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ABSTRACT: Neutrophils recruited to the airways in chronic obstructive pulmonary
disease (COPD) are thought to mediate tissue destruction. Neutrophil recruitment is
increased during bacterial exacerbations. The inflammatory process was studied in
patients with an acute exacerbation of COPD in order to ascertain the role of
leukotriene B4 (LTB4).

The sputum of eight subjects with a bacterial exacerbation of COPD was analysed
for neutrophil products (myeloperoxidase, elastase) and chemoattractants (inter-
leukin-8 (IL-8) and LTB4). The contribution of LTB4 to the chemotactic activity of the
sputum sol phase was determined using the LTB4 receptor antagonist LY293111. The
concentrations of the serum acute phase proteins a1-proteinase inhibitor, a1-antichy-
motrypsin and C-reactive protein were measured. All patients received appropriate
broad-spectrum antibiotic treatment for 7±14 days.

Initially, the sputum myeloperoxidase activity was high, indicating neutrophil
influx; this was associated with high levels of IL-8 and LTB4. All these concentrations
fell with treatment (p<0.01). The chemotactic activity of the sputum was raised on
presentation and fell with treatment (p<0.01). LTB4 contributed ~30% of the total
chemotactic activity on presentation; this diminished with therapy. All acute phase
proteins were raised on presentation and fell with therapy (p<0.01).

These findings suggest that leukotriene B4 contributes to neutrophil influx into the
airway in chronic obstructive pulmonary disease and may influence disease progres-
gression.
Eur Respir J 2000; 15: 274±280.

Dept of Medicine, Queen Elizabeth
Hospital, Edgbaston, Birmingham

Correspondence: R.A Stockley
Dept of Medicine
Queen Elizabeth Hospital
Edgbaston
Birmingham
B15 2TH
UK
Fax: 44 1216272012

Keywords: Chronic bronchitis
exacerbation
inflammation
leukotriene B4

neutrophil

Received: March 19 1998
Accepted after revision November 7 1998

Increased numbers of neutrophils are found in bronchial
lavage samples [1] and bronchial wall biopsies [2] from
subjects with chronic bronchitis (CB) even when they are
clinically stable, and it has long been thought that neu-
trophil-mediated airway damage plays a central role in
the pathogenesis of CB and related disorders [3]. Neu-
trophil recruitment to the airways in subjects with CB is
likely to depend on several signalling molecules and their
receptors, including the chemoattractants interleukin-8
(IL-8) and leukotriene B4 (LTB4) [4, 5]. Since both of
these chemoattractants are produced by activated neutro-
phils, they may thus amplify and prolong the inflamma-
tory response [6].

These inflammatory signalling molecules may be more
critical in the presence of an acute exacerbation of chronic
obstructive pulmonary disease (COPD), particularly when
bacteria are the cause. Such episodes are characterized by a
positive bacterial culture and the presence of increased
neutrophil recruitment [7]. However, not all exacerbations
are bacterial in origin, which has led to confusion about
the role of antibiotics and steroids in treatment, although
both have been shown to play a role [8, 9]. The nature of
the acute inflammatory response during acute exacerba-
tions of COPD has not been studied in detail and yet an
understanding of the mechanisms will be critical in the
development of rational and alternative or more effective
therapeutic approaches.

Increased concentrations of IL-8 have been found in the
bronchial secretions of patients with COPD, and, further-
more, the levels of IL-8 correlate with myeloperoxidase
(MPO), a biochemical marker for activated neutrophils [10],
providing more direct evidence of its role in neutrophil mi-
gration. LTB4 is also found in the sputum of patients with
CB [11], although little additional data is available and, in
comparison to IL-8, the potential role of LTB4 in the gener-
ation of airway inflammation has been relatively neglected.

