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Introduction 

Free radicals (such as RS·, RS02·, S03-·, NO·, N02·, LO·, LOO·, CCl/) and other 
reactive oxygen species (ROS) (02-·, H202, HO·, HOCl) along with singlet oxy
gen (102) and ozone (03) are highly reactive chemical agents which may oxidize 
several biological molecules such as proteins, lipids, and nucleic acids, thereby 
inducing cellular damage [1). 

It has been estimated that among the 10 12 oxygen molecules which are 
involved in the metabolism of a single cell every day, about lout of 100 dam
ages proteins and lout of 200 damages DNA [2). 

In living organisms, ROS are physiologically produced during normal meta
bolic reactions. For instance, during mitochondrial oxidative phosphorylation, 
about 2% of the electrons transferred to cytochrome oxidase are involved in 
ROS formation [3), and many other enzyme systems may generate ROS [4). 

In order to survive, living organisms have developed enzymatic and nonen
zymatic mechanisms to prevent the release of ROS and to counteract the toxic 
effects induced by these agents. However, this balance is perturbed if an excess 
of ROS is produced or if the availability of antioxidant agents is impaired. This 
would, in turn, give rise to pathological events eventually leading to a cluster of 
symptoms or to overt disease [5). 

As for the ROS-mediated damage to the respiratory system, the lungs, unlike 
other internal organs in which ROS are only of endogenous origin, are also 
exposed to exogenous ROS because of their direct connection with the outside 
environment. This phenomenon is of particular relevance with respect to the 
structure and specific function of the respiratory system. The lungs contain 
about 300000000 alveoli, coated by about 95% by type- I pneumocytes [6). It has 
been calculated that the alveoli-related surface amounts to approximately 70-
100 m 2• 
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Across such a respiratory surface, which represents the organism's largest 
environment-connected area (for comparison, our body surface is about 1.7 
m 2), about 15000 I of breathed air flow every day. This means that about 
300000000 I of air are breathed over an average lifespan [7]. Several types of 
pollutants are often detected in breathed air, such as those of biological origin 
(bacteria, viruses, pollens, etc.), physical agents (ionizing radiation, silica or 
asbestos fibers, dust, etc.) or chemical compounds (03, NO·, NO/, gases from 
fuel, etc.). All these may directly or indirectly induce formation of free radicals 
and ROS. 

In view of the large pulmonary surface and the huge volume of breathed air, 
it is easy to see how exogenous ROS in the lung may play an important role in 
lung diseases. 

Another important aspect of lung physiology is the presence of several 
humoral and cellular host defense systems, including resident cells such as alve
olar macrophages. These cells modulate a number of complex functions, such as 
phagocytosis, ROS formation, and neutrophil recruitment. The last-mentioned 
function appears to be important because macrophage activation triggers a 
hazardous, self-perpetuating cycle of ROS production and release. 

On activation by specific or nonspecific agents, neutrophils and macro
phages reduce molecular oxygen to superoxide anion (02-·; Fig. 1) using 
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Fig. 1. Schematic representation of reactive oxygen species production by activated neu
trophils during oxidative killing, with harmful effects on the various types of lung cells. 
(Modified from [8]) 
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NADPH (reduced nicotinamide adenine dinucleotide phosphate). Superoxide 
anion is quickly converted to hydrogen peroxide (H202), which in turn may 
generate either hydroxyl radical (HO") in the presence of transition metal ions 
or be converted to hypochlorous acid (HOCl) by peroxidases. These cells, how
ever, possess systems to control ROS generation. Superoxide dis mutase (SOD) 
catalyzes 02-" dismutation to H202, which is eventually transformed into H20 
by means of glutathione peroxidase and catalase [8]. 

If these and other protective mechanisms are overcome by an excessive ROS 
production, their in situ release is noxious [8]. Macrophages and neutrophils 
are therefore proinflammatory cells. Moreover, activated macrophages also gen
erate NO", which in turn leads to the formation of HO"[9]. 

