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INTROduCTION Increased production of reac‑
tive oxygen species (ROS) by inflammatory cells 
in the lungs is an immanent feature of inflam‑
mation. Oxidative stress has been recognized as 
a key element of systemic inflammation occurring 
in smokers, in whom chronic obstructive pulmo‑
nary disease (COPD), cardiovascular diseases, and 
other comorbidities often coexist.1 Oxidants may 
trigger fibrogenesis in the lung, and may contrib‑
ute to the pathogenesis of idiopathic pulmonary 

fibrosis (IPF), drug‑induced fibrosis, and other 
clinical entities presenting as lung fibrosis.2,3

Various markers are measured to characterize 
oxidative stress, including species generated by 
cellular sources such as superoxide anion (O2

–.),4 
hydrogen peroxide,5 hydroxyl radical,6 nitric ox‑
ide (NO), NO‑related products,7 and secondary 
products of oxidation, which reflects the influ‑
ence of these species on proteins, lipids, and oth‑
er organic components including products of lipid 
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AbsTRACT

INTROduCTION  Increased generation of superoxide anion  (O2
–.) by bronchoalveolar  lavage  (BAL) 

cells has been reported in various inflammatory disorders. However, the clinical relevance of this 
phenomenon is unclear.
ObjECTIvEs  The aim of  the study was  to  investigate whether production of O2

–.  is enhanced  in 
smoking‑related chronic bronchitis and sarcoidosis, and to assess a relationship between O2

–. gene‑
ration and lung function impairment and changes in BAL cellular pattern.
PATIENTs ANd mEThOds  Forty‑two patients with sarcoidosis, 24 smokers with chronic bronchitis, 
and 17 controls were examined. A number/percentage of BAL cells was calculated. Spontaneous and 
phorbol myristate acetate (PMA)‑stimulated O2

–. production was measured in BAL cells. Spirometry 
was performed.
REsuLTs  Patients with smoking‑related chronic bronchitis produced more O2

–. spontaneously (6.42 
±1.24 vs. 15.39 ±2.47 nmol/106 cells, P = 0.003) and after stimulation  (3.73 ±1.32 vs. 14.76 
±2.79 nmol/106 cells; P = 0.001). PMA‑stimulated excess production correlated with the percentage 
of neutrophils (r = 0.66, P = 0.0005). In sarcoidosis, only spontaneous production of O2

–. was higher 
(vs. 18.07 ±2.49 nmol/106 cells, P = 0.004) and correlated with the percentage of BAL lymphocytes. 
There was no correlation between O2

–. production and lung function para meters.
CONCLusIONs  Patients with smoking‑related chronic bronchitis produce more O2

–., and this pheno‑
menon is related to BAL neutrophils. In sarcoidosis, spontaneous release of O2

–. from BAL cells is 
related to the extent of lymphocytic alveolitis. Higher O2

–. generation did not impair lung function.
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to the ERS/ATS standards.13 Values of diffusing 
capactity of the lung for carbon monoxide were 
corrected for hemo globin concentration (DLCOc) 
and recalculated for alveolar volume. All data (ex‑
cept the Tiffenau index) were presented as a per‑
centage of predicted value.

Bronchoscopy was performed with a flexi‑
ble bronchoscope (Pentax, Japan) according to 
the British Thoracic Society guidelines.14 Patients 
optionally received midazolam and atropine be‑
fore the examination, 2% lidocaine was used as 
a topical anesthetic.

The BAL fluid was collected from medial lobe or 
lingula by instillation and subsequent withdrawal 
of 4 × 50 ml of 0.9% NaCl. The fluid recovery was 
52.1 ±1.2%. Crude BAL fluid was filtered through 
a gauze, centrifuged and the pellet was suspended 
in a phosphate buffer. The total cell count (TCC) 
was presented as n × 106. Cytospin slides were 
prepared and stained by the May‑Grünwald‑ 

‑Giemsa stain. Macrophages, lymphocytes, neu‑
trophils, and eosinophils were calculated using 
light microscopy and expressed as a percentage of 
the TCC. Moreover, the total number of cells and 
particular cell types were presented as the num‑
ber of cells (n × 104) per ml of recovered fluid. BAL 
was classified as unsatisfactory in the case of low 
recovery (below 30%), presence of blood, or cell 
viability below 90%. The lowest number of total 
BAL cells was 4.8 × 104/ml.