The present paper reports a study of a small group of
well-defined COPD patients with a clear bacterial infective
exacerbation of CB requiring hospital referral and anti-
biotic therapy. The aim was to assess some aspects of the
inflammation in sputum and serum during the course of the
exacerbation, until the patient had returned to the stable
clinical state, with particular emphasis on the probable role
of LTB4 in airway inflammation during these episodes.

Materials and methods

Subjects

Smokers or exsmokers with a primary diagnosis of
COPD who had been referred to hospital with an acute
exacerbation of CB were invited to participate. All had CB,
defined as daily sputum production for $3 consecutive
months in at least the previous 2 yrs [12]. An acute bac-
terial exacerbation was defined as an increase in dyspnoea
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and/or cough accompanied by an increase in sputum pu-
rulence, together with a positive bacterial sputum culture.
In order to retain patient homogeneity, subjects were
excluded from analysis if subsequent high-resolution
computed tomography performed at the end of the study
demonstrated the presence of bronchiectasis or lung func-
tion indicated significant reversible airflow obstruction.
The protocol received ethical approval from the Local
Research Ethical Committee and all subjects gave inform-
ed written consent prior to entry.

In addition, other subjects with stable COPD were ass-
essed in order to determine the expected range of these spu-
tum inflammatory markers. Finally in order to determine
the variability of LTB4 concentration in sputum, a group of
COPD patients were studied on five consecutive days when
in the stable clinical state.

Study design

All subjects received appropriate broad-spectrum anti-
biotic treatment for 7±14 days, depending on confirmation
of a clear clinical response (sputum becoming mucoid and
symptoms improving). Bacterial culture was performed
prior to antibiotic therapy, at the end of antibiotic therapy
and when the subjects were clinically stable ($2 weeks
after the end of antibiotic therapy). Sputum was collected
for 4 h from wakening within 24 h of admission but before
treatment was started (day 1) and then on days 3, 5, and 14,
and, again, when clinically stable. Sputum samples were
assessed visually for the presence of purulence and then
centrifuged for 90 min at 50,000 6g at 48C. The sol phase
obtained was then divided into aliquots and stored at -408C
until subsequent analysis. Avenous blood sample was taken
on each of these occasions, as well as an extra sample on day
7,and allowed toclot and serum was separated and storedat -
408C until subsequent analysis.

All eight patients who fulfilled the clinical criteria out-
lined above provided samples of sputum at the start and end
of treatment and when clinically stable. Six were able to pro-
vide adequate sputum samples at all time points during the
study. Data from these six patients alone were used to deter-
mine the time-course of changes following the commence-
ment of therapy.

Methods

Biochemical analysis. Sputum: MPO activity was used as a
marker of sputum neutrophils [7], and measured by the co-
lour released from the substrate o-dianisidine dihydrochlo-
ride (M6908; Sigma Chemical Company, Poole, UK) as
described previously [13]. Samples from the same patient
were analysed on the same plate and the same standard
was used for all assays.

Elastase activity was measured in microtitre plates, as
described previously [14], using N-succinyl-ala-ala-ala-p-
nitroanilide (Sigma Chemical Company) as the substrate
and pure neutrophil elastase of known activity as the stan-
dard. The lower limit of detection was 10 nM and values
less than this were treated as zero for statistical purposes.

IL-8 and LTB4 concentrations were measured by means
of an enzyme-linked immunosorbent assay (ELISA) using
commercial assay kits (D8050; Quantikine, Abingdon, UK
and RPN223; Amersham International, Little Chalfont,
UK, respectively). The between-batch coefficient of varia-
tion was 7.2% for IL-8 and 11.9% for LTB4. Samples of

sputum sol phase spiked with pure agent resulted in >85%
recovery on subsequent assay.

a1-Proteinase inhibitor concentrations in sputum sol
phase samples were measured by means of an ELISA
using a monoclonal antibody and serum standards (PC034;
The Binding Site, Birmingham, UK). The ratio of a1-pro-
teinase inhibitor (a1-PI) concentration in sputum sol phase
to that in serum was used as a marker of airway inflam-
mation (protein leak from blood to airway).

