
Mycopathologia149: 27–34, 2000.
© 2001Kluwer Academic Publishers. Printed in the Netherlands.

27

The time course of responses to intratracheally instilled toxicStachybotrys
chartarum spores in rats

Carol Y. Rao∗, Harriet A. Burge & Joseph D. Brain
Department of Environmental Health, Harvard School of Public Health, Boston, MA 02115, USA

Received 3 December 1999; accepted in final form 3 July 2000

Abstract

Stachybotrys chartarumis a fungal species that can produce mycotoxins, specifically trichothecenes. Exposures
in the indoor environment have reportedly induced neurogenic symptoms in adults and hemosiderosis in infants.
However, little evidence has linked measured exposures to any fungal agent with any health outcome. We present
here a study that focuses on quantitatively assessing the health risks from fungal toxin exposure. Male, 10 week old
Charles River-Dawley rats were intratracheally instilled with approximately 9.6 millionStachybotrys chartarum
spores in a saline suspension. The lungs were lavaged 0 h (i.e., immediately post-instillation), 6, 24 or 72 h after
instillation. Biochemical indicators (albumin, myeloperoxidase, lactic dehydrogenase, hemoglobin) and leukocyte
differentials in the bronchoalveolar lavage fluid and weight change were measured. We have demonstrated that a
single, acute pulmonary exposure to a large quantity ofStachybotrys chartarumspores by intratracheal instillation
causes severe injury detectable by bronchoalveolar lavage. The primary effect appears to be cytotoxicity and inflam-
mation with hemorrhage. There is a measurable effect as early as 6 h after instillation, which may be attributable
to mycotoxins in the fungal spores. The time course of responses supports early release of some toxins, with the
most severe effects occurring between 6 and 24 h following exposure. By 72 h, recovery has begun, although
macrophage concentrations remained elevated.
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Introduction

Inhalation of fungal particles can cause allergic re-
sponses and pulmonary infections [1–3]. It has also
been suggested that exposure to mycotoxin-producing
fungi may cause severe effects independent of these
more familiar illnesses [4–6]. In particular,Stachy-
botrys chartarum (= Stachybotrys atra) has been
blamed for nonspecific symptoms such as muscle
aches, headaches, cough, pulmonary hemorrhage,
dermatitis, and interstitial lung disease following in-
door inhalation exposures [7–10].

S. chartarumis a fungus that preferentially utilizes
cellulose as a carbon source. It can grow at room tem-
peratures under wet conditions. Under certain growth
conditions (e.g., appropriate substrate, temperature,
light, relative humidity), the fungus can produce mac-
rocyclic trichothecenes [11–14]. Trichothecenes are

potent inhibitors of protein and DNA synthesis result-
ing in disruption of cellular function as well as cellular
injury [15].

Much of the research onStachybotrys chartarum
or the specific mycotoxins it produces has used in-
gestion, injection or dermal application of purified
toxins as the route of exposure [16–22]. Animal stud-
ies have examined histological changes in lung tissue
after intranasal exposure toStachybotrys chartarum
spores [23, 24]. Effects observed included severe in-
flammatory changes and interstitial inflammation with
hemorrhagic exudate. The effects of inhaled spores
in humans have been primarily reported through case
studies [9, 25, 26].

Bronchoalveolar lavage (BAL) can serve as a
rapid screening tool by providing estimates of relative
toxicity of pulmonary toxicants, especially unchar-
acterized toxicants and complex mixtures [27, 28].
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BAL yields quantitative estimates of inflammatory re-
sponses. The severity is measured by the release of
cellular and serum constituents into the epithelial fluid
following lung injury (e.g., albumin, lactic dehydro-
genase [LDH], myeloperoxidase [MPO], hemoglobin)
and by increases in the quantity of inflammatory cells
(e.g., alveolar macrophages, polymorphonuclear leuk-
ocytes [PMNs], eosinophils, lymphocytes) [27]. The
biochemical indicators allow evaluation of pulmonary
edema (albumin), cytotoxicity (LDH), PMN enzyme
secretion (MPO) and pulmonary hemorrhage (hemo-
globin). BAL is more sensitive than histological exam-
ination [29, 30] and is used clinically to help diagnose
pulmonary disease [31]. We have used BAL to assess
the pulmonary effects of mycotoxin-containing fungal
particles. We describe herein experiments designed to
evaluate the time course of these effects.

