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Abstract

We aimed to elucidate whether culture of cells recovered from induced sputum may
represent a suitable model to evaluate cytokines and chemokines production by airways
inflammatory cells.

Sputum induction was performed in 21 normal subjects and 30 asthmatic patients: 21 were
taking inhaled corticosteroid and 9 were steroid-naive asthmatics evaluated before and after
14-day treatment with oral prednisone (40 mg/day). The supernatant of lysed and
centrifuged sputum and the supernatant of sputum cell culture were analysed. TNF-a, IL-8
(CXCLS8), IL-1B, IL-13, and eotaxin 2 (CCL24) concentrations were determined by specific
ELISA.

Eotaxin 2 production by cell culture was higher in the asthma group (131 £ 108 pg/ml) than
in the control group (36 £ 41 pg/ml) and treatment with oral corticosteroid abolished this
difference. In addition, reduction of eotaxin 2 levels by corticosteroid treatment was greater
in cell culture (81.3% reduction) than in sputum (26.4%) (p < 0.05). There was correlation
(r=0.74; p = 0.04) between the decrease in eotaxin 2 production and the decrease in blood
eosinophil number and between eotaxin 2 and eosinophils in sputum (r = 0.56; p =0.01).
Eotaxin 2 may play an important role in asthma and response to corticosteroid treatment

suggests that analysis of sputum cell culture is relevant as an inflammatory parameter.
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Introduction

Asthma is defined as a chronic lung disease with the following attributes: airflow
obstruction that is reversible, either spontaneously or with treatment; airway inflammation
and increased airways responsiveness to a variety of stimuli, including cold air,
methacholine, hypertonic solution inhalation and exercise (1). The aetiology of asthma is
complex and involves the interaction between genetic factors and environment. The vast
majority of the data regarding the pathogenesis of asthma concentrate on atopic asthma and
the imbalance between the Thl and Th2 phenotypes (2). Further evidence of an
inflammatory response in asthma is the presence of cells and mediators in bronchoalveolar
lavage, sputum, and respiratory tissues. Eosinophil recruitment from peripheral blood into
the airways is controlled by adhesion molecules and chemokines.

The chemokines are a group of chemotactic cytokines that have been subdivided
into four subfamilies: CXCL, CCL, CL, and CX3CL (3,4). Members of the CCL branch
include RANTES (CCLS5), monocyte chemotactic proteins (MCP)-2 (CCLS8), MCP-3
(CCL7), MCP-4 (CCL13), eotaxin 1 (CCL11), eotaxin 2 (CCL24) and eotaxin 3 (CCL26).
RANTES, MCPs-3 and -4 are chemotactic for eosinophils, monocytes and lymphocytes,
while eotaxins chemoattract eosinophils, basophils and Th2-lymphocytes (4). Because of
their eosinophil chemotactic properties, these chemokines have attracted major attention in
allergic inflammation (5). Studies conducted in adult asthmatics have shown that RANTES,
MCPs-3 and -4, and eotaxins 1 and 2 are implicated in the asthmatic reactions (6-10).

In clinical practice, assessment of airway inflammation and effects of medication on
inflammation is difficult. Subjective assessment of symptoms has often been found to be
unsatisfactory for monitoring asthma severity (11). Measurements of levels of exhaled

gases such as nitric oxide may be useful, but more data are needed to fully evaluate the



importance of these markers in assessing airways inflammation in asthma, especially
because nitric oxide can be produced in large amounts in paranasal sinuses and stomach
(11). Repeated bronchoscopic sampling is not feasible in large scale. The ability to study
inflammation has changed considerably with the development of the induced sputum
technique as a research and, increasingly, a clinical tool (12,13). Induced sputum was used
for the first time in asthmatic patients in 1992, when Pin et al adapted the technique used
until then for diagnosis of Pneumocystis carinii in patients with HIV (14). In recent years,
sputum induction with hypertonic saline and subsequent processing have been refined as a
non-invasive research tool providing important information about inflammatory events in
the lower airways.

