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Abstract: According to epidemiological studies, it is possible that some secondary
metabolites of indoor airborne fungi could be responsible for health troubles which
occupants suffer from. In our previous experiments, a model with tracheal rings of
1-day-old chicksn vitro was shown to be a very suitable method to study the ciliostatic
chloroform-extractable endo- and/or exometabolites of filamentous fungi. In this study
we isolated the filamentous fungi from walls of “mouldy” dwellings and schools
(cultivation on dichloran 18% glycerol agar at 25 and 37°C for 10 d) in Slovakia. We
studied the ciliostatic effect of the chloroform-extractable endo- and exometabolites of
96 representative isolates (stationary cultivation on the liquid medium with 2% of yeast
extract and 10% of sucrose at 25°C for 10 days) on the cilia movement in tracheal organ
cultures of 1-day-old chickenim vitro after 24, 48 and 72 hrs (incubation in the
minimal essential medium according to Eagle with Earl’s salts apd) 20 extract of
metabolites dissolved in dimethylsulfoxide per 1 mL). StrainBeficillium Link: Fr.
sp.,Aspergillus versicolo(Vuill.) Tiraboschj A. flavusLink, Cladosporium sphaerospermum
Penzigand C. cladosporioidegFres.) de Vries were isolated most frequently. Two
flavusisolates were able to produce aflatoxins B, G;, G; in vitro after cultivation on

the liquid medium with 20% sucrose and 2% yeast extract. This is the first isolation of
aflatoxigenicA. flavusstrains from dwellings in Slovakia. All frequently isolated strains
produced secondary metabolites with the strongest ciliostatic activity — their exo- and
endometabolites stopped tracheal ciliary movement in chicks till 24 h. There are some
toxic fungal metabolites in the indoor air not only with the ability to destroy ciliary
movement in the upper airways vitro but, probably, during long-lasting exposure to
cause general intoxication of macroorganism via lung tissue.
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INTRODUCTION cases, their health has been seriously affected. Usually,
the origin and real cause of their complaints are difficult
There are many different germs of microscopito define. Children and adults living under such conditions
filamentous fungi and their toxic metabolites in thesuffer mostly from respiratory tract illnesses [16, 27].
working and home environment. Aflatoxin,Bchratoxin The nasal, tracheal and bronchial epithelium with
A, zearalenone, secalonic acid D, deoxynivalenol, nivalendlliated cells, mucous production and ciliary clearance
moniliformin, etc. have been detected in the workingrovides the first contact between unfavourable environment
environment and some trichothecenes in dwellings [3, &nd the human body. A model with the tracheal rings of
10, 15, 21] and in air conditioning systems [26]. 1-day-old chicksin vitro proved to be avery suitable
People living in houses with mouldy walls andmethod for the study of ciliostatic activities of fungal
furnishings, damp indoor air and bad odours are not ontgetabolites. Well known mycotoxins (e.g. sterigmatocystin,
frustrated because of subjective discomfort but, in sonechothecenes) as well as chloroform-extractable endo-
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and/or exometabolites of some fungal straifefnaria Table 1. Frequency of the occurrence of fungal species isolated from
Nees sp.Aspergillus versicolor, Penicillium chrysogenummouldy dwellings.
Thom Stachybotrys chartarugihrenb.) Hughedrichoderma  Fungi Samples with positive isolation (%)
viride Pers, UlocladiumPreuss sp. and others) were abig\b -

" . . . sidiasp.
to stop the ciliary movemeint vitro in few hours or days
in our previous experiments [6, 17, 18, 19, 20, 22].

Alternaria sp. 9

In this study we isolated the filamentous fungi growingsPergillussp. 9
on the walls of mouldy dwellings and schools and studiefd flavus 30 (5)
the ciliostatic effect of their endo- and exometabolites. glaucus 2
extractable with chloroform on the cilia movement im. niger 5
tracheal organ cultures of the 1-day-old chicksitro. A. ochraceus 12

MATERIALS AND METHODS A-restrictus
A. ustus

Fungi. During 3 years scratch samples were taken frofh versicolor 33
mouldy walls in 43 dwellings and 4 schools in Westerfladosporiumsp. 9
and North Slovakia. The samples were examined in tlecladosporioides 23
mycological laboratory by direct microscopy and cultivateg nherbarum 9
on the dichloran 18% glycerol agar (Hi Media Laboratorieé_ sphaerospermum 30
Pvt. Ltd., Bombay, India) — a general purpose medium
with emphasis on enumeration of indoor fungi [28] at 2 ortierella Sp'_ _
and 37°C for 10 d. Neosartorya fischeri 5

Representatives of most frequent fungal isolates, tot&enicilliumsp. 93
96, were inoculated on Sabouraud agar (Imuna C&homasp.

