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Pulmonary toxicity of components of textile paint
linked to the Ardystil syndrome: intratracheal
administration in hamsters

F L Clottens, E K Verbeken, M Demedts, B Nemery

Abstract
Objectives-It was hypothesised from an
epidemiological investigation that a for-
mula change from Acramin FWR (a
polyurea) to Acramin FWN (a polyamide-
amine) had led to severe pulmonary
disease in textile printing sprayers in
Spain and Algeria. To verify this, the pul-
monary toxicity of the components of the
paint systems involved was assessed in
experimental animals.
Methods-Individual components and
relevant mixtures, diluted in phosphate
buffered saline, were given by intratra-
cheal instillation of 2 ml/kg to hamsters.
Pulmonary toxicity was assessed on days
3, 7, 14, 28, and 92 after a single intratra-
cheal instillation, by histology and by
measuring wet and dry lung weight,
protein concentration, the activities of
lactate dehydrogenase, alkaline phos-
phatase, P-N-acetyl-glucosaminidase, and
y-glutamyltransferase, inflammatory cell
number and distribution in bronchoalveo-
lar savage fluid (BALF), and hydroxypro-
line content in dried lung tissue.
Results-Based on the doses that killed
50% of the animals (LD50s), the various
components were found to be 10 to 1250
times more toxic when given intratrache-
ally than when given orally (according to
reported oral LD50s in rats). Acramin
FWN, Acramin FWR, Acrafix FHN, or
their mixtures caused lung damage. Pro-
tein concentration, enzyme activities,
total cell number, and percentage of poly-
morphonuclear neutrophils were in-
creased in BALF during the first week
after intratracheal instillation. Lung
weights remained high for at least a
month. Histology showed inflammatory
cell infiltration and subsequent fibrosis
with collagen deposition. This finding was
confirmed by an increased hydroxyproline
content in dried lung tissue. Acramoll W
did not show toxic effects.
Conclusions-The study suggests that
there is no major difference, in hamsters,
between the acute intratracheal toxicity of
Acramin FWR and that ofAcramin FWN.
Consequently, there is no simple toxico-
logical explanation for the epidemiologi-
cal hypothesis. However, the pulmonary
toxicity of these non-irritant polymeric

compounds is surprisingly high. The Ar-
dystil disaster and these results should
serve as a strong warning that conven-
tional toxicity testing of chemicals does
not necessarily protect workers against
respiratory toxicity.

(Occup Environ Med 1997;54:376-387)
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Early in 1992, an outbreak of severe respiratory
disease occurred in the Community of Valen-
cia, Spain. An epidemiological study,' con-
ducted among 257 workers from eight textile
printing factories in the area, identified 22
cases with radiological or histological evidence
of interstitial lung disease, described as organ-
ising pneumonia. Most cases had worked in a
factory, called "Ardystil", where textiles were
air sprayed with dyes using the Acramin F paint
system. The disease proved fatal over the
course of a few months in six of these subjects,
five young women and one 52 year old man.
Later, a similar outbreak took place in
Tlemcen, Algeria, where one young women
died and at least two others were affected by
severe interstitial lung disease after having
worked in a small textile factory which used
similar products and techniques as the Ardystil
plant.2
So far, the exact causal agent for this

dramatic outbreak of occupational pulmonary
disease is not known. To our knowledge and
that of the experts who carried out the investi-
gations, no outbreak of respiratory disease of
the kind found in these textile sprayers has
been described previously. The Acramin F
paint system, made by Bayer, has been in use
since the early 1950s for dying textiles and it
has not been reported to lead to adverse respi-
ratory effects. Admittedly, this paint system
was intended to be applied as a paste for screen
printing, and not as an aerosol by air brushing.
Moreover, hygiene conditions in the factories
involved seem to have been very poor, with the
workers being exposed to very high concentra-
tions (up to 10 mg/m') of aerosolised paint.'
Nevertheless, the subacute time course, the
unusual presentation, and the extreme severity
of the disease are puzzling, particularly because
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Figure 1 Structuralformulas of the components of the Acramin F paint system or their precursors (Acramin FWR,
Acramin FWN, Acrafix FHN, and AcramoU W).

these polymers (see fig 1 for their structural
formulas) would not be expected, from a toxi-
cological viewpoint, to cause such spectacular
pulmonary damage, even when inhaled as

aerosols. According to the manufacturer's
material safety data sheets, the paint compo-
nents of the Acramin F system were consid-
ered, on the basis of standard toxicity testing
procedures, to be non-irritant to the skin or

eyes. Hence, if the aerosolised paint, or one of
its components, really caused the serious
pulmonary disease found in these workers, it is
of great importance, both in theory and in
practice, to understand the mechanisms for
this respiratory toxicity.

Reasonable epidemiological evidence indi-
cates that the outbreak was associated, both
temporally and geographically, with a formula
change from Acramin FWR (a polyurea) to
Acramin FWN (a polyamide-amine) in the
paint system used, with both agents having
been applied in aerosol form.' Therefore, the
main purpose of the present study was to verify
whether there was a substantial difference

between the acute pulmonary toxicity of these
two components, either when administered
alone or in combination with the other ingredi-
ents of the paint. Also, two other components
present in the Acramin F paint system (Acrafix
FHN and Acramoll W), were tested to assess
their possible contribution to the toxicities of
the paint mixtures. The intratracheal route was
chosen because of its simplicity and in the full
knowledge of its limitations.

Materials and methods
ANIMALS

Male and female Syrian golden hamsters were

bred in the animal unit of the KU Leuven.
Animals were six to 15 weeks old and weighed
80 to 120 g. (Younger animals were chosen to
study the long term effects and older animals
for the short term effects; within each experi-
ment the mean ages were similar across the dif-
ferent treatment groups.) The animals were

housed as experimental groups in a conven-

tional animal house, with a 12/12 h light/dark

Acramin FWN

Acrafix FHN

Acramoll W
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cycle, in standard polyethylene cages covered
with a stainless steel lid. They received unlim-
ited water and pelleted food and were not
starved before dosing. Experiments were con-

ducted in accordance with national legislation
guidelines, which comply with the guiding
principles in the use of animals in toxicology.

INTRATRACHEAL INSTIL LATION

On day 0 the hamsters (n=5 per experimental
group) received a single intratracheal instilla-
tion of the relevant component or mixture. The
animals were anaesthetised with 40 mg/kg
intraperitoneal pentobarbitone (Nembutal, Sa-
nofi, Aalst, Belgium), and a 22 gauge, 25 mm
long Insyte-W catheter (Becton Dickinson,
Sandy UT, USA) was inserted through the
mouth into the trachea. The correct location of
the catheter was verified by the observation of
exhaled water vapour on a chilled metal blade
with each breath of the animal. The volume
instilled was always 2 ml/kg body weight and
the instillation was followed by the insufflation
of an air bolus through the catheter to achieve
dispersion of the instillate. This procedure has
been in use for many years in our laboratory
and it is generally well tolerated by the
hamsters. Some animals needed to be resusci-

tated by gentle massage of the thorax after the
instillation. This was often the case after instil-
lation of Acramin FWR or mixture 1. Only
rarely (<5%0) did an animal not recover from
the anaesthesia. Animals that died prematurely
were replaced to obtain n=5 whenever possi-

ble.

