
Exercise Physiology 



Types of exercise 

 

Isometric (static) 

exercise 

 

 

 

Dynamic exercise 

Aerobic exercise 

 

Anaerobic exercise 
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Anaerobic exercise 

(sprinting, weight-

lifting) – short duration, 

great intensity (fast-

twitch muscle fibers); 

creatine phosphate + 

glycogen (glucose) 

from muscle 

 

WHITE MUSCLE FIBERS: 

- large in diameter 

- light in color (low 
myoglobin) 

- surrounded by few 
capillaries 

- relatively few mitochondria 

- high glycogen content 
(they have a ready supply 
of glucose for glycolysis) o2 

Types of exercise 

 

http://sportech.online.fr/spen_vos.html


Types of exercise 

 

Aerobic exercise (long-
distance running, 
swimming)- prolonged but 
at lower intensity (slow-
twitch mucle fibers) fuels 
stored in muscle, adipose 
tissue and liver 

- the major fuels used vary with 
the intensity and duration of 
exercise (glucose – early, 
FFA – later) 

 

RED MUSCLE FIBERS: 

- red in colour (high 
myoglobin content) 

- surrounded by many 
capillaries 

- numerous mitochondria 

- low glycogen content (they 
also metabolize fatty acids 
and proteins, which are 
broken down into the acetyl 
CoA that enters the Krebs 
cycle) 

o2 
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Exercise 

intensity 

ADP, Pi, 
creatine 

phosphate 
in skeletal muscle 

cells 

Glycolysis Oxidative phosphorylation 

• Low ATP and 

creatine phosphate 

stimulate glycolysis 

and oxidative 

phosphorylation. 

• Exercise can 

increase rates of ATP 

formation and 

breakdown more than 

tenfold 

Muscle metabolism 

 



Energy sources during exercise 

ATP and CP – alactic anaerobic source 

 

Glucose from stored glycogen in the 

absence of oxygen – lactic anaerobic source 

 

Glucose, lipids, proteins in the presence of 

oxygen – aerobic source 
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Alactic anaerobic source 

immediately available 
and can't generally be 
maintained more than 
8-10 s 

ATP stored in the 
muscle is sufficient for 
about 3 s of maximal 
effort 

ATP and CP 
regeneration needs 
the energy from 
oxygen source 

(for "explosive" sports: weightlifting, jumping, throwing,           

100m running, 50m swimming) 



A quickest man in the world 

Usain Bolt (born 21 

August 1986) is a 
Jamaican sprinter 
who currently holds 
the 100m world 
record with a time of 
9.58 sec.                    
(Berlin 2009) 



Women’s  
world record 100m 

Florence Griffith-
Joyner (1959-1998), 
also known as Flo-Jo is 
world champion in 100m 
(10.49sec) and 200m 
(21.34 sec), which still 
stand as of 2009 

The direct cause of death was that she had suffocated in her 
pillow during a severe epileptic seizure. She was 38 years old. 



Lactic anaerobic source 

for less than 2 min of effort 

recovery time after a 
maximal effort is 1 to 2 h 

medium effort (active 
recovery) better than 
passive recovery 

recovery: lactate used for 
oxidation (muscle) and  
gluconeogenesis in the 
liver 

 

(for "short" intense sports: gymnastic, 200 to 1000 m 

running, 100 to 300 m swimming)  

 



Aerobic source 

recovery time after a maximal 
effort is 24 to 48 hrs 

carbohydrates (early), lipids 
(later), and possibly proteins 

the chief fuel utilization 
gradually shifts from 
carbohydrate to fat 

the key to this adjustment is 
hormonal (increase in fat-
mobilizing hormones) 

(for "long" sports;                                                             

after 2-4min of exercise) 



Creatine phosphate and stored ATP – first few seconds 

Glycolysis – after approx. 8-10 seconds 

Aerobic respiration – maximum rate after 2-4 min of exercise 

Repayment of oxygen debt – lactic acid converted back to pyruvic 

acid, rephosphorylation of creatine (using ATP from oxidative 

phosphorylation), glycogen synthesis, O2 re-binds to myoglobin and Hb) 

 



Which of the energy sources is required 

for tennis and soccer players? 



Why will a sprinter never win against a 

marathoner in a long distance run? 



Precise movement                      
and muscle strength 

 What affects muscle strength? 

What affects muscle precision? 



Exercise – check your muscle 
precision and strength 

Hand dynamometer (squeeze bulb) with 

a maximum force indicator (reset) that 

remains at the maximum reading until 

reset.  