Endogenous and exogenous ROS interact in several ways with the main 
types of lung cells: epithelial cells, muscle cells, alveoli, fibroblasts, and resident 
and nonresident phagocytes. 

ROS-Induced Molecular and Cellular Damage 

The interactions of ROS with the above cells may lead to molecular damage 
through different mechanisms [8,10], such as: 
- chemical binding of ROS to membrane enzymes, leading to their inactiva

tion; 
- interaction of ROS with membrane lipids (PUFA), leading to lipid peroxida

tion, generation of cross-links and loss of membrane fluidity; 
- membrane lipid peroxidation also induces arachidonic acid release, which 

promotes the synthesis of prostaglandins, prostacyclins, thromboxanes, and 
leukotrienes. This starts an inflammatory process, which may become chronic; 

- thromboxane A2 induces broncho- as well as vasoconstriction, leading to 
increased pulmonary pressure and possibly also to pulmonary edema; 

- the binding of ROS to membrane components such as p-receptors also affects 
bronchial muscle tone; 

- respiratory volume and flow are reduced by ROS, peripheral resistances 
increase, and bronchial hyper reactivity occurs; 

- ROS also interfere with metabolic pathways of energy production; ATP syn
thesis is impaired on account of oxidative inactivation of glyceraldehyde-3-
phosphate dehydrogenase; 

- in broncho-alveolar lavage (BAL) specific mediators of inflammation are 
found; 

- hyperproduction and biochemical changes in tracheobronchial mucus arise; 
as a result, mucociliary clearance is impaired; 

- pulmonary surfactant is also altered. 
In the alveoli, in which type-I pneumocytes represent 95% of cell types, 

these changes lead to tissue damage characterized by intra- and extra-alveolar 
accumulation of protein-rich fluids and impaired gas exchange. Thus, an ede
matous alveolitis occurs with infiltration of inflammatory cells. These, in turn, 
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increase tissue damage and lead to systemic hypoxia. Eventually, fibroblast infil
tration results in pulmonary fibrosis. 

The Role of ROS in Lung Pathology 

Table 1 shows the major pulmonary diseases in which ROS are known or 
thought to be involved either as direct etiologic factors or as cofactors [11-13]. 
The last two items in the Table are xenobiotic-mediated, iatrogenic diseases, as 
bleomycin and nitrofurantoin are drugs. 

Short descriptions of lung conditions in which oxidative stress is involved 
are reported. 

Table 1. Major pulmonary disorders in which reactive oxygen species playa role in media
ting the disease 

• Emphysema 
• Asthma and bronchial hyper-reactivity 
• Cystic fibrosis 
• Adult respiratory distress syndrome 
• Pulmonary idiopatic fibrosis 
• Pulmonary reperfusion injury 
• Silicosis/asbestosis 
• Cold 
• Fibrosis from xenobiotics 

Bleomycin 

Paraquat 
Nitrofurantoin ) 

Iatrogenic Bleomycin 

Bleomycin is an antineoplastic glycopeptide used to treat squamous-cell carci
noma of the lung, lymphoma, and testicular cancer. 

It has been observed that alveolar macrophages display binding sites for 
bleomycin [14]. The drug is then taken up into the macrophage and builds a 
complex [15] in the presence of Fe2+ ions and DNA, which is able to react with 
02 first to yield superoxide anions (02-") and then H202 and HO". If this 
process occurs close to DNA molecules, genomic damage is induced [16, 17]. 
Recent studies [14] have shown that bleomycin evokes the release of inter
leukin 1~ (IL-1~) and tumor necrosis factor a (TNF-a) in macrophages. This 
stimulates chemotaxis of neutrophils and eosinophils which, upon activation, 
further release ROS, thus producing an inflammatory reaction [18]. The repair 
step which follows results in a fibrotic process (Fig. 2). Surprisingly, such 
bleomycin-related toxicity inducing dose-dependent interstitial pulmonary 
fibrosis [19] due to abnormal collagen accumulation in the alveolar area only 
affects the lung; renal or hepatic toxicity has not been reported. This phenome-
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Fig.2. Mechanisms of bleomycin-induced oxidative damage 

non has been ascribed to the fact that type I and II pneumocytes lack bleomycin 
hydrolase, a cytosolic aminopeptidase able to hydrolyze the ~-aminoalanine moi
ety of bleomycin [11 J. 

