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Abstract: Damp dwellings represent suitable conditions for extended indoor moulds. A
cellulolytic micromycete Stachybotrys chartarum (Ehrenb.) Hughes is considered to be
a tertiary colonizer of surfaces in affected buildings. Known adverse health effects of S.
chartarum result from its toxins – trichothecenes or atranones, as well as spirolactams.
Mechanism of their potential pathological effects on the respiratory tract has not yet
been sufficiently clarified. The cytotoxic effects of complex chloroform-extractable
endo- (in biomass) and exometabolites (in cultivation medium) of an indoor S.
chartarum isolate of an atranone chemotype, grown on a liquid medium with yeast
extract and sucrose at 25ºC for 14 d, on lung tissue were evaluated in the 3-day
experiment. For the purpose, 4 mg of toxicants were intratracheally instilled in 200 g
Wistar male rats. A trichothecene mycotoxin diacetoxyscirpenol was used as the
positive control. Bronchoalveolar lavage (BAL) parameters - viability and phagocytic
activity of alveolar macrophages (AM), activity of lactate dehydrogenase, acid
phosphatase and cathepsin D in cell-free BAL fluid (BALF), as well as in BAL cells,
were measured. Acute exposure to the metabolites caused statistically significant
changes, indicating lung tissue injury in the experimental animals. Decreased AM
viability and increased activity of lysosomal enzyme cathepsin D in BAL cells after
fungal exometabolite exposure were the most impressive. As toxic principles were
found predominantly in the growth medium, toxins were more likely responsible for
lung cell damage than e.g. fungal cell wall components. S. chartarum toxic metabolites
can contribute to the ill health of occupants of mouldy building after inhalation of
contaminated aerosol.
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INTRODUCTION
The worldwide distributed cellulolytic micromycete
Stachybotrys chartarum (Ehrenb.) Hughes has been
known for almost more than a century as a contaminant
decaying hay, straw, grains etc. that causes an animal
alimentary mycotoxicosis stachybotryotoxicosis, e.g. in
horses and sheep [25]. Handlers of mouldy materials
overgrown with S. chartarum can suffer from skin and
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mucosal irritations or respiratory symptoms (catarrhal
angina, bloody rhinitis, cough) [3]. From the indoormycological point of view, the mould belongs to tertiary
wall colonizers, i.e. indicates long-lasting stubborn high
moisture of the materials affected [9, 28]. S. chartarum
isolates anyway are less common indoor moulds, being
found in less than 3% of damp mouldy buildings, and
nearly always occurring in the presence of other
potentially toxic fungi, e.g. Aspergillus versicolor and
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Penicillium spp. [19, 24, 26, 32, 33]. In the last decade,
there were many reports on building-related illnesses in
connection with S. chartarum in damp buildings/
dwellings, based on epidemiological survaillances, including fatal cases of infant idiopathic hemosiderosis.
However, no clear linkage of the presence of the fungus
to health damage has been found [2, 4, 10, 15, 16]. There
was no evidence that the fungus itself was a pathogen. Its
toxins are believed to be causative agents of health
damage [7, 18]. S. chartarum strains are able to produce
either several macrocyclic trichothecene mycotoxins
stachybotryotoxins (satratoxins, roridins, verrucarins) –
chemotype A, or diterpenoid atranones and simple
trichothecenes (trichodermol, trichodermin) – chemotype
B, both accompanied with spirocyclic drimanes, that are
concentrated in the cells and diffuse into the medium,
including building materials [1, 14]. The mechanism of
the potential pathological effects of S. chartarum secondary metabolites on the respiratory tract has not been
sufficiently clarified to date. However, some animal
studies of the effect of intranasaly or intratracheally
instilled spores yielded results indicating inflammatory
and cytotoxic potential of the fungus [22, 23, 30]. Due to
their morphological properties – formed in slimy heads, >
10 mm in size, stachybotrys spores are unlikely able to
reach the lower airways. Therefore, spore instillations
cannot reflect real human exposure conditions.
To focuse more precisely on S. chartarum toxic
principles’ role in lung injury effects of the fungus, as
only that should be physiologically relevant, we used
direct intratracheal instillation of complex mixtures of its
endo- and exometabolites to rats. The pulmonary cytotoxicity of crude chloroform-extractable metabolites of an
office S. chartarum isolate of the atranone chemotype
[29] was evaluated in bronchoalveolar lavage fluid within
the framework of this study.