The technique of cell culture has been developed, especially, for blood cells in an
attempt to reproduce in vitro what happens in vivo. Several authors have used the culture of
blood cells to study asthma pathophysiology and responsiveness to treatments (15-17).
However, very few studies employed culture of sputum cells (18-22). It is likely that cells
from airways provide better information due to their proximity to the site of asthmatic
inflammation. The aim of our study was to elucidate whether the culture of cells recovered
from induced sputum may represent a suitable model to evaluate cytokine and chemokine
production by airway inflammatory cells. Thus, we have assessed culture time (viability)
and the production of inflammatory mediators from stimulated and non-stimulated,
adherent and non-adherent cells in asthmatics and in healthy subjects. The response to

corticosteroid treatment was also measured by analysis of sputum cell culture.



Material and methods

Subjects

Fifty-one subjects were included in the study. Thirty stable asthmatic patients (14
males, mean age 41.0 years) were recruited from the asthma clinic of the University
Hospital of Ribeirdo Preto, University of Sao Paulo. Twenty-one patients used regular
inhaled corticosteroids (mean daily dose 409.5 + 40.1 pg budesonide) and were studied in a
single visit. This group was denominated asthma inhaled corticosteroid (IC) group. Nine
uncontrolled, untreated asthmatics (on bronchodilator) were studied at two time-points:
before (pre-treatment) and after (post-treatment) oral corticosteroid (OC) treatment for 14
days (prednisone 40 mg/day). These patients did not present acute asthma, they were
scheduled for prednisone treatment independently of asthma severity, and the choice for
this treatment was due to research purposes. The variables under study and blood
eosinophil counts were determined in these patients before and after treatment. Twenty-one
normal volunteers (six males, mean age 41.1 years) with forced expiratory volume in the
first second (FEV)) values of at least 90% of predicted formed a control group (Table 1).
Smokers, pregnant women, subjects who had experienced a recent infectious episode or had
taken systemic corticosteroids or antihistamines drugs during the last month were excluded
from the patient and control groups.

The diagnosis of asthma was confirmed on the basis of a history of dyspnoea and
wheezing, with a reversible airflow obstruction characterised by a 15% increase in FEV,
after inhalation of 200-400 pg albuterol and/or a methacholine PCyy < 8 mg/ml (23). The
study was approved by the Ethics Committee, University of S. Paulo Medical School at

Ribeirdao Preto. All volunteers gave informed consent to participate in the study.



Sputum induction and processing

For the sputum induction and processing, we applied the guidelines that are
suggested by the Task Force on Induced Sputum of the European Respiratory Society
(24,25). All subjects had an FEV, > 50% predicted. After pre-medication with 200-400 pg
inhaled albuterol, sputum was induced by inhalation of a hypertonic saline (NaCl 4.5%)
aerosol delivered by an ultrasonic nebulizer (Ultra-Neb 2000, DeVilbiss-Sunrise Medical,
Somerset, PA, USA). Each subject inhaled the aerosol for 4 consecutive periods of 5
minutes for a total time of 20 minutes. For safety reasons, the peak expiratory flow (PEF)
was monitored every 5 minutes and the induction stopped when the PEF fell to the critical
value (a 10% fall from the basal value) or in case of severe symptoms. If a subject tolerated
sputum induction for less than 20 minutes at pre-treatment visit, then the duration of
sputum induction at post-treatment visit was kept the same as at pre-treatment visit.
Subjects were told to spit saliva into one container periodically and sputum into another.
The sputum was weighed and equal volume of 1 mg/ml dithiothreitol (GIBCO BRL, Grand
Island, NY, USA) was added. The suspension was shaken in a vortex mixer for few
seconds and incubated in a shaking water bath at 37°C (150 cycles/min) for 15 minutes,
with aspiration every 5 minutes for homogenisation. Centrifugation was performed at 750 g
for 10 minutes. The supernatant was aspirated and stored. The cell pellet was resuspended
in 1 ml RPMI-1640 medium containing 300 mg/l L-glutamine; 100 U/ml penicillin G; 100
ug/ml streptomycin sulfate (GIBCO BRL, Grand Island, NY, USA), and 10% calf serum.

Total cell number and cell viability were determined by the Trypan blue exclusion method



in a Neubauer chamber and slides were prepared for differential cell counts by cytospin
staining with Giemsa stain. The cell concentration was adjusted to 1 x 10° viable cells/ml.
Characteristics of sputum induction are shown in Table 1. Asthma IC group had

higher total cell number and asthma OC group had lower duration of inhalation.

