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ABSTRACT: The pathogenic mechanisms of lipopolysaccharide (LPS)-induced lung
injury have not been classified. This study examined the physiological changes after
endotoxin inhalation and related those to features of pulmonary inflammation in mice.

Pulmonary mechanics, histopathology, and bronchoalveolar lavage fluid (BALF)
from BALB/c mice were analysed at different occasions (3, 24, 48 and 72 h) after
inhalation of saline or LPS from Excherichia coli (0.3 (L0.3) or 10 mg.mL-1 (L10)).
Mice were sedated, anaesthetized, and ventilated. After chest wall resection static (Est)
and dynamic (Edyn) elastances, DE (Edyn-Est), resistive (DP1) and viscoelastic/
inhomogeneous pressures (DP2), and DP1+DP2 (DPtot) were obtained by end-inflation
occlusion method. Lungs were prepared for histopathology. In parallel groups,
tumour necrosis factor (TNF)-a, neutrophils, and protein were evaluated in the
BALF.

L0.3 and L10 showed a time-dependent production of TNF-a preceding a massive
neutrophil infiltration. In L10 BALF there was an increase in protein level at 24 and
48 h. Est and Edyn increased early in L0.3 (65%, 63%) and L10 (41%, 51%). In L10
DE, DP2, and DPtot showed a gradual rise. At 72 h all groups were similar. L0.3
showed an early increase in cellularity, which returned to normal at 72 h. L10
presented the same pattern with the cell count remaining elevated until 72 h.

In conclusion, lipopolysaccharide inhalation led to elastic and viscoelastic pul-
monary changes together with tumour necrosis factor-a production and neutrophil
infiltration in mouse lung.
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Lipopolysaccharide (LPS) is a constituent of the cell
wall of gram-negative micro-organisms that contributes to
the local inflammation and systemic toxicity of gram-
negative infections [1]. In vivo administration of bacterial
LPS triggers a network of inflammatory responses. LPS
mediates many of its effects through ligand-receptor int-
eraction with a number of immune cells, which is
followed by the release of a vast array of pro-inflamma-
tory mediators that orchestrate the acute inflammatory
response [2]. The interaction is a complex one and dep-
ends on the level of circulating LPS as well as on
cofactors such as lipopolysaccharide-binding protein [1,
2]. The activation of mononuclear phagocytes has a
central role in this process, leading to the release of dif-
ferent cytokines, including tumor necrosis factor (TNF)-
a, considered as one of the most important mediators of
endotoxin-induced tissue injury [1, 3, 4]. TNF-a release
induces neutrophil adherence to endothelial cells, favour-
ing the migration and infiltration of neutrophils in pulmo-
nary spaces [2, 4, 5]. The neutrophil recruitment induced
by LPS inhalation has been described as dose and time-
dependent [4, 6, 7]. Besides its major defensive role,
neutrophil activation causes the production of oxygen

radicals and the release of granular enzymes, which can
be associated with injurious processes, especially in the
lung [8, 9]. Different models of endotoxin-induced pul-
monary injury have shown close correlations between
neutrophil accumulation and tissue damage [10]. Never-
theless, the mechanism by which the cellular infiltration
process during acute lung injury is modulated is still not
completely known [9, 11].

In order to determine the pathogenic mechanisms invol-
ved in lung inflammation, many animal models have been
developed [1, 4, 12±14]. Although less studied, the inhal-
ation model of endotoxin-induced injury triggers a pul-
monary inflammatory cascade similar to that observed
with haematogenic dissemination [2, 4, 5, 13, 15±17]. It
also mimics pulmonary inflammation secondary to nat-
ural exposure to LPS, being a model of direct pulmonary
injury [4, 7, 18].