O2
–. production by BAL fluid cells was mea‑

sured colorimetrically, as previously described,15 
with Pharmacia Biotech, Ultraspec 2000, Swe‑
den, at 550 nm. Cells after centrifugation were 
suspended in phosphate buffer (106 cells/ml). 
Reduction of cytochrome C by released O2

–. led 
to decreased absorbance (the decrease of 0.100 
equals the reduction of 9.8 nmol of cytochrome 
and release of the same amount of O2

–.). Super‑
oxide dismutase was used to inhibit the reac‑
tion (reference sample), and the difference be‑
tween uninhibited and inhibited samples were 
used for calculations. We measured spontane‑
ous and excess release after stimulation with 
phorbol myristate acetate (PMA) (1 ng/ml, for 
20 min). Values were expressed as nmol O2

–./106 
cells. Because lymphocytes could be excluded as 
a source of oxidants, we presented these values 
as nmol O2

–./106 cells potentially producing O2
–..

(macrophages, neutrophils, eosinophils). This val‑
ue [C] was calculated according to the following 
formula: C = n × 100/100–y, where n is a produc‑
tion of O2

–. by all BAL fluid cells, and y is a per‑
centage of BAL fluid lymphocytes.

statistical analysis Data were expressed as mean 
± SEM, except age (mean ± standard deviation). 
The Kolmogorow‑Smirnoff test was used to as‑
sess normality. Median with 25 and 75 percen‑
tile was also provided, for not normally distrib‑
uted data. The unpaired t‑test (for normally dis‑
tributed data) or the Mann‑Whitney test (for data 
without normal distribution) was used to com‑
pare sarcoidosis and chronic bronchitis patients 

peroxidation,5 oxidized proteins,3 and nitroty‑
rosine.7 A new marker of oxidative stress, 8‑iso‑
prostane, has been recently proposed.8

Bronchoalveolar lavage (BAL) is a procedure 
widely used in the diagnosis and differentiation of 
various lung diseases. The BAL fluid is a bio logical 
material often used to assess oxidative stress in 
the lung. The measurement of O2

–. generation by 
BAL fluid cells is a common method. However, 
the real source of ROS and clinical significance 
of these measurements are not known. Taking 
the above into consideration, we undertook this 
study to answer the following questions:
1 Does O2

–. generation by BAL fluid cells in 
patients with sarcoidosis and smoking‑related 
chronic bronchitis differ from healthy controls?
2 Does the amount O2

–. produced by BAL fluid 
cells correlate with impaired lung function?
3 Is O2

–. generation related to changes in BAL 
fluid cellular pattern that favor any particular 
cell type?

PATIENTs ANd mEThOds study population Bron‑
choscopy with BAL was performed in 2 sepa‑
rate groups of patients: with sarcoidosis (n = 42, 
14 women, age 40 ±11 years), and smoking‑ 
 ‑related chronic bronchitis (n = 24, 6 women, 
age 52 ±10 years). All patients were treatment‑ 

‑naïve. Patients with sarcoidosis were diagnosed 
according to the guidelines.9 All were nonsmokers, 
there were 5 former smokers with maximum cu‑
mulative consumption below 10 pack years (mean 
± standard error of the mean [SEM] = 1.6 ±0.7). 
Stage 1 disease was diagnosed in 14 patients, stage 
2 in 22, and stage 3 in 6. All had an active disease, 
based on the presence of symptoms, radio logical 
progression, or progressive lung function impair‑
ment. Smoking‑related chronic bronchitis was di‑
agnosed in active smokers with chronic produc‑
tive cough, macroscopic and microscopic signs of 
chronic inflammation. Other causes of cough were 
excluded.10 These patients had normal spirome‑
try except 3 subjects who fulfilled the criteria for 
stage 1 COPD.11

A control group consisted of 17 healthy never‑ 
‑smokers (7 women, aged 44 ±4 years), who were 
compared with sarcoidosis and chronic bronchi‑
tis patients.

All patients gave written informed consent. 
The study was approved by the Ethics Com‑
mittee at the Medical University of Lodz (No. 
RNN/81/2001/KE).

Lung function tests Spirometry was performed 
according to the European Respiratory Soci‑
ety/American Thoracic Society (ERS/ATS) stan‑
dards,12 on a computer‑based spirometer (Jae‑
ger, Germany). Forced vital capacity (FVC) and 
forced expiratory volume in 1 second (FEV1) were 
measured, and the Tiffenau index (FEV1/FVC) 
was calculated. Lung diffusing capacity for car‑
bon monoxide was measured only in sarcoido‑
sis patients with Lungtest 1000 SB (MES, Po‑
land) using a single breath method, according 
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in the subgroup with high lymphocyte percent‑
age (FIGuRE 2b). Spontaneous release was signifi‑
cantly higher in patients with stage 2 sarcoidosis 
(FIGuRE 3A), and PMA‑stimulated production was 
significantly elevated in stage 1 (FIGuRE 3b).

