the function, thus the
function is: a= 0.00031t*+ 0.005t° + 0.0325t* — 1.33t + 9.6
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The graph created compared to the graph given is subsequently steeper. This has
to do with the window settings. Where the given graph is forced to confine into a smaller
space, this graph is able to expand and have a larger scale, showing how it truly looks.

The second problem faced within this investigation instructs the patient to take 10 pg of
the drug every 6 hours for 1 day. In this situation many assumptions and known fats have
to be introduced in order to solve the problem. Foremost, 1 day is equal to 24 hours.
Secondly we must consider that every time the patient takes the drug, the amount does
not go to a constant. The amount will vary because we must add the amount remaining to
10 pg, giving the new total amount of drug in the patient’s bloodstream. In the first 6
hours, the equation was a= 0.0003 1t*+ 0.005t> + 0.0325t> — 1.33t + 9.6, all we have to do
to figure out the x and y coordinates is to look at figure 2, because that is the same graph,
but only take the first 6 hours, because at 6hours, 10 ug of the drug is added to the
patients bloodstream. Thus, the pattern emerges that at every 6 hours (6, 12, 18, 24) the
dose remaining will be increased by ten, and in the equation, the “b” value (y intercept),
will be the first number increased by ten.

o
Figure 4
Amount of Drug in the Bloodstream
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Figure 4 shows the amount of drug in the first 6 hours of the 24 hour day. The amount
will increase every 6 hours by 10 pg.
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Calculating the Amount of the drug in the bloodstream from 6-12hours requires a
different procedure however. First, the amount remaining after 6 hours is 3.7 pg. At this
point, the patient takes another 10 pg of the drug. So, the 9.6 in the original function is
replaced with 13.7, giving us the new function of a= 0.00031t*+ 0.005t> + 0.0325t* —
1.33t + 13.7. We already have the “t” values, but now we must calculate the “a” values.
To do this, plug the “t” value into the equation, which is the time period from 6t-12t,
increasing by 0.5 each time, and the number formulated is the “a” value. The best way to
organize this information is the data point table.

Figure 5
t a

6.0 13.7
6.5 7.25
7.0 6.95
7.5 6.68
8.0 6.43
8.5 6.20
9.0 5.97
9.5 5.76
10.0 5.55
10.5 5.34
11.0 5.12
11.5 4.89
12.0 4.63

Figure 5 shows the data point table for 6 hours

To 12 hours.

To graph this, simply plug this data point table into the data point table in
Graphmatica, it will give you the function from 6t-12t. The graph looks uniform except
for the initial increase of 10 pg at 6t, where in the graph there is a steep drop from 6t to
6.5t. Thus shows that as the tests go on, by the second dose, the amount of the drug in the
blood stream decreases significantly more rapidly than before, which can be explained in
part by the human immune system to adjust to certain vaccines and medicines. The
maximum in the first 6t (Ot to 6t) was 9.65a and the minimum was 4.0a. In the second 6t
(from 6t to 12t) the maximum is 13.7a at 6t and 4.63a at 12t. This shows the pattern that
the maximum will always come at the first t in every 6t frame, and the minimum will
come at the last t in every 6t frame.
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Figure 6

Amount of Drug in the Bloodstream
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Figure 6 shows the graph but only a specific section, from 6t to 12t. As you can clearly

see, the Amount of blood stream significantly drops from 6.0t 6.5t, this is most likely due

to the human immune system. The maximum here is at (6.0, 13.7) and the minimum is at

(12.0, 2.63).
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Third frame is from 12t-18t. In this frame, we must use a similar procedure to
calculate the function and the data points. Firstly, the last point in the 2™ frame indicated
4.63a in the patient. However the patient again takes another 10 ug of the drug at this
point. So in the function we have to replace 13.7 with 4.63a + 10a, which is 14.63. So the
new equation becomes: a= 0.00031t*+ 0.005t> + 0.0325t> — 1.33t + 14.63. Again, to
determine the data points, plug in the known “t” values which are the 0.5 increments
from 12t to 18t, and the number produced is equal to the a value. Put the results in a
Table first to show the relationship, and then show it visually on a graph.