Endotoxin-induced acute lung injury is also associated
with respiratory mechanical changes represented by dynam-
ic compliance reduction, and increased pulmonary resist-
ance [12, 15, 19, 20]. The mechanical changes have been
attributed to the presence of pulmonary oedema, followed
by ventilation-perfusion mismatch, or airway constriction
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[20]. However, it is not known whether the mechanical
changes show similar time- and dose-dependences as
described for the cellular recruitment. Furthermore, to the
authors' knowledge no study on the correlation between
functional changes and histopathological findings can be
found in the literature.

Hence, the aims of the present study are to determine
mice lung elastic, viscous, and viscoelastic changes after
LPS inhalation, and to correlate these results with those
from pulmonary histopathology and bronchoalveolar lav-
age fluid (BALF) analysis. Additionally, these parameters
are also studied under two doses of LPS, and at different
periods after inhalation.

Materials and methods

Animal model

Seventy-one male BALB/c mice, weighing 20±30 g,
were randomly divided into three groups. The animals
inhaled for 10 min either 2 mL of aerosolized saline (NaCl
0.9%), control group (C; n=24), or Escherichia coli LPS
(lot 55:B5 from Difco Lab., Detroit, MI, USA) dissolved in
2 mL of saline at 0.3 mg.mL-1 (group L0.3; n=24) and 10
mg.mL-1 (group L10; n=23). The inhalation chamber was
made with a 1-L buchner adapted with conical glass tubes
coupled to a manometer. Groups of 5±6 mice were put in
the tubes to inhale saline or LPS. After inhalation each
group was randomly divided into four sub-groups, related
to the time when pulmonary mechanics were measured (3,
24, 48, and 72 h after inhalation).

The other five animals of each group were submitted to
the same inhalation protocol described above in order to
obtain aliquots of BALF. For this purpose, animals were
anaesthetized with pentobarbital sodium (12 mg.kg body
weight-1 i.p.), tracheae were cannulated, and lungs washed
eight times with 0.5 mL of saline to provide 4 mL of
BALF. Aliquots of each BALF were used to evaluate
neutrophil, protein, and TNF-a contents at 1, 3, 24, 48, and
72 h after inhalation of saline or LPS.

Evaluation of bronchoalveolar lavage fluid

Total cells present in the BALF were counted with a
Coulter counter ZM (Coulter Electronics, Hialeah, FL,
USA) and values expressed as number of cells per
millilitre. Differential cell counts were performed after
cytocentrifugation (IncibraÂs, Rio de Janeiro, Brazil) and
staining with Diff-Quik stain (Baxter Dade AG, Dunding,
Germany). At least 250 cells were counted and results were
expressed as number of neutrophil population per milli-
litre.

After centrifugation of the BALF the supernatant was
collected and stored at -708C. The supernatant was then
assayed for TNF-a and protein content. TNF-a levels in
the BALF were determined by a highly specific enzyme
linked immunosorbent assay (ELISA) with a detection
limit of 50 pg.mL-1. The assay system was established by
using a rat anti-murine TNF-a monoclonal antibody, a
rabbit anti-murine TNF-a polyclonal antibody (Genzyme
Diagnostics, Cambridge, MA, USA) and a peroxidase-

labelled goat anti-rabbit immunoglobulin (Ig)G (BioSys,
CompieÁgne, France).

Protein content in the BALF was determined according
to BRADFORD [21], using ovalbumin as standard. Briefly,
the method is based on the observation that Coomassie
Brilliant Blue G-250 exists in two different colour forms,
red and blue. The red form is converted to the blue form
upon binding to protein. The final concentrations in the
reagent are 0.01 (weight (w)/volume (V)) Coomassie
Brilliant Blue G-250, 4.7% (w/v) ethanol, and 8.5% (w/v)
phosphoric acid.