Cell culture

The cell suspension was then plated at 5 x 10° cells/well onto a 48-well plastic
culture plate (Nunc Brand Products, Roskilde, Denmark) and allowed to adhere for 1 hour
at 37° C/5% CO,. After this adherence period, supernatant of every well was aspirated to
remove cells, called non-adherent cells, and wells were washed twice with PBS at 37° C.
Cells that were not removed, called adherent cells, were kept in the same wells, and 0.5
ml/well of medium was then added. The number and viability of non-adherent cell
population were determined. These cells were re-plated: 1 x 10° viable cells/well, with 0.2
ml/well, in 96-well plastic culture plates (Nunc Brand Products, Roskilde, Denmark) and
stimulated with phytohaemaglutinin (PHA), 10 pl/well (GIBCO BRL, Grand Island, NY,
USA). Cells were incubated for 24, 48, 72 hours or 5 days at 37° C/5% CO,.

To perform differential cell counts of the adherent cell culture, sputum cells were
also plated on sterile chambers mounted on Permanox slides with cover (Chamber Slide
System, Nalge Nunc International Corp., IL, USA). At the end of culture time, slides (with
adherent cells) were detached from media chamber. For the non-adherent cells, at the end
of culture time, cells were aspirated and slides were prepared by cytospin staining.

Time-response analysis



After completion of the culture time, cell viability was determined by the Trypan
blue exclusion method and a time-response curve was plotted for adherent and non-
adherent cells of asthmatics. The supernatant of cell culture was aspirated and frozen at -85°
C until measurement of cytokines.

LPS response

The cells were cultured and incubated as described above. The adherent cells were
stimulated with LPS (10 pl/well) at the following concentrations (in the culture): zero
(negative control), 0.02 pg/ml, 0.002 pg/ml and 0.0002 pg/ml.

Detection of cytokines and chemokines

The concentrations of chemokines (eotaxin 2 and IL-8 [CXCLS8]) and cytokines
(TNF-a, IL-1B and IL-13) in induced sputum and cell culture supernatant of asthmatic
patients and controls were measured by ELISA (R&D Systems, Minneapolis, Minn., USA,
and Pharmingen, San Diego, Calif., USA).

Statistical analysis

Data concerning viability and inter-group comparisons are reported as means + S.D.
and were analysed statistically by Kruskal-Wallis test with Dunn post-test. Intra-group
comparisons between stimulated and non-stimulated cells and of change (A) in eotaxin 2
production were performed by Wilcoxon matched-pairs test. Correlations between
parameters were calculated by Spearman rank correlation. P-values < 0.05 were considered

to be statistically significant.



Results

Characterisation of cell culture

This first part of the analysis of cell culture was performed in asthmatic subjects
(asthma IC group). Viability was high and similar for adherent and non-adherent cells up to
72 hours of culture. After 72 hours, the viability dropped significantly (Figure 1). TNF-a.,
IL-8 and IL-1P production by adherent cells reached the highest values at 48 hours of
culture: 1417 £ 1128 pg/ml, 785 + 321 pg/ml, and 94 + 153 pg/ml, respectively. The
production of TNF-a and eotaxin 2 by non-adherent cells was also highest at 48 hours.
Therefore, this time point was used to monitor the production of inflammatory markers.
Cytokines levels with and without stimulation at the highest concentration of LPS or PHA
were not statistically different (Table 2). Cytokines produced by adherent and non-
adherent cells in the comparison of asthma IC and control groups are shown in
Table 3. The production of IL-13 by non-stimulated and stimulated non-adherent cells was

below the detection limit of the assay.

Effects of oral corticosteroid treatment

Squamous cell percentage in induced sputum was 21.6 = 5.0% in the control group,
19.9 + 2.4% for the asthma OC group pre-treatment, 28.4 £+ 5.1% post-treatment, and 12.3
+ 6.2% in the asthma IC group (non-significant differences). Differential cell counts of
sputum, adherent and non-adherent cell cultures for all groups are shown in Table 4.
Asthma IC group and asthma OC group at baseline had higher proportion of eosinophils in
both sputum and non-adherent fraction. Higher percentage of eosinophils was also detected

in the adherent cell culture, significantly in the asthma OC group at baseline.



The number of non-adherent cells at the end of 48 hours of culture was similar
among groups (p = 0.92). Values for controls were 2.8 + 3.0 x10* cells/ml, for patients
treated with inhaled corticosteroids were 2.4 + 1.2 x10* cells/ml, and for patients treated
with oral corticosteroids were 2.3 + 1.0 x10” cells/ml.