CHEMICAL S

Acramin FWN (lot No T-5 6232), Acramin
FWR (lot No K-0529), Acrafix FHN (lot No
T-59903), and Acramoll W (lot No A-43-)
were provided by Bayer AG (Leverkusen, Ger-
many). All these products are liquids, except
Acramin FWR, which is a powder. As the
molecular weights of these polymers were not
known, the doses could not be expressed as

moles of product. They are given here as mg/kg
body weight, taking into account the densities
given by the supplier (1. 1 g/ml for all four
chemicals). The doses to be given were

determined from the proportions of each
ingredient reportedly used in the relevant paint
formulations (table 1) . Mixture 1 corre-

sponded to the formulation, containing Acra-
min FWR, used in the Ardystil plant before the
formula change, whereas mixture 3 corre-

sponded to the formulation, containing Acra-
min FWN, used after the formula change.'
Mixture 2 was similar to mixture 3, except that
white spirit and acetic acid were omitted. The
white spirit (Stoddard solution) used was pur-
chased from a local store. All dilutions were

made with phosphate buffered saline
(PBS=137 mM NaCl, 27 mM KCl, 15 mM
KHTPOI, 10.6 mM NaHPO1, pH 7.4). An
Acramin FWR stock solution (0.5 g Acramin
FWR powder; 3.5 ml distilled water; 1.0 ml
30% acetic acid) was prepared in advance
according to the manufacturer's notes. The

Table I Concentrations of individual components in the
Acramin F paint systems and intratracheal doses in
hamsters

Concentration
in paint mixture Dose

Coiimpounds (0O) (niglkg)

Acramoll W 33.0
Acrafix FHN 6.6
Acramin FWR 2.0
Acramin FWNI 16.5
Mixture 1:

Acramoll W' 10 22.0
Acrafix FHN 2 4.4
Acramin FWR 1 2.0

Mixture 2:
Acramoll W 15 33.0
Acrafix FHN 3 6.6
AcraminEWF1N 7.5 16.5

Mixture 3:
Acramoll W' 15 33 .0
Acrafix FHN 3 6.6
Acramin FWN 7.5 16.5
White spirit 13 20.3
Acetic acid (60%o) 2 2.5

The volume instilled was always 2 ml/kg body weight. The doses
given correspond to a 1:10 dilution in phosphate buffered saline
of the final concentration in the paint. The concentrations of the
mixtures are based on a report by Riveira Rico et al.

other mixtures and dilutions were prepared a
few hours before administration.

DETERMINATION OF LETHALITY
In a preliminary study, intratracheal lethal
doses that killed 50% of the animals (LD50s)
were found for Acrafix FHN (top dose 66
mg/kg), Acramin FWR (top dose 20 mg/kg),
Acramin FWN (top dose 165 mg/kg), and
Acramoll W (top dose 1320 mg/kg). Animals
were monitored for seven days for body weight
and mortality. Survivors were necropsied after
seven days and their lungs examined
histologically.'
The LD5,s were assessed with the smallest

possible numbers of animals to obtain mean-
ingful results. We used the tables of Weil,5
which allow the use of as few as two animals per
dose level, with four logarithmically spaced
dose levels (doses were decreased by a factor of
five in the case of Acramin FWN, Acramin
FWR, and Acrafix FHN and by a factor of two
in the case of Acramoll W). Due to the low
numbers of animals per dose level, it was not
possible to obtain meaningful estimates of con-
fidence intervals.

EXPERIMENTAL PROTOCOL AND END POINTS

MEASURED

All animals were observed and weighed daily
during the first week after dosing, and then
once a week. On days 3, 7, 14, 28, or 92 days
after the intratracheal instillation, animals were
anaesthetised with an intraperitoneal overdose
of Nembutal (120 mg/kg). The abdomen was
opened and the abdominal aorta was cut to
exsanguinate the animal. After opening the
thorax, the left bronchus and pulmonary
vessels were clamped and the left lung was
removed, weighed (wet lung weight), and
placed in an oven at 60'C for 48 hours. Dry
lung weight was obtained after the tissue had
equilibrated to room temperature. Wet and dry
lung weights are expressed relative to body
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weight at the time of death, with a correction
factor being applied for the sex of the animal, as
female hamsters have a 14% higher relative
lung weight than males (unpublished observa-
tion).
The right lung was ravaged in situ four times

with 1 ml 0.9% NaCl at room temperature
through a 14 gauge Insyte-W catheter inserted
into the trachea through a cut in the cricoid
membrane. After its recovery, the pooled bron-
choalveolar lavage fluid (BALF) was kept on
ice until centrifugation at 250 g for 10 minutes
at 4VC. The supernatant was assayed for total
protein concentration, activities of lactate
dehydrogenase (LDH), alkaline phosphatase
(ALP), 3-N-acetyl-glucosaminidase (NAG),
and 'y-glutamyltransferase ('y-GT). The pellet
was resuspended in 200 j1d PBS+ (PBS contain-
ing 1% bovine serum albumin (BSA) and 0.1%
NaN,) and used for total and differential cell
counts.

Finally, the right lung was instilled, with a
syringe with 10% formaldehyde until full
expansion of the different lobes for light micro-
scopy histological studies, or in some animals,
with 6.5% glutaraldehyde (in PBS) for possible
electron microscopy studies.

TOTAL AND DIFFERENTIAL CELL COUNTS
A 40 pl aliquot of the cell suspension was

diluted in 20 ml Isoton II fluid (Coulter Elec-
tronics, Luton, UK) and the total cell number
was counted in a DN Coulter counter, after
lysis of the red blood cells with Zap-Oglobin
(Coulter). The total cell numbers reported in
this study are the numbers of cells recovered
from the BALF of the right lung. An aliquot of
the BALF cell suspension, containing about
20 000 cells, was diluted in 0.5 ml PBS+ and
placed in a sample chamber of a Cytospin-3
cell centrifuge (Shandon Scientific, Cheshire,
UK) as indicated in the manufacturer's recom-

mendations. Slides were stained with the Dade
Diff-Quik staining set for cell typing (Baxter
Diagnostics AG, Diidingen, Switzerland). The
distribution of inflammatory cells (excluding
erythrocytes and epithelial cells) was deter-
mined by counting 3 x 100 cells at a magnifica-
tion of 100 x under oil immersion.