Chemotaxis assay. The chemotactic activity of the sputum
sol phase (diluted 1 in 40) was assessed using a modified
Boyden chamber technique [15] and neutrophils from
healthy donors, with and without the inclusion of the
LTB4 receptor antagonist, LY293111 sodium (Eli Lilly,
Basingstoke, UK), characterized by others [16]. The
48-well microchemotaxis chamber used consisted of
27-mL lower chambers containing the chemoattractant
(sputum sol or N-formyl-methionyl-leucyl-phenylalinine
(FMLP) or control solution and 50-ml upper chambers
containing neutrophils, separated by a 2-mm pore poly-
vinylpyrrolidone-free polycarbonate filter (Costar Nuc-
leopore; Costar, High Wycombe, UK). Neutrophils were
isolated as described previously [13], resuspended in
RPMI medium containing 0.2% bovine serum albumin
and divided into two aliquots. LY293111 or control med-
ium was added to the aliquots to give final concentrations
of 1.56106 neutrophils.mL-1 and 10-6 LM LY293111
sodium. The concentration of LY293111 incubated with
the neutrophils was in excess of that required to prevent
neutrophil recruitment to LTB4 in the sputum sol phase
[17]. Cells were incubated for 60 min at room temper-
ature (238C) before being pipetted into the top wells of
the assay chambers. Sputum samples collected at the start
and end of antibiotic therapy, and samples taken when the
patients were clinically stable, were assessed for chemo-
tactic activity with neutrophils preincubated in the
presence and absence of LY293111. FMLP was used as
a positive control and RPMI medium/albumin as a nega-
tive control. Chemotaxis was allowed to occur for 20 min
before removing, drying, fixing, and staining the mem-
brane. The number of neutrophils that had migrated was
obtained from five high-power (6400) fields (HPFs) and
the mean obtained. Three replicate wells were used for
each sample assay and the mean of these replicates was
taken as the result for the respective sample.

Serum. Serum C-reactive protein (CRP), a1-PI and a1-
antichymotrypsin (a1-ACP) were measured by means of
radial immunodiffusion using commercial kits designed
for this purpose (The Binding Site).

Analysis

Results were analysed using SPSS for Windows (SPSS,
Inc., Chicago, IL, USA). Paired samples were compared
using the Wilcoxon matched pairs test (single-tailed), and
correlations made using Spearman's correlation coefficient.
Differences between patients at the start and after the exa-
cerbation were compared to the control patients using the
Mann-Whitney U-test (single-tailed). Finally, the reprodu-
cibility of sputum LTB4 levels in the stable clinical state
was confirmed by analysis of variance. All data are pre-
sented as mean�SEM.
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Results

Patient demographics

Eight patients (six male) were included, aged 56±73 yrs.
Four were exsmokers and four current smokers, each
having smoked for 35±140 pack-yrs (mean 68). The num-
ber of exacerbations treated with antibiotics in the previous
12 months ranged 0±10 (mean 4.6) and patients had
experienced increased symptoms for a mean of 12 days
(range 2±28) before presentation at the hospital. None of
the subjects were receiving antibiotics at the time of entry
to the study, although four had been given a short course of
oral antibiotic therapy within the previous month. Five
patients were taking inhaled beclomethasone on presenta-
tion, which was continued at the same dose. Three of these
five patients were also taking oral steroids (prednisolone)
prior to presentation; prednisolone was continued in these
three and started in one other who had been taking only
inhaled steroids prior to admission. Three subjects received
neither inhaled nor oral steroid treatment throughout the
study.

Lung function

Lung function was measured $1 month after clinical
resolution of the exacerbation when subjects were clini-
cally stable and the results are summarized in table 1. All
had severe airflow obstruction with <15% reversibility to
b2-agonist (data not shown), air trapping and reduced gas
transfer, consistent with the diagnosis of COPD and
emphysema.