Bleomycin is also able to produce lipid peroxidation [14] and to moderately 
stimulate the macrophage oxidative burst [14,20], events which also contribute 
to its toxicity. 

Nitrofurantoin 

Nitrofurantoin is a chemotherapeutic agent used in the treatment of urinary 
infections. In lung microsomes, under anaerobic conditions, nitrofurantoin is 
able to enter a redox cycle, yielding a nitrofurantoin radical [21]. In the pres
ence of O2 the nitrofurantoin is regenerated along with 02-·[22], thus starting 
an oxidation cascade. 

Paraquat 

Paraquat is a herbicide which may accumulate in type-II pneumocytes at higher 
levels than in plasma and which is thought to behave as an electron acceptor 
from the mitochondrial transport chain. A bipyridyl radical is formed which is 
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stable in the absence of O2, but which combines avidly with 02, reconstituting 
the cation and generating 02-·[23]. The bipyridyl radical is also thought to sus
tain these reactions as long as oxygen and electrons are available. This hypothe
sis is not universally accepted and it appears that other as yet unknown mecha
nisms may be relevant. However, this toxicity is associated with alveolitis, 
edema, and migration of inflammatory cells [24] followed by tissue repair 
processes resulting in alveolar fibrosis [25], as reported also for bleomycin and 
nitrofurantoin. 

Silicosis/Asbestosis 

Acute and chronic occupational exposure to mineral dust particles of asbestos, 
quartz, silica, etc. may give rise to inflammatory changes and lung fibrosis [26, 
27]. Alveolar macrophages ingest mineral dusts. Due to their inorganic origin, 
these dusts cannot be metabolized so that the NADPH oxidase system is chroni
cally activated. The final outcome of this process is an abnormally high produc
tion of reactive oxygen radicals. Moreover, in the presence of asbestos or silica, 
macrophages release TNF, which in turn triggers neutrophil and eosinophil 
recruitment, leading to further ROS release. It has been also observed that 
asbestos-activated macrophages release high amounts of leukotriene (LT) B4, 
which in turn stimulates TNF synthesis [28]. All these factors are mutually 
linked in a harmful amplification loop (Fig. 3). 
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Fig. 3. Macrophage interaction with dust particles in the origin of a phlogogenic loop 
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Electron spin resonance (ESR) studies have also shown that coal mine dusts 
and freshly fractured asbestos fibers generate free radicals [29]. Asbestos and 
silica contain ferric as well as ferrous ions which are thought to induce lipid 
peroxidation [30]. 

These observations suggest that the lung injury induced by mineral dust 
exposure is mediated by ROS and free radicals as well as by the release of 
inflammatory mediators. 

Adult Respiratory Distress Syndrome 

Adult respiratory distress syndrome (ARDS) is regarded as a multifactorial dis
ease. That means, it is determined primarily by several factors such as sep
ticemia, trauma, respiratory failure associated with acute pancreatitis, as well as 
by other as yet unknown factors ([31] for a recent review). 

Following primary injury, the earliest event in the pathogenesis of ARDS is 
the interaction of neutrophils with vascular pulmonary endothelium (adhesion, 
aggregation, and ROS release). This induces neutrophil-mediated damage to the 
capillary endothelium, associated with protein-rich fluid release into both the 
alveolar and interstitial spaces, which impairs respiratory exchange and starts 
an inflammatory amplification mechanism eventually leading to fibrosis [31, 
32] (Fig.4). 

