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Toxic risks from inhalation of bacterial endotoxin

Robert Burrell, Shu-Hua Ye

Abstract
A potential risk for workers exposed to inhala-
tion of endotoxin, as well as the primary tissue
changes, is the possibility of subsequent
development of adult respiratory distress syn-
drome. Accordingly, hamsters were adminis-
tered one hour aerosols of Enterobacter
agglomerans and allowed to rest for six hours
to produce maximum microlesions in the lung.
One hour before this peak, the animals were
injected intravascularly with the same suspen-
sion used in the aerosol. After one hour the
animals were killed and bronchopulmonary
lavages were made for analysis of free lung
cells. As anaesthesia alone has been reported to
be one of the operative procedures that
enhance the effect of previous exposure to
endotoxin, controls had to include sham anaes-
thesia with no intravascular injection. Endo-
toxin inhalation induced significant increases
in total number of pulmonary leucocytes,
mostly neutrophils, but with a concomitant
relative decrease in number of alveolar
macrophages. These polymorphonuclear
neutrophils are not seen in morphometric
analysis of the alveoli. Of greater interest was
the large increase in erythrocytes suggesting
pulmonary haemorrhages. Such changes were
not due to intravenous bacteria alone, and were
only significant when the bacteria were in-
haled. Taken together with the other known
inflammatory effects of inhaled bacteria or
bacteria containing endotoxin, such inhalation
in an occupational setting constitutes an
increasingly recognised risk for workers.

The effect of bacterial endotoxin on the lung is an
important factor in shock following sepsis and adult
respiratory distress syndrome (ARD S) wherein
endotoxin or mediators stimulated by this ubiquitous
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substance reach the lung through the peripheral
circulation. Endotoxin is also important in causing
pathophysiology to the lung when inhaled and thus
represents a potential risk to workers subjected to
certain types of environmental exposure.

It is known that inhalation of environmentally
realistic concentrations of endotoxin (4 pg/m3 used
experimentally compared with a reported naturally
occurring range of 50 ng - 9 Mig/m3' 1 2) such as might
be found in poultry processing plants or cotton mill
carding rooms causes a number of reactions, depend-
ing on dose, within four to six hours. Among these
are fever,3 neutropenia followed by leucocytosis,4 a
decline in forced expiratory volume in one second
(FEVy),3 endotoxin tolerance on subsequent challen-
ge,56 increased production of leucocytic enzymes in
bronchial alveolar lavages,7 pronounced decreases in
lung volume due to changes in volume of the distal air
space,6 increased volume densities ofneutrophils and
platelets in pulmonary septal capillaries,6 appreciable
changes in pulmonary capillary endothelium-for
example, increased density of pinocytotic vesicles,
cytoplasmic blebbing and focal disruption,6
increased pulmonary capillary permeability,8 and
possible septal infiltration offluids and inflammatory
cells.8

Also, there is evidence that previous insults to the
lung render the organ subsequently more vulnerable
to exposure to endotoxin. Such predisposing factors
could be surgical manipulation, intubation, anaes-
thesia,9 hypoxia,'O " burns,'2 other effects induced by
the endotoxin,'2 or even recent exposure to endo-
toxin.5 To supplement the knowledge of the known
risks to workers of inhaling endotoxin, the purpose of
this study was to determine, in an experimental
model ofARDS, if endotoxin inhalation may predis-
pose workers to further pulmonary injury.

Materials and methods
Young adult male hamsters, an experimental species
free of common pulmonary epizootics, were used
throughout. Randomly divided groups of four or five
animals each were administered either standardised
aerosols of purified Enterobacter agglomerans
lipopolysaccharide (LPS) as the source of endotoxin
(five hours at 4 ,g/m3) or saline suspensions of
E agglomerans cells (adjusted to an optical density540
of 0 400) for one hour. Control animals were un-
exposed.
At appropriate times after the cessation of the
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aerosol, the animals were anaesthetised with bar-
biturates and subjected to bronchoalveolar lavage.
Cells from lavages were tested for viability by tryptan
blue exclusion, counted, and analysed differentially
by cytocentrifugation and Wright-Giemsa staining.
All cells retained viability greater than 950o.