Pulmonary mechanics

After inhalation the animals to be submitted to
pulmonary mechanics analysis were sedated (diazepam 1
mg i.p.), and anaesthetized with pentobarbital sodium (20
mg.kg body weight-1 i.p.). Then, the mice were tracheo-
tomized, and a snugly fitting cannula (0.8 mm id) was
introduced into the trachea. The anterior chest wall was
surgically removed. Mechanical ventilation (model 683;
Harvard Apparatus, Southnatick, MA, USA) with a fre-
quency of 100 breaths.min-1, a tidal volume (VT) of 0.2
mL, and an adequate amount of positive end-expiratory
pressure (PEEP) was applied right before the pleural cavity
was entered. The PEEP level was determined as follows:
before the pleural space was opened, the ventilator was
disconnected at end expiration, and the airways were
connected solely to the pressure transducer. After pleural
incision, there was an increase in tracheal pressure (Ptr)
that corresponded to the elastic recoil pressure of the lung
at relaxation volume. Thereafter, the same pressure was
applied to the lung (PEEP=2.0 cmH2O), and the airways
were reopened.

An adequate pneumotachograph (1.5 mm id, length=4.2
cm, distance between side ports=2.1 cm) constructed
according to MORTOLA and NOWORAJ [22] was connected
to the tracheal cannula for the measurements of airflow
(V'), and changes in tidal volume (VT). The pressure
gradient across the pneumotachograph was determined
by means of a Validyne MP45-2 differential pressure
transducer (Engineering Corp., Northridge, CA, USA).
The flow resistance of the equipment (Req), tracheal
cannula included, was constant up to flow rates of 26
ml.s-1 and amounted to 0.13 cmH2O.mL-1.s. Equipment
resistive pressure (=Req.V'-1) was subtracted from pulmo-
nary resistive pressure so that the present results represent
intrinsic values. Because abrupt changes of diameter were
not present in the current circuit, errors of measurement of
flow resistance were avoided [23]. The equipment dead
space was 0.3 mL. Ptr was measured with a Validyne
MP45-2 differential pressure transducer (Engineering
Corp.). All signals were conditioned and amplified in a
Beckman type R Dynograph (Beckman, Schiller Park, IL,
USA). Flow and pressure signals were also passed thr-
ough 8-pole Bessel filters (902LPF; Frequency Devices,
Haverhill, MA, USA) with the corner frequency set at
100 Hz, sampled at 200 Hz with a 12-bit analogue-to-
digital converter (DT-2801A; Data Translation, Marlboro,
MA, USA), and stored on a microcomputer (PC-AT;
IBM, Armonk, NY, USA). All data were collected using
LABDAT software (RHT- InfoData Inc., Montreal,
Quebec, Canada).
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Muscle relaxation was achieved with gallamine triethy-
liodide (2 mg.kg body weight-1 i.p.), and artificial ventil-
ation was provided by a Samay VR15 constant flow
ventilator (Universidad de la Republica, Montevideo, Uru-
guay). During the test breaths a 5-s end-inspiratory pause
could be generated by adjusting the ventilator settings,
whereas during baseline ventilation no pause was used. In
order to avoid the effects of different V' and VT [24], and
thence inspiratory duration [25], on the measured varia-
bles, special care was taken to keep VT (0.2 mL) and V' (1
mL.s-1) constant in all animals.

Pulmonary mechanics were measured from end-inspir-
atory occlusions after constant flow inflations [24, 26, 27].
In an open-chest preparation, Ptr reflects transpulmonary
pressure (PL). After end-inspiratory occlusion, there is an
initial fast drop in transpulmonary pressure (DP1) from the
preocclusion value down to an inflection point (Pi) follow-
ed by a slow pressure decay (DP2) until a plateau is reach-
ed. This plateau corresponds to the elastic recoil pressure
of the lung (Pel) (fig. 1). DP1 selectively reflects pressure
dissipated against airway resistance in healthy animals
and humans [26, 27], and DP2 reflects viscoelastic prop-
erties (stress relaxation) and/or inhomogeneities of lung
tissue [27], together with a tiny contribution of pendelluft
in normal situations [26, 28]. Total pressure drop (DPtot)
is equal to the sum of DP1 and DP2. Static lung elastance
(Est) was calculated by dividing Pel, measured at 5 s after
end-inspiratory occlusion, by VT. Dynamic lung elastance
(Edyn) was obtained by dividing Pi by VT. DE was
calculated as the difference Edyn-Est. The data concerning
lung elastance was presented in terms of Est and DE
instead of Edyn since they represent, respectively, the
elastic and viscoelastic properties of the lung. Pulmonary
mechanics were measured at four different occasions (3,
24, 48, and 72 h) after inhalation. Values are presented as
mean�1 SD of 10±15 determinations on each occasion in
all groups.