In the expired breath of patients with ARDS on mechanical ventilation, high 
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Fig.4. Mechanisms of adult respiratory distress syndrome-induced oxidative damage 
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concentrations of Hz0 2 have been detected [33]. 
Neutrophils are the most reactive cells and those endowed with the highest 

harmful potential. Indeed, it has been observed that neutrophils contain more 
than 30 different molecules capable of inducing cell and tissue damage [34]. 

ARDS, asbestosis, and idiopathic pulmonary fibrosis show remarkable simi
larities in that all three diseases, on analyzing BAL cellularity, show an initial 
predominance of alveolar macrophages followed by a relative (about 40%) or 
absolute (about 80%) predominance of activated neutrophils. 

Idiopathic Pulmonary Fibrosis 

It has been shown that in some subjects inflammatory processes in the lower 
respiratory tract are, for unknown reasons, no longer prevented or suppressed 
by normal control mechanisms. As a result, chronic inflammation takes place, 
possibly supported by immunoreactions against altered "self" -components. 

Idiopathic pulmonary fibrosis (IPF) patients show immune complex 
deposits in the lower respiratory tract, where activated macrophages release a 
number of mediators together with high levels of LTB4 into the epithelial lining 
fluid [35]. This phenomenon triggers the well-known recruitment and accumu
lation of neutrophils, which on activation release harmful enzymes such as elas
tases as well as ROS (Fig. 5). Therefore a loss of type-I pneumocytes occurs, 

The lung is a "NEUTROPHIL TIME BOMB 11 waiting to go off (Hogg) 

Cigarette 
smoke Emphysema 

Fig. 5. Common mechanisms of oxidative damage in emphysema, cystic fibrosis, idiopathic 
pulmonary fibrosis, and asthma 
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which are replaced by cuboidal cells and by type-II pneumocytes. In addition, 
breaks in the continuity of the basal membrane have been observed, followed 
by mesenchymal cell accumulation in the alveolar aerial spaces with collagen 
deposits and in the end fibrosis [36]. 

Emphysema 

Cigarette smoke, which contains huge amounts of oxidants (a cigarette smoke 
puff may contain up to 1015 oxidizing radicals) [37] as well as many other pollu
tants targeting to the respiratory epithelium, may either directly oxidize <Xl
antitrypsin (an inhibitor of <Xl-protease) or indirectly induce in situ accumula
tion of activated neutrophils. It is known that, during oxidative burst, oxidizing 
agents and proteases may be released, thereby leading to further oxidation of 
more <Xl-antitrypsin molecules. 

A great etiopathogenic relevance has been ascribed to the above phenome
na. However, it should be recalled that protease (elastase) release during normal 
neutrophil metabolism in normal subjects is associated with inactivation of 
almost 500 mg of both elastase and cathepsin G daily. Therefore, control mecha
nisms over these enzymes are crucial with respect to the induced damage. 

It has been known for many years that <Xl-antitrypsin deficiency may be relat
ed to emphysema (elastase cleaves methionyl-serine peptide bonds of <Xl-antit
rypsin.) 

Release of neutrophil elastase as well as highly reactive oxidants leads to 
uncontrolled degradation of connective tissue proteins which build the alveolar 
structural matrix. Synergistic effects between these harmful agents are respon
sible not only for degradation of elastin, collagen, and proteoglycans, but also 
for inactivation of those endogenous inhibitors of proteases such as <Xl-antit
rypsin and <Xl-antichymotrypsin, which are devoted to protect the above struc
tures [38] (Fig. 5). 

Cystic Fibrosis 

Cystic fibrosis is a congenital disease of the exocrine glands characterized by 
chronic obstructive lung disease, exocrine pancreatic failure, and abnormal 
electrolyte concentrations in sweat ([39] for a recent review). 

Serious pathological manifestations affect the respiratory tract. The pres
ence of very dense tracheobronchial mucus impairs normal mucociliary clear
ance and facilitates repeated bacterial infections. 

