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Oxygen, a paramagnetic, diradical gaseous (at room temperature) molecule, is instrumental to life as we know it. It

is also crucial to some medical therapies, used in multiple industries and has even been found on other planets.

The importance of oxygen cannot be overplayed.
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1. Atmospheric Oxygen and Its Evolution

Oxygen at the present time comprises approximately 21% of the Earth’s atmosphere. Early atmospheric conditions

were devoid of oxygen. Studies of ancient rock samples, for example, can give an indication of oxygen levels over

history . It is suggested that oxygen concentration rose in the atmosphere between 2.5 and 2.0 billion years ago.

A study in 2000  looked at the oxidation of sulfur and concluded that 2450 million years ago, the atmospheric

oxygen was low as were the potential rates of oxidation.

The only source of atmospheric oxygen before photosynthesis was probably the photolysis of water, leading to

hydrogen as a second product that would have been rapidly lost into space . Furthermore, the oxygen would

probably have been scavenged from the atmosphere by the reductive gases from volcanoes such as hydrogen.

Therefore, for the first part of the Earth’s history, the build up of oxygen in the atmosphere was not possible and

indeed appeared to be depressed. Although it is thought that the generation of oxygen from photosynthesis started

approximately 3.8 billion years ago, most of it would have been produced in the oceans and then it would have

reacted with the minerals from the weathering and runoff from rocks, partly Fe  which left the iron deposits seen

today. This process may have lasted as long as 2 million years. Eventually, photosynthetic O  production would

have out-competed the scavenging and atmospheric oxygen would rise .

During the Permo–Carboniferous period, the atmospheric oxygen rose to approximately 35%, as opposed to the

21% seen today. This led to the growth of giant insects, and it was thought that wildfires were more common too.

The appearance of large plants and the burying of large quantities of organic matter may have been the main

cause for this oxygen concentration rise . During the Mesozoic era, it was thought that the oxygen concentration

dropped to approximately 15%. However, this has been disputed by some, who say that the record of wildfires

indicates that the oxygen concentration was much higher, and they also conclude that no modelling will support the

notion of such low atmospheric concentrations . Of course, what researchers do know is that today the levels are

around 21%.
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Of course, today, maintenance of Earth’s atmospheric oxygen is reliant on photosynthesis . However, how stable

is the oxygen concentration in the atmosphere? Looking at the atmospheric oxygen over the last 100 years and

then projecting what might happen in the near future, it has been suggested that oxygen levels will drop from

20.946% to 20.825% . This is caused by human activity–fossil fuel consumption, and authors say: “It is time to

take actions to promote O   production and reduce O   consumption”. Others agree, and report that the future

dissolved oxygen in the oceans over the next 100,000 years is likely to be severely depleted . This is due to the

fact of human activity. As the climate changes, the surface 500 m of the oceans will have less oxygen solubility, but

there will be effects at greater depths. This is a sobering thought.

It should not be forgotten that molecular oxygen is not the only form that exists or is of interest. Ozone (O ) has

been in the public awareness since it was reported that the atmospheric ozone layer was being depleted, for

example see . Ozone was extensively studied by Christian Friedrich Schönbein (1799–1868), but it was Jacques-

Louis Soret (1827–1890) who determined its formula in 1865 .

Other forms of oxygen include singlet oxygen and the superoxide anion, the latter also known historically as

hyperoxide. Singlet oxygen is an excited form of molecular oxygen (O (a Δ )) and has been known for

approximately ninety years . Much of the work was carried out by Christopher S. Foote and his colleagues in the

