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Abstract: An investigation of a cluster of cases of
pulmonary hemosiderosis in infants in Cleveland, OH,
led to the isolation of many isolates of Stachybotrys atra
and two isolates of a related toxigenic fungus, Mem-
noniella echinata. M. echinata produces two cytotoxic
trichothecene mycotoxins, trichodermol (1a) and tri-
chodermin (1b), as well as several griseofulvins. De-
chlorogriseofulvin (2a) and epidechlorogriseofulvin (2b)
were the major compounds isolated. This is the first
report of a fungus outside the Penicillium genus pro-
ducing griseofulvins.

There has been increasing concern in recent years
about the health effects associated with the growth of
molds in water-damaged buildings.1,2 Although the
main problems associated with biologics in damp dwell-
ings appear to be allergenic in nature, there are
instances of human intoxications caused by fungal
toxins (mycotoxins) produced by molds growing in wet
buildings.3,4 A study of an unusual cluster of cases of
acute pulmonary hemosiderosis in infants, which re-
sulted in several deaths, in Cleveland, OH, pointed to
home dampness as a common factor. An investigation
showed that all these homes had varying levels of
contamination by Stachybotrys atra,5 a fungus long
associated with the deaths of livestock that ingested S.
atra-contaminated feed (Etzel, R. A.; Montana, E.;
Sorenson, W. G.; Kullman, G. J.; Allan, T.; Miller, J.
D.; Jarvis, B. B.; Dearborn, D. G. Unpublished results).
Preliminary data strongly support the contention that
exposure to spores of S. atra is the principal cause of
the pulmonary hemosiderosis observed in these infants.5
Memnoniella echinata (Riv.) Galloway is a fungus

closely related to S. atra and is sometimes found
growing along with S. atra.6 In the course of isolating
S. atra from the homes in Cleveland,7 we obtained two
isolates ofM. echinata whose cultures proved cytotoxic
against fetal feline lung cells.8 One isolate (to be
deposited with the ATCC under the designation JS638)
was grown on rice for 30 days, extracted with methanol,
and chromatographed to give a number of fractions.
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Several chromatographic fractions were highly cytotoxic;
two of these fractions yielded trichodermol (1a) and
trichodermin (1b). One major fraction of low cytotox-
icity yielded two compounds that were separated by
preparative reversed-phase HPLC to give dechloro-
griseofulvin (2a)9 and epidechlorogriseofulvin (2b), whose
structure was established unequivocally by X-ray crys-
tallography.10,11 Compounds 2a and 2b were isolated
in substantial quantity (0.5 g each from 12 g of crude
extract). The X-ray analysis through enantiomorph-
polarity estimation12 established that 2b is C-2S,C-5′S.
Although griseofulvins 2a and 2c have been isolated
from several species of Penicillium,13 the epigriseoful-
vins (i.e., the C-5′S congeners) have not been reported
as natural products. Epigriseofulvin (2: R ) Cl; C-5′S)
has been synthesized in racemic form.14 In addition to
2a and 2b, we also found minor amounts of several
related compounds including griseofulvin (2c) and xan-
thone 3.15

Because Memnoniella is closely related to Stachy-
botrys,7 and the latter fungus is known to produce the
trichothecene mycotoxins [e.g. trichodermol (1a) and
trichodermin (1b)],16 the finding of the trichothecenes
1a and 1b in M. echinata, although previously un-
reported in Memnoniella, is not surprising. However,
heretofore, the griseofulvins have been found only in
Penicillium fungi,13 and their presence in a distantly
related fungus is unexpected. To date, we have not
detected the griseofulvins in any of our cultures of S.
atra.
The S. atra-M. echinata complex produces a wide

variety of biologically active natural products including
the trichothecenes, stachybotrylactones, and stachy-
botrylactams (and related spirodihydrobenzofuran lac-
tones and lactams),16-21 cyclosporins,22 and now the
griseofulvins. In addition, our preliminary work with
highly toxigenic isolates of S. atra from the Cleveland
study has turned up several additional potent cytotoxins
that do not appear to be members of the above classes
of antibiotics. Thus, these fungi produce a wide variety
of cytotoxins (e.g., trichothecenes) and immunosuppres-
sants (e.g., cyclosporins and stachybotrylactones), the
combination of which contributes significantly to the
toxicity of these organisms.
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