These settings cause chronic inflammation with marked neutrophil migra
tion, progressive damage to the respiratory epithelium, and in the end respira
tory failure [40]. 

The number of neutrophils in the epithelial lining fluid of patients with cys
tic fibrosis has been observed to be 100- to 1000-fold greater than that observed 
in normal subjects, thus dramatically highlighting the potential oxidative dam
age to the respiratory epithelium [37,41] (Fig. 5). 
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Asthma 

Asthma is a complex, multifactorial inflammatory disease of the airways. During 
an attack, a number of cytotoxic substances are released into the airways by infil
trated inflammatory cells, in particular, eosinophils and neutrophils. 
Consequently, damage to the epithelium of the respiratory tract is considered to 
be the major factor responsible for the development of bronchial hyperreactivity, 
the principal feature of asthma. In addition, released ROS in the damage of respi
ratory epithelium have now been established to be a major etiopathogenic factor. 

Pulmonary Reperfusion-Induced Injury 

Pulmonary reperfusion-induced injury has been reported to occur following 
pulmonary artery occlusion secondary to major lung transplantation surgery 
or to collapsed lung reexpansion. The restored flow of blood and oxygen into 
the previously ischemic tissue promotes release of ROS and free radicals [42]. 
In fact, ischemia blocks oxygen transport through the mitochondrial enzymatic 
chain along with the activity of enzymes such as xanthine oxidase [43]. On 
reperfusion, a rapid and sudden radical generation occurs, boosted by the pres
ence of transition metal ions previously released by ischemic cells. The result
ing damage affects the sarcoplasmic reticulum and other membranes, so that 
the flow of Ca2+ and other ions is perturbed [44]. 

To sum up, the data reported so far suggest that oxidative stress represents a 
common feature in the pathogenesis of respiratory disease. In addition, the lung 
has been described as a primed "neutrophilic bomb" waiting to go off (Fig. 5). 

In diseases due to an imbalance between oxidative burden and antioxidant 
defense, exogenous supplementation of antioxidant agents may be of use and is 
pharmacologically feasible. 

Vitamin ( and Respiratory Diseases 

Table 2 shows the major compounds with antioxidant activity which may be 
used as therapeutic tools. We focused our attention on the therapeutic activity 
of vitamin C not for a random choice among the different compounds but 
because vitamin C possesses peculiar features. 

Vitamin C is water soluble and is involved in a number of metabolic path
ways such as the synthesis of hydroxylysine, hydroxyproline, norepinephrine, 
serotonin, carnitine, and collagen [45]. Vitamin C has been described as "the 
most important antioxidant in human plasma" [46]. 

Vitamin C scavenges free radicals, thus protecting membranes and lipopro
teins from oxidation. It is also responsible for the regeneration of vitamin E, the 
major lipophilic antioxidant, which would no longer be of use once transformed 
into a radical. Another important function of vitamin C is to scavenge ROS and 
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Table 2. Major exogenous and endogenous agents with potential therapeutic antioxidant 
activity 

Substance 

Antioxidant enzymes 

• Superoxide dis mutase 
Native SOD 
Polyethyleneglycol-SOD 
Liposome-encapsulated SOD 
Cu TIM, Cu DIM, Me TIM, 
Desferal Mn 

• Catalase 
Native catalase 
Polyethyleneglycol-catalase 
Liposome-encapsulated catalase 

• Glutathione peroxidase 

Vitamins 

• Vitamin E 
• Vitamin A 
• Vitamin C 
• Carotenoids 
• Coenzyme QIO 

Thiolic compounds 

• Glutathione 
• N-acetylcysteine 

Xanthine oxidase inhibitors 

• Allopurinol 
• Oxypurinol 
• Folic acid 
• Pterin aldehyde 

Metal ion chelators 

• Desferoxamine 

PMN/macrophage inhibitors 

• NADPH oxidase inhibitors 
• Antineutrophil serum 
• Antiadhesion agents 

Function 

It is obtained by recombinant synthesis and 
can be administered in native form. 
Prolonged half-life as albumin-conjugated. 
It may reduce PMN adhesion to the 
endothelium. 