BIOCHEMICAL VARIABLES
Total protein concentration was measured by
the method of Bradford,6 with the Bio-Rad
microassay procedure (Bio-Rad Laboratories
NV, Nazareth, Belgium). Activity of LDH was

measured by the method, described by
Assaultt' Activities of ALP and y-GT were

measured with Sigma kits (respectively, No
104-LL and No 419-10, Sigma Germany,
through Filter Service, Eupen, Belgium) as

indicated in the manufacturer's protocol.
Activity of NAG was measured by the method
of Horak et al.8 The hydroxyproline content in
dried lung tissue was measured by the method
of Woessner.9

HISTOLOGY
Transverse sections of the middle, basal, and
accessory lobes of the right lung were embed-

Table 2 Intratracheal LD50 of the individual components
of the Acramin F paint system

Doses Intratracheal LD,0
Component (mglkg body weight) (mglkg body weight)

AcramollW 1320(660-330*-165 467
Acramin
FWN 165*-33-6.6-1.3 43

Acrafix FHN 66*-13.2-2.6-0.5 30
Acramin
FWR 20*-4-0.8-0.16 4

* Correspond to the final concentration in the paint. The paint
concentrations are based on a report by Riveira Rico et al'; n =
3 per dose for Acramin FWN, n = 2 per dose for all other com-
ponents. The volume instilled was always 2 mIl/g body weight.

ded in paraffin and 4 gm sections were stained
with haematoxylin and eosin and with Mas-
son's trichrome stain for collagen. The histo-
logical sections of one animal per group (every
third animal) were evaluated by a person
(EKV) blinded to the origin of the specimen.

STATISTICAL ANALYSIS
Results were compared with a one way analysis
of variance applied to ranks (Kruskal-Wallis),
followed by Dunnett's multiple comparisons
test (treated versus control) or Bonferroni's
multiple comparisons test (PC program: SAS,
version 6.04).

Results
LD50 OF THE INDIVIDUAL COMPONENTS
All animals given doses corresponding to the
pure paint concentrations of the components
died during the first hours after instillation,
except in the case of Acramoll W. No animal
died after the administration of doses corre-
sponding to 1/25th of the paint concentration,
or less. At doses corresponding to 1/5th of the
paint concentration, Acramin FWN (33 mg/
kg), Acramin FWR (4 mg/kg) and Acrafix
FHN (13.2 mg/kg) caused respiratory distress
and mortality within 48 hours after instillation.
Table 2 summarises the intratracheal LD50 fig-
ures in hamsters. For comparison: the values
for oral ID50 in rats, as indicated in the material
safety data sheets provided by the manufac-
turer, are >5000 mg/kg for Acramoll W, Acra-
min FWR, and Acrafix FHN; and >2000
mg/kg for Acrarmin FWN. The intratracheal
LD50s obtained are, therefore, 10 to 1250 times
lower than the reported oral LD,0 in rats, indi-
cating that these compounds are 10 to 1250
times more toxic when given intratracheally
than when given orally. Body weight decreased
until three days after the intratracheal instilla-
tion when doses corresponding to up to 1/25th
of the relative paint concentration were applied
(Acramoll W 13 mg/kg; Acramin FWN 6.6
mg/kg; Acrafix FHN 2.6 mg/kg; Acramin FWR
0.8 mg/kg). Thereafter, the body weight
increased again (data not shown). In the subse-
quent experiments, doses corresponding to
1/10th of the relative paint concentration were
applied. These doses were chosen to cause tox-
icity but little or no lethality.

TOXICITY OF THE INDIVIDUAL COMPONENTS
Figure 2 shows the results from Acramin FWN
and Acramin FWR, which were the agents of
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Figure 2 Lung weight, hydroxyproline content, cell count, and indices in BALF after a single intratracheal instillation of 2. 0 mglkg Acramin FWR or
16.5 mglkg Acramin FWN in hamsters. All results are expressed as percentages of control values (SD). The statistical indications (* P<0. 05) on the
graphs (Dunnett's multiple comparisons test after one way analysis of variance (ANOVA) applied to ranks) were derivedfrom the analysis made on the
absolute values (appendix). No significant differences were found between Acramin FWR and Acramin FWNfor any of the variables assessed
(Bonferroni's multiple comparisons test).

the greatest interest. Tables with complete
results are given as appendixes 1-3.
The data from control animals were stable

and conform to expectations and our findings
in previous studies. After two weeks in the con-

ventional animal house there was an increase in
polymorphonuclear neutrophils in the BALF,
but this was not associated with any biochemi-
cal sign of pulmonary damage.
Acramin FWR and Acramin FWN led to

clear signs of acute lung toxicity with a twofold
increase in wet lung weight on day 3. The ratio
of wet:dry lung weight was not altered or only
slightly increased. The number of cells in the
BALF was greatly increased and this was

mainly due to an influx of polymorphonuclear
neutrophils. There were no significant changes
in lymphocytes and eosinophils. Body weight
was decreased by up to 8% on day 3, after
which it started increasing again. After day 14,
body weight followed the growth curve of con-
trol animals (data not shown). Biochemically,
the toxicity was characterised by large increases
in protein content and LDH, ALP, NAG, and
y-GT activities in BALF. Most of these indices
had returned to normal values by seven days

after the instillation, except for protein which
remained marginally but significantly increased
until day 14 after dosing. Lung weight also
tended to return towards normal values, but
wet lung weight was still significantly increased
on day 14 (Acramin FWN) and day 28 (Acra-
min FWR). Hydroxyproline content was the
only variable which was not altered on day 3,
but was significantly higher for both Acramin
FWR and Acramin FWN from day 7 onwards
and remained so until day 92. Although BALF
enzyme activities tended to be increased more

after Acramin FWN, the difference from Acra-
min FWR was at no point significant.

Acrafix FHN also resulted in acute pulmo-
nary toxicity, with transient and less pro-
nounced increases in lung weight, polymor-
phonuclear neutrophil influx, and protein
leakage. Initial decrease of body weight on day
3 was also less pronounced. There were little or
no changes in BALF enzymes, and no increase
in hydroxyproline.
At the dose given, Acramoll W proved to be

devoid of any toxicity, except for an increased
number of polymorphonuclear neutrophils in

BALF on days 3 and 7 after instillation.
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Figure 3 Lung weight, hydroxyproline content, cell count, and indices in BALF after a single intratracheal instillation in hamsters of three mixtures:

mixture 1 containing Acramin FWR and mixtures 2, and 3 containing Acramin FWN (see table 1). All results are expressed as percentages of control
values (SD). The statistical indications (* P<0. 05) on the graphs (Dunnett's multiple comparisons test after one way ANOVA applied to ranks) are

derivedfrom the analysis made on the absolute values (appendixes 1-3). Statistical differences between the mixtures (Bonferroni's multiple comparisons
test) are indicated (* P<0. 05).

