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ABSTRACT: Idiopathic pulmonary fibrosis (IPF) is a disease of unknown aetiology.
Increased oxidant burden and antioxidant, e.g. glutathione (GSH), deficiency in the
lower respiratory tract have been thought to play a role in the progression of IPF.
Sputum induction is a safe noninvasive tool to study inflammation in the respiratory
tract.
The aim of the present study was to evaluate the direct measurement of GSH in

induced sputum supernatant. Sixteen IPF patients and 15 healthy, nonsmoking subjects
underwent sputum induction. Total GSH in sputum, saliva and plasma was measured
spectrophotometrically.
Sputum GSH was decreased more then four-fold in IPF patients when compared to

healthy subjects (mean GSH 1.4¡0.34 mM versus 5.8¡0.98 mM). Salivary GSH was
generally low or undetectable in all subjects. Plasma GSH levels were lower in IPF
patients (0.26¡0.1 versus 0.74¡0.16 mM). In IPF patients, there was a borderline
correlation of sputum GSH levels with disease duration and lung-function impairment.
These data confirm the established role of oxidant/antioxidant imbalance in the

pathogenesis of idiopathic pulmonary fibrosis, and show the potential of induced sputum
to directly study inflammatory processes and surrogate markers in interstitial lung
diseases like idiopathic pulmonary fibrosis.
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Idiopathic pulmonary fibrosis (IPF) or cryptogenic
fibrosing alveolitis is a chronic inflammatory disease
of the lower respiratory tract leading to diffuse
scarring of the lung parenchyma and end-stage
tissue fibrosis [1, 2]. The histological features of
IPF usually comprise patterns of usual interstitial
pneumonia, with irregular thickening of the alveolar
septa, relatively mild tissue inflammation and patchy
areas of heterogenous interstitial fibrosis [3]. Prog-
nosis of IPF is poor, and pharmacotherapy with
corticosteroids or immunosuppressive agents is of
limited beneficial effect in these patients [4, 5]. There-
fore, there is an imminent need for new therapeutic
strategies.

The cause of IPF is unknown and many of the
pathomechanisms are poorly understood. Oxidative
stress of the lower respiratory tract has been
repeatedly linked to IPF, and an increased oxidant
burden contributes to tissue remodelling and fibro-
blast activation in IPF and related disorders, like
drug-induced pulmonary fibrosis [6–8].

The tripeptide glutathione (L-y-glutamyl-L-cysteinyl-
glycine, GSH) plays a pivotal role in metabolic and
cell-cycle related functions in virtually all cells. Its
ability to directly scavenge free radicals and to act
as a cosubstrate in the GSH peroxidase catalyzed
reduction of H2O2 and lipid hydroperoxides makes

GSH central to defence mechanisms against intra- and
extracellular oxidative stress [9].

Bronchoalveloar lavage (BAL) studies have shown,
that IPF is characterized by GSH deficiency in the
epithelial lining fluid [6, 10]. These findings raised
hopes that therapeutic intervention with GSH or GSH
precursors could delay the progression of the disease,
and clinical studies using oral or inhaled GSH or
N-acetylcystein (NAC), a GSH precursor, have been
performed or are currently underway [11, 12]. A major
problem faced by these studies is the evaluation of the
therapeutic effect not only on clinical parameters, but
also the target compartment, i.e. GSH levels in the
respiratory tract, since this requires repeated BAL
procedures in a large number of patients. Therefore,
evaluation of GSH levels of the lower respiratory tract
of IPF patients by means of induced sputum, a safe
and reproducible tool that has been extensively
studied in asthma or chronic obstructive pulmonary
disease, has been assessed here.

Methods

Patients

The study population consisted of 16 patients
(68% males, mean age 59 yrs, range 37–72 yrs) with
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a confirmed diagnosis of IPF according to the
American Thoracic Society consensus report [13],
and 15 healthy nonsmoking volunteers (53% males,
mean age 31 yrs, range 20–55 yrs). All patients with
IPF were nonsmokers at the time of evaluation.
Eleven IPF patients were treated with oral steroids
(median dose 32 mg?day-1, range 5–50 mg?day-1), five
received immunosuppressants (four azathioprin, one
cyclophosphamide), and five were untreated. None
of the IPF and control subjects was taking oral
antioxidants, e.g. NAC. Pulmonary-function tests
in IPF patients revealed a mean total lung capacity
of 60¡4% of predicted, and a diffusing capacity of
57¡6% pred.