Eotaxin 2 production in culture of non-adherent cells (Figure 2) did not differ
significantly between the control and asthma OC (post-treatment) groups (p = 0.61), but
differed significantly between asthma IC and control groups (p = 0.03), as well as between
asthma IC and asthma OC (post-treatment; p = 0.04). In the asthma OC group, values of
eotaxin 2 concentration were 192 + 102 pg/ml (pre-treatment) and 30 + 30 pg/ml (post-
treatment; p = 0.05). TNF-a production by non-adherent cells was 3638 + 2835 pg/ml in
the pre-treatment phase of asthma OC group and 2594 £+ 2178 pg/ml in the post-treatment
phase (p > 0.05).

Sputum eotaxin 2 levels correlated with cell culture eotaxin 2 production (r = 0.67;
p = 0.04). The response to oral corticosteroid treatment was evaluated by calculating the
difference between the levels of eotaxin 2 before and after prednisone treatment in induced
sputum and in sputum cell culture (Figure 3). The response was greater in cell culture,
134 £ 80 pg/ml, than in induced sputum, 23 £+ 33 pg/ml (p = 0.04).

The blood eosinophil count in the asthma OC group fell from the pre-treatment, 8.6
+ 4.8%, to the post-treatment period, 1.5 = 1.6% (p = 0.002). The pre-treatment blood
eosinophil number correlated with eotaxin 2 production by cell culture (r = 0.71; p = 0.02).
The response in cell culture eotaxin 2 production to steroid treatment correlated with the

response in blood eosinophil number and sputum eosinophil number (r = 0.74; p = 0.04).



Sputum eosinophil number correlated with eotaxin 2 level in sputum (r = 0.56; p = 0.01),

but not with eotaxin 2 production by cell culture.



Discussion

In this study, we have shown the possibility of evaluating in vitro the inflammatory
status of asthmatic patients. We cultured sputum inflammatory cells of asthmatic and
normal subjects. In the few studies that tried to keep sputum cells in culture to evaluate the
inflammatory characteristics of asthma, sputum cells were cultured without fractionation
(18-22). We separated cells in two fractions, adherent and non-adherent, and evaluated
cytokines, chemokines, and cell composition in each fraction. In the culture of adherent
cells, we detected TNF-a, IL-8, and IL-1[ from both the asthma and control groups. In the
culture of non-adherent cells, we detected eotaxin 1, eotaxin 2, and TNF-a. Of the
measured mediators, eotaxin 2 appeared to show the greatest differences between the
various groups. Indeed, eotaxin 2 production was higher in the asthma group compared to
the control group and treatment with oral corticosteroid abolished this difference. In
addition, reduction of eotaxin 2 levels by this treatment was greater in cell culture than in
sputum.

This study was the first to evaluate and detect eotaxin 2 in sputum and sputum cell
culture of asthmatic patients. The first eotaxin was discovered using a guinea pig model of
allergic airway disease, characterised by marked lung eosinophilia (26,27). In humans,
Mattoli et al showed that the numbers of cells expressing mRNA for eotaxin 1 correlated
significantly with the number of eosinophils, bronchial hyperreactivity and symptom score
in asthmatics (28). Moreover, increased eotaxin 1 protein has been detected in the BAL
fluid of asthmatic subjects (29). According to Miotto et al, eotaxin 1 is selectively increased
in Th2-mediated airway diseases, and this chemokine plays a central role in the

pathogenesis of asthma (10). In addition to stimulating eosinophil chemotaxis, eotaxin 1



induces aggregation of eosinophils, an elevation in their intracellular calcium levels (29)
and respiratory burst activity. Similarly to eotaxin I, eotaxin 2 is known to be a potent
eosinophil chemoattractant in vitro and in vivo (30-32). A study of the late-phase allergic
reactions in the skin of human atopic subjects suggested that eotaxin 1 is involved in the
early 6 hours recruitment of eosinophils while eotaxin 2 is involved in the later 24 hours
infiltration of these cells (32).

