
BME 200 
Lesson 5 
Sep 8, 2020 

By the end of the class students should be able to: 
• Calculate the plasma concentration of drug after a single dose 
• Calculate the plasma concentration of drug after multiple doses  

I. Pharmacokinetics 
A. Put the two concepts together from last time and we can model how drugs behave in the 

body. 
1. Pharmacokinetics = tissue compartments + exponential decay 

B. Pharmacokinetics is the modeling of drug kinetics in the body. In other words, how fast 
drugs are metabolized and leave the system. 

C. A single compartment looks like this: 

D. But, you can get really complicated 
with the models, like a pharmacist 
would. 
1. Zooming into this level lets you 

study how the drug concentration 
changes in different tissues 
(compartments) of the body 

2. The math for these types of 
models gets complicated fast. 
Each compartment gets its own 
differential equation and a 
computer is needed to solve the 
curves for systems with many 
compartments. 

3. Example, injection of doxycycline 
(antibiotic) into pigs. 
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II. Compartment models 
A. A compartment model in pharmacokinetics makes three very important assumptions: 

1. The drug is well-mixed within the compartment. 
a) In other words, the drug is at the same concentration in every location throughout 

the body at all times. 
b) This is not a realistic assumption, but it is a valid assumption for a simple model. 

2. The drug entering the compartment is instantly mixed. 
a) In other words, the starting mass is instantly distributed throughout the model 

when you take the pill or get the injection. 
3. The loss of drug from the compartment is proportional to the concentration in the 

compartment. 
a) In other words, the drug leaves the system like a tracer does, and we can use a 

formula that looks like the one we used: 

    

III. Single-compartment models 
A. Single-compartment models are appropriate for injections because the drug goes straight 

into the plasma. 
1. Note true for a pill since the pill has to get to your intestines and then get absorbed 

into the blood stream. 
B. We are modeling the concentration of the drug in blood plasma over time, since the level 

of drug in the plasma is what all the tissue in the body “sees”. 
C. The drug concentration in plasma can easily be measured with a blood draw. 
D. There are about 5L of blood in an average adult human and about 60% of that volume is 

plasma. 
E. Steps for solving single-compartment models with a single injection 

1. Draw system (use either chemE or pharmaco notation): 

m(t) = moe−kt
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2. Write equation (NOTE UNITS!; in particular the values for k and t): 

      elimination rate constant 
      initial drug mass 
      plasma volume 
      plasma concentration of drug over time 
      time 

3. Solve for unknown(s): 

 

You're in the hospital hooked up to an IV with saline. It's noon and you have a headache 
so a physician injects 325 mg aspirin (salicylate) into your IV. Assume that aspirin has a 
half-life of 4 hours and that your total plasma volume is . What is your plasma 
concentration of aspirin at 5 PM (in g/L)? 

ke =
D =
Vd =
c(t) =
t =

Vd = 3 L
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IV. Multiple injections 
A. Often times you take more than one dose. Why? 

B. Sketch of plasma concentration of drug when given multiple injections over time. 

C. How do we model this? 
D. Just add together the exponential formula for each injection. The formulas for multiple 

injections are: 

  

  

  

  

c(t) =
D
Vd

(e−ket + e−ke(t−τ) + e−ke(t−2τ) + ⋯ + e−ke(t−(n−1)τ))

cmax =
D
Vd ( 1

1 − e−keτ )
cmin =

D
Vd ( e−keτ

1 − e−keτ )
css =

D
Vdkeτ
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dose #
period between injections

n =
τ =



E. Example. You’ve still got a headache so you get two more injections: one at 5 PM and 
then another at 10 PM. Assuming the same k value as in problem 1, what is your plasma 
concentration at 11:30 PM? 

V. Two-compartment models 
A. These models are appropriate for pills. 
B. One compartment for intestines and the other for plasma. 

C. Two compartments means two differential equations 

   

   

dCI

dt
= − kaCI

dCP

dt
= kaCI − keCP
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D. But we only care about the second differential equation because it is the plasma drug 
concentration. Calculate the plasma concentration over time with the formula 

  

E. The change in plasma concentration over time will look something like this 

F. Find the time at which plasma concentration is maximum with the formula 

  

G. Calculate the plasma concentration from taking multiple pills with the formula 

 

c(t) =
FDka

V (ka − ke) (e−ket − e−kat)

tmax = ln( ka

ke ) 1
ka − ke

c(t) =
FDka

V(ka − ke) ((e−ket − e−kat) + (e−ke(t−τ) − e−ka(t−τ)) + ⋯ + (e−ke(t−(n−1)τ − e−ka(t−(n−1)τ)))
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absorption rate constant
excretion rate constant
fraction absorbed, or bioavailability

ka =
ke =
F =



H. Examples of the different pharmacokinetic parameters for ibuprofen 
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