1960s, but they were reassessing work already carried out approximately thirty years earlier . Superoxide

anions are molecular oxygen with an extra electron, but this has no pair in the outer shell, so that this is a free

radical (O ). Irwin Fridovich and H. Moustafa Hassan wrote about its toxic effects in 1979, and Pauling suggested

that it was proposed through the work of quantum mechanics . Lynch and Fridovich were also writing about the

effects of superoxide on the membranes of erythrocytes in 1978 . Superoxide readily dismutes to hydrogen

peroxide, especially at low pH, and it is a reaction catalysed by superoxide dismutase (SOD), the latter being

discovered by J.M. McCord and I. Fridovich in 1968 . Once such oxygen-based compounds are generated,

there is the potential for the production of further downstream oxygen-rich compounds collectively known as

reactive oxygen species (ROS) and includes the hydroxyl radical ( OH). Their importance came to the fore with the

realisation of the importance of the respiratory burst in white blood cells and the role of these compounds in host

defence. The enzyme responsible was found in 1965 , known as the NADPH oxidase. Lack of this enzyme leads

to the condition known as chronic granulomatous disease (CGD), where patients have a deficient immune

response against pathogens and die young .

2. Discovery of Oxygen as Part of Metabolism and Ageing

Oxygen is instrumental for the metabolism of many organisms. Oxygen acts as the terminal electron acceptor in

humans, for example, where four electrons are used to create water, which is then lost through the skin or breath.

Without the removal of electrons by oxygen at the end of the electron transport chain, the mitochondria would be

unable to create an electrochemical potential across the inner mitochondrial membrane. This potential was, of

course, mooted by Peter Mitchell  (see also ). Lack of full reduction of oxygen leads to the production of

oxygen-free radicals, notably, the superoxide oxide anion (O ) . Such radical production leads to a cascade of

oxygen-based compounds, such as hydrogen peroxide (H O ) and the hydroxyl radical ( OH). Such ROS led to
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the idea that their presence, and indeed over accumulation in cells, leads to the ageing process. This was

suggested in 1954  with papers reporting the presence of free radicals in biological systems . One of the

most prolific writers on the subject was Denham Harman (e.g., ). The idea still has traction today and is

widely researched (e.g., ).

The idea of oxygen being involved in biological systems, of course, has a much longer history, spanning back to

the work of people such as Lavoisier, as discussed above. Mitochondria were first described in the latter part of the

19th century by people such as Rudolf Albrecht von Kölliker (in 1857) and Richard Altmann (in 1898). Fletcher and

Hopkins, in 1907, showed that oxygen caused the disappearance of lactate in stimulated muscles. Work by

Meyerhof on oxygen and glycogen metabolism was published in 1927 , by the 1940s, the cellular location of

some of the electron transport chain complexes was being unravelled , and by the 1960s the system was quite

well characterised. For a good overview of the history of oxygen in metabolism see .

The lack of oxygen in biological systems is often referred to as hypoxia. This can be a somewhat misleading term.

Atmospheric oxygen is 21%, as stated above, but not many cells in a body will be exposed to this concentration of

oxygen. There are many conditions under which the oxygen tension accessible to cells is driven even lower,

including during wounding and cancer, which would be true hypoxia. However, today the term hypoxia is widely

used to mean an oxygen tension below 21% and not just in the case of true hypoxia. A history of its use was given

by Richalet , who states:

“Viault and Jolyet used “Hypohématose” in 1894, but this term has not been used since. Hypoxybiosis first

appeared in 1909 in Germany, then hypoxemia in 1923 in Austria, and hypoxia in 1938 in Holland. It was then

exported to the United States where it appeared in 1940 in cardiology and anesthesiology. The clinical distinction

between anoxia and hypoxia was clearly defined by Carl Wiggers in 1941. Hypoxia (decrease in oxygen), by

essence variable in time and in localization in the body, in contrast with anoxia (absence of oxygen), …”

How cells survive low oxygen, and recover from such conditions, is important to understand. Reperfusion injury,

where oxygen is reintroduced to tissues and cells, can lead to damage partly through the generation of ROS .

The role of low-oxygen tension in cancer is also important to understand .