Our findings demonstrate a relationship between eotaxin 2 and asthma. Eotaxin 2
production in cell culture correlated with eosinophil number in peripheral blood and eotaxin
2 concentration in sputum correlated with eosinophil number in sputum. Moreover, the
decrease in eotaxin 2 production induced by systemic steroid treatment was associated with
the decrease in eosinophil number in sputum and blood. In culture, eotaxin 2 levels of
patients treated with inhaled corticosteroids were significantly higher than those of controls
and of patients treated with oral corticosteroids. This may indicate that the inflammatory
status of patients treated with regular inhaled corticosteroid remains high. The detected
percentage of eosinophils in sputum corroborates this theory. In a study on mild asthma,
Jatakanon et al evaluated the effect of differing doses of inhaled budesonide on airway
inflammation markers (33). In that study, they showed a significant trend towards greater
reduction in inflammatory markers with higher dose of budesonide (1600 pg/day),
suggesting a dose-dependent effect of inhaled steroids on airway inflammation. The
elevated concentration of eotaxin 2 found in the present study may have been due to the
fact that most asthmatic patients were treated with a low dose inhaled corticosteroid. In
contrast, there was no significant difference in eotaxin 2 levels between patients treated

with oral corticosteroids and controls. The effectiveness of oral corticosteroids in the



treatment of chronic asthma probably results from a combination of anti-inflammatory
actions (34), these being the most potent anti-inflammatory drugs used in treatment of
asthma, which inhibit gene transcription of the majority of cytokines involved in asthmatic
airway inflammation (35,36,37).

As regards the constitution of sputum cell cultures, at baseline, asthmatic
patients had higher proportion of eosinophils in all fractions. In the post-treatment
evaluation, those numbers of eosinophils fell to values that were not different from the
control group values. The proportion of macrophages increased from the time of
sputum collection to the end of cell culture period in both adherent and non-adherent
fractions, which may represent cell proliferation in culture. Further studies are
necessary to evaluate the mechanisms of cell number changes and to determine
whether the decrease in eotaxin production reflects changes in cell number or
suppression by steroid effect.

We have performed a series of spike and recovery experiments with eotaxin 2
(data not showed). Our results clearly demonstrate that the processing of samples
with DTT diminishes by around 50 to 60% the recovery of the chemokine in sputum
samples. It is of note, however, that the effect of DTT on the samples was linear in the
range of 30-300 pg of eotaxin 2/ml of sputum. This is to mean that the effects of DTT
on eotaxin 2 determination were similar in all of our samples and that the processing
itself was not responsible for the differences observed between the various groups of
patients. These data confirmed previous studies (38).

The interference of DTT on eotaxin 2 measurements may explain, at least
partially, the advantage of cell culture supernatant over sputum supernatant. Sputum

cell culture supernatant has no DTT and eotaxin 2 is produced de novo. Thus, the



assay to measure mediators in culture supernatant is free of the DTT interference,
which may account for the superior performance of sputum cell culture in detecting
response to patient treatment.

The cytokines and chemokines could be detected in vitro without any additional
stimulus in the culture medium. The results demonstrated no significant difference in
inflammatory markers with stimulation of the adherent and non-adherent cells with LPS or
PHA, respectively. Our results are consistent with the cells being activated during their
migration to the airway and agree with those of Bettiol et al (18). In contrast, Liu et al (19)
had to add PHA in order to obtain detectable levels of IFN-y in their sputum cell culture.

In conclusion, the present study demonstrates the usefulness of in vitro sputum cell
generation of cytokines and chemokines as a suitable model to evaluate the airway
inflammation observed in asthmatic patients. Our findings demonstrate a correlation
between eotaxin 2 production in cell culture and eosinophil number in peripheral blood or
sputum. In addition, there was a greater fall in eotaxin 2 levels measured in cell culture than
in induced sputum following treatment. Taken together, our results suggest that analysis of
sputum cell culture is sensitive for the detection of the effects of anti-inflammatory drugs

and are consistent with an important role of eotaxin 2 in the pathophysiology of asthma.
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Table 1: Characteristics of the subjects studied