Material and methods

Fungal strains and spore suspensions

Eight strains ofS. chartarumisolated from a Southern
California residence were screened for toxin produc-
tion using a modified brine shrimp lethality assay ac-
cording to Eppley [32]. A toxin-producing strain was
selected for these experiments. The selected strain of
S. chartarumwas maintained on potato dextrose agar
(PDA) slants at 15◦C. Spores were vacuumed from the
surface of 14-day agar cultures using a modified filter
cassette with a 37 mm, 0.4µm polycarbonate mem-
brane filter (Poretics Corp., Livermore, CA, USA) and
suspended in 0.9% saline to concentrations of 2× 107

spores per milliliter. The concentration and appear-
ance of the spore suspensions were evaluated under
light microscopy at 200X in a hemocytometer cham-
ber. Minor hyphal fragment content and negligible
spore clumping were observed and the remainder of
the particles was ovoid spores with a mean spore size
of 6.1× 8.8µm.

Bronchoalveolar lavage procedures

Male 10-week old Charles River-Dawley (CD) rats
were supplied by Charles River Laboratories (Wilm-
ington, MA, USA). The initial weight of the animals
averaged 321 grams (±35.6 g). Rats were housed in
isolation at 25◦C for a minimum one-week acclima-
tion period and fed Purina Rat Chow and waterad
libitum.

Delivery of the spore suspensions into the lungs
of each animal was achieved by intratracheal instilla-
tion. Comparisons to the control treatments of sterile
pyrogen-free saline carrier assessed the possible ef-
fects of the carrier and the instillation protocol. The
rats were anesthetized by inhaling 5% halothane gas
and then were placed on a slanted board. The freshly
prepared spore suspension or saline carrier control was
instilled into the lungs with a 1-ml disposable tuber-
culin syringe attached to a 3.5-inch, 19-gauge, bent,
blunt-tipped needle inserted between the vocal folds.
Tracheal insertion was verified by detection of the
cartilaginous rings by the blunt needle. The volume
of the carrier control (saline) or the spore suspen-
sion was 150µl per 100 g body weight. Each rat
received approximately 9.6 million spores. The animal
remained in the slanted position for approximately 1
minute, and then was placed on its back in the cage
where it regained consciousness within a few minutes.
After instillation, the animals were kept in the labor-
atory under pre-instillation housing and maintenance
conditions.

After a pre-determined time period (i.e., immedi-
ately following instillation, 6, 24 or 72 h later), the
rats were re-weighed and then injected with 1 ml of
sodium pentobarbital and exsanguinated by cutting the
abdominal aorta. The trachea was exposed and cannu-
lated with an 18-gauge, blunt-tipped needle fitted with
a 1-inch, flared, 19-gauge, polypropylene tube and a
5-ml disposable syringe. The lungs were lavagedin
situ twelve times by injecting 3 ml of phosphate buf-
fered saline (PBS) into the lungs and then massaging
the ribcage while withdrawing the lavage fluid. The
first two lavages were combined (approximately 5 ml)
and centrifuged under refrigeration at 350Xg for 10
min. The supernatant was analyzed for LDH, MPO,
and albumin. The resulting cell pellet was combined
with the cell pellet from the next ten lavages.

Analysis of bronchoalveolar lavage fluid

The total leukocyte cell count in the lavage fluid was
estimated in a hemocytometer chamber at 100X mag-
nification. Leukocytes were identified by size and
granularity. The leukocytes were deposited onto a mi-
croscope slide by cytospin (72Xg for 5 min), fixed,
stained, and mounted in Permount. Macrophages,
PMNs, eosinophils and lymphocytes were differenti-
ated by light microscopy at 200X.

The supernatant obtained from the first two lavages
was recentrifuged under refrigeration at 14,500Xg for



29

30 min. The resultant supernatant was analyzed for
lactic dehydrogenase, myeloperoxidase and albumin
by spectrophotometry. Hemoglobin analysis was per-
formed on the combined cell pellet from all 12 lavages.
Biochemical analyses were performed according to
Beck [33].