There were no significant differences in LFT 
para meters between the study groups (TAbLE 2).

Correlation between bAL fluid superoxide anion con‑
centration and lung function test para meters There 
was no correlation between spontaneous or 
PMA‑stimulated O2

–. production by BAL fluid 
cells and LFT para meters, either in sarcoidosis 
or chronic bronchitis group.

Correlation between bAL fluid superoxide an‑
ion production and bAL fluid cells In sarcoido‑
sis, spontaneous O2

–. production was correlat‑
ed with lymphocyte percentage (FIGuRE 4) and 
lymphocyte number/ml of recovered BAL fluid 
(r = 0.35, P = 0.03).

In chronic bronchitis patients, O2
–. produc‑

tion after stimulation with PMA was correlated 
with BAL fluid neutrophil percentage (FIGuRE 5) 
and neutrophils/ml of recovered BAL fluid (r = 
0.52, P = 0.009).

bAL fluid recovery BAL fluid recovery was signif‑
icantly lower in patients with chronic bronchitis 
(TAbLE 1). Only in this group it correlated inversely 
with the number of neutrophils/ml, but not with 

with controls. To compare more than 2 groups, 
we used the one‑way ANOVA and Bonferroni 
post‑hoc test (for data with Gaussian distribu‑
tion) or Kruskall‑Wallis followed by Dunn’s mul‑
tiple comparison test (for data without normal 
distribution). The Spearman test was used to as‑
sess correlation. P ≤0.05 was considered statis‑
tically significant.

REsuLTs differences between sarcoidosis, 
smoking‑related chronic bronchitis, and control 
groups The sarcoidosis group differed from con‑
trols in the number and percentage of BAL fluid 
lymphocytes and macrophages (TAbLE 1).

There were no significant differences in BAL flu‑
id cell number and percentage between sarcoidosis 
stages. There were no differences between these 
subgroups in terms of lung function test (LFT). 
DLCO for stage 1 was 84.82 ±5.37, for stage 2 

– 73.82 ±4.23, and for stage 3 – 66.05 ±11.69% 
(nonsignificant).

In chronic bronchitis, both spontaneous and 
PMA‑stimulated O2

–. production were significant‑
ly higher (FIGuRE 1Ab).

In sarcoidosis, only spontaneous O2
–. release 

was higher compared with controls (FIGuRE 2A). 
Differences were more significant in a subgroup 
of patients with lymphocyte percentage >25% 
(FIGuRE 2A). PMA‑stimulated O2

–. production, al‑
though not different between controls and all sar‑
coidosis patients, achieved the level of significance 

TAbLE 1  Cellular characteristics of bronchoalveolar lavage fluid and fluid recovery (%) in the study groups

Control group Sarcoidosis Smoking‑related chronic bronchitis

TCC (×106) 17.51 ±2.58 25.51 ±2.28 22.50 ±3.52

TCC (×104/ml) 14.34 ±1.95  22.90 ±1.87 31.10 ±4.83a

P <0.01

M (%) 86.94 ±1.37 63.95 ±3.5a

P <0.01
84.67 ±1.36

M (×104/ml) 14.64 ±2.81
10.90 (8.13–17.1)

14.24 ±1.48
11.19 (8.17–17.11)

26.65 ±4.30
20.16 (11.76–34.96)

L (%) 9.47 ±1.08 32.74 ±3.55a

P <0.01
10.04 ±1.07

L (×104/ml) 1.55 ±0.29 7.87 ±1.13a

P <0.05
2.82 ±0.39

N (%) 0.71 ±0.29
0.0 (0.0–1.0)

0.71 ±0.14
0.0 (0.0–1.0)

2.42 ±0.6
1.0 (1.0–3.0)

N (×104/ml) 0.10 ±0.05
0.0 (0.0–0.001)

0.15 ±0.03
0.0 (0.0–0.26)

0.72 ±0.2
0.38 (0.1–0.82)

E (%) 1.12 ±0.38
0.0 (0.0–2.0)

1.27 ±0.22
1.0 (0.0–2.0)

0.88 ±0.16
1.0 (0.0–1.0)

E (×104/ml) 0.17 ±0.06
0.0 (0.0–0.003)

0.31 ±0.07
0.15 (0.0–0.35)

0.26 ±0.07
0.14 (0.0–0.36)