Control Asthma IC Asthma OC
Pre-treatment Post-treatment
n 21 21 09
Sex (M/F) 6/15 7/14 6/3
Age (years) £ SD 41.1+£12.9 48.3+10.5 30.0 £ 13.1
FEV, (%) £ SD 95.6 £ 10.6* 70.8 £ 13.1 69.4+7.7 74.1 £ 4.7
Medication in use (% of patients)
Inhaled corticosterold - 100% e e
Bronchodilator - 100% 100% 100%
Oral corticosteroid - e e 100%
Sputum weight (g) £ SD 62+33 7.6+33 6.3+39 64+49
Total cell count (x 10°) + SD 33+3.1 6.3 £3.2% 40+32 25+0.8
Duration of induction (min) 19.7+1.1 185+2.3 13.8 +£4.1* 13.8 £4.1%*

FEV,: forced expiratory volume in the first second. Asthma IC: asthmatics treated with inhaled

corticosteroid. Asthma OC: asthmatics treated with oral corticosteroids during 14 days.

*p <0.05 compared to the other two groups.



Table 2 - Production of cytokines by LPS-stimulated and non-stimulated adherent cells
and PHA-stimulated and non-stimulated non-adherent cells from induced sputum in the

asthma IC group.

Non-stimulated Stimulated
Adherent cells

TNF-a (pg/ml) 555+ 833 816 = 1538

IL-8 (pg/ml) 864 + 89 826 £ 35

IL-1B (pg/ml) 100 £ 105 89 £ 94
Non-adherent cells

Eotaxin 2 (pg/ml) 122+119 115+101

TNF-a (pg/ml) 3637 £ 2834 3763 £ 3364




Table 3 - Production of cytokines by adherent cells and non-adherent cells from

induced sputum of the control and asthma IC groups.

Control group Asthma IC Group
Adherent cells
TNF-a (pg/ml) 1817 £ 901 833 + 571
IL-8 (pg/ml) 889 £+ 13 901 £ 72
IL-1B (pg/ml) 91 £ 60 94 + 62
Non-adherent cells
Eotaxin 2 (pg/ml) 36 £41 131 £ 108*
TNF-a (pg/ml) 1678 £ 1976 3778 £ 276

*p<0.05 compared to control group.



Table 4 — Differential cell counts in sputum and sputum cell culture

Eosinophils (%) Groups
Control Asthma IC Asthma OC Asthma OC
pre-treatment post-treatment
Sputum 1.8+£3.2 25.7 £31.2% 11.2+12.1%* 0.8+14
Adherent cells 02+05  87+11.8 92+68" 09+1.4
Non-adherent cells 0 23.8+329" 17.1+63" 1.6+1.8
Lymphocytes (%)
Sputum 16.1+13.0  45+15" 8.6+3.7 58+2.5
Adherent cells 19.8 +£7.7 98+1.7 31.0+£26.1 1.6+2.2
Non-adherent cells 3.6 +4.2 6.2+73 17.6 +15.6 7.0£6.5
Neutrophils (%)
Sputum 384+21.6 223+92%* 5414206 66.9+9.2"
Adherent cells 0.5+1.0 08+1.3 25.0+23.1" 32445
Non-adherent cells 06+1.2 0 33.6 £28.3 20£0.2
Macrophages (%)
Sputum 43.6£229 53.6+239" 347£173 26.5+20.2
Adherent cells 79.8+9.1  80.4+12.1  40.1+14.6 94.0 + 6.1
Non-adherent cells 914 +264  70.0 +38.1 316 7.4 88.6+7.9

e p <0.05 compared to asthma OC post-treatment and control group; ** p < 0.05

compared to asthma OC pre- and post-treatment; i p < 0.05 compared to control

group; # p <0.05 compared to asthma OC post-treatment.



Figure Legends

Figure 1 - Viability of sputum cells in culture. Cells were obtained from 21 asthmatic
patients (asthma inhaled corticosteroid group) by sputum induction. * p = 0.004 in

comparison with previous time-points for both adherent and non-adherent cells.
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Figure 2 - Production of eotaxin 2 by sputum cell culture (non-adherent cells) of normal
subjects (controls), asthmatics treated with an inhaled corticosteroid (IC), and asthmatics
treated with an oral corticosteroid (OC). * p < 0.05 compared to both control and asthma

OC groups. The horizontal bars indicate means of values.
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Figure 3 - Response to corticosteroid treatment was measured as change (&) in production
of eotaxin 2 (& = pre-treatment — post-treatment) tested in both induced sputum and sputum
cell culture (non-adherent cells). Asthmatics were treated with oral prednisone 40 mg/d for

14 days. The horizontal bars indicate means of values.
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