Unit is calibrated in PSI (pounds-per-

square inch). 
Precise movements 



Muscle fatigue 

 what causes muscle fatigue? 

 consequences of muscle fatigue 



Blood 

lactic 

acid 

(mM) 

Relative work rate (% V02
 max) 

Intense exercise   

  Glycolysis>aerobic metabolism   

  ↑ blood lactate (other organs use some) 

Lactate 

threshold; 

endurance 

estimation 



Training reduces blood lactic acid levels at work 

rates between approx. 50% and 100% of VO2max 

 



Muscle fatigue 

Lactic acid 

 

↓ATP (accumulation of ADP and Pi, and 
reduction of creatine phosphate)   
  ↓ Ca++ pumping and release to and from 
SR↓ contraction and relaxation 

 

Depletion of energy substrates 

 

Ionic imbalances muscle cell is less 
responsive to motor neuron stimulation 
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Lactic acid 

↓ the rate of ATP hydrolysis,  

↓ efficiency of glycolytic enzymes,  

↓Ca2+ binding to troponin,   

↓ interaction between actin and myosin (muscle 

fatigue) 

during rest is converted back to pyruvic acid and 

oxidized by skeletal muscle, or converted into 

glucose (in the liver) 
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Muscle 

glycogen 

content 

(g/kg muscle) 
Exhaustion 

Duration of exercise (hours) 

Prolonged intense work ↑ glycogenolysis          

↑ glycolysis glycogen depletion exercise ends 
(marathon runners describe this as  „hitting the wall”)”) 

circulating glucose cannot be sufficient for high intensity rate of glycolysis 

fat can only support around 60% of maximal aerobic power output 

 



Cardiorespiratory  

endurance 

the ability of the heart, lungs 

and blood vessels to deliver 

adequate amounts of oxygen 

to the cells to meet the 

demands of prolonged 

physical activity 

the greater cardiorespiratory 

endurance  the greater the 

amount of work that can be 

performed without undue 

fatigue 

 the best indicator of the    
cardiorespiratory endurance  
is VO2max - the maximal 
amount of oxygen that the 
human body is able to utilize 
per minute of strenuous 
physical activity 

 



Oxygen 

consumption 

(liters/min) 

V02
 peak 

 

Work rate (watts) 

↑ exercise work  ↑ O2 usage   

Person’s max. O2 consumption (VO2max) 

    reached  



The peak oxygen consumption is influenced by the age, 
sex, and training level                                                                              
of the person performing                                                              
the exercise 

 

 

 

 

 

The plateau in peak oxygen consumption, reached during 
exercise involving a sufficiently large muscle mass, 
represents the maximal oxygen consumption 

 

Maximal oxygen consumption is limited by the ability to 
deliver O2 to skeletal muscles and muscle oxidative 
capacity (mucle mass and mitochondirial enzymes activity). 

 

 

 

Oxygen 

consumption 

(liters/min) 

 

Work rate 

(watts) 

V02
 peak 

 

(VO2max) 

 





Oxygen 

consumption 

(liters/min) 

70% V02
 max (trained) V02

 peak 

(trained) 

V02
 peak 

(untrained) 

100% V02
 max 

(untrained) 

Work rate (watts) 

The ability to deliver O2 to muscles and 

muscle’s oxidative capacity limit a 

person’s VO2max. Training  ↑ VO2max 

175 



Oxygen consumption during 

exercise 



Methods for determination  

of VO2max 

Direct measuring of volume  

of air expired and O2 and CO2 

concentrations of inspired  

or expired air with  

computerized instruments   

 

Submaximal tests (samples):  

- step tests, run tests 

- stationary bicycle ergometer                                                               
(Astrand-Ryhming test) 

 



Flexibility 
 



 The body-mind connection is symbiotic.  
One cannot function optimally without the other 

being in balance 

 
 



Can you control your body? 



How do muscle respond to 

exercise? 



Response to chronic moderate 

exercise 

Increased fatigue resistance is mediated by: 

- ↑ muscle capillary density  

- ↑ myoglobin content,  

- ↑ activity of enzymes (oxidative pathways) 

- ↑ oxidative capacity linked to ↑ numbers of 

mitochondria 

 

Increased capacity to oxidize FFA shifts the energy 

source from glucose to fat (to spare glucose) 



Moderate exercise   

↑ oxidative capacity and fat usage  

↑ VO2max and endurance   

↓ lactate  

Chronic Effects of Dynamic Exercise 



Response to high intensity 

muscle contraction 

↑ in muscle strength via improvement of motor units 

recruitment (1-2 weeks of training) 

muscle hypertrophy (↑ of muscle contractile 

elements) 

no change in oxidative capacity 



To exercise or not to exercise? 
THAT IS THE QUESTION 

 name the benefits resulting from training 



If the type of exercise 

-involves large muscle groups (e.g. cycling, walking, running)  

-in continuous activity at an intensity which elevates oxygen consumption/heart 

rate to an appropriate training level, and  

-if this exercise is performed three to five times per week, between 20 and 60 

minutes per day,  

  the aerobic fitness of most people is                                    

  likely to improve  







The choice is yours... 

If the individual becomes sedentary or significantly reduces the 

amount of training, the effects of training are lost.  

The body also adapts to inactivity  