BAL recovery (%) 54.4 ±2.9 56.7 ±1.9 43.6 ±2.4a

P <0.01

Data provided as mean ± standard error of the mean, and as median in the case of abnormal distribution (25–75 percentile).

a  statistically significant vs. the control group

Abbreviations: BAL – bronchoalveolar lavage, E – eosinophils, L – lymphocytes, M – macrophages, N – neutrophils, TCC – total cell count
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stimulated O2
–. production was statistically higher 

in the group of smokers with chronic bronchitis. 
Although this finding is not surprising, it should 
be emphasized that even in smokers who do not 
fulfill the criteria for COPD, oxidative stress is al‑
ready present. Similar results were obtained by 
Montuschi et al., who found elevated concentra‑
tions of 8‑isoprostane in exhaled breath conden‑
sate of healthy smokers compared with healthy 
nonsmokers.16

In sarcoidosis patients, we found an increased 
spontaneous release of O2

–. PMA‑stimulated pro‑
duction of O2

–. was significantly higher only in pa‑
tients with stage 1 disease, and in patients with 
high lymphocyte percentage in the BAL fluid. 
Spontaneous production was also higher in pa‑
tients with stage 2 disease and with high lym‑
phocyte percentage. These findings could be ex‑
plained by overall higher level of inflammation 
in stages 1 and 2, and frequent acute and symp‑
tomatic sarcoidosis (Löfgren syndrome). Of note, 
these patients have a better prognosis.9

neutrophil percentage. BAL fluid recovery was not 
correlated with LFT para meters and spontaneous 
or PMA‑stimulated O2

–. production.

dIsCussION Our study was conducted on 2 dif‑
ferent groups of patients: with sarcoidosis and 
smoking‑related chronic bronchitis. Both diseas‑
es differ in terms of the type of cells involved in 
pathogenesis and predominant location of patho‑
logical changes (conductive airways in chronic 
bronchitis, lung parenchyma in sarcoidosis). Sar‑
coidosis is a lymphocytic inflammation, in which 
mutual inter actions between CD4+ lymphocytes 
and macrophages lead to granuloma formation. In 
smoking‑related chronic bronchitis, neutrophils 
and their products, including ROS, are the key 
components of inflammation.

does superoxide anion generation by bAL flu‑
id cells in patients suffering from sarcoidosis 
and smoking‑related chronic bronchitis differ 
from healthy controls? Both spontaneous and 
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FIGuRE 1  Production of superoxide anion by BAL fluid cells in smoking‑related chronic bronchitis: A  spontaneous, b  after stimulation with PMA 
Abbreviations: BAL – bronchoalveolar lavage, O2

–. – superoxide anion, PMA – phorbol myristate acetate, sr‑CB – smoking‑related chronic 
bronchitis
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FIGuRE 2  Production of superoxide anion by BAL fluid cells in sarcoidosis patients (vs. controls) and in relation to high (>25%) and low (<12%) 
lymphocyte content in BAL fluid: A  spontaneous, b  after stimulation with PMA 
Abbreviations: C – controls, L – lymphocytes, NS – nonsignificant, S – sarcoidosis, others – see FIGuRE 1
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of lymphocytes in the BAL fluid and intensity of 
67Ga uptake.4 However, they ignored significance 
of spontaneous O2

–. production. All cited authors 
reported significantly elevated levels of oxidant 
production in response to PMA, but spontaneous 
release in most of these studies was not different 
compared with healthy controls, or was not stud‑
ied. Only in a study by Fels et al., spontaneous 
hydrogen peroxide release by BAL fluid alveolar 
macrophages was higher (but not significantly) 
when compared with controls.19 Our study, con‑
ducted on a larger group of patients, show high‑
er spontaneous production related to lymphocyt‑
ic alveolitis. It might be suggested that alveolar 
macrophages isolated from patients with sarcoi‑
dosis could be naturally prestimulated, and an ad‑
ditional trigger does not result in a further sig‑
nificant increase of O2

–. production in the major‑
ity of patients.

