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Lecture 1 – Metabolism and Bioenergetics 

 
 Foods that we ingest provide three macronutrients: 

 

Fats Carbohydrates Proteins 
 

These macronutrients are broken down to form: 

 

Free Fatty Acids Glucose Amino Acids 
 

These molecules are then used by the body to form ATP 

 

Energy is measured in kcals. Most (60-70%) energy is lost in heat 

 

Fat stores more than twice the amount of energy as carbohydrates  

 

However, fat can only be burned in oxygen – so carbohydrates are more readily available 

 

In exercise, most energy is derived from carbohydrates and fats 

 

In prolonged exercise there can be glycogen depletion. Glycogen is a very rapid fuel for energy but 
when an athlete has low levels of glycogen, they approach “hitting the wall.”  

 

When blood glucose drops, brain function suffers – fatigue, loss of mental faculties etc.  

 

In prolonged exercise, proteins can be used for energy once it is broken down to amino acids 

 

Amino acids will be used for energy through a process called gluconeogenesis (convert amino acids 
to glucose – by the liver).  

 

However, amino acids have a nitrogen and the body cannot handle an accumulation of nitrogen, so 
the liver removes the nitrogen and excretes it as urea 
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Only 5-10% of total energy in prolonged exercise comes from proteins (amino acids)  

 

Gluconeogenesis increases when blood glucose decreases 

 

Most glycogen is stored in the muscles – some in the liver and even less in the blood 

 

Most fat is stored as subcutaneous and visceral fat – only some intramuscular fat 

 

Subcutaneous fat is better (safer) than visceral fat 

 

During exercise, there is fat released from fat cells into the blood – these are called FFAs – and they 
get taken up by exercising muscle and used to make ATP 

 

There is enough fat, along with muscle glycogen, to support the exercise that athletes undertake 
over a short period of time 

 

When ATP splits into ADP, the energy when Pi is released provides the energy for muscle contraction 

 

Everyone has a small resting amount of ATP, but it’s the rate of ATP resynthesis that is important for 
performance  

 

ATP is resynthesised by the metabolism of fats, carbohydrates and proteins 

 

If the rate of ATP resynthesis does not match the rate of ATP breakdown, then fatigue will occur (this 
is a mismatch between the rate of ATP breakdown and the amount of ATP required by muscles) 

 

All aerobic metabolism occurs in the mitochondria 

 

· Anaerobic metabolism – reactions occur without oxygen 
· Aerobic metabolism – reactions occur with oxygen (oxidative phosphorylation)  

 

All of the energy systems function all of the time but at different rates 
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Lecture 4 – Sprint Metabolism and Interval Training  
 

As the sprint gets longer, there is greater involvement from aerobic systems 

 

Sprint Duration Anaerobic % Aerobic % 
30s 80 20 

60-90s 45 55 
120-190s 30 70 

 

 

No difference in resting ATP concentrations. However, there is 3-times more PCr than ATP in 
muscles at rest. 

 

There is also more PCr in Type IIb fibres.  

 

In exercise physiology, fatigue is the inability to maintain the desired intensity  

 

The main causes of fatigue in a sprint are lactic acid production (H+) and PCr depletion  

 

When lactic acid is produced, it immediately disassociates to form a negatively charged lactate ion 
and a positively charged hydrogen ion  

 

The problem with lactic acid is the H+ from it. If H+ build up in the cell, it decreases the pH (acidosis) 
and impairs muscles function.  

 

There are negatively charged buffering proteins in each cell, which neutralise H+. These buffering 
proteins reduce the rate at which pH decreases and thus slows the rate of fatigue. 

 

H+ accumulation decreases pH, which impairs the activity of PFK (a key glycolytic enzyme) – this 
results in less energy being available for ATP resynthesis. 

 

Impaired PFK activity is there to prevent ATP being produced by anaerobic glycolysis because, if ATP 
continues to be produced by this pathway, then more lactic acid will be produced and the H+ will 
continue to drop the pH, which will eventually kill the cell. 
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Lecture 5 – Anaerobic Threshold  
 

VO2max is most closely related to oxygen carried in the blood (central factors); endurance 
performance is most closely related to mitochondrial function in the muscles (peripheral factors). 

 

Low iron deprives cytochromes (of the mitochondria) of iron, which decreases mitochondrial 
function; thus, decreasing energy production via oxidative phosphorylation  

 

Anaerobic threshold is a good predictor of performance  

 

The oxygen carrying capacity of the blood is very important for determining VO2max. But, endurance 
performance is more closely related to skeletal muscle  

 

So, VO2max is determined by central components (cardiovascular system), whereas performance is 
more closely related to peripheral components (skeletal muscle)  

 

In a group of elite endurance runners, VO2max is not a good predictor of performance  

 

In elite endurance runners, VO2max will not change much after training; yet, their performance does 
(anaerobic threshold can increase). 