MATERIALS AND METHODS
Fungal metabolites. S. chartarum was cultivated on
the liquid medium with 2% yeast extract and 10% sucrose
at 25ºC for 10 d. Separated biomass (endometabolites)
and cultivation medium (exometabolites) were extracted
twice with chloroform, extracts dried under vacuum and
dissolved in 0.2% dimethylsulphoxide (DMSO; Merck,
Darmstadt, Germany) to 20 mg/ml [27].
Treatment of animals and bronchoalveolar lavage
(BAL) performance. Male Wistar rats (Velaz, Prague,
Czech Republic) of about 200 g weight were used in the
experiment (6 animals per toxicant). The animal treatment
conformed with the Guidelines of the European Convention for the Protection of Vertebrate Animals for Experimental Purposes. After weighing and anaesthetizing of the
animals with ether, an oto-rhino-laryngological mirror
was set up in the correct position and the mouth cavity
opened. Four mg of metabolite dissolved in 0.2 ml of
0.2% DMSO were intratracheally instilled to each rat by a

special device. The animals in the control group were
given 0.2 ml of 0.2% DMSO only. The mycotoxin diacetoxyscirpenol (DAS; Sigma, St. Louis, USA) was used
as the positive control. After 3-days’ exposure, the
animals were killed by thiopental anaesthesis (150 mg/kg
of animal) by exsanguination, cutting the vena cava
caudalis, and bronchoalveolar lavage (BAL) performed
according to Myrvik et al. [20]. The trachea was cannulated and the lungs washed in situ 5-times with 5 ml of
saline. The pooled bronchoalveolar lavage fluid (BALF)
was centrifuged (10 min, 450 g at 4ºC), the cell-free
BALF was transferred into clean, cooled glass tubes and
the BAL cell sediment adjusted to 1 × 106 cells/ml by
sterile saline [13].
Evaluation of the lung cytotoxicity. The potential
lung cytotoxicity of endo- and exometabolites of S. chartarum was evaluated by measurement of the following
BALF parameters: viability and phagocytic activity of
alveolar macrophages (AM) [13], activity of lactate
dehydrogenase (LDH) – determined immediately in the
fresh cell-free BALF by means of a test kit LD 105 UV
(Lachema, Brno, Czech Republic), of acid phosphatase
(ACP) - measured during the day of BAL performance
(test kit AC 565, Randox Laboratories, Antrim, UK), and of
cathepsin D in cell-free BALF as well as in BAL cells [21].
The phagocytic activity of AM was determinated
according to Fornůsek et al. [8] using 2-hydroxyethylmetacrylate particles (HEMA; Neosys, Prague, Czech
Republic). Fifty ml of HEMA particles in phosphate
buffered saline (PBS), pH 7.2, were added to 100 ml of
BALF and incubated at 37ºC for 60 min while shaken at
short intervals. Afterwards, May-Grünwald Giemsa
staining was performed. Cells were considered positive
when phagocytized at least 3 particles.
The AM viability was detected by fluorescent microscopy with 0.25% erythrosine as a staining solution
(1 ml/1 ml of the cell suspension). The number of viable
cells was counted by means of Bürker’s chamber.
To obtain cell-free BALF, the original BALF was
centrifuged at 450 g under 4ºC for 10 min. The activities
of enzymes LDH and ACP were measured in cell-free
BALF spectrophotometrically at 105 and 565 nm by the
means of the aforementioned kits. For the determination
of cathepsin D level at the BAL cells, fresh cell sediment
was resuspended at the concentration of 106 AM/ml in
PBS with 0.1% Triton X100, frozen and thawed three
times, and centrifuged at 4ºC, 15,000 g for 20 min, and
the enzyme activity measured in the supernatant. Lowry’s
determination of proteins was performed, with bovine
serum albumin having been used as a standard for the
calibration curve [21].
The results were statistically evaluated by MannWhitney’s test.
RESULTS
Lung cytotoxicity of S. chartarum metabolites. In the
experiment, viability of AM strongly decreased, espe-
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Figure 1. (A) Viability of alveolar macrophages (% of living cells); (B)
phagocytic activity of alveolar macrophages (% of phagocyting cells);
(C) activity of lactate dehydrogenase in cell-free bronchoalveolar lavage
fluid (µkat.g protein-1); (D) activity of acid phosphatase in cell-free
bronchoalveolar lavage fluid (nkat.g protein-1); (E) activity of cathepsin
D in cell-free bronchoalveolar lavage fluid (Utyr.mg protein-1); (F)
activity of cathepsin D in bronchoalveolar lavage cells (Utyr.10-6 cells)
after exposure to carrier (DMSO), endo- and exometabolites of
Stachybotrys chartarum or diacetoxyscirpenol. Values represent
medians and 25th and 75th percentiles. (Utyr: mg of thyrosine released in
one hour; *p<0.05; **p<0.01.)

