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John Jackman, a student athlete, has tested positive for ephedrine but claims he hasn’t taken anything containing ephedrine.  He has had a cold though, and has been taking cold medicine.  What is ephedrine?  Can you explain why he tested positive for ephedrine?


Materials :
	
	Molecular Model Kit
	Blank paper and a Pen or PencilPart I : What is Ephedrine?

Ephedrine is one of the compounds found in the plant Ephedra (Ma Huang).  Ephedra has been used as an herbal supplement since ancient times as a cardiac stimulant and to treat coughs.  

Read : Syncope and Atypical Chest Pain in an Intercollegiate Wrestler: A Case Report

Questions : 

What does cardiac mean?  



What does syncope mean?  



What does tachycardia mean?  




Why might the NCAA ban the use of ephedrine?










Ephedrine binds to adrenergic receptors.  There are many different types of adrenergic receptors all throughout the body.  When ephedrine binds to alpha adrenergic receptors it increases blood pressure.  Ephedrine also binds to beta adrenergic receptors which allows it to act as a bronchodilator.  Ephedrine creates the same response as the endogenous neurotransmitter, adrenaline.

	
	Effect of Agonists
	Effect of Antagonists

	Alpha 1
(post-synaptic)
	Blood vessel constriction; agonists are used as vasoconstrictors and nasal decongestants
	Blood vessel dilation; antagonists are used as antihypertensives

	Alpha 2
(pre-synaptic)
	Agonists for alpha 2 receptors are used as antihypertensives
	

	Beta 1
	Increases rate and force of muscle contraction; agonists used as cardiostimulants
	Antagonists are used for hypertension, anxiety, angina, and arrthymias

	Beta 2
	Relaxation of smooth muscle, bronchodilation; agonists are used for threating asthma
	



Go to the site below and open the glossary.  Use what you find there to answer the questions below: http://www.guidetopharmacology.org/helpPage.jsp

Questions : 

What does endogenous mean?  



What is an agonist?  



What is an antagonist?

Go to the site below to answer the following questions:
http://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=556

Questions : 

What can ephedrine be used for?  


Which receptor subtype does it bind best to?
Part II : What is stereochemistry?


There are two ways to attach four things to a central carbon atom in a tetrahedral arrangement.  These two options are mirror images of each other and are referred to as stereoisomers.  When chemists name molecules that have a mirror image they use the symbols R or S to indicate which of the mirror images they are talking about.

[image: File:Chirality with hands.svg]
https://commons.wikimedia.org/wiki/File:Chirality_with_hands.svg


A carbon that has four different things attached to it is referred to as chiral, this comes from the Greek word for hand because our right and left hands are mirror images of one another.

To determine if a carbon should be labelled as R or S one needs to determine the priorities of the atoms attached to the chiral carbon.  Priority is in order of size, so Hydrogen is the smallest and has the lowest priority.  The atom with the lowest priority is placed to the back so that the other three atoms are pointing towards you.  Now assign priorites to these atoms.  If the numbers increase going clockwise the chiral carbon is labelled R.  If counterclockwise it is labelled S.

[image: https://upload.wikimedia.org/wikipedia/commons/thumb/3/3c/Chiral.svg/1024px-Chiral.svg.png]
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Chiral carbons are those that have four different things attached to them.  Does ephedrine have any chiral carbons?  Where are they?  Draw the structure for ephedrine and circle the chiral carbons.







Go to:

http://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=556

Questions : 

Are there any similar ligands listed at the Guide to Pharmacology Website?  


How is it different from ephedrine?  


How many chiral carbons does ephedrine have?



TO DO : Build the stereoisomers of ephedrine (you may need to get in groups to have enough atoms for this step).






Part III :  What are the stereoisomers of ephedrine and do they behave differently?

Ephedrine has two chiral carbons (or chiral centers) so there are four possibilities.  

[image: ]

Stereoisomers that are mirror images are called enantiomers.

When two stereoisomers are NOT mirror images they are called diastereomers.

Questions:

What is the enantiomer for 1R,2S-Ephedrine?



Would 1S, 2S pseudoephedrine be an enantiomer or a diastereomer of 1R, 2S ephedrine?

The receptors that bind molecules like ephedrine and pseudoephedrine are proteins which are also chiral.  This means that drug receptors will react differently with the different stereoisomers of a molecule.
[image: ]


TO DO : Build a receptor for your D-ephedrine. Take a piece of paper and set your D-ephedrine molecule on the paper so that it is oriented like the picture above.  

On your paper draw a circle where the phenyl ring touches the paper and label it Ar.  This is the region of the receptor that binds aromatic rings. 

Draw a circle where the hydroxyl touches, this is where the receptor can form hydrogen bonds to it’s ligand.  Label it –OH.

Now draw a third circle where the nitrogen touches.  This is where the receptor can form ion-ion interactions.  Label it NH3+.

Try placing your different isomers on the receptor.   

Questions:

How many possible interactions can each of your stereoisomers can have? 

	Stereoisomer
	Number of Interactions

	D-ephedrine
	3

	L-ephedrine
	

	D-pseudoephedrine
	

	L-pseudoephedrine
	



Which has the most and which has the least?

Part IV : Why was the test positive?

Most initial drug screenings are done by using a test called an immunoassay.  These tests use antibodies to the drug being measured and are quick and cheap.

To do : read the section about amphetamines in “Urine Drug Screening Clinical Guide for Clinicians” (starting page 68).

Why do you think his drug test was positive?
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