Correlation between lung function and the amount of 
superoxide anion produced by bAL fluid cells There 
was no correlation between O2

–. production and 
lung function impairment in our study, either 
in sarcoidosis or chronic bronchitis patients. 
Many authors confirmed a correlation between 
the intensity of local oxidative stress in COPD, 
measured by both momentary release of ROS 

Other authors have already confirmed high‑
er O2

–. production by alveolar macrophages in 
patients with active when compared with inac‑
tive sarcoidosis.4,17,18 Cassatella et al. found high‑
er PMA‑stimulated O2

–. production by BAL fluid 
macrophages of patients with high percentage 
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TAbLE 2  Lung function test parameters in the study groups

Control group Sarcoidosis Smoking‑related chronic bronchitis

FVC (% predicted) 103.0 ±3.1 93.8 ±3.2 86.9 ±4.4

FEV1 (% predicted) 103.3 ±3.1 92.4 ±3.0 80.1 ±6.1

FEV1/FVC (%) 84.4 ±1.6 80.8 ±2.7 73.3 ±3.5

MEF25–75 (% predicted) 98.0 ±9.0 95.3 ±8.2 74.9 ±13.7

DLCOc (% predicted) ND 78.6 ±3.5 ND

DLCOc/VA (% predicted) ND 92.1 ±2.8 ND

Data presented as mean ± standard error of the mean

Abbreviations: DLCOc – diffusing capacity of the lung for carbon monoxide (coefficient adjusted for hemo globin), DLCOc/VA – DLCOc adjusted for 
alveolar volume, FEV1 – forced expiratory volume in 1 second, FVC – forced vital capacity, MEF25–75 – midexpiratory flow, ND – not done 
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FIGuRE 3  Production of superoxide anion by BAL fluid cells in sarcoidosis patients in relation to radiological classification (stages 1, 2, and 3):  
A  spontaneous, b  after stimulation with PMA 
Abbreviations: see FIGuREs 1 and 2

FIGuRE 4  Correlation between BAL fluid lymphocytes (percentage of all cells) and 
spontaneous superoxide anion release in sarcoidosis 
Abbreviations: see FIGuRE 1
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formation. Another important cytokine for stim‑
ulation of alveolar macrophages and granuloma 
formation is IL‑2.25 Tumor necrosis factor‑α, a cy‑
tokine released mainly from macrophages but also 
from T lymphocytes, may be responsible for prim‑
ing macrophages, neutrophils, and eosinophils to 
increased ROS production. It plays an important 
role in granulomatous inflammation, but is also 
one of the key cytokines in the pathogenesis of 
COPD.26 On the other hand, oxidants released 
from BAL cells may work as chemoattractants for 
lymphocytes, stimulating their proliferation and 
differentiation to T helper type 1 cells.

Although it is supposed that ROS originate 
mainly from numerous activated alveolar mac‑
rophages,18,19 in vitro studies have shown that on 
the per cell basis neutrophils and eosinophils are 
much stronger producers of oxidants.27 There are 
data showing that higher percentage of neutro‑
phils and eosinophils in the BAL fluid are asso‑
ciated with more severe sarcoidosis.28

Stimulated O2
–. production is related to BAL 

fluid neutrophils. Phorbol esters (e.g., PMA) ac‑
tivate nicotinamide adenine dinucleotide phos‑
phate (NADPH) oxidase, a membrane‑bound 
enzyme which is strongly represented in these 
cells. This relation was found in smokers with 
chronic bronchitis. The spontaneous generation, 
however, was not correlated with BAL fluid neu‑
trophils. Our results regarding O2

–. production 
and the involvement of neutrophils in smoking‑ 

‑related chronic bronchitis are consistent with 
current knowledge.1,11

The final question to consider is a possible re‑
lation of our findings to BAL fluid recovery. Oth‑
er studies have shown that the worse recovery of 
the BAL fluid, the higher the percentage of recov‑
ered neutrophils and the lower the recovery of 
lymphocytes.29 We have observed lower recovery 
of the BAL fluid in smokers with chronic bronchi‑
tis, and a negative correlation between BAL fluid 
recovery and the number (but not percentage) of 
neutrophils. There was no correlation with BAL 
fluid lymphocytes in any of the groups. Because 
we have not found any correlation between O2

–. 
production and BAL fluid recovery, we believe 
that the influence of BAL quality on our results 
is minimal.

In summary:
1 BAL fluid cells produce more O2

–. in patients 
suffering from sarcoidosis (spontaneously) and 
smoking‑related chronic bronchitis (also after 
stimulation). Patients with sarcoidosis of poten‑
tially better prognosis (stages 1 and 2) and with 
more extensive lymphocytic alveolitis tend to 
generate more O2

–..
2 Spontaneous O2

–. release correlates with lym‑
phocytes detected in the BAL fluid of sarcoidosis 
patients. Neutrophils, although in low numbers 
in the BAL fluid, may be an important source of 
oxidants, which are generated by stimulation of 
NADPH oxidase in smokers with chronic bron‑
chitis.

generated from inflammatory cells, i.e., hydrogen 
peroxide in expired breath condensate (EBC),20 
and secondary markers, such as lipid peroxidation 
products in EBC.21 But several other authors did 
not confirm such a relationship, e.g., when EBC 
8‑isoprostane was analyzed.16