The use of oxygen in cells is not confined to respiration or causing damage. It has been recognised for many years

that ROS and related compounds are instrumental in the control of cellular activities . This was brought to a fore

by the publication of the role of nitric oxide (NO) in cell signalling events in 1987 . This opened the door to the

idea that other similar molecules could be used for signalling including the superoxide anion, hydrogen peroxide,

hydrogen sulfide and even hydrogen gas. It is interesting to note that the generation of NO by the enzyme nitric

oxide synthase (NOS) is an oxygen-dependent reaction.

Therefore, the role of oxygen in biological systems has a long history, but is also immensely important to

understand. Its role in respiration and cell signalling are vital for the correct functioning of the cell, but the absence
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of oxygen is also important to consider, especially in tumours. Therefore, this segues into how oxygen can be used

in medicine.

3. Oxygen and Its Uses in Medicine

Hyperbaric oxygen therapy (HBOT)  was probably first used in 1662 by Henshaw . In 1789 Lavoisier and

Seguin reported that high oxygen was detrimental to health, thus dissuading people from using it. This sentiment

was probably exacerbated by Bert in 1878, who looked at oxygen toxicity in more detail. By 1887, the concept of

HBOT was looked upon more favourably following work by Arntzenius . Many hyperbaric chambers were built

including examples in North America in 1860 and 1861. Edwards  states that Cunningham built a massive

chamber in Cleveland that was “64 feet in diameter, was 5-stories tall and had 12 bedrooms on each floor”. In

1937, decompression sickness was successfully ameliorated using HBOT by Behnke and Shaw. According to

Biggs et al. in 2022 , there were 13 FDA approved uses of HBOT including treating “gas embolism, carbon

monoxide poisoning, decompression sickness, and radiation necrosis”. They also state that there are some

unusual uses too including “cancer, mild traumatic brain injury (mTBI), and Alzheimer’s disease”.

Oxygen is used too, of course, at normoxic concentration, especially for trauma or if a person has breathing

difficulties. However, it has also been suggested that oxygen can be mixed with other gases, which may have a

synergistic effect. An example of the this is the suggestion that oxy-hydrogen gas (a mixture of oxygen and

hydrogen at a 1:2 ratio) can be used for the treatment of severe COVID-19, the present pandemic caused by the

SARS-CoV-2 virus .

4. Oxygen and Space

The study of oxygen is not confined to here on Earth. In 2013, the Hubble Space Telescope reported evidence of

oxygen at the exoplanet HD 189733b . It is also proposed that the James Webb Space Telescope will be able to

detect oxygen on similar planets . Tian suggested  that the creation of what is referred to as a massive

oxygen atmosphere is not inevitable and that there might be a bimodal distribution of such exoplanets. There is the

inevitable excitement that if oxygen can be found on other planets that such places may harbour life .

References

1. Kump, L.R. The rise of atmospheric oxygen. Nature 2008, 451, 277–278.

2. Farquhar, J.; Bao, H.; Thiemens, M. Atmospheric influence of Earth’s earliest sulfur cycle. Science
2000, 289, 756–758.

3. Walker, J.C. The early history of oxygen and ozone in the atmosphere. Pure Appl. Geophys.
1978, 117, 498–512.

[36] [37]

[37]

[37]

[38]

[39]

[40]

[41] [42]

[43][44]



Brief History of Oxygen | Encyclopedia.pub

https://encyclopedia.pub/entry/22361 5/7

4. Berner, R.A.; Beerling, D.J.; Dudley, R.; Robinson, J.M.; Wildman, R.A., Jr. Phanerozoic
atmospheric oxygen. Annu. Rev. Earth Planet. Sci. 2003, 31, 105–134.

5. Mills, B.J.; Belcher, C.M.; Lenton, T.M.; Newton, R.J. A modeling case for high atmospheric
oxygen concentrations during the Mesozoic and Cenozoic. Geology 2016, 44, 1023–1026.

6. Junge, W. Oxygenic photosynthesis: History, status and perspective. Q. Rev. Biophys. 2019, 52,
e1.

7. Huang, J.; Huang, J.; Liu, X.; Li, C.; Ding, L.; Yu, H. The global oxygen budget and its future
projection. Sci. Bull. 2018, 63, 1180–1186.