The delay between the beginning and the end of the
valve closure (10 ms) was allowed for by back extrapol-
ation of the pressure records to the actual time of occlusion,
and the corrections in pressure, although very minute, were
performed as previously described [24].

Data analysis was performed with ANADAT software
(RHT-InfoData Inc.).

Histology and morphometry

Morphometric analysis was performed in excised lungs
at functional residual capacity. Immediately after the
removal of the lungs en bloc, which took not longer than
90 s, they were frozen by rapid immersion in liquid nitro-
gen. Frozen lungs were fixed in Carnoy's solution (etha-
nol-chloroform-acetic acid, 70:20:10) at -708C for 24 h.
Solutions with progressively increasing concentrations of
ethanol at -208C were then substituted for Carnoy's until
100% ethanol was reached. The tissue was maintained at -
208C for 4h, warmed to 48C for 12 h, and then allowed to
reach and remain at room temperature for 2 h [29]. After
fixation, the tissue block obtained from midsagittal slices
at the level of the axial bronchus of the left lung was
embedded in paraffin. Slices (4 mm thick) were obtained
by means of a microtome. Slides were stained with hae-
matoxylin-eosin. Morphometric analysis was performed
with an integrating eyepiece with a coherent system made

of a 100-point grid consisting of 50 lines of known length
coupled to a light microscope (Axioplan, Zeiss, Germ-
any). Polymorphonuclear and mononuclear cells, pul-
monary tissue and alveolar oedema were determined by
the point-counting technique [30] across five random
noncoincident microscopic fields at a 1006 magnifica-
tion in each sample. Points falling on tissue area and not
over alveolar spaces were counted, and divided by the
total number of points in each microscopic field. Thus,
data were reported as the fractional area of pulmonary
tissue [30, 31]. The same method was applied to deter-
mine polymorphonuclear and mononuclear cells, and
alveolar oedema.

Statistical methods

Student's t-test was used in order to compare the mech-
anical parameters and morphological variables gathered
from control and LPS groups. The mechanical data ob-
tained with the two doses of LPS were also compared.
Firstly, the normality of the data (Kolmogorov-Smirnov
test with Lilliefor's correction) and the homogeneity of var-
iances (Levene median test) were tested. If both conditions
were satisfied two-way analysis of variance (ANOVA) was
used. If multiple comparisons were required Student-
Newman-Keuls test was applied.
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Fig. 1. ± Tracings of flow and transpulmonary pressure (PL) from a
mouse illustrating the experiments. a) End inspiratory occulsion is
indicated by arrow and was maintained for 5 s, when the airways were
released. Positive end-expiratory pressure (PEEP) of 2 cmH2O was used.
Insp: inspiration. b) DP1: pressure dissipated against airway resistance;
DP2: pressure dissipated against viscoelastic and/or inhomogeneous
lung component; Pel: lung elastic recoil pressure; Pi: inflection point;
Pmax: maximal transpulmonary pressure.
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Best Subsets Regression was performed in order to
identify the relationship between functional and morpho-
logical data (dependent variables were represented by each
functional parameter: Est, Edyn, DE, DP2, and DPtot,
predictive variables were represented by morphological
data, i.e., alveolar oedema, total cell counting and pulmon-
ary tissue area). The significance level was set at 5%.

Results

Inspiratory flow and volume remained unaltered in
groups C, L0.3, and L10 (table 1).