May be administered in native form but also 
encapsulated in liposomes. 

Ebselen mimics the action of GSH peroxida
se. Se supplementation increases the native 
form's functionality. 

Dietary supplementation useful in deficits. 

SH group donors involved in various meta
bolic pathways as antioxidants. 

Inhibit O2- 0 generated by xanthine oxidase. 
May also act as scavengers. 

~ Chelates Fe ions. 

~ Adenosine, NSAID, calcium antagonists. 
~ Reduction of circulating neutrophils. 
~ CD ll1CD 18 monoclonal antibodies. 

PAF antagonists. 

(cont.) 
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Table 2. (cont.) 

Substance 

Antioxidants 

• NSAID, salicilates 
• Lazaroids 
• Probucol 
• Mannitol, dimethylsulfoxide, 

dimethylthiourea 
• Captopril, ~-blockers, calcium 

antagonists, amiodarone, etc. 
• Lazaroids 
• Flavonoids 

• Food additives 

------ -~~ --~ 

P.c. Braga 

Function 

~ Antiinflammatory agents 
~ Lipoperoxidation inhibitors 
~ Protects lipoproteins from oxidative burden 

~ HO· scavengers 

~ ROS scavengers 
~ ROS scavengers 
~ Natural plant antioxidants (rutin, 

quercetin, etc.) 
~ Food intake, e.g. buthylhydroxyanisol (BHA), 

buthylhydroxytoluene (BHT) 

SOD, superoxide dis mutase; PMN, polymorphonuclear leukocyte; GSH, glutathione; 
NADPH, reduced nicotinamide adenine dinucleotide phosphate; NSAID, nonsteroidal 
antiinflammatory drug; ROS, reactive oxygen species; PAF, platelet aggregation factor. 

radicals in the hydrophilic extracellular space. Vitamin C, which has been 
reduced to ascorbyl radical, is regenerated by glutathione. Under oxidative 
stress, vitamin C is consumed more rapidly and in greater amounts than vita
min E and other antioxidant agents [47], and this can be considered a clue to its 
first defensive function in oxidative stress. 

When neutrophils are activated by a variety of stimuli, some oxidant agents 
are secreted into the extracellular space. These ROS are scavenged by vitamin C, 
which is thereby converted into dehydroascorbate. Neutrophil membranes pos
sess a carrier for dehydroascorbate, but not for ascorbate; so when the extracel
lular concentration of dehydroascorbate increases, this dehydroascorbate is 
taken up into the neutrophil, where a reductase reconverts it to vitamin C [47-
49] (Fig. 6). This recycling mechanism increases the antioxidant potential of the 
pro inflammatory cell during those periods when protection against ROS pro
duction and release is most required. It has been observed that in activated 
neutrophils the intracellular concentration of vitamin C is some ten-fold higher 
than that observed extracellularly [50]. 

The concentration of vitamin C as well as that of other antioxidants is often 
reduced in patients affected by the pulmonary diseases mentioned above. 

Vitamin C supplementation has been reported to be useful in paraquat poi
soning [51], asbestosis, silicosis [52,53], ARDS [31,54]' and emphysema [55]. 
No data exist in literature on the use of vitamin C in IPF or in patients receiving 
bleomycin or nitrofurantoin, despite the theoretical indication for antioxidant 
administration. 
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Fig.6. Scheme of intra- and extracellular activity of ascorbic acid. (From [50]) 

Tables 3 and 4 summarize the results of studies on the use of vitamin C in 
asthma [56). 

Most of these trials were performed over very short treatment periods and 
in a small number of patients, overall 158 with 60% positive outcome. 
Administered doses of vitamin C ranged between 0.5-2 g daily, often as a single 
dose before the test. More importantly, vitamin C status before and after thera
peutic supplementation was not determined. 