8. Shaffer, G.; Olsen, S.M.; Pedersen, J.O.P. Long-term ocean oxygen depletion in response to
carbon dioxide emissions from fossil fuels. Nat. Geosci. 2009, 2, 105–109.

9. McKenzie, R.L.; Aucamp, P.J.; Bais, A.F.; Björn, L.O.; Ilyas, M.; Madronich, S. Ozone depletion
and climate change: Impacts on UV radiation. Photochem. Photobiol. Sci. 2011, 101, 182–198.

10. Rubin, M.B. The history of ozone. The Schönbein period, 1839–1868. Bull. Hist. Chem. 2001, 26,
40–56.

11. History of Ozone. Available online: https://www.solutionozone.com/ozone/history/ (accessed on
21 February 2022).

12. Ogilby, P.R. Singlet oxygen: There is indeed something new under the sun. Chem. Soc. Rev.
2010, 39, 3181–3209.

13. Greer, A. Christopher Foote’s discovery of the role of singlet oxygen in photosensitized oxidation
reactions. Acc. Chem. Res. 2006, 39, 797–804.

14. Pauling, L. The discovery of the superoxide radical. Trends Biochem. Sci. 1979, 4, N270–N271.

15. Lynch, R.E.; Fridovich, I. Effects of superoxide on the erythrocyte membrane. J. Biol. Chem.
1978, 253, 1838–1845.

16. Bannister, W.H. From haemocuprein to copper-zinc superoxide dismutase: A history on the fiftieth
anniversary of the discovery of haemocuprein and the twentieth anniversary of the discovery of
superoxide dismutase. Free. Radic. Res. Commun. 1988, 5, 35–42.

17. Berton, G.; Castaldi, M.A.; Cassatella, M.A.; Nauseef, W.M. Editorial: Celebrating the 50th
anniversary of the seminal discovery that the phagocyte respiratory burst enzyme is an NADPH
oxidase. J. Leukoc. Biol. 2015, 97, 1–2.

18. Yu, H.H.; Yang, Y.H.; Chiang, B.L. Chronic granulomatous disease: A comprehensive review. Clin.
Rev. Allergy Immunol. 2021, 61, 101–113.

19. Mitchell, P. Coupling of phosphorylation to electron and hydrogen transfer by a chemi-osmotic
type of mechanism. Nature 1961, 191, 144–148.



Brief History of Oxygen | Encyclopedia.pub

https://encyclopedia.pub/entry/22361 6/7

20. Rich, P.R. A perspective on Peter Mitchell and the chemiosmotic theory. J. Bioenerg. Biomembr.
2008, 40, 407–410.

21. Cadenas, E.; Davies, K.J. Mitochondrial free radical generation, oxidative stress, and aging. Free.
Radic. Biol. Med. 2000, 29, 222–230.

22. Harman, D. Free radical theory of aging: History. EXS 1992, 62, 1–10.

23. Hensley, K.; Floyd, R.A. Reactive oxygen species and protein oxidation in aging: A look back, a
look ahead. Arch. Biochem. Biophys. 2002, 397, 377–383.

24. Commoner, B.; Townsend, J.; Pake, G.E. Free radicals in biological materials. Nature 1954, 174,
689–691.

25. Harman, D. Aging: The Theory Based on Free Radical and Radiation Chemistry with Application
to Cancer and Athrosclerosis; Rad. Lab. Calender, University of California: Berkeley, CA, USA,
1956.

26. Harman, D. The free radical theory of aging: The effect of age on serum mercaptan levels. J.
Gerontol. 1960, 15, 38–40.

27. Polidori, M.C.; Mecocci, P. Modeling the dynamics of energy imbalance: The free radical theory of
aging and frailty revisited. Free. Radic. Biol. Med. 2022; in press.

28. Meyerhof, O. Recent investigations on the aerobic and an-aerobic metabolism of carbohydrates.
J. Gen. Physiol. 1927, 8, 531–542.