Statistical analyses

Statistical analyses were performed using SAS stat-
istical software (Version 6.12; SAS Institute, Cary,
NC). The effects of the saline carrier over the time
course were examined using an analysis of variance
with Dunnett’s test to account for multiple comparis-
ons against a control (i.e., saline carrier effects at time
0). The critical value was set atp < 0.05.

A non-parametric one-way analysis of variance
(SAS PROC NPAR1WAY) was performed compar-
ing the differences between responses of the carrier-
instilled and the Stachybotrys chartarumspore-
instilled animals within each time period. One-sided
exact p-values were calculated and compared to a
Bonferroni-adjusted critical value (p < 0.0125).

Results

Overall, 39 animals were instilled with either the
spore suspension or the saline carrier alone. At least
4 animals for each exposure level (spore or carrier)
were sacrificed and lavaged at each time point (time
0, 6, 24 or 72 h after instillation). All endpoints
(concentrations of LDH, hemoglobin, albumin, MPO,
total macrophage levels, total PMNs, total eosinophils,
total lymphocytes and percent weight change) were
measured for each animal.

Differences between carrier- and Stachybotrys
chartarum spore-instilled animals

Physiological effects: weight change
The body weight of saline carrier-instilled animals
did not change significantly during the first day. By
seventy-two hours after saline instillation, an average
9% increase in weight was observed (Figure 1).

In comparison to the carrier-instilled animals,
spore-instilled animals lost a significant amount of
their starting body weight during the first 24 h post-
instillation (average 10%,p = 0.0006). After 72 h
some weight had been regained (p = 0.008, Figure
1), although average body weight remained 4% below
starting values.

Figure 1. Mean % weight change± S.E. over time.S. chartarum
spore-instilled animals compared to carrier-instilled animals where
∗∗ denotesp < 0.0125 (Bonferroni-adjustedp-value).

Bronchoalveolar lavage fluid indicators

No significant differences were observed between the
saline carrier and theS. chartarum-exposed anim-
als in any of the BAL indicators immediately post-
instillation (i.e., time 0).

The highest total inflammatory cell count occurred
at 24 h and total leukocyte counts (p = 0.0012) and
PMN counts were elevated (p = 0.0013, Figure 2a) in
comparisons to carrier control animals at 24 h. How-
ever, concentrations of MPO, an extracellular measure
of PMN degranulation, were not different at any of the
experimental exposure time points (data not shown).
There were no significant differences between the car-
rier control animals and the spore-instilled animals
in macrophage (Figure 2b), lymphocyte (Figure 2c)
or eosinophil (Figure 2d) counts over the whole time
course. However, an obvious trend in macrophage and
lymphocyte concentrations was observed in which an
initial decrease at 6 h after instillation was followed
by an increase to a maximum at 72 h (p = 0.03) after
instillation (Figure 2b and 2c). At 72 h, macrophages
were the dominant cell type.

At 24 h, albumin and LDH concentrations were
significantly elevated (p = 0.0003 andp = 0.0006,
Figures 3 and 4 respectively) in comparison to carrier
control animals. Albumin concentration had decreased
by 72 h, but remained significantly above carrier
control values (p = 0.008, Figure 4). Although hemo-
globin reached a peak at 24 h, levels were significantly
different from carrier controls only at the 72 h time
point (Figure 5).

The failure to detect statistically significant elev-
ations at earlier time points may be due to small
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Figure 2. (a) Mean levels of PMNs, (b) macrophages, (c) lymphocytes, (d) eosinophils in bronchoalveolar lavage fluid± S.E. over
time. S. chartarumspore-instilled animals compared to carrier-instilled animals where∗ denotesp < 0.05 and∗∗ denotesp < 0.0125
(Bonferroni-adjusted).

Figure 3. Mean concentrations of albumin in bronchoalveolar lav-
age fluid± S.E. over time.S. chartarumspore instilled animals
compared to carrier-instilled animals where∗ denotesp < 0.05
and∗∗ denotesp < 0.0125 (Bonferroni-adjustedp-value).