TOXICITY OF THE MIXTURES

Figure 3 summarises these results and com-

plete results are given as an appendix.
In general, the mixtures led to qualitatively

similar but quantitatively more pronounced
effects than when Acramin FWR or Acramin
FWN had been given separately. Twenty per

cent of all the animals given mixture 2 or 3 died
between 24 to 72 hours after instillation. Body
weight was decreased by 10% to 12% of initial
body weight on day 3, after which it increased
again.
Wet lung weight was increased 2.5-fold to

threefold on day 3 and ratios of wet to dry
weight were slightly increased. There was again
evidence of a massive influx by polymorphonu-
clear neutrophils. Biochemical indices in
BALF again showed early increases in protein
content and in enzyme activities. Some of these
variables were still significantly different from
those of controls at later times, but these
alterations were not systematic. Total lung
hydroxyproline was consistently increased
throughout the observation period.

There were no differences between the
effects of mixture 2 and those of mixture 3
(containing a mixture of aliphatic solvents).
When compared with mixture 1, mixtures 2 or

3 led to a significantly higher wet lung weight
and absolute number of macrophages (day 3
and 7), and to significantly higher values of
LDH and ALP activities (day 3).

MACROSCOPIC FINDINGS AND LUNG HISTOLOGY

At necropsy, no apparent lesions were found in
control animals or animals treated with Acra-
moll W. No gross abnormalities were noticed in
major abdominal organs in any of the animals
examined. After instillation of Acramin FWN,
Acramin FWR, Acrafix FHN, or mixtures con-

taining these components, focally distributed
haemorrhagic areas were found on the lungs.
Occasionally, entire lung lobes had become
consolidated. No specific component or mix-
ture could be singled out as causing more pro-
nounced macroscopic lung damage.
The histopathology of lung tissues after

intratracheal instillations of Acramin FWR,
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Acramin FWN, Acrafix FHN, or different
mixtures containing these components,
showed a fulminant inflammation of the
parenchyma surrounding the distal bronchioles
(fig 4). In the epithelial lining of the airways,
Clara cells were lacking during the acute
response on day 3 and epithelial cells appeared
stressed. Neutrophil and mononuclear inflam-
matory cell infiltration occurred and there was
hyperplasia of alveolar type II cells. The alveoli
contained infiltrations of red blood cells. A
loosely knit early fibrosis was noticed. In all
specimens except those from control animals,
granules were found in the cytoplasm of the
alveolar macrophages, thus indicating penetra-
tion of material into the lung parenchyma.
When hamsters had been instilled with Acra-
moll W, no pulmonary lesions were found,
except for the granules in the macrophages and
some inflammatory cell infiltration.
On day 7, less inflammatory cell infiltration

was found and the histopathology was changed
towards that of interstitial fibrosis with the start
of collagen deposition. The epithelial lining
looked normal, but there was still hyperplasia
of type II cells. On days 14, 28, and 92 inflam-
matory cell infiltration was almost absent. In
affected focal areas, the alveolar walls were
enlarged, with signs of interstitial collagen
deposition, indicating fibrosis. All chemicals,
with the exception of Acramoll W, resulted in a
similar histopathology.

Discussion
Except after acute inhalation accidents, occu-
pational respiratory disease that is fatal over a
few months of exposure is a rare occurrence by
any standards. When a rare interstitial lung
disease, such as cryptogenic organising pneu-
monia (also referred to as bronchiolitis obliter-
ans with organising pneumonia) suddenly
occurs in almost epidemic proportions, as was
the case in textile workers from Spain' and
Algeria,2 serious efforts should be made to dis-
cover the exact origin and the mechanisms for
this unexpected occurrence to prevent similar
cases in the future. It could be argued that the
paints used by these workers were not meant to
be applied by air brushing and that hygiene
conditions in these workshops were appalling,
but this is not sufficient to explain the
spectacular course of the disease in a few plants
only, because the air spraying of textiles seems
to have been practised, without apparent prob-
lems, for some time before the outbreak and in
other similar workshops where no major lung
diseases were reported. It is, therefore, reason-
able to hypothesise that something peculiar
caused the Ardystil syndrome.
On the basis of an epidemiological study

conducted in Spain months after the outbreak,
the hypothesis was put forward that the lung
disease which had developed in these workers,
resulted from the replacement in the paint sys-
tem of one component, Acramin FWR, by
another, Acramin FWN.' Although the argu-
ments put forward in support of this hypothesis
were sound, the evidence was only based on a

temporal and geographical association and it is
difficult to understand from a toxicological
viewpoint why and how the newly introduced
substance should have been so much more
toxic than the old one. Both compounds are
polymers, one a polyurea and the other a
polyamide-amine, with no particular structural
alerts (see fig 1) and they had been found to be
non-irritating on the basis of conventional tests
of irritancy for the skin and eyes.
The principal objective of our study was to

verify if there was any major difference in the
pulmonary toxicities of Acramin FWN and
Acramin FWR, whether given alone or in com-
bination with the other ingredients of the
incriminated paints. In other words, our aim
was not to discover possible subtle differences
between two chemical agents, but to find out
whether their direct pulmonary effects differed
substantially. Until now, not even the most
elementary information was publicly available
on the acute pulmonary toxicity of these com-
pounds and yet one of them had allegedly
caused death in several human subjects. Thus,
it was not inconceivable that the acute lung
toxicities of the two agents might have differed
by orders of magnitude.

For the toxicity evaluation of the different
chemicals the intratracheal instillation route
was chosen. We are fully aware of the
limitations of this route of administration when
compared with the more physiologically rel-
evant inhalation technique. These limitations
apply mainly to the rate of delivery of the toxic
agent (a bolus instillation may suddenly
overwhelm the pulmonary defence systems, as
opposed to a continuous low dose rate of an
inhaled agent) and to the distribution pattern
of the material (more uneven and more proxi-
mal deposition after instillation, than after
inhalation).10 However, the simple and inex-
pensive technique of intratracheal instillation
was the only method which was readily
available to us. It was also the only realistic
option ifwe wanted to test, within a reasonable
time and cost, not only the two components
themselves, but also their relevant combina-
tions with other ingredients of the paints.
Moreover, despite the known drawbacks of the
intratracheal route, several excellent mechanis-
tic studies of pulmonary toxicity have been
conducted with intratracheal instillations in
rats" or hamsters.' Hamsters were chosen
because they were readily available to us but
also because they tolerate intratracheal instilla-
tions well and they are well suited for studies of
pulmonary fibrosis."1 The doses given (10% of
the concentration of the different components
in their respective paint mixture) were based on
the results of a preliminary study, in which the
approximate intratracheal LD50 was assessed,
and they were expected to cause toxicity, but
little or no lethality.
One of our initial concerns was that the air-