Clinical response

All patients were treated with an appropriate antibiotic
and showed a good clinical response with resolution of
their symptoms and a change in sputum appearance from
purulent to mucoid.

Sputum bacteriology

On presentation Haemophilus influenzae was isolated
from the sputum of five patients, Streptococcus pneumo-
niae of two and Branhamella (Moraxella) catarrhalis of
one. At the end of therapy, sputum from six of the patients
contained only a scanty growth of mixed normal flora,
although the other two remained colonized, one with H.
influenzae, and the other with B. catarrhalis, despite the
clinical response and change in sputum appearance from
purulent to mucoid. When seen $2 weeks after the end of
treatment whilst still clinically stable, three patients yielded
a mixed normal flora from sputum and four had a bacterial
pathogen (two H. influenzae, one S. pneumoniae and one
Pseudomonas aeruginosa) and one was unable to provide
a sufficient sputum sample for culture (all of the sample
was required for biochemical analysis). Again, despite the
presence of a positive bacterial culture, these patients rem-
ained well with mucoid sputum and all biochemical marker
concentrations were reduced (see data below).

Sputum analysis

Myeloperoxidase. The MPO activity in arbitrary units was
4.20�1.86 U.mL-1 at the start of the exacerbation, fell to
0.26�0.10 U.mL-1 by the end of therapy (p<0.01), and
remained low (0.39�0.16 U.mL-1) when the patients
were clinically stable. The time-course of variation in
MPO activity is shown in figure 1 for the six patients
who produced samples at each visit. This shows that
the MPO activity fell rapidly from the start of treat-
ment, although this fall was not statistically significant
until day 14 (p<0.02).

Elastase activity. Elastase activity was detected in the
sputum of seven of the patients on presentation (400�
200 nM), consistent with neutrophil recruitment to the
airways, as indicated by the increase in MPO activity.
The activity subsequently fell, becoming undetectable by
day 5 in all patients (p=0.022) and remaining undetect-
able thereafter.

Table 1. ± Lung function of the exacerbation study pa-
tients of the chronic obstructive pulmonary disease con-
trols when clinically stable

Patients Controls

Subjects n 8 14
FEV1 L 0.65�0.09 0.90�0.14

(27.9�3.8) (34.6�5.2)
FVC L 1.90�0.10 2.30�0.21

(63.8�6.3) (70.3�6.8)
RV L 4.39�0.45 3.90�0.29

(198�16) (169�12)
RV/TLC % 64�2.0 57�2.2

(164�8) (151�7)
KCO mmol.min-1.kPa-1L-1 0.96�0.11 1.00�0.11

(55�7.0) (57�6.4)

Data are presented as mean�SEM with percentage of the pre-
dicted value in parentheses. All volumes are given corrected to
body temperature and ambient pressure, and saturated with
water vapour, and predicted values were calculated from pub-
lished standards. [18]. FEV1: forced expiratory volume in one

second; FVC: forced vital capacity; RV: residual volume; TLC: total

lung capacity; KCO: carbon monoxide transfer coefficient. There

was no significant difference for any measurement between the

groups.
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Fig. 1. ± Sputum myeloperoxidase (MPO) concentrations in six patients
from the onset of antibiotic treatment (day 1). Data are presented as
mean�SEM. Stable: stable state after antibiotic treatment. +: p<0.02
versus day 1 (on presentation).
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Interleukin-8. The IL-8 concentration in sputum was
24.0�4.8 nM at the start of the exacerbation and fell to
8.8�2.4 nM at the end of treatment (p<0.01) and 6.5�
1.6 nM when clinically stable (p<0.01 versus start of
exacerbation). The time course of this fall is summarized
in figure 2a, indicating that IL-8 fell to stable concen-
trations by the third day (p<0.02) and showed no alter-
ation over the remaining period of the study.