Figure 4. Mean concentrations of LD in bronchoalveolar lavage
fluid ± S.E. over time.S. chartarumspore instilled animals com-
pared to carrier-instilled animals where∗ denotedp < 0.05 and∗∗
denotesp < 0.0125 (Bonferroni-adjustedp-value).
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Figure 5. Mean concentrations of hemoglobin in bronchoalveolar
lavage fluid± S.E. over time.S. chartarumspore-instilled animals
compared to carrier-instilled animals where∗ denotesp < 0.05 and
∗∗ denotesp < 0.0125 (Bonferroni-adjustedp-value).

Figure 6. Time course of different bronchoalveolar lavage indic-
ators expressed as percent of peak levels. The point at each time
was derived by dividing the concentration at each time point by the
maximum concentration measured over the time course.

sample sizes (we only tested 4 animals at time 0 and
6 h) or to increases in carrier control responses (e.g.,
hemoglobin and total PMNs). For most endpoints, dif-
ferences between spore and carrier instilled animals
become statistically significant at 24 h (n = 7) or 72 h
(n = 5) after instillation.

Figure 6 depicts the time-course of these BAL in-
dicators where the percent of the maximum for each
indicator is plotted against time. Although some of
the indicators were not statistically significantly dif-
ferent than the carrier control animals at their peak
time point, the figure illustrates the overall time-
dependence of the pulmonary effects ofS. chartarum
spores in the lungs.

Discussion

Acute pulmonary injury manifests itself as inflamma-
tion. When epithelial cells and alveolar macrophages
encounter a toxicant, a series of responses occurs: in-
creases in capillary permeability, chemotaxis of leuk-
ocytes, diapedesis of leukocytes through endothelial
and epithelial barriers (sometimes accompanied by
erythrocytes), mediator release, fibrin deposition in
the area and disposal of necrotic debris by macro-
phages [34]. Our data generally demonstrate these
events. We observed a peak albumin level at 6 h fol-
lowed by maxima in LDH, PMNs, and hemoglobin
(a major constituent of erythrocytes) at 24 h and
macrophages at 72 h (Figure 6). In addition, initial
weight loss followed by slow subsequent weight gain
in the spore-exposed animals provides evidence that
these exposures resulted in physiologically important
changes (Figure 1).

Albumin is an abundant plasma protein with a mo-
lecular weight of 68,000 daltons that can pass through
the air-blood barrier, especially during injury. It is the
principal protein constituent in normal BAL fluid. Al-
bumin levels vary with age, chronic pulmonary disease
and smoking status [35]. Increased albumin can be
a sensitive and early indicator of pulmonary inflam-
mation. Immediate increases have been observed in
response to ozone exposure (2 ppm) [36]. We observed
significant increases in albumin levels 24 h after in-
stillation of S. chartarumspores and also observed
a clear peak in albumin level 6 h afterS. chartarum
spore instillation (Figure 3,p = 0.014). Although other
factors may play a role, this early effect may represent
a response to theS. chartarumtoxins that are readily
soluble in biological fluids [37].

Lactic dehydrogenase is a cytoplasmic metabolic
enzyme present in essentially all cells. It is released
from cells when damage or death and lysis have oc-
curred. Intracellular concentrations are very high (e.g.,
lung cells contain 9500 U/g wet weight), and even loc-
alized damage can increase extracellular LDH levels
in BAL fluid. Damage to phagocytic cells and epi-
thelial cells followingS. chartaruminstillation may
have contributed to the increased levels of LDH that
we observed.

Hemoglobin is a surrogate indicator of erythrocyte
infiltration into alveolar spaces. A marker of major
changes in capillary permeability and localized injury,
hemoglobin is not as sensitive to limited damage as
albumin. Hemorrhaging of mucosal surfaces has been
consistently reported as a major consequence of in-
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tense exposures toS. chartarum[9, 24]; our data
support these observations.