ways of the animals might simply become
clogged by a liquid, thereby causing hyperacute
deaths by asphyxia. However, with the volumes
given (about 200 p.d per hamster), this did not
happen, except, to some extent, in the case of
Acramin FWR and mixture 1. Dosing with
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Figure 4 (A) Section on day 3 after a single intratracheal instillation of 16.5 mglkg Acramin FWN, showing
inflammation confined to the centrilobular areas. The same type ofpathology was also found after instillation ofAcramin
FWR, Acrafix FHN, or mixtures 1, 2, or 3. (B) Detail of a section through lung tissue on day 3 after instillation of
mixture 2, showing inclusions in macrophages (M) in the alveoli (arrows). These granules were also present in the
cytoplasm of macrophages in lung tissues after instillation of all the other compounds tested, including Acramoll Wf (C)
Detail on day 3 after instillation of mixture 3, showing hyperactive and hyperplastic alveolar type II cells (arrows);
Al=alveolus. (D) Detailed section of lung tissue on day 3 after instillation of 2.0 mglkg Acramin FWR showing a stressed
epithelial lining of the airways (AW7. Clara cells are lacking. The presence of red blood cells (arrow) is notable in the
alveoli. (E) Detailed section of lung tissue on day 3 after instillation ofPBS, showing no alveolar damage, and a normal
epithelial lining of the airways (AW). Clara cells (arrows) are present. (F) Section through lung tissue on day 92 after
instillation of mixture 3, showing sequelae of inflammation (arrow). Thickened alveolar septa represent collagen
deposition. Bar = 100,um (A, D, E, F), bar = 10pum (B, C).
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these compounds usually led to apnoea and the
animal sometimes needed some resuscitation
-that is, a gentle and brief chest massage-
immediately after administration. The com-
pounds were all miscible in water and no
deaths from mechanical obstruction of the air-
ways were found. On the contrary, there was
good evidence, both macroscopically and
microscopically, that a good dispersion of the
instillate into the lung parenchyma had been
achieved.
We based our assessment of pulmonary tox-

icity on a standard approach'4 combining
measurements ofwet and dry lung weights, and
several relevant end points in BALF and
histology, with all these indices being obtained
from the same animal, to keep the numbers of
animals as low as possible. End points were
measured on days 3, 7, 14, 28, and 92 to evalu-
ate both acute and possible delayed responses,
including fibrosis. To assess acute lung dam-
age, we restricted ourselves to toxicity end
points that could be measured with easily
applicable techniques. The wet lung weight was
used because it is one of the most sensitive
indicators of lung damage. Because the differ-
ent lobes of the lungs constitute constant pro-
portions, only the left lung was weighed.'5 This
gave us the opportunity to lavage the right lung
with saline to obtain BALF for further investi-
gation. The left lung was also weighed after
drying to detect the presence of lung oedema.
The ratio of wet weight to dry weight of the
lung can then be used as a measure of pulmo-
nary oedema.16 This ratio was slightly but
significantly increased, to values compatible
with non-cardiogenic oedema, on day 3 or day
7 after intratracheal instillation of Acramin
FWR or Acramin FWN and their respective
mixtures. This was confirmed by histological
findings, that showed oedema in the lung tissue
sections in the first few days.

In BALF, total protein content, LDH, ALP,
NAG, and y-GT activity were measured. Here
too, the presence of (past) acute lung injury
was manifest with the different components,
and their mixtures, of the Acramin F paint sys-
tem, except for Acramoll W. Protein content
was considerably and persistently increased,
thus indicating damage to the alveolar capillary
membrane. The enzymes, indicative of cell
damage, were only increased during the first
few days. The pattern of changes, with
increases in all enzymes, did not suggest that a
particular cell population-such as alveolar
type II pneumocytes or bronchiolar Clara
cells-represented a specific target of toxicity
(at least not with the level of damage produced
here). This was confirmed by histology which
also showed a diffuse pattern of toxicity with
involvement of the centrilobular alveolar and
bronchiolar epithelium.
Changes in the cellular composition in

BALF involved increments in total cell num-
bers and shifts in the proportions of the differ-
ent cell types. The changes consisted mainly of
an increase in total cell number which was
mainly due to an increase in polymorphonu-
clear neutrophils thus indicating pulmonary
acute inflammation. These findings were also

confirmed when lung tissue sections were
examined histologically. Due to the housing in
a conventional animal house, control animals
showed a high percentage of polymorphonu-
clear neutrophils from day 14, but there were
no other signs of injury in these animals.
Hydroxyproline was consistently increased
beyond the acute phase. Histologically, no
signs of (cryptogenic) organising pneumonia
were found.

Summarising our results, it is concluded that
intratracheal administration of the different
individual components of the Acramin F paint
system, with the exception of Acramoll W, as
well as their combinations, resulted in a fulmi-
nant inflammation of the parenchyma sur-
rounding the distal bronchioles with character-
istic features of diffuse alveolar damage. The
early acute stage is characterised by oedema,
exudation, and inflammation, and in a second
stage, the organising stage, scarring fibrosis
becomes more dominant."7
The mechanisms for the lung damage

caused by the compounds studied here are not
clear. We do not know whether the presence of
residual monomers or oligomers played a part
in the cause of lung injury, but we do not think
that this was so. A role for diethylenetriamine
(DETA, see fig 1) in the toxicity of Acramin
FWN can be safely ruled out, because the con-
centration of free DETA in Acramin FWN was
found to be less than 1% by gas chromatogra-
phy - mass spectrometry (W Pauwels, personal
communication) and because the intratracheal
toxicity of pure DETA (intratracheal LD50 =
141 mg/kg, data not shown) could not account
for that ofAcramin FWN. In general, polymers
are considered to be much less reactive and
hence much less toxic than, for example, the
monomers which they are made of. The low
reactivity and toxicity of most polymers is
manifested in their generally low oral toxicity
and low degree of dermal or ocular irritancy
and this inert behaviour is widely accepted to
indicate that polymers possess a low degree of
toxicity to the respiratory tract. However, it is
likely that we should revise this simplistic view.
Indeed, Klonne et al'8 '9 have shown that some
polymers of ethylene oxide and propylene
oxide may exhibit a much higher degree of pul-
monary toxicity than is suggested by their lack
of oral, dermal, or ocular toxicity. Our
experiments, although limited, may point in
the same direction, as the lung toxicity found
by us is reminiscent of that described by
Klonne et al'8 19 after the inhalation of some of
these polyalkylene polymers. It remains to be
established which physicochemical properties
(chain length, shape and structure, detergent
effects, electrical charges, reactive groups) of
polymers are critical for causing lung damage,
because not all copolymers based on ethylene
oxide or propylene oxide show toxicity.20 In this
respect it is obvious from our results that not
every intratracheally instilled polymer is capa-
ble, regardless of its nature, of causing lung
damage, because AcramollW proved to be very
well tolerated. In other words, the increases of
the variables measured on day 3 after intratra-
cheal instillation are not just caused by the
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instillation of a chemical, but they are caused
by the toxic action of the chemical instilled. It
is important to elucidate the mechanisms for
this surprising degree of pulmonary damage
caused by some polymers, because it might
help us to devise tests to predict a discrepancy
between mucocutaneous irritant potential and
the ability to cause serious lung injury. The
signs of damage in the late phase seemed to
result more from the healing of past injury,
rather than from a continuing inflammatory
process with organising pneumonia and active
fibrosis. In this respect, our experimental
model does not seem to be valid for the study of
the human Ardystil syndrome, which is charac-
terised by organising pneumonia, but this was
not the purpose of this study, which sought to
determine the acute pulmonary toxicity of the
suspected causal agent.
Taking all results together and notwithstand-