Leukotriene B4. The sputum LTB4 concentration was high
when the patients presented with their exacerbation (82.0�
20.8 nM). By the end of treatment, the concentration had
fallen significantly to 6.0�3.1 nM (p<0.01). However, there
was a small but significant rise in levels from the end of
treatment until the patients were reassessed when clini-
cally stable (10.2�4.5 nM; p<0.01), although this value
remained lower than that on presentation (p<0.01). The
time-course of the fall in LTB4 concentration is shown
in figure 2b for the six patients who provided samples
on each visit. The log10LTB4 concentration correlated
well with the overall chemotactic activity of the sputum
(r=0.76, p<0.001).

Chemotactic activity. The negative control (cell culture me-
dium) resulted in few cells passing to the lower chamber
of the assay wells (<5 cells.HPF-1), whereas the positive

control (FMLP) produced a good specific response
(23.56�1.08), which was undiminished by LY293111.
These data and the results of the sputum chemotactic
activity assay are summarized in figure 3. Sputum che-
motactic response amounted to 27.8�1.81 cells.HPF-1

on presentation and fell to 20.3�2.52 by the end of the-
rapy (p<0.01). There was no change between the end
of therapy and when the patients were clinically stable
(20.5�1.56 cells.HPF-1) The effect of the LTB4 receptor
antagonist LY293111 was most marked on presentation
with a 29% reduction in the chemotactic response to
sputum to 19.7�1.51 cells.HPF-1 (p<0.01). At the end
of treatment, the addition of LY293111 reduced the
chemotactic response to sputum by only 10% (NS).
However, when the patients were reviewed (clinically
stable) LY293111 reduced the chemotactic response by
20% to 16.2�1.74 cells.HPF-1 (p<0.01). The contribu-
tion of LTB4 to chemotaxis, determined by subtracting
the chemotactic response in the presence of LY293111
from that without the inhibitor for all sputum samples,
showed a positive correlation with Log10LTB4 (r=0.69,
p<0.001). These results are summarized in figure 4.

Sputum:serum a1-proteinase inhibitor. The sputum: se-
rum ratio of a1-PI fell from 2.44�0.7 on presentation to
0.85�0.27 at the end of therapy (p<0.01) At follow-up,
when the patients were clinically stable, the ratio had
not altered from that at the end of treatment (0.93�0.26).
The time-course of the a1-PI sol:serum ratio is summa-
rized in figure 5, which shows that values fell quickly
to stable levels by the fifth day of antibiotic treatment
(p<0.05).

Acute phase response

Serum CRP concentration was increased on presentation
to 135�36.2 mg.L-1. The value fell to 11.48�4.18 mg.L-1 at
the end of therapy (p<0.01) and remained unaltered when
the patients were reviewed in the stable clinical state. The
time-course indicated that serum CRP levels had declined
to a stable value by the seventh day (fig. 6). Similar results
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were obtained for serum a1-PI and a1-ACP. The serum
a1-PI concentration was 2.65�0.24 g.L-1 on presentation,
fell to 2.15�0.19 g.L-1 at the end of treatment (p<0.025)
and remained low (2.03�0.22 g.L-1) when the patients
were clinically stable. The serum a1-ACP concentration
was 1.39�0.24 g.L-1 on presentation, fell to 0.96�0.12
g.L-1 at the end of treatment (p<0.02) and also remained
low (0.69�0.08 g.L-1) when the patients were clinically
stable.

Comparison with control patients

In order to determine whether the changes observed at
the start of the exacerbation were a clear change from the
stable state for patients with COPD and not related to the
intrasubject variability described above, the present data
were compared to a further control group of 14 patients
studied only in the stable state. The control group had
similar demographic data compared to the exacerbation
group. Their ages ranged 44±79 yrs, four were exsmokers
and 10 current smokers. Their lung function data are

summarized in table 1. Sputum samples from the stable
control group contained measurable quantities of MPO,
IL-8, LTB4 and a1-PI but no detectable elastase activity.
The results are summarized in table 2 and confirm that the
values obtained in the exacerbation group at the start of
the exacerbation were greater than the control group for
all parameters assessed. However, the results were com-
parable to those obtained in the control group when the
patients had returned to the stable clinical state. The LTB4

concentrations in sputum from six of the stable control
patients with COPD studied on five consecutive days are
shown in table 3. These show no significant day-to-day
variation as a group (p>0.05).