A venous blood sample was drawn from all subjects
to measure plasma GSH levels.

Sputum induction and processing

Sputum induction was performed according to a
method previously described [14], with slight modi-
fications: patients inhaled 4% hypertonic saline
delivered by an ultrasonic nebulizer device (UltraNeb
2000, DeVilbiss, UK) for 15 min. Patients were then
told to rinse their mouth, blow their nose and
carefully cough sputum into a petri dish using forced
expiratory manouevres. If the induction was well
tolerated, the first portion of sputum was discarded,
and the inhalation procedure was repeated for another
15 min, resulting in a total induction time of 30 min
for each individual patient. This was of particular
importance, since initial experiments in healthy
volunteers indicated, that the GSH concentration in
sputum increased with induction length (data not
shown). Lung function was carefully monitored by
spirometry every 5 min during induction to ascertain
safety of the procedure. Induction was stopped, when
a w20% drop in forced expiratory volume in one
second (FEV1) occurred, and patients were given two
puffs of salbutamol (100 mg?puff-1).

To prevent mixing of sputum plugs with saliva and
hence preventing diffusion of GSH from sputum to
saliva, sputum plugs were immediately separated
from salivary secretions, and closely examined by
light microscopy. A 1-mL Eppendorf cup was filled
with an appropriate sample, weighed, and mixed with
twice the volume of phosphate-buffered saline (PBS).
Although dithiotreitol (DTT) is used in standard
protocols, none was added to the sputum sample,
since preliminary experiments demonstrated a signifi-
cant effect of DTT on GSH measurement in sputum
(data not shown) and it acts as an antioxident itself
[15]. Following addition of PBS, sputum was gently
vortexed at room temperature until homogenization
of the sample was achieved. Afterwards, samples were
centrifuged at 4006g for 10 min. The supernatant was
then discarded and immediately processed for sub-
sequent GSH measurement. The sputum sample was
regarded as adequate when examination of cytospins
by light microscopy revealed contamination with
squamous cells ofv20%. Simultaneously, all patients
were asked to give a saliva sample, which was
processed accordingly.

Measurement of total glutathione in plasma, sputum
supernatant and saliva

Sputum GSH was measured using a spectrophoto-
metrical method described previously [16]. Briefly, to
determine total GSH levels (i.e. reduced GSH, GSH
disulphide (GSSG)), plasma samples, saliva or sputum
supernatant were mixed with an equal amount of
10 mM 5,59-dithiobis(2-nitrobenzoic acid) (DTNB)
in 0.1 M potassium phosphate, pH 7.5, containing
17.5 mM ethylenediaminetetraacetic acid (EDTA).
The samples were centrifuged (2,0006g, 10 min), and
aliquots (50 mL) of the supernatants were added to
cuvettes containing 0.5 U of GSSG reductase in
0.1 M potassium phosphate, pH 7.5, containing
5 mM EDTA. After incubation for 1 min at room
temperature, the assay reaction was started by adding
220 nM of reduced nicotinamide adenine dinucleotide
phosphate in 0.1 M potassium phosphate, pH 7.5,
containing 5 mM EDTA in a final volume of 1 mL.
The rate of reduction of DTNB was recorded
spectrophotometrically at a wavelength of 412 nm
(Beckman DU-70 spectrophotometer; Beckman,
Heidelberg, Germany). Determination of the total
GSH concentration was based on standard curves
generated from known concentrations of GSSG
(0.125–4 mM) in PBS, pH 7.4.

Statistical analysis

Data are presented as mean¡SEM. Group compari-
sons were performed with the Mann-Whitney U-test
for non-normally distributed values, or t-test for
normally distributed values. Correlations were calcu-
lated by Spearman9s correlational analysis (rho). Since
the disease duration was log normally distributed in
the patients, log values (log months after diagnosis)
were used for correlational analysis. A pv0.05 was
considered statistically significant.