ing the few animals used, the main conclusion
of our exploratory study is that there is no sig-
nificant difference, in hamsters, between the
acute pulmonary (intratracheal) toxicity of
Acramin FWR and that of Acramin FWN.
Paint mixtures containing Acramin FWN
(mixture 2 and mixture 3) seem to be
significantly more toxic than mixture 1 (con-
taining Acramin FWR) for some variables (wet
lung weight, LDH and ALP activity in BALF)
but the differences are not considerable. The
addition of white spirit and acetic acid to mix-
ture 2 did not result in increased toxicity. Dif-
ferences between the tested compounds occur
only in the acute response phase (days 3 and
7), but not in the late response phase. Although
we found no support for the epidemiological
hypothesis that Acramin FWN is more toxic
than Acramin FWR, we were surprised by the
relatively high toxicity of both these non-
irritant agents in the lungs. The Ardystil disas-
ter and our results should serve as a strong
warning that conventional toxicity testing of
chemicals does not necessarily protect workers
against respiratory toxicity.
We must conclude from our study that we

cannot offer a simple toxicological support, let
alone explanation, for the epidemiological
hypothesis that the Ardystil syndrome was
caused by the replacement ofAcramin FWR by
Acramin FWN. One possibility is that the dis-
ease was not caused by the newly introduced
agent. Maybe the formulation change was
coincidental and the disaster would have
occurred anyway because of the high air
concentrations of aerosolised paint or the use
of solvents. Alternatively, the disease may have
been caused by another substance-for exam-
ple, a cross linking agent-as has been
speculated on circumstantial grounds.2' An-
other possibility is that the introduction of
Acramin FWN did cause the outbreak but that
our experimental model was not valid to show
this. Several reasons may be envisaged in this
case: the animal species chosen was not appro-
priate, the effect of a single intratracheal
administration does not reflect the toxicity of
repeated exposures by inhalation, the aerosol
characteristics were changed by the introduc-
tion of Acramin FWN, the disease was not

caused by simple toxicity but by an immuno-
logical mechanism. Some of these options are
testable experimentally and, as indicated be-
fore, we think that the unusual severity of the
disease warrants serious efforts to solve this
important toxicological puzzle. A new study,
comparing the effects of Acramin FWR and
Acramin FWN after a two week inhalation
period is now in progress. In vitro toxicity tests
have also been initiated.
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Appendix 1: Left lung weight and ratios and hydroxyproline content ofhamsters after intratracheal
instillation with different Acramin compounds

Body weight Left lung

Percentage of initial Weight (mg/100 g Ratio (wet weight/dry Hydroxyproline
Exposure condition Final weight (g) weight (0/6) body weight) weight) (,ugldried left lung)

Day 3
PBS-Control 119 (6) 100.7 (1.2) 167.0 (14.4) 4.75 (0.12) 435 (42)
AcramollW 118 (16) 100.8 (1.2) 180.2 (6.4) 4.71 (0.13) 411 (46)
Acrafix FHN 104 (7) 95.1 (0.7)* 264.4 (17.6)* 4.85 (0.08) 489 (47)
Acramin FWR 90 (9) 92.0 (1.2)* 393.6 (24.6)* 4.77 (0.71) 529 (105)
Mixture 1 96 (13) 91.9 (1.9)* 441.3 (26.3)* 5.06 (0.12)* 545 (75)*
AcraminFWN 97 (8) 93.5 (1.2)* 349.0 (64.5)* 5.20 (0.15)* 525 (58)
Mixture 2 97 (15) 90.0 (1.5)* 520.9 (63.0)* 5.11 (0.24)* 589 (84)*
Mixture 3 101 (11) 88.6 (0.5)* 533.0 (44.1)* 5.21 (0.14)* 641 (40)*

Day 7
PBS-Control 109 (11) 109.2 (3.4) 167.8 (9.6) 4.82 (0.11) 467 (46)
AcramollW 115 (9) 111.2 (2.4) 159.8 (13.6) 4.74 (0.22) 438 (37)
Acrafix FHN 121 (8) 105.7 (2.2) 198.6 (15.0) 4.93 (0.13) 540 (66)
Acramin FWR 96 (4) 102.4 (2.8)* 304.6 (22.1)* 5.14 (0.11)* 628 (31)*
Mixture 1 108 (6) 101.8 (4.0)* 268.8 (29.0)* 5.01 (0.17) 653 (47)*
AcraminFWN 95 (3) 103.1 (3.4)* 260.2 (19.8)* 5.01 (0.16) 587 (68)*
Mixture 2 (n=4) 97 (19) 94.3 (8.5)* 387.4 (134.2)* 5.15 (0.11)* 780 (34)*
Mixture 3 (n=4) 98 (8) 98.5 (1.7)* 370.7 (65.8)* 5.23 (0.20)* 835 (71)*

Day 14
PBS-Control 85 (5) 113.9 (1.8) 187.7 (17.5) 4.82 (0.27) 345 (29)
AcramollW 91 (6) 115.7 (6.8) 182.5 (7.7) 4.78 (0.05) 363 (27)
AcrafixFHN 95 (16) 112.4 (6.9) 178.7 (3.6) 4.71 (0.08) 443 (98)*
Acramin FWR 95 (18) 104.9 (5.9)* 295.6 (82.4)* 5.09 (0.25) 662 (101)*
Mixture 1 86 (7) 108.7 (2.1) 271.1 (61.2)* 5.06 (0.19) 555 (39)*
Acramin FWN 104 (12) 100.9 (4.9)* 252.2 (18.8)* 5.05 (0.10) 653 (100)*
Mixture 2 102 (8) 105.1 (4.1)* 275.1 (66.4)* 4.96 (0.19) 751 (146)*
Mixture 3 93 (11) 109.7 (3.2) 266.0 (59.2)* 5.00 (0.07) 719 (76)*

Day 28
PBS-Control 102 (6) 103.6 (2.9) 177.4 (13.8) 4.69 (0.04) 410 (27)
Acramoll W 96 (10) 104.9 (2.2) 199.5 (21.6) 4.72 (0.16) 446 (13)
AcrafixFHN (n=4) 89 (10) 112.3 (3.0)* 192.4 (22.1) 4.72 (0.05) 381 (47)
AcraminFWR 89 (8) 112.3 (7.1) 233.8 (30.7)* 4.74 (0.07) 580 (86)*
Mixture 1 93 (7) 106.3 (2.7) 236.5 (32.7)* 4.85 (0.08)* 634 (99)*
AcraminFWN 91 (11) 120.9 (12.3)* 192.5 (20.4) 4.72 (0.07) 461 (50)
Mixture 2 108 (9) 109.8 (7.0) 208.6 (21.9) 4.64 (0.14) 718 (86)*
Mixture 3 (n=3) 108 (11) 122.2 (15.0)* 202.5 (19.7) 4.68 (0.28) 617 (96)*

