
Drug testing
in sport

Former 100 m world record holder Asafa Powell. 
Tennis grand slam quarterfinalist Marin Čilić. 
The beneficiary of the most lucrative contract in 

baseball history, Alex Rodriguez. All have amazing 
lists of achievements but all have been labelled by 
two words that will make everyone question their 
sporting accolades: drugs cheat. Drug testing caught 
out every one of them.

What is a drug?
‘Massive drug seizure with street value of millions of 
pounds’; ‘new wonder drug to cure breast cancer by 
2015’; ‘cycling’s drug problem’. Three uses of the same 
word that evoke different responses from the reader.

A drug is a substance that has a physiological 
effect when introduced into the body. As chemists, it 
is important to understand these effects.

In September 2013 Marin Čilić was found to 
have been using nikethamide (N,N-diethyl-3-
pyridinecarboxamide, see Figure 1). This stimulant 
is rapidly metabolised to nicotinamide, which affects 

the respiratory cycle. Mountain 
climbers use it to increase 
endurance at high altitude 
and it has been banned by the 
World Anti-Doping Agency, as 
it provides an unfair advantage 
for athletes who take it.

Asafa Powell was banned  
for taking the amphetamine 
oxilofrine (Figure 2), which 
is used to increase reaction 
time. In a race that lasts only 
9.6 seconds, that extra tenth 
of a second can make all the 
difference.

Among the steroids that 
Alex Rodriguez admitted to 
taking was testosterone 
(Figure 3), which is found 
naturally in the body. 
When used anabolically  

Isaac Bruce looks at how 
chemistry keeps sport clean
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(a) Nikethamide and 
(b) nicotinamide
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Figure 2  
Oxilofrine structure
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Activities
1 Name the functional groups in nikethamide, 

oxilofrine and testosterone.
2 How do you think nikethamide is metabolised 

to nicotinamide? How might this change be 
carried out synthetically?

3 Look at nikethamide’s mass spectrum at  
www.tinyurl.com/omtetx2 
Which fragments cause each of the peaks?

4 Sketch what you think the mass spectrum of 
oxilofrine might look like.

5 If the stability of the carbocation is directly 
related to the abundance of the peaks, how 
would you distinguish the mass spectrum of 
pentan-2-one and pentan-3-one?

(the phase of metabolism in 
which substances are 
synthesised into the 
materials of living 
tissue) it aids muscle 
growth and strength 
conditioning. 

So how do we 
know that these athletes were taking these drugs? This 
is where the chemists come in.

Mass spectrometry
At the heart of drug testing is mass spectrometry 
(MS, see Chemistry review, Vol. 20, No. 1, pp. 10–13), 
which has both qualitative and quantitative uses. 
These include identifying unknown compounds 
and determining the structure of a compound by 
observing its fragmentation, which is perfect for 
dealing with samples from athletes. Normally, before 
mass spectrometry takes place, a chromatographic 
technique separates the whole sample out. Gas and 
liquid chromatography are used and this is often 
abbreviated to GC–MS or LC–MS. These are known as 
hyphenated techniques.

The compound is ionised by bombarding it with 
a stream of electrons that have a high enough energy 
to remove an electron from an organic molecule to 
form a positive ion. This ion is called the molecular or 
parent ion. The molecular ion is energetically unstable 
and therefore breaks down again to form fragments. 
These fragments pass through to the analyser part 
of the spectrometer, which separates the ions based 
on their mass-to-charge ratio, known as m/z. The 
ions are detected and their abundance recorded. The 
abundance is directly related to the stability of the 
ions formed. For example, a tertiary carbocation is 
more likely to form and will therefore be in greater 
abundance than a secondary carbocation.

The finish line?
The World Anti-Doping Agency has mass spectra 
for all of its banned substances and their respective 

Weblink to follow up
Interview with two scientists involved in drug testing: 
www.tinyurl.com/ng3oako

metabolites to match samples against, but sometimes 
a new drug comes along. How do you know if a 
substance provides an unfair advantage and should be 
banned?

You take the spectrum, find the parent ion peak 
and look for the most abundant peak. This gives you 
the molecule’s mass, from which you can piece the 
molecule together, fragment by fragment, building up 
an idea of what it might look like. When you have its 
structure, testing is rigorous. What effect does it have 
on the heart, the lungs, muscle growth, strength? It 
may be a long process, but it keeps sport clean and 
makes sure hard work and natural talent are the only 
two factors that matter.
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Figure 3  
Testosterone structure
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