In contrast to our results, Groen et al. observed 
that higher stimulated O2

–. production was associ‑
ated with a significantly lower total lung capacity 
and pulmonary diffusing capacity in sarcoidosis 
patients.17 Other authors, however, did not con‑
firm these observations.18 Maier et al. reported 
that oxidized methionine residues in the BAL flu‑
id were significantly increased in patients with 
IPF (and the effect was mediated by neutrophils) 
but not in patients with sarcoidosis.22 In anoth‑
er study, protein‑carbonyls in the BAL fluid were 
normal in sarcoidosis but increased several times 
in IPF, a disease characterized by severe nonre‑
versible fibrosis.23 This marker was strongly corre‑
lated with mRNA expression for inter leukin (IL)‑8, 
which may indicate neutrophil involvement.

Generation of superoxide anion in relation to bAL 
fluid cellular pattern In this study we observed 
that the higher the percentage of lymphocytes 
in the BAL fluid of patients with sarcoidosis, 
the higher the spontaneous release of O2

–. from 
BAL fluid cells. We have not found such a corre‑
lation with PMA‑stimulated O2

–. production. This 
is inconsistent with the results of other investi‑
gators. In a few studies on O2

–. production in sar‑
coidosis, the PMA‑stimulated (but not spontane‑
ous) generation was closely related to a degree of 
lymphocytic alveolitis.4,17

The spontaneous release in the cited studies 
was either negligible or not evaluated at all. Be‑
cause the main source of ROS in sarcoidosis are 
alveolar macrophages, our observation regard‑
ing the importance of spontaneous release of O2

–. 

is consistent with the data indicating that mac‑
rophages in this disease are constantly stimulat‑
ed by spontaneously released inter feron γ from 
T lymphocytes,24 a key cytokine in granuloma 
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FIGuRE 5  Correlation between BAL fluid neutrophils (percentage of all cells) and 
superoxide anion production after stimulation with PMA in smokers with chronic 
bronchitis 
Abbreviations: see FIGuRE 1



ORIGINAL ARTICLE  Superoxide anion production by bronchoalveolar lavage cells... 783

Lenz AG, Hinze‑Heyn H, Schneider A, et al. Influence of inflammatory 23 
mechanisms on the redox balance in inter stitial lung disease. Respir Med. 
2004; 98: 737‑745.

Robinson BW, McLemore TL, Crystal RG. Gamma inter feron is spon‑24 
taneously released by alveolar macrophages and lung T lymphocytes in pa‑
tients with pulmonary sarcoidosis. J Clin Invest. 1985; 75: 1488‑1495.

Koktysz M25 , Kieszko R, Dmoszyńska A, et al. [Expression of IL‑2 recep‑
tor in peripheral blood lymphocytes and bronchoalveolar lavage fluid (BAL) 
in patients with sarcoidosis]. Pol Arch Med Wewn. 1998; 99: 9‑14. Polish.

de Boer WI, Yao H, Rahman I. Future therapeutic treatment of COPD: 26 
struggle between oxidants and cytokines. Int J Chron Obstruct Pulmon Dis. 
2007; 2: 205‑228.

Kinnula VL, Crapo JD, Raivio KO. Generation and disposal of reactive 27 
oxygen meta bolites in the lung. Lab Invest. 1995; 73: 3‑19.

Ziegenhagen MW, Rothe ME, Schlaak M, et al. Bronchoalveolar and 28 
sero logical para meters reflecting the severity of sarcoidosis. Eur Respir J. 
2003; 21: 407‑413.

Lusuardi M, Capelli A, Cerutti CG, et al. Airways inflammation in sub‑29 
jects with chronic bronchitis who have never smoked. Thorax. 1994; 49: 
1211‑1216.

3 Generation of O2
–. was not correlated with 

impaired lung function, either in sarcoidosis or 
chronic bronchitis.

Acknowledgements The study was supported by 
Medical University of Lodz individual grant no. 
502‑11‑451 (W.J. Piotrowski).

REFERENCEs

Melbye  H,  Halvorsen  DS,  Hartz  I,  et  al.  Bronchial  airflow  limitation, 1 
smoking, body mass index, and statin use are strongly associated with 
the C‑reactive protein level in the elderly. The Tromsø Study 2001. Respir 
Med. 2007; 101: 2541‑2549.

Rahman I, Skwarska E, Henry M, et al.2  Systemic and pulmonary oxi‑
dative stress in idiopathic pulmonary fibrosis. Free Radic Biol Med. 1999; 
27: 60‑68.