29. Hogeboom, G.H.; Claude, A.; Hotch-Kiss, R.D. The distribution of cytochrome oxidase and
succinoxidase in the cytoplasm of the mammalian liver cell. J. Biol. Chem. 1946, 165, 615–629.

30. Glancy, B.; Kane, D.A.; Kavazis, A.N.; Goodwin, M.L.; Willis, W.T.; Gladden, L.B. Mitochondrial
lactate metabolism: History and implications for exercise and disease. J. Physiol. 2021, 599, 863–
888.

31. Richalet, J.P. The invention of hypoxia. J. Appl. Physiol. 1985 2021, 130, 1573–1582.

32. Wu, M.Y.; Yiang, G.T.; Liao, W.T.; Tsai, A.P.; Cheng, Y.L.; Cheng, P.W.; Li, C.Y.; Li, C.J. Current
mechanistic concepts in ischemia and reperfusion injury. Cell Physiol. Biochem. 2018, 46, 1650–
1667.

33. Jing, X.; Yang, F.; Shao, C.; Wei, K.; Xie, M.; Shen, H.; Shu, Y. Role of hypoxia in cancer therapy
by regulating the tumor microenvironment. Mol. Cancer 2019, 18, 157.

34. Mittler, R.; Vanderauwera, S.; Suzuki, N.; Miller, G.; Tognetti, V.B.; Vandepoele, K.; Gollery, M.;
Shulaev, V.; Van Breusegem, F. ROS signaling: The new wave? Trends Plant Sci. 2011, 16, 300–
309.



Brief History of Oxygen | Encyclopedia.pub

https://encyclopedia.pub/entry/22361 7/7

35. Palmer, R.M.; Ferrige, A.G.; Moncada, S. Nitric oxide release accounts for the biological activity of
endothelium-derived relaxing factor. Nature 1987, 327, 524–526.

36. Shah, S.A. Healing with oxygen: A history of hyperbaric medicine. Pharos Alpha Omega Alpha
Honor Med. Soc. 2000, 63, 13–19.

37. Edwards, M.L. Hyperbaric oxygen therapy. Part 1: History and principles. J. Vet. Emerg. Crit. Care
(San Antonio) 2010, 20, 284–288.

38. Biggs, A.T.; Littlejohn, L.F.; Dainer, H.M. Alternative uses of hyperbaric oxygen therapy in military
medicine: Current positions and future directions. Mil. Med. 2022, 187, e40–e46.

39. Russell, G.; Nenov, A.; Hancock, J. Oxy-hydrogen gas: The rationale behind its use as a novel
and sustainable treatment for COVID-19 and other respiratory diseases. Eur. Med. J. 2021.

40. Ben-Jaffel, L.; Ballester, G.E. Hubble Space Telescope detection of oxygen in the atmosphere of
exoplanet HD 189733b. Astron. Astrophys. 2013, 553, A52.

41. Fauchez, T.J.; Villanueva, G.L.; Schwieterman, E.W.; Turbet, M.; Arney, G.; Pidhorodetska, D.;
Kopparapu, R.K.; Mandell, A.; Domagal-Goldman, S.D. Sensitive probing of exoplanetary oxygen
via mid-infrared collisional absorption. Nat. Astron. 2020, 4, 372–376.

42. Tian, F. History of water loss and atmospheric O2 buildup on rocky exoplanets near M dwarfs.
Earth Planet. Sci. Lett. 2015, 432, 126–132.

43. Léger, A.; Fontecave, M.; Labeyrie, A.; Samuel, B.; Demangeon, O.; Valencia, D. Is the presence
of oxygen on an exoplanet a reliable biosignature? Astrobiology 2011, 11, 335–341.

44. Meadows, V.S. Reflections on O2 as a biosignature in exoplanetary atmospheres. Astrobiology
2017, 17, 1022–1052.

Retrieved from https://encyclopedia.pub/entry/history/show/53996