Est increased at 3 and 24 h after inhalation of 0.3
mg.mL-1 of LPS, returning to control values at 48 and 72 h
(table 1). The other mechanical parameters (DE, DP1,
DP2, and DPtot) remained unaltered (table 1).

After the inhalation of 10 mg.mL-1 of LPS Est, DE, and
DP2 increased significantly at 3, 24, and 48 h (table 1). In
addition, DPtot augmented at 24 and 48 h. The greatest
increase in DE, DP2, and DPtot occurred at 24 h. There-
after these parameters gradually decayed, reaching con-
trol values at 72 h (table 1).

Neutrophil recruitment, protein, and tumour necrosis
factor-a in the bronchoalveolar lavage fluid

Inhalation of aerosolized LPS (0.3 and 10 mg.mL-1)
induced a time and dose-dependent neutrophil recruitment
into the BALF (figs. 2 and 3). One hour after inhalation,
few neutrophils were detected. At 3 h this number incr-
eased, reaching the maximum level 24 h after stimulation.
Neutrophil recruitment spontaneously decreased, and
disappeared after 96 h.

Inhalation of LPS was also followed by a time-depen-
dent release of TNF-a into the BALF (figs. 2 and 3). One
hour after inhalation of LPS the TNF-a concentration
reached 50% of its maximal level, at a time when only

few neutrophils were found, indicating that TNF-a syn-
thesis precedes neutrophil recruitment. Maximal levels of
TNF-a were measured in the BALF 3 h after inhalation of
0.3 and 10 mg.mL-1 LPS (figs. 2 and 3).

Additionally, no protein was detected after the inhalation
of 0.3 mg.mL-1 of LPS, while 10 mg.mL-1 of LPS inhal-
ation led to a time-dependent increase in protein level in
the BALF, which showed characteristics along time similar
to those of neutrophil recruitment (fig. 3).

Morphometrical analysis

Histopathological examination of the lungs demon-
strated significantly increased total cellularity in relation to
control in all instances (3, 24, 48, and 72 h) in groups L0.3
and L10, being more intense at 24 and 48 h (table 2). The
cellular increase was composed both by polymorph and
mononuclear cells. Group L10 showed a greater fraction-
al area of pulmonary tissue in relation to control at 24 and
48 h (table 2). No significant alveolar oedema was obser-
ved in any group (table 2). No airway constriction was
observed.

Although both polymorph and mononuclear cell coun-
ting augmented, the percentage of polymorphonuclear
increment in relation to total cells gradually increased until
48 h, while the percentage of mononuclear cells decreased.
Similar tendencies was observed in group L0.3, but to a
smaller degree (table 2).

Correlation between mechanical and morphometrical
data

The functional changes of Est at 3 h in group L0.3 were
correlated with total cellularity provided by morphometry
(p=0.02 and r=O.81). In group L10, Est at 24 h was also
correlated with total cellularity (p=0.04 and r=0.61). DE at

Table 1. ± Mechanical variables after inhalation of saline, 0.3 or 10 mg.mL-1 of Escherichia coli lipopolysaccharide

Group 3 h 24 h 48 h 72 h

Flow mL.s-1 C 1.05�0.01 1.03�0.01 1.03�0.01 1.03�0.01
L0.3 1.03�0.03 1.04�0.01 1.04�0.02 1.02�0.02
L10 1.04�0.04 1.05�0.01 1.05�0.01 1.02�0.03

Volume mL C 0.20�0.01 0.20�0.00 0.19�0.01 0.20�0.03
L0.3 0.19�0.01 0.20�0.00 0.20�0.01 0.19�0.01
L10 0.19�0.00 0.19�0.01 0.20�0.00 0.20�0.00

Est cmH2O.mL-1 C 32.97�5.15 37.72�2.43 39.84�6.14 32.79�2.82
L0.3 54.57�16.52* 45.60�7.10* 40.29�9.68 32.79�2.82
L10 46.14�8.70* 53.21�10.72* 49.09�6.62* 38.89�11.16