Day 92
PBS-Control 111 (12) 155.2 (16.5) 195.3 (15.2) 4.67 (0.16) 404 (42)
AcramollW 114 (21) 140.7 (7.3) 199.3 (4.7) 4.64 (0.17) 412 (55)
AcrafixFHN 109 (18) 141.7 (8.5) 215.6 (17.9) 4.64 (0.13) 429 (53)
AcraminFWR 123 (22) 145.9 (16.2) 216.8 (13.6) 4.70 (0.14) 568 (64)*
Mixture 1 114 (17) 143.9 (13.4) 244.8 (33.6)* 4.72 (0.05) 618 (109)*
AcraminFWN (n=4) 127 (16) 144.7 (12.3) 200.1 (25.2) 4.72 (0.13) 556 (59)*
Mixture 2 (n=4) 113 (4) 144.8 (3.4) 246.6 (69.6) 4.68 (0.15) 610 (141)*
Mixture 3 109 (13) 142.2 (18.1) 249.6 (60.1) 4.66 (0.07) 592 (114)*

* P < 0.05; One way ANOVA applied to ranks (Kruskal-Wallis) followed by Dunnett's multiple comparisons test (treated v control).
No statistics were applied on final body weights, because initial body weights were not homogenously spread over all the groups.
Unless otherwise stated (n=5). Values are mean (SD).

Appendix 2: Cell counts in BALF from hamsters after intratracheal instillation with different Acramin
compounds

Cells

Macrophages Polymorphonuclear neutrophils

Lavage recovered Total cell number! 4 Absolute number Absolute
Exposure condition (ml,)t ml (x103) (%) (x10) (/0) number (x10')

Day 3
PBS-Control 3.7 (0.2) 470 (134) 91.6 (2.3) 431 (124) 7.6 (2.3) 36 (15)
AcramollW 3.5 (0.3) 820 (233) 71.9 (10.0) 580 (133) 26.1 (10.6) 223 (128)
AcrafixFHN 3.6 (0.1) 1824 (521)* 35.0 (3.3)* 638 (187) 63.3 (4.1)* 1157 (351)*
Acramin FWR 3.6 (0.2) 2010 (500)* 35.6 (6.5)* 693 (84) 63.4 (7.0)* 1299 (437)*
Mixture 1 3.7 (0.1) 1471 (627)* 38.7 (3.5)* 555 (206) 60.3 (4.4)* 905 (431)*
AcraminFWN 3.8 (0.1) 2357 (768)* 25.1 (6.1)* 559 (111) 73.7 (6.0)* 1769 (692)*
Mixture 2 3.7 (0.1) 2221 (697)* 33.3 (4.7)* 729 (201) 66.0 (4.3)* 1471 (513)*
Mixture 3 3.7 (0.2) 2320 (808)* 35.5 (5.1)* 810 (244)* 63.8 (5.4)* 1497 (604)*

Day 7
PBS-Control 3.6 (0.2) 468 (90) 95.2 (1.2) 446 (84) 4.3 (1.4) 20 (9)
AcramollW 3.7 (0.2) 638 (172) 92.7 (3.2) 591 (160) 6.9 (3.1) 44 (25)*
AcrafixFHN 3.6 (0.2) 1054 (133)* 83.1 (2.3) 876 (115)* 16.6 (2.4) 175 (31)*
AcraminFWR 3.5 (0.2) 924 (189)* 67.4 (5.8)* 626 (149) 32.2 (5.6)* 295 (67)*
Mixture 1 3.5 (0.2) 771 (104)* 58.0 (9.4)* 446 (91) 41.9 (9.5)* 323 (79)*
AcraminFWN 3.6 (0.1) 942 (282)* 65.8 (7.8)* 603 (87) 33.6 (8.0)* 334 (197)*
Mixture 2 (n=4) 3.4 (0.3) 963 (419)* 64.8 (16.5)* 582 (133) 35.0 (16.5)* 380 (357)*
Mixture 3 (n=4) 3.6 (0.2) 1263 (271)* 73.0 (9.1)0 918 (193)* 26.8 (9.1)* 343 (144)*

Day 14
PBS-Control 3.6 (0.3) 830 (310) 79.3 (12.4) 630 (138) 20.2 (11.9) 195 (175)
AcramollW 3.6 (0.3) 811 (327) 86.5 (11.0) 680 (188) 13.3 (10.8) 129 (167)
AcrafixFHN 3.7 (0.1) 842 (116) 89.9 (7.2) 751 (53) 10.0 (7.3) 90 (82)
Acramin FWR 3.6 (0.2) 1358 (526) 59.9 (15.7)* 795 (298) 40.1 (15.7)* 563 (340)
Mixture 1 3.5 (0.1) 1316 (473) 46.9 (14.7)* 566 (73) 52.6 (14.4)* 742 (456)*
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Cells

Macrophages Polymorphonudear neutrophils

Lavage recovered Total cell number 4 Absolute number Absolute
Exposure condition (ml)t ml (x103) (%) (x10i) (%) number (xl0')

Acramin FWN 3.6 (0.2) 996 (375) 59.9 (15.3) 475 (187) 39.8 (15.1) 418 (245)
Mixture 2 3.6 (0.1) 1073 (374) 81.1 (5.2) 858 (252) 18.8 (5.2) 213 (127)
Mixture 3 3.5 (0.1) 1085 (138) 81.2 (4.9) 879 (99) 18.4 (5.2) 203 (72)

Day 28
PBS-Control 3.8 (0.1) 590 (139) 90.3 (18.4) 526 (148) 9.7 (18.4) 65 (126)
Acramoll W 3.6 (0.2) 711 (258) 95.4 (4.0) 670 (208) 4.6 (4.0) 40 (52)
Acrafix FHN (n=4) 3.8 (0.0) 556 (163) 96.0 (2.8) 534 (163) 4.0 (2.8) 22 (14)
Acramin FWR 3.6 (0.1) 794 (202) 87.2 (3.4) 693 (188) 12.8 (3.4) 101 (34)*
Mixture 1 3.5 (0.2)* 835 (272) 68.9 (8.4)* 558 (104) 31.1 (8.3)* 276 (174)*
AcraminFWN 3.7 (0.0) 524 (260) 86.7 (8.6) 466 (275) 13.3 (8.6) 58 (33)
Mixture 2 3.7 (0.5) 729 (235) 81.9 (7.9)* 588 (148) 17.7 (7.9)* 138 (104)*
Mixture 3 (n=3) 3.5 (0.2) 510 (92) 93.3 (1.2) 476 (91) 6.7 (1.2) 33 (4)