Figure 7
t a
12.0 14.63
12.5 5.28
13.0 4.96
13.5 4.60
14.0 4.19
14.5 3.72
15.0 3.17
15.5 2.55
16.0 1.83
16.5 1.02
17.0 0.09
17.5 -0.97
18.0 -2.16

Figure 7 shows the data point table for the
3" frame In the 24 hour timeline.

What is significant in this data point table is that fro the first time we see the “a”
values reaching negative integers. This means that at 17.5t although the a value is
technically -0.97a, in reality we know that you can not have a negative amount of a drug,
thus the Amount of Blood in the bloodstream reaches 0 officially after 17.0t; 17hours.
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Figure 8

Amcunt of Drug in Bloodstream
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Figure 8 shows the graph of the 3™ frame in the 24 four cycle. Here we can see that the

amount of drug in the bloodstream finally reaches zero. Although the “a” values are

i

negative at 17.5t and 18t, we know that in reality that is not possible. We can clearly see

that the maximum occurs at (12, 14.63) and the minimum occurs at (18, -2.16).
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The fourth and final frame is from 18t to 24t. In the 3™ frame, we were left with a
-2.16a. Thus to figure out the initial value for the 4rth frame, we must add 10 pg. Thus the
new initial value for “a” at 18.0t is 7.84, represented in the equation as:
a=0.00031t*+ 0.005t> + 0.0325t> — 1.33t + 7.84. To calculate the other values in the 4™
frame, simply plug in the known t values which range from 18t to 24t, increasing by

increments of 0.5t every time.

Figure 9
t a

18.0 7.84

18.5 -10.30
19.0 -11.80
19.5 -13.49
20.0 -15.36
20.5 -17.44
21.0 -19.74
21.5 -22.28
22.0 -25.07
22.5 -28.13
23.0 -31.47
23.5 -35.12
24.0 -39.09

Figure 9 shows the data point table for the fourth frame.
We can clearly see that all the points other than the initial
Are negative integers. The maximum is located at

(18.0, 7.84) and the minimum occurs at (24, -39.09).

Again, because the numbers are negative integers, they may technically exist, but in Real
life, the amount of drug in the blood stream has now come to a phase of massive loss. It
shows that one hour after the additional 10 pg is taken; the entire drug in the bloodstream
is gone. The body of the patient we can securely say has become immune to the drug
now.
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Figure 10
Amount of Drug in the Bloodstream
T T T T T T T T T T T
:
H
L]
: :
1 H
;
3 :
------ E T e e EE e T e e e LT T T LT T e T EEEE T PR R P R E et P T EE P TS EEPEEE PP
: :
; ;
;
1
. X
0 : »
2 4 & g 10 12 14 16 18 20 22 24
.
;
:
_5 0
______ 1 S S A S O G
:
:
o
=]
o |10
L I T e i s e i P it ST T T T EEEEEE EET TR ST P TEP PP
:
o ;
= o i
u :
o L I
wl1-15
ol SRR R e et e e R e e e T
| |
s 1
_ i
=
ja [ ]
0 i :
E 1 '
1
-20! : i
______ O OO OOt JAUUO OOty SNt IOy RIS SR NIV SOOIVt MU SOOIt RSO Sty PPNt AUy DUPIPII E E N S R
: : :
1 ; ;
' L]
;
1
-25 i
""" i el sl e e e Tt e e e e T e e et e e e St el ittty Ry St St ittt
:
;
;
L]
:
=30 :
.....................................................................................................................................................................
:
.
:
;
1
-35
______________________________________________________________________________________________________________________________________________________ R

Time in Hours
Figure 10 shows the graph of the forth phase in the 24 hour cycle. As you can
see, the majority of the values are negative integers.