Discussion

The nature and management of acute exacerbations of
COPD is currently uncertain. In particular, antibiotic
therapy is often used empirically and its role has therefore
been questioned [19]. This view probably reflects impre-
cise definition of such episodes, which may be the clinical
effect of many factors including increased airflow obstr-
uction as well as viral or bacterial infection. The patients
themselves are often heterogeneous and rarely defined in
detail in clinical studies. In addition, even when a bac-
terial cause is identified, the aetiological agent varies as
may the clinical response, even with standard therapy. For
these reasons, selection of patients was carried out care-
fully in the present study to ensure that their exacerbation
was likely to represent a bacterial infection and that all
subjects had COPD alone. All subjects were unwell, hav-
ing experienced increased symptoms for a mean of 12
days, and all had purulent sputum yielding a positive bac-
terial culture. This was associated with a marked systemic
response with elevated CRP levels, and a lesser but still
significant increase in the other acute phase proteins ass-
ayed, a1-PI and a1-ACP, confirming the severity of the
episodes. Sputum studies indicated that the presence of
bronchial inflammation was also markedly increased
compared to the stable state (both in the patients studied
and compared to a second group of stable patients with
COPD), with increased MPO activity, confirming the pre-
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sence of significant neutrophil influx [10, 20]. All these
features would suggest that the exacerbation was both sev-
ere and associated with a neutrophil response character-
istic of a bacterial infection.

Both of the chemoattractants, IL-8 and LTB4, were
found in high concentrations on presentation and would be
expected to provide the major drive to neutrophil influx.
Previous studies have indicated that IL-8 is a major chemo-
attractant in airway secretions in the presence of bronchial
disease [4]. However, the studies reported here (using an
LTB4 receptor antagonist) indicate that LTB4 contributes
~30% of the chemotactic drive in these samples during a
bacterial exacerbation. This is consistent with recent
findings in patients with bronchiectasis and COPD in the
stable state [17], again emphasizing the importance of
LTB4 in neutrophil responses to airway disease.

The sputum samples on presentation contained free elas-
tase activity, which may play a significant role in the
development and perpetuation of airways disease [3, 6]. In
addition, significant airways leak of plasma proteins was
present, as indicated by the high sputum:serum ratio of
a1-PI. Both of these findings are consistent with earlier
observations in patients with COPD studied as outpatients
during exacerbations [21].

All patients remained on their current steroid therapy
with the exception of one who received additional oral cor-
ticosteroids. However, all patients were started on appro-
priate new antibiotic therapy. The symptoms resolved in all
patients accompanied by a reduction in bronchial inflam-
mation as the sputum became mucoid. However, despite
the rapid response to effective therapy, the presence of free
elastase activity in the airways on presentation clearly rep-
resents a potential for airways damage. In particular, elas-
tase can cause epithelial detachment [22] and damage to
host mucociliary clearance [23]. Although there is no
clear evidence that exacerbations of COPD are associated
with a long-term decline in lung function [24, 25], it
should be emphasized that the commonly applied defin-
ition of an exacerbation [8] does not require the inclusion
of factors indicative of bacterial infection with neutrophil
influx 16 and accompanying elastase release. It remains
possible that more closely defined episodes, such as those
reported in this study, contribute to airways disease and
hence long-term morbidity. With this in mind it should be
noted that the patients studied here had been unwell for
2±28 days prior to admission and commencement of app-
ropriate treatment. Delay in the instigation of effective
treatment may be of importance in determining disease
progression and morbidity if elastase-induced damage
plays a role. Further long-term studies are indicated to

clarify this possibility; however, it seems reasonable that
early appropriate treatment of purulent (and hence elas-
tase-positive) exacerbations would be advisable.