In the only double-blind, randomized study [57), in which treatment was 
performed over 14 weeks and basal levels of vitamin C were determined, a sig
nificant decrease in the number of asthma attacks was detected. 

The most recent study included in Tables 3 and 4 was carried out in 1986. 
Since then new knowledge on the pathophysiology and the cellular biochem
istry of asthma has been gained, so the problem should be reevaluated, bearing 
in mind that the administration of vitamin C should be given for a long enough 
period of time to balance the relationship between oxidative stress and antioxi
dant burdens. It is also mandatory that the population under investigation be 
homogeneous with respect to basal levels of vitamin C, to better evaluate the 
changes before and after treatment. 

Analysis of two recent studies performed in the United States by the National 
Health and Nutrition Examination Survey (NHANES) in a large number of 
patients has revealed a correlation between the daily intake of vitamin C and the 
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Table 3. Studies on the effects of vitamin C on asthma: significant beneficial effects (modi-
fied from [56]) 

Year Protocol Study Population Evaluated Remarks 

parameters 
~----- --------

1803 Single Sailors Scurvy, asthma Occurrence of 

observations asthma during 
scurvy 

1985 Single Controlled Asthmatic AAlevels Low AA levels 

observations children in blood in asthmatics 

(n=51) 

1982 Repeated Double-blind Asthmatics PEFR!>FEV!> Partial anti-
observations (n = 12) MEFV,FVC bronchospastic 

effect of AA 

1980 Repeated Double-blind, Asthmatics AA plasma levels; AA reduces the 
observations randomized (n=41) entity and number number of 

of asthma attacks attacks 

1983 Repeated Single-blind, Asthmatics FEV!>VC,RVJ AA reduces the 
observations noncontrolled (n = 14) with metacholine effects of meta-

choline 

1981 Repeated Single-blind, Non-asthmat- Bronchial tone AA counteracts 
observations crossover ics (n =6) with meta choline the effects of 

metacholine 

1980 Repeated Noncontrolled Asthmatic chil- Chemotaxis, IgG, Tendency to 
observations dren (n = 10) complement, PFT improved PFT 

1982 Repeated Noncontrolled Asthmatic chil- Chemotaxis, AA enhances 
observations dren (n = 10) phagocytosis, IgG, chemotaxis 

FEV!> comple-
ment, RAST, CRP 

1983 Repeated Single-blind, Asthmatic chil- Functions, PMN AA enhances 
observations randomized, dren (n = 16) chemotaxis 

controlled 

1973 Repeated Single-blind, (a) Healthy Histamine-indu- (a) AA protects 
observations randomized, adults (n =17 ) ced bronchial against histamine 

controlled (b) Guinea pig challenge -induced bron-
trachea (n = 16) (a) PFT (PEFV) chospasm 

(b) Contraction (b) AA reduces 
trachea contrac-
tion 

1976 Repeated Controlled Guinea pig PG release AA counteracts 
observations trachea PGF2a-induced 

contraction 

(cont.) 
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Table 3. (cont.) 

Year Protocol 

1985 Repeated 
observations 

Study Population Evaluated 
parameters 

Noncontrolled, Healthyadults Metacholine test 
nonrandomized (n =5) FEV, MEFV, FVC, 

FEV], serum AA 
levels 

101 

Remarks 

In some 
subjects,AA 
counteracts 
metacholine test 

AA, ascorbic acid (vitamin C); PEFR, partial expiratory flow resistance; FEV, forced expira
tory volume; MEFV, mean expiratory flow volume; FVC, forced vital capacity; VC, vital 
capacity; R V, residual volume; IgG, immunoglobulin G; PFT, pulmonary function test; 
RAST, radioallergosorbent test; CRP, C reactive protein; PMN, polymorphonuclear 
leukocyte; PG, prostaglandin; PGF, prostaglandin F. 