Sari§ské Michal'any, Slovakia) slants and cultivated at Ulocladiumsp.
22-25°C for 8 days. The biomass from 3 tubes per eaghjiemia sebi 2
strain was replaced into 500 mL Erlenmeyer flasks with, ¢ 5

200 mL of liquid medium (2% of yeast extract and 10%
of sucrose). Such a system was stationary cultivated Ngte: - samples witlin vitro aflatoxigenicA. flavusisolates.
25°C for 10 d.

The isolates ofAspergillus flavuswvere tested for the  Toxicity in vitro. The ciliostatic activity of the crude
ability to produce aflatoxins B B,, G; and G in vitro  extracts of exo- and endometabolites was studied using
according to Abarcat al [1], i.e. after cultivation on the chick tracheal organ -cultures for the bioassay of
liquid medium with 20% sucrose and 2% yeast extraanycotoxins [6, 14]. One-day-old chicks (State Research
pH 5.5 at 25°C for 14 days, filtration of the broth througland Productional Co., Casta Hatchery, Slovakia) were
Whatman No. 3 filter paper, 1 ml of the filtrate anddecapitated, tracheas were removed within 3 min, washed
standards of aflatoxins;B- B,and G + G, (20 pl of each) twice in the minimal essential medium according to Eagle
were quantitatively spotted on TLC plates (10 x 10 cmyyith Earl’s salts — E-MEM (Institute for Sera and Vaccines,
followed by developing in a solvent system (toluenePrague, Czech Republic) and cut into 0.1 mm slices.
ethylacetate/formic acid, 6 : 3 : 1; v/v), air-drying andracheal rings (20-30) were placed into a Petri dish
visualization under UV light (366 nm) when B B,were (diameter 60 mm) with 2 mL of culture medium, i.e. E-
giving deep blue and G G; turquiose fluorescency. MEM with 1% of 3% glutamine, 2.5% of 7.5% NaHgO

with phenol red (Institute for Sera and Vaccines), 10% of

Metabolites. Two types of chloroform extracts werebovine fetal serum, 100 pg streptomycin, 100 U penicillin
used in the experiments: and 20 pg crude extract per 1 mL. Reference media were

1) Chloroform extracts of cultivation medium prepared with 1% M&SO instead of extracts as well as
(exometabolites): After filtration of the biomass, thecontrols with pure rich medium. The cultivation of organ
medium was twice extracted with 200 mL of chloroformmodels was carried out at 37°C and 5%,CO
the pooled extracts were dried with anhydrousSQ The ciliary movement was observed on 5-7 tracheal
and concentrated to dryness in a water bath. rings microscopically (250 x magnification; Olympus BX50)

2) Chloroform extracts of biomass (endometabolitesgfter 0, 24, 48 and 72 h of incubation.

Biomass filter cakes were also extracted twice with 200

ml of chloroform in a blender (Stomacher Lab-Blender RESULTS

400, Seward Medical UAC House, London, England) for

10 min and the dry extracts were obtained as mentionedAfter the mycological evaluation of 47 scratch indoor
above. Each residue was redissolved in dimethylsulfoxidamples, the isolates belonging to 21 genera or species
(Me,SO0) to the concentration 1 mg/mL and kept at 4°C iwere obtained (Tab. 1). The most frequent weesticillium

a medicine flask with a teflon plug. sp. (isolated from 93% of sample&kpergillus versicolor
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Table 2 Patterns of ciliostatic activity of representative fungal isolates from mouldy dwellings.

Number of Fungal Isolates

Ciliostatic Activity
Endometabolites Exometabolites

Total

Strains

24 h 48 h 72 h 24 h 48 h 72 h

33

19

Alternaria sp. (2)
Aspergillus flavug4 with 1)
A. niger(1)

. ochraceugl)

. restrictus(1)

. ustug1)

. versicolor(9)
Cladosporium cladosporioidg®)
C. herbarum(1)

C. sphaerospermuii2)
Penicilliumsp. (7)
Phomasp. (1)

Wallemia seb(1)

Alternariasp. (1)
Aspergillus ustugl)
Phomasp. (1)

Alternaria sp. (2)
Aspergillus versicolo(2)
Penicilliumsp. (3)

>>2>>

Aspergillus flavug1)
A. versicolor(1)
Cladosporium cladosporioid€4)

Aspergillus flavug1®)
Penicilliumsp. (2)

Cladosporium cladosporioidgd)
C. sphaerospermuifi)
Penicilliumsp. (1)
Cladosporium cladosporioides

Aspergillus versicolof1)
Penicilliumsp. (1)

Penicilliumsp.