Results
EFFECT OF ENDOTOXIN INHALATION ON FREE LUNG
CELLS
Twenty two hamsters were randomly divided into
control, six, 24, and 48 hours post inhalation groups
and subjected either to no aerosol (control) or the
standard LPS inhalation challenge. Figure 1 gives
results from the lavages taken at the designated times.
These were statistically analysed by the two tailed t
test for independent variables (p was set at < 0-01).

Inhaled endotoxin caused a clear increase in num-
bers of total free lung cells recovered by lavage,
reaching a maximum at 24 hours and returning to
near normal by 48 hours. Polymorphonuclear
neutrophils began to increase proportionately within
hours, reaching a maximum at six hours whereas
alveolar macrophages reached their maximum num-
ber later, at 24 hours, and declined slowly after that
time. Although the total cell count had returned to
near normal 48 hours after aerosol exposure, the
ratios of neutrophils and macrophages had not yet
completely returned to normal values. Lymphocytes
on the whole were unaffected except for a slight (non-
significant) rise at 24 hours.

COMPARISON OF INHALED ENDOTOXIN WITH INHALED
WHOLE BACTERIA
Pulmonary reactions were compared between
animals challenged with saline suspensions of endo-
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Figure 1 Free lung cell analysis of hamster bronchoalveolar
lavages compared with time taken after inhalation.
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Figure 2 Comparison offree lung cell lavages taken six
hours after inhalation of endotoxin or whole Gram negative
bacteria.

toxin in an aerosol and animals given whole E
agglomerans for one hour. Lavages were made at only
one time point, six hours, which was the time for
development of maximum microlesions.4 Figure 2
gives the results statistically analysed as previously.

Inhalation of bacteria induced a significantly
greater infiltration of leucocytes into the lung. Most
of this infiltrate consisted of alveolar macrophages
and neutrophils. The ratio of alveolar macrophages
to neutrophils was greater in the animals receiving
whole bacterial cells, whereas the ratio of neutrophils
was higher in the endotoxin exposed animals.

EFFECT OF COMBINED INHALATION AND
INTRAVASCULAR CONTACT WITH WHOLE BACTERIA
Hamsters were given a standard aerosol of whole E
agglomerans cells for 30 minutes and allowed to rest
for six hours to maximally develop pulmonary
microlesions.6 One hour before this peak, the animals
were anaesthetised and injected intravascularly with
0-2 ml of the same suspension used for the aerosol.
After one hour the animals were killed and broncho-
alveolar lavages were made for free lung cell analyses.
Because anaesthesia has been reported to be one of
the operative procedures that may predispose the
ARDS condition, controls included animals subjec-
ted to anaesthesia with no intravascular injection.
Table 1 shows the data. Two types of comparisons
were statistically analysed. Firstly, all treatment
groups were compared with unexposed (normal)
controls. Secondly, the complete regimen (aerosol,
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Table 1 Effect of combined pulmonary and intravascular exposure to bacterial endotoxin on free lung cells

Cells x 10 5/ml (SD) ON Cell content (SD)

Treatment No Total WBC RBC RBC M PMN Ly

Normal 10 0 6 (0-1) 0 5 (0-1) 0.1 (0-1) 7.7 (9 3) 87-0 (9-6) 4 5 (4 3) 2 6 (1 2)
Complete 5 8-5 (3-5) 1-8 (0 6) 6.7 (3 5) 31 4 (9-6) 36-0 (9-9) 31 7 (8-1) 0-3 (0-3)
Bacteria aerosol and

anaesthesia 8 6 8 (1-0) 2-5 (1-1) 3 2 (1 7)t 2-6 (0-8)t 92-0 (2 6)t 3 5 (2 3) 2.0 (1 2)
Bacteriaaerosolonly 11 12.1 (6 2) 5.1 (4 0) 7 9 (3 3)1 2 3 (1-6)4 61 2 (9-8)4 32 9 (8-9) 1.2 (1 1)
Anaesthesia and

intravascular bacteria 5 0 7 (0 2) 0 5 (0 1) 0 3 (0 2) 8-8 (6-7) 84 5 (5-4) 2 9 (1 8) 3 7 (1-8)

*Complete = bacterial aerosol, anaesthesia, and intravenous bacteria groups.
tn = 4. In = 6.
WBC = White blood cells; RBC = red blood cells; M = macrophages; PMN = polymorphonuclear neutrophils; Ly = lymphocytes.

