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How the lung deals with oxidants 

K. L. Maier* 

Oxidants are compounds capable of withdrawing elec­
trons from target atoms or molecules, thus initiating 
chemical reactions. In biological systems, oxidative modi­
fications are often related to structural, functional and 
regulatory changes. Partially reduced oxygen species, also 
known as oxygen-derived free radicals, represent the most 
important group of biologically relevant oxidants. Sig­
nificant amounts of oxygen-derived free radicals are pro­
duced by inflammatory cells, capable of destroying 
neoplastic tissue, altering cellular function, modulating 
inflammation and exhibiting antimicrobial defence. 

In the lung, reactive oxygen metabolites mainly origi­
nate from alveolar macrophages and, during inflammation, 
also from invading neutrophils and eosinophiL-;. Phago­
cytic cells are endowed with a complex enzyme system 
located in the plasma membrane, the nicotinamide­
adenine-dinucleotide phosphate (reduced form) (NADPH) 
(or burst) oxidase [1], which is dormant in silent cells, 
but activated in stimulated cells to catalyse the reduction 
of molecular oxygen to the superoxide anion (0

2
' ). In a 

subsequent step, o2· dismutates to hydrogen peroxide 
(Hp

2
) and molecular oxygen, catalysed by the enzyme 

superoxide dismutase. In the presence of metal ions, 
highly reactive hydroxyl radicals (OR) arise from 0

2
- and 

~02 via the Haber-Wciss or Fenton reaction, respectively 
[2]. Hydroxyl radicals are also formed by neutrophils and 
monocytes from H

2
0

2 
in a myeloperoxidase-dependent 

reaction [3]. However, the main function of myelo­
peroxidase from neutrophils (and chloroperoxidase from 
eosinophils) is the formation of cytotoxic hypochlorous 
acid (HOC!), a process which also consumes Hp

2
• 

The end-point of this pathway is the chlorination of pri­
mary or secondary amines to cytotoxic N-chloramines 
(R 1~)N-C1), which are also potent oxidants. The mye-
1operoxidase is an inflammatory marker, which sub­
stantially influences the composition of the oxidant pattern 
in the lung. 

Production of oxygen-derived free radicals by the burst­
oxidase seems not to be restricted to phagocytic cells. 
Recent studies have revealed that human fibroblasts pos­
sess an NADPH oxidase system exhibiting strong simi­
larities to the phagocytic NADPH oxidase [4]. Moreover, 
alveolar type IJ cells have been shown to release 
oxygen-derived free radicals in a similar amount to al­
veolar macrophages upon treatment with various stimu-
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!ants [5], suggesting the existence of a NADPH oxidase 
in these cells. Genetic deficiency of NADPH oxidase 
activity (as known to exist in chronic granulomatous dis­
ease) makes the individuals highly susceptible to patho­
gens. This observation underlines the outstanding role of 
oxygen-derived free radicals as part of the immunologi­
cal defence machinery in the lung. 

Apart from the beneficial microbial effect of reactive 
oxygen metabolites, current discussion suggests that they 
participate in pathophysiological mechanisms of lung 
parenchyma! injury [6]. Accumulation of inflammatory 
cells, such as neutrophils or eosinophlls, in the airways 
results in an exaggerated release of reactive oxygen 
metabolites, representing a potential risk of lung tissue 
damage. Data have accumulated indicating an increased 
oxidant burden of neutrophilic origin in a number of lung 
diseases, such as the adult respiratory distress syndrome 
[7], idiopathic pulmonary fibrosis [8], bronchitis [9, 10], 
cystic fibrosis (11], and immune complex injury [12]. 
The role of oxidants in the initial stage of lung diseases 
is stili unclear, but it is obvious that reactive oxygen 
metabolites must be removed rapidly from the organ, be­
fore they can cause cellular dysfunction or cell death 
resulting in impaired lung functions. 

The nature of injury depends on the kind and reactiv­
ity of the oxidant acting in the epithelial lining fluid 
(ELF) or lung tissue. Hydrogen peroxide reacts rather 
slowly with sulphur-containing amino acids, and the small 
rate constants for these reactions suggests that it may 
not be significant at the very low H

2
0

2 
concentrations 

likely to be present in vivo. In contrast, HOCl and 
(R 1R2

)N-Cl readily attack methionine and cysteine 
residues, and rapidly inactivate the a, -proteinase inhibi­
tor already at low concentrations in the range of 1-10 
J.l M, oxidant concentrations which are easily achieved by 
IOS-106 neutrophils·mi-1 in vitro. Oxidative inactivation 
of proteinase inhibitors is one possible mechanism cur­
rently being discussed in the pathogenesis of lung 
emphysema. On the other hand, highly reactive OH- r'ddi­

cals, mainly arising from metal-catalysed oxidation sys­
tems such as HpjFe (ll) or ascorbate/Fe(III) (Fenton-like 
reactions), cause damage to enzymes, fragmentation of 
connective tissue proteins, and lipid peroxidation. It is 
possible that, the myeloperoxidase/H.p2-system is also 
able to trigger lipid peroxidation [13]. These parameters 
reflect damage at the molecular level, giving a frrst in­
sight into the mechanisms of oxidant-mediated lung 
injury. The real role of oxidants in the pathogenesis of 
lung diseases seems to be more complex, and is at 
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present not well understood in a number of inflammatory 
lung diseases. 

In addition to the endogenously-generated reactive oxy­
gen metabolites, the ubiquitous atmospheric pollutants, 
ozone and nitrogen dioxide, are potent oxidants. Expo­
sure to ozone or nitrogen dioxide has been shown to pro­
duce alterations in a number of functional, biochemical, 
and morphological properties of the lung in humans and 
experimental anjmal models [14]. 