Alveolar macrophages are resident phagocytic
cells present on the alveolar epithelial surface and
are capable of elaborating a vast array of inflam-
matory mediators. Macrophages phagocytose foreign
bodies, process and present antigens to lymphocytes,
secrete protein messengers involved in inflammation,
and activate helper T cells. We observed spores inside
alveolar macrophages. In normal rodent BAL fluid,
macrophages comprise over 95% of the leukocytes
recovered. In our experiments, at time 0, over 98%
of the leukocytes recovered were macrophages. Al-
though the macrophage percentage of the total leuko-
cyte population decreased over time as total leukocyte
counts increased, the total number of macrophages
increased over the time course of our experiments,
reaching a maximum at 72 h. This increase in macro-
phages would probably help eliminate cellular debris
and spores. Lymphocyte counts followed a similar pat-
tern as macrophage counts (Figures 2b, c). In humans,
lymphocytes make up about 8–10% of the recovered
BAL cells with 60–70% of them being T lympho-
cytes [34]. A possible function of the alveolar macro-
phage is to present novel antigens to T lymphocytes,
which may explain the concordance of macrophage
and lymphocyte count trends.

PMNs (synonym neutrophils) are a second line of
defense (after alveolar macrophages) involved with
phagocytosis and release of chemicals involved in in-
flammation (vasodilators). They are a hallmark of
acute inflammation. PMNs normally constitute less
than 2% of human BAL cells. During inflamma-
tion, the PMN proportion may rise to over 90% [34].
PMNs enter lung parenchyma after recruitment from
the systemic circulation by chemokines secreted by al-
veolar macrophages and other pulmonary cells. Some
particle constituents that have chemotactic activity
also recruit PMNs. In our experiments, PMN counts
peaked at 24 h but had not yet returned to time 0
concentrations at 72 h. Although MPO is an enzyme
mediator of oxidant production and an indicator of
PMN degranulation, we did not observe increases in
MPO levels. TheStachybotrys chartarumspores could
have inhibited MPO release or failed to induce produc-
tion of MPO. Alternatively, substances in BAL may
have altered or inhibited MPO activity.

Our animals were exposed to a relatively large
number of spores in one bolus (an average of 9.3×106

spores/rat). Realistic exposures are probably chronic
and at low concentrations. In a study of multiple in-

tranasal exposures (six, 1× 105 spore doses over
three weeks) toStachybotrys chartarumin a murine
model, histopathology showed severe inflammatory
changes and hemorrhagic exudate in the bronchioles
and alveoli [24]. We also observed increases in hemo-
globin, an indicator of pulmonary hemorrhage, and
acute inflammatory changes.

Although it is unlikely that an animal could inhale
the very large number of spores in the few seconds
that an intratracheal instillation requires, the method
does allow delivery of a relatively precise dose dir-
ectly into the lungs [38]. The deposited dose can only
be estimated for inhalation protocols. The distribu-
tion of particles within the pulmonary system resulting
from instillation will also be more centralized and
less diffuse than for exposures by inhalation [38, 39].
However, if the total dose into the lung is equivalent,
the pulmonary effects from intratracheal instillations
and from inhalation exposures are comparable [40].

Our data indicate that direct pulmonary exposure
to S. chartarumspores can cause severe inflammatory
effects in the lungs. Inflammation in the respiratory
tract can be caused by immune responses, infection,
or injury [34]. Increases in eosinophils and lympho-
cytes, the common markers of allergic response, were
not observed. Previous research found that IgG anti-
bodies forS. chartarumwere produced in mice when
exposed intraperitoneally but not when intranasally in-
stilled with S. chartarumspores [24].S. chartarum
is a cellulose-decaying saprophyte with no evidence
of infectiveness [41]. These factors lead us to believe
that the inflammatory effects ofS. chartarumin the rat
lungs were due to pulmonary injury caused by chem-
ical constituents of the spores rather than to fungal
infection. We have previously shown that reduction of
toxin in S. chartarumspores by methanol extraction
reduces the inflammatory pulmonary effects [42].

With the data obtained from the described experi-
ments, we can begin to estimate risks ofS. chartarum
in the indoor environment. This method can provide
a model to estimate risk for other airborne mycotox-
ins, and possibly other airborne biological agents. To
assess the risks to humans from fungal exposures, in-
vestigations into the dose-effect relationship for these
acute effects and pulmonary deposition characteristics
via inhalation are essential, as are chronic exposure
studies.
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