Table 2 Statistical analyses (p values) of bronchopulmonary lavage data shown in table 1

Cells x 10'5%' Cell count

Total WBC RBC RBC M PMN Ly

Complete v normal 0 007 0 009 0 014 0-0005 <0 0001 <0 0001 <0 0001
Bacteria aerosol, and

anaesthesia v normal <0 0001 0 001 0 04 NS NS NS NS
Bacteria aerosol only

v normal 0 0001 0 003 0 002 NS <0 0001 <0 0001 0 01
Anaesthesia and intravascular

bacteria v normal NS NS NS NS NS NS NS

Bacteria aerosol and anaesthesia
v complete NS NS NS 0 003 0-002 0 002 0-006

Bacteria aerosol only v complete NS 0-04 NS 0-003 0 0003 NS 0 04
Anaesthesia and intravascular

bacteria v complete 0 008 0 01 0-015 0 003 < 0 0001 0 002 0-02

Bacteria aerosol only v bacteria
aerosol and anaesthesia 0-03 NS 0 03 NS < 0 0001 < 0 0001 0-003

See table 1 for details.

anaesthesia, and intravascular bacteria groups) was
compared with each of the other groups. Table 2
gives the results.
Exposure to the complete regimen was character-

ised by a marked increase in number of erythrocytes
and a relative decrease in the proportion of alveolar
macrophages, whereas the neutrophils proportion-
ately increased. This could indicate pulmonary
haemorrhage. The anaesthetic, if anything, lessened
the effects of the bacterial aerosol, and contributed
little on its own to the free lung cell reaction. The
combined anaesthetic and intravascular bacteria
treatment had no significant effect.

Discussion
Inhalation of either purified bacterial endotoxin or
whole cells induced significant increases in total
number of pulmonary leucocytes, owing mostly to
increases in alveolar macrophages and neutrophils.
Inhalation of bacteria produced more pronounced
reactions, with a greater neutrophil response,
whereas the reaction to inhaled endotoxin was lower
and predominantly due to alveolar macrophages. As
these polymorphonuclear neutrophils are not seen in

morphometric analysis of the alveoli, infiltration of
the higher airways must be considered important.

If the lungs were to receive a second insult during
the time when the inflammatory response to the
initial stimulus was highest, the lung might be in a
more vulnerable position. When inhalation of Gram
negative bacteria was followed by an intravascular
injection ofsimilar cells, a large increase in number of
erythrocytes, suggesting pulmonary haemorrhage,
was accompanied by a relative decrease in the
proportion of alveolar macrophages and a propor-
tionate increase in neutrophils. Such changes were
not due to intravenous bacteria alone, as they were
only significant when the bacteria were inhaled.

Previous work with such a two staged pulmonary
insult model was described using rabbits that were
initially subjected to a bacterial aerosol and a sub-
sequent intravascular administration 24 hours later.
In this species, one in which the effects of platelet
activating factor seem to be more severe, the animals
responded by drastic prostaglandin dependent re-
ductions in arterial Pao2 and peripheral platelet
counts, and succumbed within hours to extensive
interstitial pneumonitis and pulmonary haemor-
rhage.5
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Taken together with the other known inflamma-
tory effects of inhaled bacteria or bacteria containing
endotoxin, such inhalation in an occupational setting
constitutes an increasingly recognised risk for work-
ers exposed to inhalation of Gram negative bacteria
or their endotoxic components. Although a single
exposure to endotoxin does not result in long lasting
changes, the workers could still be at a health risk if
continually exposed to endotoxin inhalation or if a
single exposure happened to be coupled to an ad-
ditional pulmonary insult. Workers exposed to such
conditions and who may coincidentally be secon-
darily exposed within a definite period to other
known risk factors may be at increased risk for
developing ARDS. Additional risk factors seem to be
necessary for inflammatory or physiological re-
actions to occur subsequently. Such factors could be
surgical manipulation, intubation, anaesthesia,9
hypoxia,''" burns,'2 or even recent exposure to
endotoxin.' In each of these instances, the combined
effects of endotoxin sensitisation might subsequently
be enhanced if the endotoxin exposed worker was
later coincidentally exposed to such an event promot-
ing additional injury.

This study was supported in part by contract 82-521
from Cotton Inc, Raleigh NC.
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