Lenz AG, Costabel U, Maier KL. Oxidized BAL fluid proteins in patients 3 
with inter stitial lung diseases. Eur Respir J. 1996; 9: 307‑312.

Cassatella  MA,  Berton  G,  Agostini  C,  et  al.  Generation  of  superox‑4 
ide anion by alveolar macrophages in sarcoidosis: evidence for the acti‑
vation of the oxygen meta bolism in patients with high‑intensity alveolitis. 
Immunology. 1989; 66: 451‑458.

Piotrowski WJ, Pietras T, Kurmanowska Z, et al. Effect of para quat 5 
intoxication  and  ambroxol  treatment  on  hydrogen  peroxide  production 
and lipid peroxidation in selected organs of rat. J Appl Toxicol. 1996; 16: 
501‑507.

Vallyathan V, Goins M, Lapp LN, et al. Changes in bronchoalveolar  la‑6 
vage indices associated with radiographic classification in coal miners. Am 
J Respir Crit Care Med. 2000; 162: 958‑965.

Thomson L7 , Christie J, Vadseth C, et al.  Identification of immunoglob‑
ulins that recognize 3‑nitrotyrosine in patients with acute lung injury after 
major trauma. Am J Respir Cell Mol Biol. 2007; 36: 152‑157.

Montuschi P, Ciabattoni G, Paredi P, et al. 8‑isoprostane as a bio marker 8 
of oxidative stress in inter stitial lung diseases. Am J Respir Crit Care Med. 
1998; 158: 1524‑1527.

Statement on sarcoidosis. Joint Statement of the American Thoracic 9 
Society (ATS), the European Respiratory Society (ERS) and the World As‑
sociation of Sarcoidosis and Other Granulomatous Disorders (WASOG) ad‑
opted by the ATS Board of Directors and by the ERS Executive Committee, 
February 1999. Am J Respir Crit Care Med. 1999; 160: 736‑755.

Irwin RS10 , Baumann MH, Bolser DC, et al.; American College of Chest 
Physicians (ACCP). Diagnosis and management of cough executive sum‑
mary: ACCP evidence‑based clinical practice guidelines. Chest. 2006; 129 
(Suppl 1): 1S‑23S.

Global Strategy for  the Diagnosis, Management, and Prevention of 11 
Chronic Obstructive Pulmonary Disease. Revised 2008. http://www.gold‑
copd.org. Accessed April 19, 2008.

Miller MR, Hankinson J, Brusasco V, et al.;12  ATS/ERS Task Force. Stan‑
dardisation of spirometry. Eur Respir J. 2005; 26: 319‑338.

Macintyre  N,  Crapo  RO,  Viegi  G,  et  al.  Standardisation  of  the  sin‑13 
gle‑breath  determination  of  carbon  monoxide  uptake  in  the  lung.  Eur 
Respir J. 2005; 26: 720‑735.

British Thoracic Society Bronchoscopy Guidelines Committee, a Sub‑14 
committee of Standards of Care Committee of British Thoracic Society. 
British Thoracic Society guidelines on diagnostic  flexible bronchoscopy. 
Thorax. 2001; 56 (Suppl 1): i1‑i21.

Suzuki  Y,  Lehrer  RI.  NAD(P)H  oxidase  activity  in  human  neutro‑15 
phils  stimulated by phorbol myristate  acetate.  J Clin  Invest.  1980;  66: 
1409‑1418.

Montuschi P, Collins JV, Ciabattoni G, et al. Exhaled 8‑isoprostane as 16 
an in vivo bio marker of  lung oxidative stress in patients with COPD and 
healthy smokers. Am J Respir Crit Care Med. 2000; 162: 1175‑1177.

Groen H, Hamstra M, Aalbers R, et al. Clinical evaluation of lympho‑17 
cyte sub‑populations and oxygen radical production in sarcoidosis and id‑
iopathic pulmonary fibrosis. Respir Med. 1994; 88: 55‑64.

Sherson D, Nielsen H, Frederiksen J, et al. Superoxide anion release 18 
from blood monocytes and alveolar macrophages in patients with diffuse 
lung fibrosis. APMIS. 1992; 100: 408‑414.

Fels AO, Nathan CF, Cohn ZA. Hydrogen peroxide release by alveolar 19 
macrophages from sarcoid patients and by alveolar macrophages from nor‑
mals after exposure to recombinant inter ferons alpha A, beta, and gamma 
and 1,25‑dihydroxyvitamin D3. J Clin Invest. 1987; 80: 381‑386.

