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HOW MUCH OXYGEN?

adult human at rest inhales 1.8-2.4 g O2 per min

.. which is 10x higher for top athletes (short-term)

.. and consumes 380 litres/O2 per day

>6 billion tonnes of O2 inhaled by humanity per year



• most utilized by cytochrome oxidase in 

mitochondria, reduced to H2O

• 2 x 1019 mols CytOx to support VO2

• surface area of IMM = 14,000 m2

• transmembrane proton flux = 3 x 1021

protons/sec

• ATP reformed at rate of 9 x 1020 mol/s 

= turnover rate of 65 kg/day



UTILIZATION OF OXYGEN...

• ATP production (by cytochrome oxidase)

• heat generation

• reactive oxygen species generation

• other oxidases, oxygenases, hydroxylases ...

≥90% used by 

mitochondria
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MITOCHONDRIAL UTILIZATION OF OXYGEN
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Where is the oxygen used?



ORGAN DISTRIBUTION OF OXYGEN UTILISATION IN HEALTH



WHAT’S THE OXYGEN USED FOR?

e.g. liver

protein synthesis

Na+/K+ATPase

other ion pumps e.g.Ca2+ATPase

≈5%Non-mitochondrial

≈15-20%Mitochondrial uncoupled

≈75-80%Mitochondrial coupled

to ATP synthesis

other e.g. mRNA synthesis

‘futile’ .. but important for 
• heat generation
• protection vs. ROS

gluconeogenesis

ureagenesis



oxyregulators

… metabolism exhibits high obligatory rate of energy consumption 

oxyconformers

… energy demands fall with decreasing availability of O2

Animals (..and individual organs) can be subdivided into:

CELLULAR RESPONSES TO LACK OF OXYGEN



Anaerobic (glycolytic) ATP production can sustain pre-existing energy 

demands for only a few minutes (brain) to hours (muscle) 

• oxyregulating brain generally regarded as most hypoxia-sensitive

• skeletal muscle among most hypoxia-tolerant

ORGAN RESPONSES TO LACK OF OXYGEN



WHAT IS SHOCK?

The ability of the circulation to provide adequate O2 and 

substrate to meet cellular metabolic demands

Ergo, hypoperfusion represents supply-demand imbalance ..

.. and shock represents severe problem with either O2 delivery or 

non-utilization sufficient to cause a detectable systemic upset













Uehara et al. Crit Care Med 1999; 27:1295-1302

Changes in ratio of measured resting energy expenditure to 

predicted energy expenditure (REE/REEp) in sepsis & trauma
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Faecal peritonitis rat model



3-day mortality
0%
15%
93%

local O2 supply-demand affected in some organs at 6h - yet not sick

local O2 supply-demand balanced at 24h .. yet sick++ —> shutdown!
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SUMMARY

• oxygen used for multiple processes (mitochondria, ROS…)      

… and heat production (uncoupled respiration)

• utilization differs between organs - in health and disease

• in shock states:

• temporal alterations in O2 use  (whole body + intra-organ)

• modifications in metabolic substrate

• early shift towards fat metabolism in sepsis 

• implications re: inflammation, metabolic efficiency

• increased in non-survivors … causal or epiphenomenal??