Table 4. Studies on the effects of vitamin C on asthma: non-significant effects (modified 
from [56]) 

--- --------- ---

Year Protocol Study Population Evaluated Remarks 
parameters 

--- --------

1985 Single Controlled Asthmatic Plasma levels of No relationship 
observations children AA betweenAA 

(n = 51) levels and 
asthma effects 

1983 Repeated N oncontrolled Asthmatics FVC,FEV], AA does not 
observations (n = 20) FEFzs-7S , PEFR affect spirome-

tric indexes 

1985 Repeated Single-blind, Asthmatic PFT, IgG, comple- AA does not 
observations randomized, children ment, ASO, u[- affect any para-

controlled (n = 16) antitrypsin, PMN meter 

1986 Repeated Double-blind, Asthmatics Histamine-indu- AA does not 
observations randomized, (n = 16) ced bronchial affect any para-

crossover challenge, FEV [, meter 
PVC,PDzo 

1982 Repeated Double-blind, Seasonal Skin reactivity, No significant 
observations randomized, allergic rhinitis nasal resistance, changes in the 

controlled (n =8) histamine parameters 

1979 Repeated Double-blind, Graminaceae- Bronchial chal- No significant 
observations randomized sensitive asth- lenge test raw, changes in the 

mathics (n =6) SGaw, FEV], PDzo parameters 

(cont. ) 
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Table 4. (cont.) 

Year Protocol Study Population Evaluation Remarks 
parameters 

1980 Repeated Noncontrolled Asthmatic Immunoglobulins, No AA-induced 
observations children complement, changes 

(n = 10) specific IgE 

1983 Repeated Single-blind, Asthmatic Immunoglobulins, No AA-induced 
observations randomized, children complement, Ul- changes 

controlled (n = 16) antitrypsin, 
RAST, antimyco-
plasma and anti-
virus antibodies 

1977 Repeated Double-blind, Asthmatics Histamine test AA does not 
observations randomized, (n =7) FVC, FEV h TLC affect the tests 

controlled 

FEF, forced expiratory flow; PD2o, dose causing 20% increase in airway resistance; PVC, 
pulmonary vital capacity; IgE, immunoglobulin E; TLC, total lung capacity; SGaw, specific 
airway conductance; for other abbreviations see Table 3. 

occurrence of lung pathology. Low vitamin C intake was found to be associated 
with increased symptoms of bronchitis and wheezing [58] and, in another 
study, also with impaired pulmonary function [59]. 

The effect of dietary vitamin C intake on FEV 1 was investigated in 2526 
healthy and asthmatic subjects. Higher dietary vitamin C intake was found to be 
significantly correlated with increased FEV 1 [60,61]. 

In another study performed in 62 asthmatic and 57 healthy adult subjects, 
the concentrations of vitamin C in asthmatic patients were found to be reduced 
by 35% and 50% in leukocytes and plasma, respectively, compared to the con
centrations observed in the nonasthmatic group [62]. 

Furthermore, many authors have detected protective effects of vitamin C in 
bronchoreactivity tests performed with hydroxytryptamine, bradykinin, hista
mine [63], PGF2a [64], metacholine [59], and N02 [65]. 

Vitamin C itself does not possess the same specific pharmacological activity 
as antiasthma drugs. However, current evidence suggests that it may be a useful 
adjunct to standard antiasthma therapy. 

Conclusion 

To summarize, evidence from the literature and clinical trials points to a gener
al role for ROS- and free radical-mediated oxidative stress in the etiopathogene-
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sis of various pulmonary diseases. Attention has been directed by investigators 
towards macrophages and neutrophils, which display an abnormal, though 
potentially protective activity, thereby impairing oxidative defenses. Thus, 
external support provided by supplementation of vitamin C is now widely 
accepted for its pharmacological properties and the therapeutic approach must 
fit with the nature of disease, that is, acute therapy for acute lung disease and 
chronic therapy for chronic lung disease. 
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