In order to protect the lung from increased endogenous 
or exogenous oxidant burden, several intracellular and 
extracellular antioxidant systems are available. They 
show different specificities in neutralizing toxic oxygen 
radicals. The delicate balance between oxidant toxicity 
and antioxidant systems (redox balance) is of major im­
portance for maintaining normal lung function and struc­
ture. Disturbance of the redox balance through either 
increased oxidant production, reduced antioxidant capac­
ity, or both, may favour pathophysiological events 
leading to acute or chronic damage and dysfunction. 
Superoxide disrnutase removes the superoxide by dis­
mutation to H

2
0

2 
and molecular oxygen, catalase detoxi­

fies H.z0
2

• Cerulopla~min oxidizes Fe(ll), which is known 
to be an efficient catalyst for OH- formation in the Fenton 
reaction. Transferrin and lactoferrin bind extracellular 
iron (Fe(ll)) in ELF and, thus, prevent formation of 
OH", which is a prerequisite for lipid pcroxidation or 
modification of connective tissue proteins. Vitamin C is 
an antioxidant that can paradoxically also function as a 
pro-oxidant in certain conditions, e.g. in the presence of 
metal ions. It is present in most cells and in extracellu­
lar fluids, and seems to be selectively accumulated in the 
alveolar fluid. Vitamin E (G-tocopherol) is a lipid anti­
oxidant principally located in cell membranes but also 
found in serum and normal human BAL fluid. Glutath­
ione (GSH) is a thiol (SH)-containing tripeptide available 
in all cells and in ELF in high concentrations. Glutath­
ione alone, and in concert with GSH peroxidase and GSH 
reductase, represents one of the most important antioxi­
dant defence systems capable of scavenging OH-,. ~02, 
products of the myeloperoxidase-catalysed reaction and of 
lipid peroxidation. 

Glutathione concentrations in young asymptomatic ciga­
rette smokers are 80% higher than in nonsmokers [15]. 
In contrast, ELF GSH concentrations in idiopathic pul­
monary fibrosis reach only 25% of normal levels [16]. 
Depletion of GSH in ELF has also been found in cystic 
fibrosis and human immunodeficiency virus (HIV) infec­
tion. The significance of GSH as a scavenger of 
oxygen-derived free radicals has inaugurated therapeutic 
strategies to increase lung tissue levels of GSH: a) in 
GSH deficiency; and b) in lung diseases with an increased 
risk of oxidant injury, such as the adult respiratory dis­
tress syndrome or idiopathic pulmonary fibrosis. One 
approach proven to be effective in augmentation of GSH 
in ELF is through GSH aerosolization to the lower res­
piratory tract. This was first demonstrated in sheep [ 17], 
and more recently in idiopathic pulmonary fibrosis [ 18]. 
In the latter study, repeated administration of aerosolized 
reduced GSH significantly increased the levels of oxidized 
GSH in ELF in all of the patients studied. 

Another antioxidant, which has received much atten­
tion in the last years is the thiol-containing drug 
N-acetylcysteine (NAC) [19, 20]. It is a powerful scav­
enger of OR, HOC! and N-chloramines [21], and sev­
eral reports have shown that treatment with NAC 
(administered either intravenously or orally) is a promis­
ing approach to lower the risk of oxidant lung injury. 
Repeated administration of NAC increases plasma levels 
of cysteine and GSH [22, 23], and also augments ELF 
GSH in patients and normal subjects [20, 22- 24]. 

In this issue of the journal, SALA et al. [25] rep01t on 
the protective effect of NAC against oxidant lung injury 
induced by intrapulmonary immune complex deposition 
in rats. Serotonin uptake in the perfused lung served as 
a biochemical marker for pulmonary endothelial ceU func­
tion. The authors found that loss of serotonin uptake as 
an indicator of cellular dysfunction was significantly re­
duced by 50% when 2 mmol NAC-kg-' body weight was 
orally administered in a single dose, 30 min prior to start­
ing immune complex deposition. This is an interesting 
animal study confirming the deleterious role of oxidants 
in immunological alveolitis, and showing the ability of 
NAC to support GSH synthesis in the lung. However, 
no results are shown on the metabolism of this dntg, 
when administered at such a high dose. The kinetics of 
NAC decrease by deacetylation and the intermediate lev­
els of cysteine in plasma and ELF are of special interest 
regarding possible adverse effects of this drug. For ex­
ample, the function of the secretory leucocyte proteinase 
inhibitor, as one important component of the anti­
proteinase system in the lung, might be affected by the 
reduction of its disulphide bonds, caused by markedly 
elevated thiol-concentrations, resulting from antioxidant 
therapy with NAC. Thiols are generaiJy considered to 
be antioxidants. However, they may also show a pro­
oxidative effect, since reactive thiyl radicals may be 
formed from thiols via a mechanism which includes oxy­
gen radicals. As recently demonstrated, thiyl radicals are 
able to induce peroxidation of polyunsaturated fatty ac­
ids, and may possibly cause lipid peroxidation in biologi­
cal systems [26]. Another study has shown that cysteine 
at low concentrations ( <1 mM) substantially promotes the 
inactivation of glucose-6-phosphate dehydrogenase by a 
metal-catalysed oxidation system consisting of Fe(II)/Hp

2 
in vitro (27). In conclusion, the administration of NAC 
in inflammatory lung diseases might enbance thiyl for­
mation by endogenous oxygen radicals under certain con­
ditions, representing an additional risk. Hence, further 
investigations seem to be necessary to evaluate this risk 
during antioxidant therapy. 
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