DE cmH2O.mL-1 C 4.39�1.12 4.57�0.83 5.43�1.03 4.69�0.26
L0.3 6.34�0.17 5.23�0.75 5.99�0.92 4.69�0.26
L10 6.37�1.50* 10.53�3.33* 9.51�2.03* 5.61�0.78

DPtot cmH2O C 1.49�0.35 1.49�0.24 1.60�0.28 1.52�0.19
L0.3 1.89�0.53 1.55�0.19 1.68�0.10 1.64�0.17
L10 1.78�0.38 2.39�0.49* 2.26�0.36* 1.59�0.26

DP1 cmH2O C 0.62�0.16 0.59�0.07 0.56�0.17 0.58�0.18
L0.3 0.67�0.14 0.52�0.19 0.50�0.11 0.61�0.12
L10 0.52�0.12 0.40�0.15 0.40�0.10 0.48�0.12

DP2 cmH2O C 0.87�0.22 0.90�0.17 1.04�0.20 0.94�0.05
L0.3 1.22�0.45 1.03�0.16 1.18�0.19 1.04�0.25
L10 1.25�0.32* 1.99�0.61* 1.86�0.42* 1.11�0.17

Mean values�SD of 6±8 animals per group (8±10 determinations per animal) observed at 3, 24, 48, and 72 h after inhalation of saline (C)
or 0.3 mg.mL-1 (L0.3) or 10 mg.mL-1 (L10) of E. Coli lipopolysaccharide. Est: static elastance; DE: difference between pulmonary
dynamic and static elastances; DPtot: total pulmonary pressure variation; DP1: pressure dissipated against airway resistance; DP2:
pulmonary viscoelastic/inhomogeneous pressure change. *: p<0.05, compared to control group.
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3 and 24 h (p=0.02 and r=0.41; p=0.01 and r=0.80, res-
pectively), and DP2 and DPtot at 24 h in group L10 (p=0.01
and r=0.80; p=0.006 and r=0.83, respectively) were sig-
nificantly correlated with the fractional area of pulmonary
tissue.

Discussion

Experimental models using endotoxin have been largely
applied to study pulmonary inflammatory injury. They can
mimic morphological and functional changes observed in
clinical situations secondary to the presence of circulating
lipopolysaccharide [2, 4, 13, 15±17]. These models also
allow the analysis of bronchial responsiveness to expo-
sure to pro-inflammatory agents in room air [7, 17].

In group L10 DE, DP2, and DPtot also augmented,
suggesting a greater pressure dissipation to overcome pul-
monary viscoelastic and/or inhomogeneous components.
The elastic and viscoelastic changes returned to control
values after 72 h. These findings were concomitant with
those observed in neutrophil recruitment in the BALF (fig.
3) and at the histological level (table 2). Interestingly, in
1990 WHEELER et al. [19] observed the improvement in
pulmonary resistance and compliance 6 h after TNF-a
infusion.

In the present work elastance changes were significantly
correlated with increased cellularity, whereas DE, DP2, and
DPtot changes were related to the fractional area of pulmo-
nary tissue. These data are in agreement with the visco-
elasticity theory that describes a close correlation between
viscoelastic parameters and tissue characteristics [26, 27].
These correlations were also observed in noninflamma-
tory experimental models using the end-inflation occlu-
sion method [33]. No significant alveolar oedema (table
2) or airway constriction was observed.

In a model of endotoxin-induced acute lung injury ES-

BENSHADE et al. [20] examined the relationships between
lung mechanics and pulmonary oedema over time during
the development of respiratory failure. The authors obser-
ved an increase in pulmonary resistance and decrease in
dynamic compliance, which occurred too early after
endotoxin infusion to be due to pulmonary oedema [20].
In their work the degree of pulmonary oedema failed to

correlate with other measured mechanical variables. In
this line the present study did not show any correlation
between elastance and alveolar oedema. The absence of
correlation between functional changes and alveolar
oedema in response to endotoxin was also referred to
by FEHRENBACH et al. [34]. The authors, using a model of
perfused LPS, excluded the presence of pulmonary oed-
ema as a potential cause of protein increase in the BALF,
since it could not be demonstrated even at ultrastructural
level. Other authors did not observe changes in extra-
vascular lung water after LPS tracheal instillation, by
means of gravimetric determination of extravascular
water and dry weight [35].

