
The Old Side to Carbon Monoxide

Carbon monoxide is the product of the incomplete
combustion of organic matter. When any carbon-
containing fuel burns with sufficient oxygen, the end
product is carbon dioxide and water. When the same
chemical reaction takes place with insufficient oxygen,
however, the end product is carbon monoxide.
When oxygen enters the lungs, it binds to

hemoglobin and is delivered to tissues to be
metabolized by mitochondria. Hemoglobin and oxygen
form oxyhemoglobin, a molecule that is a model of
elegance, harmony, and even beauty. As one physiology
professor is reported to have said “we can see the poetry
of creation in the hemoglobin molecule.”
Hemoglobin, however, also binds to other elements

in other ways. With carbon monoxide, it forms a
molecule called carboxyhemoglobin, which is a
dysfunctional form, much like sulfhemoglobin and
methemoglobin. Normal carboxyhemoglobin levels are
between 1% and 2% of total blood volume, and are
mainly the result of endogenous production. The body
has been said to produce 0.4 mL of carbon monoxide
every hour. Sjostrand’s1 classical study showed that
most endogenous carbon monoxide is an end product of
heme catabolism.2 Although endogenous carbon
monoxide is mostly bound to hemoglobin, it also has 
an affinity for myoglobin and cytochromes. The heme
component of hemoglobin is converted by both the
inducible and constitutive forms of the heme oxygenase
enzyme to equal proportions of biliverdin, iron, and
carbon monoxide. The biliverdin is converted to
bilirubin, the iron is recycled, and the carbon monoxide
binds to hemoglobin, for which it has a high affinity,
to form carboxyhemoglobin. Elevated levels of
endogenous carboxyhemoglobin are mainly due to
hemolytic anemia, although slightly raised levels may
also be seen in serious inflammatory diseases.

Evidently, carbon monoxide can also enter the blood
stream from exogenous sources via inhalation. The
main sources of ambient carbon monoxide are vehicle
and heating emissions in large cities, although faulty
gas burning appliances in the home can also be to
blame. The normal background level of carbon
monoxide in the home is 10 parts per million parts
(ppm) of air, although exposure levels can be
chronically higher in smokers (up to 400 ppm to 500
ppm in inhaled air during smoking) and acutely higher
in cases of poisoning (usually suicide attempts). It is
estimated that carbon monoxide is responsible for over
50% of fatal poisonings in the world.4 Because carbon
monoxide has such a high affinity for hemoglobin (200-
250 times greater than that of oxygen), it can drastically
reduce the blood’s capacity to carry oxygen and cause
serious health effects. Carbon monoxide poisoning
symptoms range from dizziness and headache to death.

A New Side to Carbon Monoxide

Carbon monoxide is not just a toxic gas, however. A
number of recent studies have revealed that it is a
powerful signaling molecule involved in several
physiological processes.
Heme oxygenase was discovered in 1968.5 Initially

this enzyme served to characterize the heme
degradation process, and its possible role in other
biochemical processes was not contemplated until the
early 1980s. It has since been described as a brain
neurotransmitter,6-8 a platelet aggregation inhibitor,9 a
cardiovascular tone modulator,10-12 a gastrointestinal
modulator,13 an inhibitor of uterine contraction during
pregnancy,14 and a regulator of pancreatic islet hormone
secretion.15

It is heme oxygenase’s ability to protect against
injury,16-18 however, that has attracted the most interest
in respiratory medicine. High levels of heme
oxygenase-1 and carbon monoxide, measured in both
bronchoalveolar lavage specimens and exhaled air, have
been reported in animal models with acute lung injury
(acute respiratory distress syndrome).19-21 In a study of
intensive care unit patients with acute respiratory
distress syndrome, Mumby and colleagues22 found that
heme oxygenase-1 levels in bronchoalveolar lavage
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specimens and/or lung tissue specimens were higher in
the study group than in the control group. The
mechanism by which heme oxygenase-1 provides
cytoprotection via the production of carbon monoxide is
highly complex and several hypotheses have been
proposed. In vitro findings suggest that it may be
related to its ability to reduce apoptosis, protein
oxidation, and lipid peroxidation.23 Carbon monoxide
has also been attributed similar protective effects
against apoptosis24 as well as the ability to modulate
inflammatory activity by inhibiting the expression of
proinflammatory cytokines and the overproduction of
anti-inflammatory cytokines (mainly interleukin).25

Since Otterbein and colleagues26 first used heme
oxygenase-1 in vivo in animal models to successfully
protect against acute lung injury, a number of other in
vivo studies have corroborated their claim that heme-
oxygenase-1 might have beneficial effects.27-29

Subsequent studies focusing on hypoxia-induced
changes in the pulmonary vasculature have suggested
that heme oxygenase-1 might play a preventive role 
in hypoxia-induced inflammation, pulmonary
hypertension, and hypertrophy of vascular smooth
muscle.30-31 While these particular studies testify to the
beneficial effects of heme oxygenase-1 and carbon
monoxide, the literature contains many contradictory
reports.32-34 The debate on the clinical application of
these molecules is therefore far from over and has
undoubtedly been fueled by the fact that carbon
monoxide is highly toxic. Its addition to the therapeutic
arsenal in the near future is therefore unlikely.35

Moreover, although results to date have been
contradictory, carbon monoxide has also been attributed
a major role in controlling breathing in the presence of
hypoxia.36,37

These findings indicate that carbon monoxide plays
an unexpectedly important role as a cellular mediator.
Of particular interest is the fact that in many ways
carbon monoxide is similar to nitric oxide, a molecule
that has been widely studied from pathophysiologic,
diagnostic, and therapeutic perspectives and that has
even led to a Nobel Prize. Why not, then, envisage an
equally brilliant future for carbon monoxide?

The New and the Old

One certainty is that the small amount of carbon
monoxide stored in our bodies–that tiny amount of
carboxyhemoglobin that is detected in arterial blood gas
results and normally never exceeds 1.6% of total blood
volume38–is much more than a mere indicator of
whether a patient is still smoking or not (the old side of
carbon monoxide). This molecule now also shows
promise as a biological marker that contributes, through
its involvement in a range of key cellular activities, to
the correct functioning of many biological processes; in
the future it may well be used as a marker of various
abnormal processes (the new side).
Juxtaposing the old and the new will provide us with

a different lens and a new perspective, and help us
recognize which pages of history need to be rewritten.

Respiratory medicine physicians need to remain alert to
this new facet of carbon monoxide and overcome the
idea that carboxyhemoglobin is always an enemy to be
defeated.
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