Exploration Guide: Drug Dosage
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In any drugstore, you will find a multitude of painkillers and other medications. Each has its own recommended dosage schedule. Some need to be taken every few hours to maintain their effectiveness, while for others a single pill can last all day. Finding a dosage schedule that supplies an adequate level of medication while avoiding an overdose can be a delicate balance. 

Pain Relievers

In this activity, you will compare the optimum dosage schedule for two different medications. 

1. On the SIMULATION pane of the Gizmo™, observe the patient. The patient's bloodstream and target organ are monitored for concentrations of drug, measured in micrograms per cubic centimeter (mcg/cc). Check that Pill Type A is selected from the dropdown menu. This pill is similar to a common pain reliever, like aspirin. For simplicity, there is no target organ for this drug, so only the blood concentration is monitored. 

2. Locate the simulation speed slider and set it to 2. (To quickly set a slider to a particular value, type the value in the field to the right of the slider and hit Enter.) Click Play (
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), and immediately click Take pill once. When you start to see the drug levels rise in the blood, click Pause (). (Be patient; it doesn't happen immediately.) How long did it take for the medication to get into the patient's bloodstream? 

3. Set the simulation speed to 20. Click Play, and select the GRAPH tab. Click Pause after 8 hours. The Drug Level is recorded every 20 minutes on the graph. What is the maximum Drug Level for one pill? 

4. Notice that the after the drug concentration reaches a maximum value, it slowly decreases. This occurs because the fresh water we drink is added to our bloodstream, while water containing the drug is removed from the bloodstream by our kidneys. 

5. Describe or sketch the shape of the graph. 
6. What does this tell you about the rate at which the drug leaves this person's system over time? 
7. Based on the graph, will there ever be a Drug Level of zero in the blood? Explain why or why not. 
8. What are the implications of this? 

9. Click the camera icon to take a snapshot of the graph. Paste the snapshot into a blank document, and label the graph Pill Type A. 

2. Click Reset ([image: image2.png]


), and select the TABLE tab. Set the simulation speed to 2. Click Play and then Take pill. Observe the patient's facial expression over time. 

1. When the patient smiles, click Pause. In this simulation, a smiling patient indicates an adequate concentration of drug in the bloodstream. 

2. Click Play and then click Take pill again. Watch the patient's face. When the patient starts to frown, Pause the simulation. A frowning patient indicates a drug concentration that is too high (or too low). 

3. Click Play. Pause the simulation when the patient starts to smile again, and click Record data. 
4. What is the maximum drug concentration that the patient can tolerate? Write this value down in your notes. 

5. Click Play, and then Pause when the patient starts to frown. 
6. What is the minimum drug concentration that is still effective? 
7. Click Record data, and write this value down in your notes. 

8. How long did it take for the concentration of the drug to drop from the maximum tolerable level to the minimum effective level? 

9. Based on your data table, determine a dosage schedule for this patient. The schedule should state how many pills to take and how often, such as "Take 1 pill every 2 hours." 

3. Click Reset, and select the GRAPH tab. Click Play, and click Take pill according to the schedule you made for Pill Type A. (Adjust the simulation speed if you like.) Continue for at least 5 pills, and then click Pause. Zoom in or out (the + and - buttons on the far right) so you can see the whole graph. 

1. Based on the range of tolerable drug concentrations you determined earlier, how successful was your dosage schedule? 

2. In general, which do you think is more dangerous, an overdose of a drug or an "underdose"? 
3. Which of these was more common in your simulation? 

4. Click the camera icon to take a snapshot of your graph, and paste it into a blank document. Label the graph with the pill type and dosage schedule. 

5. If you have time, revise the dosage schedule and run another simulation. Was there any improvement? 
6. Take a snapshot to compare. 

7. Based on what you have seen so far, do you think there is an ideal dosage schedule, in which the patient is always smiling? 
8. Explain your reasoning. 

4. Click Reset, and select Pill Type B from the dropdown menu. Click Play, and then click Take pill. After about 16 hours, click Pause and observe the resulting graph on the GRAPH tab. 

1. Take a snapshot of the graph and paste it into your document. Label the graph Pill Type B. 
2. How do the graphs for pills A and B compare? 

3. Controlled-release pills like Type B usually have a coating that slows the digestion of the pill. This causes the medication to be absorbed into the bloodstream more slowly. 
4. How does this explain the shape of the Pill Type B graph? 
5. Why do you think this might be an advantage? 

5. Using the same procedure as before, determine a dosage schedule for Pill Type B. Test your schedule using the Gizmo. 
6. How often should the patient take Pill Type B, and how many pills should the patient take each time? 

Target organs

Most drugs interact with a target organ. For example, some headache medicines target nerve cells in the brain. Cold remedies may target the sinuses, throat, or lungs. In these cases, the concentration of drug in the target organ is much more critical than the concentration in the bloodstream. 

1. Click Reset, and select Pill Type C. Click Play, and then click Take pill. After 16 hours, click Pause and observe the resulting graph. (To see the whole graph, you may have to zoom out on the vertical axis using the — button at the top right.) 

1. Take a snapshot of the graph and paste it into your document. Label the graph Pill Type C.
2.  How is the graph for pill C similar to the graphs for pills A and B?
3.  How are they different? 

4. Notice the purple dots marking the drug concentrations in the target organ. How is the organ drug level curve similar to the blood drug level curve on the graph?
5.  How are they different? 

2. Based on the response of the patient, determine the maximum and minimum drug concentrations in the target organ. 
3. Then, determine a dosage schedule. 
4. How often do you think the patient should take Pill Type C? 

5. Run a simulation using the schedule you determined for Pill Type C. After at least 10 pills, observe the resulting graph. Paste a snapshot of this graph into your document, and label the image appropriately. 

1. What do you notice about the Drug Level in the organ over time? 
2. Does it increase steadily or level off? 

3. What is the maximum organ Drug Level for the fifth pill? 
4. What is the maximum organ Drug Level for the tenth pill?
5.  Do you think the Drug Level will ever be greater than this maximum if additional pills are taken on the same schedule? 
6. Test your answer with the Gizmo. 

7. When the concentration of drug in the target organ becomes fairly stable, it is said to be in equilibrium. How will the frequency of dosages affect the equilibrium concentration in the organ? 
8. Use the Gizmo to test your answer. 

6. Determine a dosage schedule and the corresponding equilibrium organ concentration for Pill Type D. 