 

With non-elite people, VO2max goes up with training and down with detraining, thus it is a good 
predictor of performance  

 

It was assumed that OBLA coincided  with a 4mmol.l-1 lactate threshold (i.e., everyone’s lactate 
threshold is at 4mmol.l-1) but this has shown to be incorrect  

 

Anaerobic threshold sits around 70% of VO2max (maybe 80% in trained people) 

 

So, anaerobic threshold goes up and down with training and detraining, and thus it is a good 
predictor of elite endurance performance  

 

Anaerobic threshold is a better predictor of endurance performance than VO2max 
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Lecture 8 – Exercise in Heat and Altitude, and Training for Sport  
 

Acclimatization – long-term adaptation to an environment (takes months/years) 

 

Acclimation – short-term adaptation to an environment (takes days/weeks) 

 

Also, acclimation usually occurs in an artificial environment  

 

Exercise in the Heat 

 

To lose heat from the body, the heat must exit via the skin (i.e., sweating) 

 

High humidity reduces evaporation (and thus reduced heat loss) – body’s core temperature 
increases   

 

When sweating occurs, water must evaporate for heat to be lost  

 

Exercising in humid environments decreases the ability to sweat; sweating decreases because there 
is more water in the air – evaporative difference decreases  

 

Whereas in dry environments, the ability to sweat increases  

 

The Wet Bulb Globe Temperature (WBGT) takes into account the air humidity 

 

Exercise results in an increase in heat production  

 

So, exercise capacity is impaired in hot environments  

 

If the body’s core temperature becomes critically high (~40°C) the brain impairs muscle activity – 
innervation to muscles is reduced to lower the core temperature – this is also known as the Central 
Governor Theory  
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Lecture 9 – Resistance Training  
 

Skeletal muscle is very plastic – it can change in response to training and detraining  

 

Resistance training also helps to decrease LDL-cholesterol and increase HDL-cholesterol – thereby 
decreasing the risk of CVD 

 

The speed at which a muscle contracts is determined by the speed of the nerve that innervates it  

 

· A fast motor unit: fast-contracting muscles (e.g., Type IIb fibres) that are innervated by fast 
nerves  

· A slow motor unit: slow-contracting muscles (e.g., Type I fibres) that are innervated by slow 
nerves  

 

Type IIb have more myosin-ATPase than Type I fibres  

- The more myosin-ATPase, the faster the contractile speed of the muscle  

 

It is possible to shift between Type IIa and Type IIb fibres with training (almost always from IIb to IIa) 

 

But, it is not possible to shift between Type I and Type II fibres  

 

Resistance training generally results in movement from Type IIb to Type IIa 

 

Note: it is the metabolic characteristics of the muscle fibre that are influenced by training (e.g., more 
mitochondria, higher PFK activity), not the contractile characteristics (e.g., speed of contraction), 
which is influenced by the speed of the nerve.  

 

To get hypertrophy from resistance training, intensity needs to be at 80-95% of 1RM (which means 
ALL fibres are recruited)  

 

Immobilisation of muscles in shortened and lengthened positions results in a rapid loss or addition of 
sarcomeres (e.g., high heels – muscle shortens and loses sarcomeres)  

 

This is how muscles grow from resistance training – ‘stretch-induced hypertrophy’  
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- The extra water in the body allows for more sweating, thus decreasing the core 
temperature  

 

Side-effects  

- Cerebral and intraocular dehydration (water moves from the brain and the eyes into the 
blood) 

- Dizziness, vomiting, headaches ect. 

 

Alkalising Agents: Sodium Bicarbonate and Sodium Citrate 

· Increases blood pH (i.e., makes blood more alkaline)  
· Moves H+ from the muscle to the blood 

 

This slows fatigue in sprinters and high-intensity athletes  

 

By increases the pH of the blood it creates a greater gradient to pull H+ from the muscle into the 
blood, which means that the H+ are buffered by bicarbonate 

 

But research findings to support this theory are inconclusive  

 

Side-effects  

- No significant health problems – except nausea  

 

β-Alanine 

· β-Alanine can improve the buffering capacity of the muscle (but you have to take it for at 
least 4 weeks for the intramuscular buffering capacity to improve) 

· By buffering H+ in the muscle it delays fatigue in high-intensity exercise  
· β-Alanine supplementation increases the intramuscular concentrations of carnosine  
· 4 dosages of 1.2-1.6g per day but it takes ~8 weeks for carnosine to increase  

 

Side-effects  

- Paraesthesia (tingly sensation)  
- Skin irritation  

 

Beetroot Juice  