Aspergillus flavug1)
Cladosporium herbarurfi)
Penicilliumsp. (3)
Phomasp. (1)
Ulocladiumsp. (1)

Cladosporium sphaerospermy)
Penicilliumsp. (1)

Aspergillus flavug1)
Cladosporium sphaerospermu(t)
Neosartorya fischerfl)

Aspergillus ochraceudl)
Cladosporium sphaerospermu(t)
Penicilliumsp. (3)

Aspergillus glaucus
Penicilliumsp.

Aspergillus flavug1)
Cladosporium cladosporioid€g)
C. sphaerospermuid)
Penicilliumsp. (13)

+ + + + + +

nd - + +

Notes:® - in vitro aflatoxigenicA. flavusisolates. + - fungal extracts stopped tracheal ciliary movement. — - ciliary movement was not inhibited by
extracts. nd - not determinated.

(33%), A. flavus and Cladosporium sphaerospermumisolates ofAbsidiaTiegh. sp.Aspergillus glaucusink, A.
(30%) and C. cladosporioides(23%). The A. flavus restrictus G. Sm, Mortierella Coem. sp. andVallemia
isolates obtained from 5% of samples (houses in Westeabi(Fr.) von Arx were found only rarely.

Slovakia) were able to produce aflatoxinsvitro. This is The ciliostatic activity of the exo- and endometabolites
the first isolation of aflatoxin-producing. flavusstrains of 96 representants of the isolates is shown in Table 2.
from dwellings in Slovakia. On the other hand, th&he most active chloroform-extractable metabolites, both
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exo- and endometabolites, were producedAligrnaria investigated strains, particularMternaria sp., Aspergillus
sp. (2 isolates)Aspergillus flavug4 isolates, including 1 sp., Cladosporiumsp., Penicillium sp. andPhoma sp.
aflatoxin-producingin vitro), A. niger van Tieghem A. were able to produce compounds with very high ciliostatic
ochraceusWilhelm, A. restrictusand A. ustus(Bain.) toxicity. Similar results were obtained in our previous
Thom and Church (1 isolate of each}adosporium investigations on moulds on house walls and construction
cladosporioidesand C. sphaerospermun2 isolates of material [20, 22].
each),C. herbarum(Pers.) Link (1 isolate)Penicillium The most frequent species isolated are known producers
sp. (7 isolates)PhomaSacc. sp. anVallemia sebi(1 of strong mycotoxinsAlternaria sp. can produce over 70
isolate of each). These metabolites stopped the ciliadjfferent myco- and phytotoxins. Sterigmatocystin is the
movement in tracheal rings in 24 h. most well-known mycotoxin ofAspergillus versicolor

The metabolites of 1 non-aflatoxigerispergillus flavus and was one of the most ciliostatically active compounds
4 C. sphaerospermurand 1C. cladosporioidesand 13 in our previous experiments [6]. Penicillia are also
Penicillium sp. isolates showed no ciliostatic activityproducers of a large variety of toxic metabolites. Although,
under given experimental conditions at all. mycotoxins are usually considered to be exometabolites,

One isolate ofUlocladium sp. tested produced high many of them (citreoviridin, cyclopiazonic acid, luteoskyrin,
ciliostatically active exometabolites while its endometabolitesterigmatocystin, verruculogen, etc.) can occur intracellularly
did not stopped ciliary beating in the experimentf]. It is possible that some mycotoxins were present in
conducted. Low ciliostatic activity — after 72 h was showthe crude extracts and were responsible for their ciliostatic
by exometabolites of an isolate Meosartorya fischeri effect observed in the experiment. A precious chemical
(Wehmer) Malloch and Cain although its endometabolitemalysis is needed to clarify this problem exactly.
were not active. Thé. glaucusisolate produced slightly  There can be some toxic fungal metabolites in the
active endometabolites that broke down ciliary movemeirtdoor environment not only with ability to inhibit ciliary
and non-active exometabolites in 72 h. The metabolites miovement of upper airways vitro but, probably, during
all other aspergilli, penicillia and cladosporia showetbng-lasting exposure to cause general intoxication of
limited ciliostatic effect on chick’s tracheal epithelium. macroorganism via lung tissue and/or to facilitate

bacterial or viral infection of its underlying epithelium.
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