Day 92
PBS-Control 3.8 (0.1) 942 (608) 68.9 (28.3) 517 (101) 30.8 (28.2) 422 (532)
Acramoll W 3.6 (0.2) 1056 (886) 69.2 (33.7) 505 (101) 30.8 (33.7) 550 (791)
Acrafix FHN 3.7 (0.1) 1240 (684) 56.7 (31.7) 540 (91) 43.1 (31.8) 698 (621)
AcraminFWR 3.6 (0.1) 579 (112) 89.0 (5.5) 517 (120) 10.8 (5.6) 60 (29)
Mixture 1 3.3 (0.3)* 1390 (1382) 65.1 (24.2) 643 (159) 34.6 (24.2) 743 (1231)
Acramin FWN (n=4) 3.7 (0.1) 1204 (1042) 72.8 (31.0) 636 (150) 27.1 (31.1) 568 (967)
Mixture 2 (n=4) 3.5 (0.2)* 1632 (1477) 54.0 (33.3) 564 (102) 45.9 (33.4) 1068 (1383)
Mixture 3 3.5 (0.4) 1478 (864) 53.7 (31.5) 578 (117) 46.2 (31.4) 897 (813)

* P < 0.05; One wayANOVA applied to ranks (Kruskal-Wallis) followed by Dunnett's multiple comparisons test (treated v control).
t Pooled ravages (total volume instilled: 4 x 1 ml).
Unless otherwise stated (n=5). Values are mean (SD).

Appendix 3: Indices in bronchoalveolar savage from hamsters after intratracheal instillation with
different Acramin compounds

Lactate Alzaline fl-N-acetyl y-glutamyl
Exposure condition Protein (ug/ml) dehydrogenase (UIl) phosphatase (Ull) glucosaminidase (Ull) transferase (Ull)

Day 3
PBS-Control 119 (11) 27 (10) 1.9 (2.0) 1.8 (0.4) 2.2 (0.9)
AcramollW 144 (9) 34 (3) 1.3 (0.6) 2.0 (0.5) 2.0 (0.8)
Acrafix FHN 826 (154)* 47 (10)* 2.4 (0.7) 3.2 (0.6) 1.7 (0.7)
Acramin FWR 1288 (281)* 90 (16)* 4.9 (2.0)* 6.0 (0.8)* 4.4 (0.5)*
Mixture 1 1604 (462)* 88 (25)* 3.9 (2.0) 7.2 (1.6)* 4.9 (2.5)*
AcraminFWN 1386 (289)* 170 (26)* 6.8 (0.4)* 11.2 (5.1)* 6.0 (2.2)*
Mixture 2 3080 (1603)* 218 (117)* 7.4 (2.7)* 15.3 (7.4)* 8.9 (2.5)*
Mixture 3 1364 (524)* 221 (62)* 9.9 (2.6)* 7.7 (2.0)* 6.1 (0.9)*

Day 7
PBS-Control 108 (11) 39 (11) 2.1 (0.7) 1.9 (0.4) 4.5 (1.9)
Acramoll W 114 (11) 34 (21) 2.5 (1.2) 2.2 (0.3) 3.5 (0.9)
AcrafixFlIN 288 (7)* 44 (7) 3.8 (3.0) 2.0 (0.2) 3.5 (0.6)
Acramin FWR 134 (8)* 49 (14) 2.2 (0.3) 1.9 (0.6) 6.0 (1.2)
Mixture 1 273 (16)* 48 (12) 2.7 (0.4) 1.6 (0.3) 6.0 (1.8)
Acramin FWN 157 (19)* 40 (7) 3.0 (0.4) 1.7 (0.4) 4.2 (0.8)
Mixture 2 (n=4) 376 (224)* 89 (72) 3.3 (1.3) 1.8 (0.6) 8.5 (1.5)*
Mixture 3 (n=4) 331 (267)* 54 (15) 3.5 (0.7) 1.3 (0.2) 4.5 (0.8)

Day 14
PBS-Control 92 (13) 30 (7) 0.9 (0.3) 2.0 (0.4) 3.8 (0.6)
AcramollW 76 (13) 31 (18) 0.8 (0.4) 1.7 (0.3) 3.8 (1.1)
Acrafix FHN 108 (17) 33 (14) 1.3 (0.3) 1.5 (0.2) 5.0 (0.9)
AcraminFWR 138 (15)* 43 (11) 1.2 (0.5) 2.3 (0.9) 4.5 91.9)
Mixture 1 121 (17) 39 (19) 1.6 (1.2) 2.1 (0.5) 4.2 (1.4)
Acramin FWN 136 (23)* 36 (7) 2.0 (0.8)* 2.1 (0.9) 3.5 (1.1)
Mixture 2 143 (11)* 36 (16) 3.0 (1.3)* 2.3 (0.7) 4.0 (0.6)
Mixture 3 140 (30)* 24 (6) 3.1 (1.3)* 1.8 (0.3) 4.4 (1.5)

Day 28
PBS-Control 103 (9) 10 (7) 2.1 (0.9) 1.0 (0.3) 1.1 (0.8)
AcramollW 102 (14) 18 (4) 2.3 (0.4) 1.1 (0.2) 1.6 (0.4)
Acrafix FHN (n=4) 101 (8) 10 (6) 2.9 (0.3) 1.1 (0.3) 1.2 (0.8)
AcraminFWR 109 (15) 22 (8) 2.5 (0.7) 1.3 (0.3) 2.1 (0.5)
Mixture 1 128 (21) 21 (10) 1.9 (0.2) 1.9 (0.7)* 2.1 (0.8)
Acramin FWN 102 (17) 19 (9) 3.1 (1.3) 1.2 (0.1) 1.2 (1.0)
Mixture 2 132 (12) 34 (12)* 3.2 (0.9) 1.9 (0.3)* 2.9 (1.0)*
Mixture 3 (n=3) 129 (26) 29 (11)* 3.0 (0.9) 1.7 (0.1) 1.9 (1.7)

Day 92
PBS-Control 155 (29) 26 (11) 3.3 (1.9) 2.3 (0.5) 2.3 (0.5)
Acramoll W 149 (27) 32 (23) 3.2 (2.0) 2.3 (1.0) 1.5 (1.6)
Acrafix FHN 179 (42) 32 (17) 4.0 (2.2) 2.4 (1.1) 2.5 (1.3)
Acramin FWR 168 (25) 20 (6) 2.2 (1.0) 2.0 (0.5) 2.1 (1.3)
Mixture 1 221 (18)* 41 (14) 5.0 (1.8) 3.4 (1.4) 3.2 (1.3)
Acramin FWN (n=4) 159 (29) 26 (25) 5.0 (3.8) 2.5 (1.2) 2.3 (0.9)
Mixture 2 (n=4) 220 (31)* 57 (18) 8.2 (6.0) 5.0 (3.7) 3.6 (0.9)
Mixture 3 182 (36) 29 (20) 6.4 (2.6) 3.0 (1.1) 2.7 (1.5)

* P < 0.05; One way ANOVA applied to ranks (Kruskal-Wallis) followed by Dunnett's multiple comparisons test (treated v control).
All results are expressed per ml or 1 BALF recovered.
Unless otherwise stated (n=5). Values are mean (SD).
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