IL-8 has been implicated in the pathophysiology of air-
way disorders including CB and bronchiectasis with or
without cystic fibrosis [4, 6, 10, 17]. The current study, in
which high IL-8 concentrations were found, supports an
important role for this neutrophil chemoattractant in the
presence of acute infectious exacerbations of COPD, and
IL-8 has been shown to contribute towards the chemotactic
activity of sputum in several chronic conditions affecting
the airways [4, 17]. In contrast, the role of LTB4 has recei-
ved little attention to date. The present findings suggest
that LTB4 is also an important chemoattractant not only
during acute exacerbations of COPD but also in the stable
state. LTB4 concentrations are high in sputum at the
beginning of an exacerbation and fall with effective treat-
ment. However, following cessation of antibiotic therapy,
LTB4 concentrations rise again, providing a lesser but sig-
nificant chemoattractant drive that may, in part, account
for the presence of neutrophils in lavage samples [1, 20],
and in bronchial wall biopsies [2] from patients with
COPD in a stable clinical state.

The source of the LTB4 is uncertain and may reflect con-
tributions from resident macrophages and epithelial cells
[26, 27] as well as activated neutrophils themselves [28].
The LTB4 concentrations correlated with both the overall
chemotactic activity (r=0.76) and the contribution of
LTB4 to the chemotactic activity, as assessed by its reduc-
tion in the presence of the specific LTB4 receptor antag-
onist (r=0.69). In addition, the concentration of LTB4

measured in the sputum sol phase was similar to that
which induces neutrophil recruitment in the airways of
healthy human volunteers [29]. A recent review has sug-
gested that modulation of neutrophil recruitment to the
lungs of patients with COPD is a potential strategy for
modifying the natural history of the disease [30]. The data
presented here suggests that LTB4 would be a viable
target for such an approach both during infective exacer-
bations and in the stable clinical state, and agents which
inhibit the production or actions of LTB4 would be expec-
ted to reduce neutrophil influx to the airway and conse-
quently the potentially damaging effects of neutrophil
elastase [3].

In conclusion, this study has shown an increase in the
concentrations of the chemoattractants leukotriene B4 and
interleukin-8 during infective exacerbations of chronic
bronchitis in parallel with increased chemotactic activity,
myeloperoxidase and elastase activity, and airways protein
leak and a marked acute phase response. Leukotriene B4

Table 2. ± Biochemical analysis of sputum from the study patients at the start of treatment for an exacerbation and after
the end of the exacerbation (stable state) compared with that of clinically stable control patients

Start of exacerbation Stable state Controls p-value*

Subjects n 8 14
MPO ICU.mL-1 4.20�1.86 0.39�0.16 0.19�0.04 0.0004
Elastase activity nM 400�20 0 0 0.0003
IL-8 nM 24.0�4.8 6.5�1.6 8.3�1.9 0.0031
LTB4 nM 82.0�20.8 10.2�4.5 10.6�3.0 0.0001
a1-PI ratio (sol:serum) % 2.44�0.7 0.93�0.26 0.96�0.37 0.017

Data are presented as mean�SEM. *: start of exacerbation versus stable control. MPO: myeloperoxidase; IL-8: interleukin-8; LTB4:
leukotriene B4; a1-PI: a1-proteinase inhibitor. There was no significant difference between the two groups in the stable state.
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contributed significantly to sputum chemotactic activity
both at the start of an exacerbation and when the patients
were clinically stable. These data are consistent with a role
for both leukotriene B4 and interleukin-8 in the inflamma-
tion of chronic obstructive pulmonary disease, and inter-
vention studies with appropriate antagonists may prove
beneficial for patients with chronic bronchitis and related
disorders by reducing the number, severity or length of
acute bacterial exacerbations.
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