Results

Compared with healthy subjects, the total GSH
content of the induced sputum supernatant from IPF
patients was markedly reduced (mean GSH 1.4¡0.34
versus 5.8¡0.98 mM, pv0.0011) (fig. 1), with a four-
fold decrease of the mean GSH concentration in IPF.
Salivary GSH concentrations were generally low or
undetectable in both groups (p=0.2). Plasma GSH
levels were lower in IPF patients (0.26¡0.1 versus
0.74¡0.16 mM, p=0.04), In IPF patients, there was an
inverse correlation of sputum GSH levels with disease,
with borderline significance duration (log months
after diagnosis, rho=-0.45, p=0.07) (fig. 2), and a
positive correlation of GSH with lung function (vital
capacity % pred, rho=0.48, p=0.05) (fig. 3). However,
no correlation of GSH with carbon monoxide
diffusing capacity % pred was found (r=0.31, p=0.24).

There was no correlation between plasma, salivary
and sputum GSH levels in either group (pw0.1, all
correlations).
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Discussion

IPF is a disease characterized by an increased
oxidative burden in the lower respiratory tract of
affected patients, and a marked deficiency of the
major antioxidant GSH has been previously described
in BAL studies with IPF patients [6]. Supplementation
with antioxidants like NAC is therefore regarded a
potential treatment option for IPF patients.

The present study focused on the possibility of
measuring GSH concentrations in induced sputum
from IPF patients. This is of particular interest, since
the noninvasive procedure of sputum induction may
offer a valuable tool to monitor GSH concentrations
of the respiratory tract in clinical trials with anti-
oxidant supplements, without the drawback of repeat-
edly exposing the patient to invasive and potentially
harmful BAL procedures. Furthermore, despite a
possible, albeit small, dilution effect resulting from
inhalation of hypertonic saline, direct measurement
of GSH in induced sputum supernatant avoids the
necessity to calculate the sample dilution indirectly by
evaluating the volume of the epithelial lining fluid, e.g.
by the urea method.

The data obtained in this study revealed a marked
deficiency of total GSH in induced sputum super-
natant of IPF patients in comparison to healthy
subjects. GSH levels of healthy subjects wereyfour-
fold higher than in IPF patients. This observation
corresponds with BAL studies, that have reported a
four-fold increase of the GSH content in the epithelial
lung fluid of healthy subjects [6]. Nevertheless, the
observed GSH concentrations in induced sputum of
both patients and controls were markedly lower
than the ones reported in BAL studies [6, 16, 17].
Few authors have studied the quantitative relation-
ship between soluble and cellular markers in sputum
or bronchial washing and BAL. For selected para-
meters, e.g. eosinophilic cationic protein or tryptase, a
higher concentration in sputum than in BAL was
found, whereas BAL contained more macrophages
[18, 19]. With regard to antioxidants, VAN DER VLIET

et al. [20] were able to show a GSH gradient with
low or undetectable concentrations in the nose, and
high concentrations in BAL. This corresponds with
another study in asthmatics, were BAL concentrations
of GSH were markedly increased compared with
bronchial washings [21]. GERSHMAN et al. [18] have
demonstrated an increase in macrophages and surfac-
tant protein A with increasing length of sputum
induction, indicating that different lung compart-
ments were sampled at different time points during
sequential sputum induction. These findings are
supported by experiments preliminary to this study,
where a significant increase in sputum GSH was
observed with rising induction length (saliva and
sputum after 15, 30 and 45 min) in healthy volunteers
(data not shown). Similar to the evaluation of other
markers in sputum, the use of strictly standardized
induction protocols is crucial for the adequate
interpretation of results. In this study, an induction
time of 30 min was chosen, since this was tolerated
best by all IPF patients and controls. Taken together,
the results of this study suggest that there is a GSH
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Fig. 2. –Correlation of sputum glutathione (GSH) concentrations
and disease duration in idiopathic pulmonary fibrosis patients
(n=16).
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Fig. 3. –Correlation of sputum glutathione (GSH) concentrations
and inspiratory vital capacity (VCin) in idiopathic pulmonary
fibrosis patients (n=16).
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Fig. 1. –Box-Whisker plots of sputum glutathione (GSH) concen-
trations in idiopathic pulmonary fibrosis patients (IPF, n=16) and
healthy controls (n=15). *: pv0.001.
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gradient along the respiratory tract, with maximum
concentrations in BAL. This finding is not surprising,
due to the pivotal role of the alveolar epithelium as the
primary antioxidative defence barrier [9]. Despite the
fact that induced sputum contains mainly secretory
products of midsized and small conducting airways,
therefore not fully representative for the anatomic
sites affected by IPF, this data strongly suggests that
the magnitude of relative GSH deficiency in IPF can
also be assessed by analysis of induced sputum
supernatant.