Kostikas K, Panagou P, Loukides S, et al. Oxidative stress in expired 20 
breath condensate of patients with COPD. Chest. 2003; 124: 1373‑1380.

Corradi M, Pignatti P, Manini P, et al. Comparison between exhaled 21 
and sputum oxidative stress bio markers  in chronic airway inflammation. 
Eur Respir J. 2004; 24: 104‑107.

Maier K, Leuschel L, Costabel U. Increased levels of oxidized methion‑22 
ine residues in bronchoalveolar lavage fluid proteins from patients with idio‑
pathic pulmonary fibrosis. Am Rev Respir Dis. 1991; 143: 271‑274.



POLSKIE ARCHIWUM MEDYCYNY WEWNĘTRZNEJ  2009; 119 (12)784

ARTyKuŁ ORyGINALNy

Produkcja anionorodnika ponadtlenkowego 
przez komórki popłuczyn oskrzelowo‑ 
‑pęcherzykowych w odniesieniu do składu 
komórkowego i czynności płuc w sarkoidozie 
i przewlekłym zapaleniu oskrzeli

Wojciech J. Piotrowski, Zofia Kurmanowska, Adam Antczak, 
Jerzy Marczak, Sebastian Majewski, Paweł Górski
Klinika Pneumono logii i Alergo logii, Uniwersytet Medyczny w Łodzi, Łódź

Adres do korespondencji:
prof. dr hab. med. Paweł Górski, 
Klinika Pneumono logii i Alergo logii, 
Uniwersytet Medyczny w Łodzi, 
ul. Kopcińskiego 22, 90-153 Łódź, 
tel.: 042-678-75-05,  
fax: 042-678-21-29,  
e-mail: p_gorski@toya.net.pl
Praca wpłynęła: 11.09.2009.
Przyjęta do druku: 18.11.2009.
Nie zgłoszono sprzeczności  
inter esów.
Pol Arch Med Wewn. 2009; 
119 (12): 777-784
Copyright by Medycyna Praktyczna, 
Kraków 2009

sTREszCzENIE

wPROwAdzENIE  W chorobach zapalnych układu oddechowego stwierdza się zwiększenie produkcji 
anionorodnika ponadtlenkowego (O2

–.) przez komórki popłuczyn oskrzelowo‑pęcherzykowych (bron-
choalveolar lavage – BAL). Znaczenie kliniczne tego zjawiska nie jest jasne.
CELE  Celem badania była ocena, czy w przewlekłym zapaleniu oskrzeli związanych z paleniem tytoniu 
i u chorych na sarkoidozę produkcja O2

–. jest zwiększona i czy istnieje związek pomiędzy produkcją 
O2

–. a upośledzeniem czynności układu oddechowego i zmianami w składzie komórkowym BAL.
PACjENCI I mETOdy  U 42 chorych na sarkoidozę, 24 chorych na przewlekłe zapalenie oskrzeli palących 
papierosy i 17 osób z grupy kontrolnej obliczono liczbę/odsetek komórek BAL. Zbadano spoczynkową 
i stymulowaną octanem mirystynianu forbolu (phorbol myristate acetate – PMA) produkcję O2

–. przez 
komorki BAL. Wykonano spirometrię.
wyNIKI  U chorych na przewlekłe zapalenie oskrzeli związane z paleniem tytoniu stwierdzono wiekszą 
produkcję O2

–. – zarówno spontaniczną (6,42 ±1,24 vs 15,39 ±2,47 nmol/106 komórek; P = 0,003), 
jak i po stymulacji (3,73 ±1,32 vs 14,76 ±2,79 nmol/106 komórek; P = 0,001). Dodatkowa produkcja 
stymulowana PMA korelowała z odsetkiem neutrofilów (r = 0,66; P = 0,0005). W sarkoidozie tylko 
spoczynkowa produkcja O2

–. była większa (vs 18,07 ±2,49 nmol/106 komórek; P = 0,004) i korelo‑
wała z odsetkiem limfocytów w BAL. Nie stwierdzono korelacji pomiędzy produkcją O2

–. a czynnością 
układu oddechowego.
wNIOsKI  Komórki BAL u osób z przewlekłym zapaleniem oskrzeli palących tytoń wytwarzają więcej 
O2

–. i jest to zjawisko zależne od neutrofilów w BAL. W sarkoidozie spoczynkowe uwalnianie O2
–. z ko‑

mórek BAL zależne jest od stopnia zapalenia limfocytarnego pęcherzyków płucnych. Wysoki poziom 
produkcji O2

–. nie jest związany z pogorszeniem para metrów czynnościowych płuc.
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