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Metabolism of a drug in the human body is a complex syStem to represent in a
model. Thus, in Step 2 of the modeling process, particularly for our first atiempt, we |,
should make simplifying assumptions about the drag and the body. A ome-
compartment model is a simplified representation of how a body processes a drug.
In this moedel, we consider the bedy to be one homogeneous compartment, where |
distribution is instantaneous, the concentration of the drug in the system (amount of
drug/volume of blood) is proportional to the drug dosage, and the rate of elimination
18 proportonal to the amount of drug in the system. The concentranon of a drug in-
stead of the absolute quantity is important because a quantity that might be appropri-
ate for'a small child might be ineffective for a large adult. & drug has a minimum

 effective concentration (MEC); which is the least amount of drug that is helpful,

and a maximum therapeutic concentration or minimuom toxic concentration
(MTC), which is the largest amount that is helpful without having dangerous ot in-
tolerable side effects. The therapeuntic range for a drug consists of concentrations
between the MEC and MTC. A drug’s half-life, or the amount of time for half the
drug to be eliminated from the system, is useful for modeling as well as patient
treatrnent. Often concentrations and half-life are expressed in relationship to the !
drug in the plasma or blood serum. The total amount of blood in an adult’s body is
approximately 5 liters; while the amount of plasma, or fluid that contains the bloed
cells, is about 3 liters. Blood serum is the clear fluid that separates from blocd when
it clots, and an adnlt human has abeut 3 liters of blood sertm.
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We begin by modeling the concentration in the body of aspirin (acetylsalicylic acid).
For adults and children over the age of 12, the dosage for a headache is one or {wo
325 mg tablets every four hours as necessary up to 12 tablets/day. Analgesic effec-

- - tiveness occurs at plasma levels of about 150 to 300 ug/mi, while toxicity may occur

at plasma concentrations of 350 pg/ml. The plasma half-life of a dose from 300 to
650 mg is 3.1 to 3.2 hr, with a larger dose having a longer half-life. '
For simplicity, we assume a one-compartment model with the aspirin immedi-
ately available in the plasma. A stock (box variable), 'dSpirin_in _plasma, represents
the mass of aspirin in the compartmen‘t which is the person’s system, and has an ini-
tial value of the mass of two aspirin, (2)(325 mg)(1000 ug/mg), where 1 ml]jilgram

(mg)is equivalent to 1000 micrograms ((g).

- The flow from aspirin_in_plasma (eizmmatzon) is propomonal to the amount
present in the system, aspirin_in_plasma. Thus, the rate of change of the drug leav-
ing the system is proportional to the quantlty of drug in, the system (aspmn n_
plasma or Q in the following equation): : -

dQ/dt =-KQ
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@gure 3.5.1 One-compartment model of aspirin
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As Module 3.2 on “Unconstrained Growth” shows,. the solution to this differential
~ equation is as follows:

Q= Qoé_Kr

Using this solution, as Bxercise 1 shows, the constant of proporti onality K above and

elimination_constant in the system dynamics software model has the following rela-
tionship to the drug’s half:Jife (t,);

K=-

Pharmaceutical sources widely report a drug’s half-life.
Quick Review Question 1

- Delermine the elimination constant with upits for aspirin assuming a half-life of 3.2 hr

To compute aspirin’s plasma concentration (plasma_concentration) in a con-
-verter (variable), we have another converter for the volume of the system (plasma_
volume) with a value of 3000 ml and appropriate connectors and equation. Figure
3.5.1 contains a one-compartment model for one dose of a drug, where the initial
value of plasma_concentration is the dosage; and Equation Set 3.5.1 gives the corre-
sponding equations and values explicitly entered for the model of aspirin.
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(Juick Review Question 2

In terms of the variables in the model of Figure 3.5.1, glve the equauon for
_ plasma_concentration. :

@on Set 3.5.1 ™
Explicitly'\ entéred equations and values for one-compartment model of aspirin -

half life=32 hr
plasma_volume = 3000 ml

=

aspirin_in_plasma(0) =2 * 325 * 1000 rg
elimination_constant = —In(0.5)/half_life

elimination = elimination_constant * aspirin_in_plasma
plasma_ corzcenrmnon—aspzrm in _plasma/plasma volume

j Runnmg the simulation for 8 hr and plotting plasma concentration, the resultmg

graph in Figure 3.5.2 indicates that the concentration of the dru g in the plasma is ini-
tially approximately 217 pig/ml, which is a safe therapeutlc dose. Subsequenﬂy, the
. concentration decreases exponentially.
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Figure 3.5.2  Graph of plasma_concentration (tg/ml) vershis #(hr) for aspirin