It has been suggested that activeairway constriction could
be caused by the release of endogenous mediators follow-
ing endotoxemia [15, 20]. In the present work histopath-
ological analysis did not show airway constriction.
Additionally, no increases in DP1 could be observed,
which suggests no changes in central airway responsive-
ness (table 1). However, the increased fractional area of
pulmonary tissue reflects the presence of alveolar collap-
sed areas with the higher dosis of LPS. This histopatho-
logical change was correlated with the increased visco-
elastic parameters (DE, DP2) thus indicating that tissue
and/or small airway involvement is responsible for the
increased pulmonary resistance found in the face of LPS
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administration. These findings are in accordance with the
previous description of LPS-induced alterations of intra-
cellular and alveolar surfactant [34], which could favour
alveolar collapse. There are no previous reports demon-
strating that the effects of LPS occur at the lung periphery.

Lung histopathological analysis showed increased total
cellularity, and increased polimorpho- and mononuclear
count after LPS administration (table 2). Lung cellularity
was similar to that observed in the BALF (also time- and
dose-dependent), and agreed with the literature [6, 15].
Group L10 showed an increased fractional area of pul-
monary tissue at 24 and 48 h (table 2). This finding could
have been secondary to a higher number of alveolar coll-
apsed areas and/or an increased amount of polymorpho-
nuclear cells.

The acute inflammatory lung injury obtained in this
study was characterized by TNF-a production, which pre-
ceded neutrophil recruitment in the BALF. This finding is
in accordance with the literature, as TNF-a has been consi-
dered as a main mediator of endotoxin-induced tissue
injury [1, 3, 4, 19], favouring neutrophil infiltration in pul-
monary spaces [2, 4, 5]. The neutrophil influx after LPS
inhalation was time-dependent, with higher values ob-
served at 24±48 h and followed by a posterior decrease,
reaching control values at 72 h (fig. 2 and 3). Neutrophil
recruitment was higher in group L10, supporting its dose-
dependence. These results agree with previous studies in
animals [4] and humans [7]. GONcËALVES DE MORAES et al.
[4] observed a time- and dose-dependent neutrophil
recruitment in the BALF in an experimental model of
LPS inhalation in mice. Other authors also reported a
dose- and time-dependent effect on neutrophil recruit-
ment after LPS administration [1, 5, 6]. Additionally,
group L10 showed an increased protein content in the
BALF at 24 and 48 h. In the present study BALF data
closely followed the histopathological findings. Although
the presence of protein has been considered as an indi-
cator of the severity of pulmonary permeability change
[6, 16] in the present study it was not accompanied by
alveolar or interstitial oedema. The protein obtained in the
BALF could have been the result of local liberation of
inflammatory mediators since no alveolar oedema was

found in the histopathological analysis. Another explana-
tion could be the stimulatory effect of alveolar endotoxin
on alveolar fluid clearance as demonstrated by GARAT et
al. [35]. In a model of tracheally instilled LPS in rats,
GARAT et al. [35] observed no changed in extravascular
lung water and lung permeability to protein, although a
marked increase in inflammatory cells in the air spaces
was detected.

In conclusion, the pulmonary mechanical changes follo-
wing lipopolysaccharide inhalation observed in the present
study were dose- and time-dependent. The correlation
between mechanical parameters and endotoxin dosis was
especially noticeable for the viscoelastic changes, as the
elastic changes allowed only a time correlation. The vis-
coelastic as well as the elastic changes obtained in the
present work were correlated with the inflammation sev-
erity, as expressed by histopathological and bronchoalveo-
lar lavage fluid analysis.
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