The final step in creating our 24t cycle function is to combine the 4, 6t phases of
the function into one graph. The graph will show that there are specific local maximums
and minimums for each phase in the graph; these have already been listed previously.
The steep jumps are due to the sudden 10 pg. However, it is clear to see that as the graph
progresses, especially in the last two phases, it takes a shorter time for the amount of drug
in the bloodstream to decrease, showing us that clearly the patient’s body is used to the
drug, and it clearly dissolving faster than ever before.
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Figure 12

t a
0.0 9.65
0.5 9.0
1.0 8.3
1.5 7.8
2.0 7.2
2.5 6.7
3.0 6.0
35 53
4.0 5.0
4.5 4.6
5.0 4.4
5.5 4.0
6.0 13.7
6.5 7.25
7.0 6.95
7.5 6.68
8.0 6.43
8.5 6.20
9.0 5.97
9.5 5.76
10.0 5.55
10.5 5.34
11.0 5.12
11.5 4.89
12.0 14.63
12.5 5.28
13.0 4.96
13.5 4.60
14.0 4.19
14.5 3.72
15.0 3.17
15.5 2.55
16.0 1.83
16.5 1.02
17.0 0.09
17.5 -0.97
18.0 7.84
18.0 7.84
18.5 -10.30
19.0 -11.80
19.5 -13.49
20.0 -15.36
20.5 -17.44

11
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-19.74
-22.28

-25.07
-28.13

-31.47
-35.12

-39.09

21.5

22.0

22.5

23.0

23.5

24.0

Figure 12 shows the entire data point table for the final Amount of Drug in a
Bloodstream graph which combines all four phases to get a 24 hour cycle.

Figure 13

Emount of Drug in the Bloodstream
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The maximum in the overall graph is located at (12, 14.63) and the minimum is
(24, -39.09). This breaks the pattern we saw earlier where the maximum was the initial
point in the phase and the minimum was the last point in each phase. If that pattern had
occurred in this situation, then the maximum would have been the first point in the data
point table (refer to Figure 12), (0, 9.65).

If no further doses were taken for one week, then the amount of drug in the
bloodstream would remain 0. This is because at the latter stages of the graph, it is clear to
see that when the drug is taken, it is completely gone from the bloodstream in
approximately 2 hour (specifically referring to Phase 4, see Figure 9 and Figure 10).
Thus if no doses were taken after the 24 four testing period, any trace of the drug in the
bloodstream would be gone.

If doses continued to be taken every 6 hours for a week, then it would repeat the
pattern we have seen. The “b” value would inevitably get smaller and smaller, but never
exactly hit 0 because of the fact that a 10 pg has to be given, a horizontal asymptote for
the initial values only, at the 0 mark. But the fact remains that the “b” value would
continually get smaller, and the time taken for the drug to completely disassociate itself
in the bloodstream would also get smaller and smaller, it is an exponential regression.

Thus at the conclusion of the investigation, it is clear to see that the drug in the
patients bloodstream gradually disassociated itself at a faster rate throughout the 4 phases
until it was at a point where it was gone merely 0.5t after the additional 10 pg dose of the
drug. The four functions proved to be the following:

1) a=0.00031t*+ 0.005t> + 0.0325t> — 1.33t + 9.6
2) a=0.00031t*+ 0.005t> + 0.0325t> — 1.33t + 13.7
3) a=0.00031t*+ 0.005t> + 0.0325t* — 1.33t + 14.63
4) a=0.00031t*+ 0.005t> + 0.0325t* — 1.33t + 7.84

The point at which the drug initially hit O pg in the bloodstream was following the 17
hour mark in the 24 hour test, and it reached 0 again at 18.5 hours. In conclusion, to
improve the experiment, the investigation needs essentially test a stronger drug, one
which does not allow the body to gradually become immune to it.
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