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Solvent extracts of Sclerotinia sclerotiorum sclerotia were nontoxic to mice
and chicken embryos; psoralens were not detected. Solvent extracts of soybeans
inoculated with 10 strains of S. sclerotiorum were toxic on injection but nontoxic
on per os administration to mice. The presence of chlorinated hydrocarbons in
the soybeans may partially help explain toxicity by intraperitoneal injection.

Scierotinia sclerotioram can produce in dis-
eased celery several phototoxic compounds such
as 5-methoxypsoralen, 8-methoxypsoralen, and
4,5,8-trimethylpsoralen that cause a blistering
cutaneous disease on the skin of people handling
the contaminated vegetable (1, 7). On soybeans,
this soil-borne fungus causes stem rot and may
produce large black sclerotia which are not sep-
arated from the seeds during harvest; beans are
not invaded normally. The presence of sclerotia
in shipments of soybeans intended for human
consumption results in rejection of the shipment
at foreign entry ports (4). Toxicological safety of
contamination by sclerotia has been questioned
but definitive answers have not been reported
(2,6).

In 1977 two large shiploads of American soy-
beans were rejected at a foreign entry port. We
analyzed sclerotia and soybeans from these two
contaminated shiploads for the presence of psor-
alens and other potential toxins by using chro-
matography and biological assays to determine
if their consumption could result in a mycotoxi-
cosis.
A total of 60 g of sclerotia was extracted

successively with 800 ml each of hexane, meth-
ylene chloride, ethyl acetate, and methanol.
These extracts were concentrated and analyzed
for 5-methoxypsoralen, 8-methoxypsoralen, and
4,5,8-trimethylpsoralen by thin-layer chroma-
tography, using the procedure of Wu et al. (9);
reference standards were included in all assays.
Developed plates were observed under long- and
shortwave ultraviolet light and also sprayed with
p-anisaldehyde reagent (8). All extracts were
negative for the psoralens. The same extracts (in
vegetable oil) were injected into mice and

t Present address: Food Safety Quality Service, U.S. De-
partment of Agriculture, Peoria, IL 61604.

chicken embryos and applied, in ethyl acetate,
onto rabbit skin, again with negative results.
The two soybean samples and the sclerotia

after surface sterilization with 2% sodium hypo-
chlorite to eliminate adventitious microbial con-
tamination were plated under a variety of con-
ditions conducive to growth of S. sclerotiorum
(9). Primarily, Penicillium and Aspergillus spp.
grew out of the soybeans, but lack of growth of
the sclerotia indicated nonviability.
Subsequently in a preliminary experiment, 10

isolates of S. sclerotiorum from the Agricultural
Research Services Culture Collection were in-
oculated onto soybeans obtained locally (300 g
of soybeans plus 150 ml of water per Fernbach
flask; autoclaved for 30 min). Samples of the
rejected soybeans were not inoculated in the
initial experiment because of the limited quan-
tity in our possession, but they were included as
uninoculated controls. Cultures were incubated

TABLE 1. Toxicity of extracts from soybeans
inoculated with various strains of S. sclerotiorum

Lethality to:

Sample Mice Chicken

****embryol.p. p.O. eby

Local soybeans inoculated with + _b +
S. sclerotiorum, 10 strains

Uninoculated control + - +
Uninoculated soybeans, R-1,

R-2c
R-1 inoculated with two strains + - +

of S. sclerotiorum
R-2 inoculated with two strains + - +

of S. sclerotiorum
a i.p., Intraperitoneal; p.o., per os.
b SiX strains intubated.
cR-1 and R-2 represent the two rejected soybean

samples.
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TABLE 2. Chlorinated hydrocarbons detected by gas chromatography" in soybean samples before and after
fermentation with S. scierotiorum

Sample (ppm)

Chlorinated hydrocarbon Uniocu-
R_1b R-2 lated control A-23532c A-23533c A-23534c

Dieldrin 0.08 0.08 1.60 0.34 0.27 0.28
Heptachlor 0.12 0.19 NDd ND ND ND
1,1,1-Trichloro-2,2- 0.27 0.27 ND ND ND ND

bis(p-chloro-
phenyl)ethane

Hexachlorobenzene ND ND 0.01 0.01 0.01 0.01
a Hewlett-Packard GC model 5710-A. Method 1. Column: 1 m by 4 mm ID packed with 4% OV-210 and 1%

OV-17 on Gas Chrom Q. Gas: 5% methane, 95% argon; pressure, 40 lb/in2; flow rate, 60 cm/min. Detector:
electron capture. Temperatures: oven, 2100C; injection port, 2030C; detector, 3030C. Method 2. Column: 1 m by
4 mm ID packed with 3% XE-60 on Gas Chrom Q. Gas: nitrogen, 40 lb/in2. Temperatures: oven, 163°C; injection
port, 2200C; detector, 2850C. Internal standards of 14 chlorinated hydrocarbons were added to each run, and
samples were quantitated by programmed computer.

b Represents lots of rejected soybeans.
c Soybeans purchased locally were used for the uninoculated control and for fermentation by S. sckerotiorum

strains.
d ND, Not detected.

without agitation for 2 weeks at 250C and then
extracted in a blender with ethyl acetate. Sol-
vent was removed by flash evaporation, and the
oily residue was analyzed for psoralens with
negative results. Intraperitoneal injection (0.1
ml) of the oily residues into mice and 0.05 ml
into the air-changed sac ofchicken embryos gave
unexpected results (Table 1). All extracts except
those from the two uninoculated rejected soy-
bean samples were lethal. Gas chromatographic
analyses of the oils on two different columns
indicated that toxicity in the uninoculated local
soybeans could possibly be attributed to the
presence of chlorinated hydrocarbons (Table 2).
This is a factor that previously has not been
given cognizance by those investigating myco-
toxins in agricultural products, although their
occurrence in soybeans has been noted (3) and
may help explain some of the anomalies encoun-
tered by various mycotoxin investigators. Since
this aspect was not within our current experi-
mental design, we did not further pursue this
point.

In a following experiment, two of the cultures
were inoculated onto 300 g each of the two
rejected soybean samples (R-1, R-2). These were
incubated and extracted as noted above. The
oily extracts previously nontoxic to mice or
chicken embryos now proved lethal to the two
test systems. Analysis of the oils by gas chro-
matography and infrared spectroscopy revealed
only the presence of the chlorinated hydrocar-
bons and linoleic acid; none of the other fatty
acids normally present in soybeans was detected.
Intraperitoneal injection of0.1 ml ofpure linoleic
acid proved lethal to mice. Jeffrey et al. (5) have

shown that linoleic acid hydroperoxide destroys
cytochrome P-450 in hepatic microsomes. If it is
assumed that the hydroperoxide is formed from
the injected linoleic acid, loss of the P-450 sys-
tem, particularly in the presence of toxic sub-
stances such as the chlorinated hydrocarbons,
could result in death of the test animals. This
aspect will require additional investigation.
However, when 0.5 ml of these oily extracts was
subsequently intubated into duplicate mice
along with seven of the samples from the pre-
vious experiment plus the uninoculated local
soybean control, no overt toxic effects were ob-
served after 3 months of observation (Table 1).
Therefore, based on the lack of toxicity of the
sclerotia, the unlikelihood of S. sclerotiorum
invasion of the soybean per se, and the lack of
toxicity of extracts from deliberately contami-
nated soybeans on oral administration to mice,
it would appear doubtful that S. sclerotiorum
contamination of soybeans poses the threat of a
potential serious mycotoxicosis.
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