HOW FAST IS YOUR PAIN RELIEVER?

An investigation in the pharmacokinetics of acetaminophen.

Introduction


“Mom .... Mom......Mooooom!!!  Where’s the Tylenol(?  I smashed my thumb helping my chemistry teacher move a cart full of all those cool instruments from Purdue.  They sure are fascinating to work with, but man, are they heavy.   Hey, how long is this going to take before I get some relief?  My thumb has been throbbing since 4th block.  I read on the bottle that I can have another dose in three to four hours.  It doesn’t say anything about when it will get into my

system ...”
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Pharmacokinetics is the study of how rapidly a drug is distributed to body tissues and metabolized.  In this lab you will investigate the pharmacokinetics of acetaminophen, the active ingredient in the pain reliever Tylenol(.  In order to do this investigation, a sample of fluid carrying the acetaminophen must be taken as it passes through the body.  Bodily fluids such as blood, saliva, and urine would all contain the drug.  If urine is tested, it doesn’t answer the question of how much of a drug is currently in the body.  Instead it answers how much has passed through the body.  For a more detailed profile, either blood or saliva must be sampled.  In this investigation we will use saliva as our acetaminophen carrier.







(Figure 1)



In order to analyze the acetaminophen content of saliva, it is necessary to separate the acetaminophen from the other components of the saliva.  In the case of saliva, this is very much like finding a needle in a haystack.  Saliva is filled with a mixture of proteins, enzymes, and other chemicals that makes it a problematic matrix for the analytical chemist.  Very recently, a technique has been developed to extract and filter (on a molecular level) saliva and other bodily fluids as they are being produced and transported throughout the body.  The device that makes all of this possible is called an Ultrafiltration Probe.  The Ultrafiltration Probe has a small loop of semi-permeable membrane at the end of a thin plastic tube (Figure 2).  When put in the mouth and placed under vacuum, this membrane loop acts as a molecular sieve for the saliva.  The large molecules (proteins, enzymes, etc.) cannot get through the pores of the semi-permeable membrane.  Acetaminophen, caffeine, aspirin, and many other analytes of interest can.  When first filtered through an Ultrafiltration Probe, saliva is ready to be analyzed. (Figure 3)
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   (Figure 2)




      (Figure 3)


The instrument that will be used in this lab is the High Performance (Pressure) Liquid Chromatograph or HPLC.   In chromatography there are two phases, a mobile phase - one that moves, and a stationary phase - one that does not move.  In our experiment, a polar liquid is passed through a non-polar column at a very high pressure.  In this way the chemicals are sorted according to polarity. The chemicals that are most polar will not be retained on the non-polar stationary phase (the column), however they will be very attracted to the polar mobile phase (the liquid).  Therefore they will be swept very quickly through the column.  As the polarity of the chemicals in the mixture decreases it will take longer and longer for them to pass through the column.  They all will make it through eventually due to the very high pressure of the HPLC. This is how the HPLC can separate the compounds in a mixture.


In order for a chemist to monitor the chemicals as they leave the column, the HPLC must be connected to a detector.  There are many types of detectors.  The type that we will use is called an UV detector.  It will only work for compounds that will absorb ultraviolet (UV) light.  All other chemicals will be invisible to this detector.  As an UV sensitive compound passes through the detector it absorbs some of the UV light.  The more concentrated the sample is the more light it will absorb.  The UV detector creates a known amount of light at a specific wavelength and measures how much of this light is absorbed by a fluid. This is measured in units of absorbance (Au) and will show up as a peak
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on the chart.  The higher the absorbance, the larger the peak will be.  Since concentration is also directly dependent on absorbance, a larger peak will indicate a [image: image5.png]UV/VIS DETECTOR
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more concentrated sample. (Figures 4 and 5)

 

(Figure 4)





(Figure 5)






Pre-Lab Questions

1. What is pharmacokinetics?  How does it directly affect you?

2. What is an Ultrafiltration Probe and how does it work?

3. Draw a story board to illustrate the path that acetaminophen takes in this lab 

     from the tablet to the waste container of the HPLC.

Purpose

The purpose of this laboratory is to qualitatively determine the pharmacokinetics of acetaminophen using the HPLC and an Ultrafiltration Probe.

Materials

· Ultrafiltration Probe (teacher demonstration only)

· HPLC equipment

· Mobile Phase (Provided by Chemobile)  

· 100 (L syringe

· Acetaminophen spiking solution (0.125 mg/mL)

· Vacutainer containing saliva blank (obtained before administering acetaminophen)

· Vacutainer containing acetaminophen sample (obtained at timed intervals after administering acetaminophen)

· Gloves

Procedure

1. Put on gloves and appropriate eyewear.

2. Obtain two vacutainers.  One should contain saliva blank.  The other should be an acetaminophen sample with a time interval written on it.  Be sure to write the interval down in Data Table A.

3. Refer to “HPLC Instructions for Operation.”

     Set up and process your samples as written in “HPLC Instructions for Operation” with the following exceptions:

· It is not necessary to filter the samples that have gone through the Ultrafiltration Probe (saliva samples).

· Chart voltage should be 0.1 V instead of 1 V

· Flush syringe with DI water or Methanol instead of the sample (limited sample quantity)

· Inject 25 (L instead of 50 - 90.

· AUFS setting should be 0.1

INJECTING SAMPLES

4. Inject 25 (L of the saliva blank.  Remove the rubber cap.  Do not pierce it with the injection needle.

5. For each injection, record the following information on the chart paper:

· Mark the point of injection.

· AUFS value

· Identity of sample

· Chart speed

6. Allow at least 3 minutes for each injection to elute before making another injection.

7. Inject 25 (L of the sample containing acetaminophen.

8. Add 25 (L of acetaminophen spiking solution to the Vacutainer containing acetaminophen sample.  Replace the rubber cap and shake well. This “spike” will be used to determine the location of the acetaminophen peak.

9. Inject 25 (L of the “spiked sample.”  Wait for all peaks to elute.

10. Remove paper from chart recorder.  

IDENTIFICATION OF ACETAMINOPHEN

1. Compare the plots of your sample before and after it was “spiked.”  You should notice that one of your peaks should be noticeably larger.  This is the acetaminophen peak.

2. Mark this peak on your chart.

3. Measure the acetaminophen peak height of your unspiked sample (cm).  Record this value in Data Table A.

PHARMACOKINETICS

Peak height can be used to compare concentrations of analytes.  A larger peak height will indicate a more concentrated sample.   In this lab, we are trying to determine how fast the acetaminophen is being absorbed into the body.  By comparing your results with those of your classmates, you can determine the qualitative pharmacokinetics of acetaminophen.

1.  Each group was given a different time interval for their acetaminophen sample.  Go around the room and collect the data for these other intervals.  Record it in Data Table B.

2. Plot a graph of time vs. peak height from the values in Data Table B.  (Use the first time value in your interval for the graph. Ex. If the interval was 15 min. - 30 min., use 15 min. as your time point)   

 DATA TABLE A 

	TIME INTERVAL
	PEAK HEIGHT

	
	

	
	


DATA TABLE B

	TIME INTERVAL
	PEAK HEIGHT

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Post-Lab Questions

1. If you were using a product containing acetaminophen to control pain, when 

would  you feel the most benefit?

2. Can you tell from your graph when you would need to take a second dose?  If 

      so, when would that be?  If not, why not?

3. What are some other ways that scientists could use the procedure that was 

     utilized?   In this lab to study the effects or properties of medications and/or 

     drugs?

5.  What are some other ways that the Ultrafiltration Probe could be used

     to help scientists learn more about how the body and the chemicals in the 

     body  work?







6
6