In this study, the relative amount of oxidized GSH
(GSSG, data not shown) could not be determined.
Earlier BAL studies have shown that nearly the entire
GSH found in BAL samples from IPF patients was
present in the reduced form [6, 16]. In contrast, BEHR

et al. [22] have detected low concentrations of GSSG
in native BAL fluid. However, the mean concentra-
tions of total GSH were markedly higher in this study,
suggesting that the impossibility to detect GSSG in
induced sputum from the patients in this study is
primarily a result of low sensitivity of the method at
the lower detection limit, in particular, since sputum
GSH was extremely low in the majority of IPF
patients. CANTIN et al. [23], who encountered similar
problems with detecting GSSG in BAL, speculated
that due to the enrichment of the alveolar lining fluid
with sulphydril-containing proteins, oxidative stress
would favour the formation of mixed disulfphites,
which would not be detected by the GSSG assay. It
can be assumed, that this might also be true for
sputum samples. Nevertheless, consistent with these
previous observations in BAL, the basic finding of a
GSH deficiency in this study would not have been
affected.

Two general hypotheses have been established
that might help explain the observation of a GSH
deficiency in the lower respiratory tract of IPF
patients: firstly, it was assumed that the inflammation
of the lung parenchyma in IPF leads to an increased
permeability of the alveolar epithelium, thus promot-
ing a plasmatic dilution of GSH concentrations
in BAL fluid [24]. Secondly, oxidative stress and
increased oxidant burden by inflammatory cells
involved in the pathogenesis of IPF deplete cellular
sources of GSH, with a consecutive GSH deficiency [9,
16]. The present data support the second hypothesis,
since it can be conceived, that the dilutory effect
following an alveolar leak would not be of equal
importance in induced sputum analyses. Furthermore,
the data from this study suggest that GSH deficiency
might develop as a consequence of alveolar and
epithelial remodelling and fibrosis, since a negative
correlation of sputum GSH levels with disease severity
assessed by lung function and disease duration was
observed.

Although in individual patients, there was no
correlation between plasma and sputum GSH levels,
the present data suggest that GSH-deficiency in the
respiratory tract, similar to observations in human
immunodeficiency virus-infected individuals [16], is at
least partially due to a systemic GSH deficiency, since
IPF patients also had significantly decreased plasma
GSH levels. The observation of a decrease in plasma

GSH confirms findings of other studies demonstrating
a reduced systemic antioxidant capacity in patients
with pulmonary fibrosis [25]. This is of particular
interest, since determination of plasma GSH could
also serve as a simple method to monitor supple-
mentation with antioxidants during therapeutic
interventions.

To conclude, this study supports the concept of a
contribution of oxidative stress and glutathione
deficiency to the pathogenesis of idiopathic pulmo-
nary fibrosis. To the best of the authors9 knowledge,
this is the first report on glutathione levels in induced
sputum from idiopathic pulmonary fibrosis patients.
In the future, induced sputum may provide a safe,
noninvasive tool to monitor lower respiratory tract
inflammation in interstitial lung diseases. Further
studies evaluating the full potential of glutathione
measurement in induced sputum, e.g. for prospective
studies or serial assessments of patients under anti-
oxidant supplementation are clearly warranted.
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