cially after exposure to exometabolites, p<0.01 (Fig. 1A),
although the AM phagocytic activity was not significantly
affected by any of the samples tested (Fig. 1B). The
activity of LDH in cell-free BALF after exposure to the
tested extracts was elevated, but not significantly (Fig.
1C). Activities of lysosomal enzymes - ACP and cathepsin D - in cell-free BALF increased, p<0.05, having also
indicated lung tissue damage (Fig. 1D, E). However, the
increase in the activity of cathepsin D in BAL cells represented mostly by AM - after exposure to the
exometabolite fungal extracts was significant expressively
(Fig. 1F).
Comparison of the cytotoxic effects of endo- and
exometabolites of S. chartarum with the effect of DAS.
In our experiments, the adverse effect of DAS was more
expressive than with the endometabolite extract (significantly lower phagocytic activity of AM and higher
activity of cathepsin D in BALF cells in DAS group) (Fig.
1B, F). The effects of exometabolites and DAS were
comparable (Fig. 1).
The differences between the effects of endo- and
exometabolites on the studied cytotoxic parameters were
not significant.
DISCUSSION
Intratracheal instillation is a widely-used method
enabling materialization of toxic doses to experimental
animals. BAL is the most suitable tool by providing
estimates of relative toxicity of pulmonary toxicants,
especially complex mixtures and those chemically nondefined. BAL is more sensitive than histological
examination, and is also employed in pulmonary diseases
diagnostics [12, 17].

Phagocytic activity of AM was not readibly affected in
the study. It is improbable that phagocytosis could play a
very active role in the macroorganism defence mechanisms, as the toxic principles studied were non-particulate.
Alveolar macrophages are the predominant cells
present in BAL, and any changes in their number or
functions determine lung injury and characterize the
pathogenesis of such a response. Lowered viability and/or
phagocytic capacity of AM usually result in impaired
clearance of inhaled toxicants [6, 31].
Increased activity of LDH – a cytosolic enzyme – in
extracellular fluids is generally considered to be a very
sensitive indicator of damage to tissue cells’ [5]. Rao et
al. [30] obtained results similar to ours when the activity
of LDH in cell-free BALF after exposure to the fungal
extracts was slightly elevated: intratracheally instilled
toxic S. chartarum spores (approx. 9.6 million) induced
an increase of LDH activity in rats significantly (p =
0.0003).
In the case of increasing activites of ACP and cathepsin
D in cell-free BALF, the effect could be caused by the
enzymes‘ release from disturbed lung tissue and from
disrupted BAL cells as well. Probably, because of the
great variability of ACP activity values, its increase after
exposure to the exometabolites was not highly significant
(Fig. 4). The impressive increase of the activity of
cathepsin D in BAL cells (AM) after exposure to
exometabolites was a clear marker of cell activation burst,
and reflected the higher defensive capacity of the lungs.
All enzymatic cytotoxic biomarkers in BAL were
altered in our experiment. We are therefore not in full
agreement with findings that the atranone-producing
chemotype of S. chartarum does not induce toxicity to
macrophages [1, 11].
The commercially available Fusarium spp. trichothecene mycotoxin DAS can cause inflammation and
hemorrhage similar to the expected effects of complex
stachybotrys-toxicants [34]. The results we obtained from
the experiments proved that DAS toxic effect is similar to
that of S. chartarum exometabolites, and more relevant
than from endometabolites.
CONCLUSION
Indoor-originated S. chartarum is able to produce
metabolites with proven lung cytotoxicity, which was
apparent mainly in extracellular products. Toxins,
therefore, were probably more likely to be responsible for
the adverse effects of the extracts studied than e. g. fungal
cell wall components. Their spreading via contaminated
detritus, dust particles or liquid aerosol in mouldy
buildings has to be seriously taken into account, although,
there are no exact measurements on real exposure of
humans staying in such spaces. The stachybotrys
contribution to respiratory complications in the occupants
of affected spaces, especially very young children, should
not be overlooked. In the future, better assessment of the
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health risk of inhalation exposure to toxic micromycetes
(preferably mixtures, but the particular active compounds,
too) can be achieved by more detailed dose and time
dependence studies.
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