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Metabolism of T-2 toxin by rat brain homogenate

(Received 5 February 1991; accepted 16 April 1991)

T-2 toxin is one of the most poisonous trichothecenes,
produced by Fusarium species [1]. Its metabolism has been
studied in the liver, in various internal organs {2, 3] and in
whole blood and its components [4]. Ohta et al. [S] included
rat brain in their experiments. Microsomal preparations of
this organ converted T-2 toxin into HT-2 toxin in 30 min,
but further metabolic changes were not studied, in spite of
the extensive metabolic reactions found with liver.
Furthermore, it was not stated whether the brain was used
with its physiological blood content.

Recently we reported that direct administration of T-2
toxin to the rat brain causes death with doses that are only
a low percentage of those required for systemic applications
[6]. These observations led to the question of whether
cerebral T-2 toxin metabolism differs from its metabolism
following peripheral administration. This problem was
approached by treatment of the toxin with rat brain
homogenate. Since whole blood degrades T-2 toxin
effectively [4], we have prepared this homogenate by two
procedures: either by direct decapitation, extraction of the
brain and its homogenization; or first exhaustive saline
perfusion to remove all the blood from the brain before
decapitation and homogenization.

Materials and Methods

Chemicals (see Fig. 1). The toxin and neosolaniol were
isolated from Fusarium sporotrichioides [7]. HT-2 toxin,
T-2 triol, T-2 tetraol, 4-deacetylneosolaniol (DANS) and
15-monoacetylscirpenol (MAS) were prepared according

to the literature [8). Identification was performed by NMR
and mass spectroscopy, purity was checked by GLC. For
analysis by GLC with a ®Ni electron capture detector, all
trichothecenes were converted into their heptafluorobutyric
esters [9]. Heptafluorobutyric (HFB) anhydride was
purchased from Aldrich (Milwaukee, WI, U.S.A.) and
trimethylamine (TMA) from BDH (Poole, U.K.).

Brain homogenates. Male albino rats of the Hebrew
University Sabra strain, of 250 + 50 g body weight, were
used. The animals were anesthetized with pentobarbitone-
sodium (40-50 mg/kg i.p. or s.c.) and were perfused via
the heart with 37° warm saline, until the perfusate was
practically colorless. The skull was rapidly opened, the
brain was removed and homogenized with 10 mL of 0.1 M
phosphate buffer pH 7.4, per gram of tissue, using an Ultra
Turrax homogenizer.

Homogenates were also prepared from whole rat brain
without previous perfusion. Such preparations contain
about 40 uL of blood per gram of brain [10).

Analysis. The apparatus used for gas chromatography
and the conditions of the analytical procedure, including
the method of derivatization with HFB-anhydride, have
been described previously [9].

Incubation. In a 100 mL Erlenmeyer flask, 20 mL of
brain homogenate were thoroughly mixed with 5-10 ug/
mL of substrate in dimethyl sulfoxide solution.

Penicillin and streptomycin were added to suppress the
growth of airborne microorganisms. The vessels were
shaken at 37° for 90 min, and samples of 3mL were
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Fig. 1. Chemical structures of 12,13-epoxytrichothecenes.

withdrawn at 0, 15, 30, 60 and 90 min. Each sample was
immediately immersed for 1 min in boiling water to stop
all enzymatic reactions. Then MAS was added as internal
standard.

Extraction procedure. Each sample was mixed with 2 mL
of ethyl acetate and stirred in a vortex for 30 sec, followed
by centrifugation at 4000 rpm for 20 min. The organic
supernatant was taken off, and the whole procedure was
repeated a second time. The combined organic layers were
brought to dryness in vacuo. The solid residue was dissolved
in a 1:1 mixture of methylene chloride and methanol. This
solution was placed on a small column, filled with 1.5g of
silica gel, which previously had been washed three times
with 3 mL methanol. The column was eluted with 2 mL of
a mixture of 70% ethyl acetate and 30% methanol. The
eluate was brought to dryness under a stream of nitrogen.
The residue was derivatized with HFB-anhydride and
analysed by GC, as described previously [9]. The
metabolites were identified by measurements of GC-
mass spectrometry {(LKB 2091) (GC-MS), as described
previously [9].

Statistics, Each experiment was repeated three to four
times. Standard deviations (SD) of the measurements were
calculated by ANOVA.

Results and Discussion

Different results were obtained with the two types of
homogenate. Homogenate from perfused brain caused
hydrolysis of the 4-acetoxy group of T-2 toxin and formation
of HT-2 toxin. T-2 triol, neosolaniol, DANS and T-2 tetraol
were not formed in amounts determinable by the methods
used, i.e. with a lower limit of 1 ng/mL. For quantitative
evaluation of the production of HT-2 toxin, recovery rates
were determined as follows: T-2 toxin, 65%; HT-2 toxin,
30%. Using these values, Fig. 2 was constructed which
shows that the sum of these two compounds remains
approximately constant over the period of 90 min. This
supports the conclusion that no other metabolite was
formed during this period.

The reaction mixture of homogenate from non-perfused
brain and T-2 toxin contained at various times HT-2 toxin,
T-2 triol, neosolaniol, DANS and T-2 tetraol, which were
identified by GC-MS analysis. All these metabolites are
formed by the blood [4], except HT-2 toxin which is
produced both by blood and by brain tissue. When any of
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Fig. 2. Enzymatic conversion of T-2 toxin to HT-2 toxin

by a homogenate of saline-perfused rat brain. For

construction of the points the different recovery factors
were used: T-2 toxin, 65%; HT-2 toxin, 30%.
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Fig. 3. Stability of trichothecenes upon incubation with a
homogenate of saline-perfused rat brain.
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these metabolites was incubated with perfused brain
homogenate for 90min or longer, it was recovered
unchanged (Fig. 3).

The cerebral hydrolase, responsible for the conversion
of T-2 toxin to HT-2 toxin (Fig. 2), exhibits pronounced
specificity, since the other ester groups of the T-2 toxin
molecule (Fig. 1) are not attacked. In this respect the brain
resembles the rat leucocytes. The latter also perform
essentially the hydrolysis of the 4-acetoxy group, while
other metabolites are either missing or are produced only
in traces, which may result from contamination with traces
of erythrocytes. Indeed red blood cells yield all the
metabolites mentioned above {4].

HT-2 toxin is six times more toxic than T-2 toxin, when
applied directly to the rat brain [6]. Formation, stability
and accumulation of HT-2 toxin in the brain, upon direct
cerebral administration of T-2 toxin, may explain, at least
in part, the high cerebral toxicity of the latter.

In summary, HT-2 toxin was the sole metabolite formed
when T-2 toxin was treated with homogenate from brain
without its blood content. Homogenate from brain with its
full blood content produced—besides HT-2 toxin—T-2
triol, neosolaniol, 4-deacetylneosolaniol and T-2 tetraol,
i.e. the same metabolites formed by incubation of T-2 toxin
with whole rat blood.
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Idebenone, an agent improving cerebral metabolism, stimulates ['*Cltyrosine
uptake and ['“C]lcatecholamine formation by cultured bovine adrenal chromaffin
cells

(Received 18 February 1991; accepted 16 April 1991)

Idebenone, [6-(10-hydroxydecyl)-2,3-dimethoxy-5-methyl-
1,4-benzoquinone] is a therapeutic agent for improving
cerebral metabolism. It is reported to prevent or improve
neurological disorders, such as impairment of memory
retention and locomotor activity, induced by experimental
cerebral ischemia [1]. Neurochemical studies showed that
idebenone restored the reduction of glucose utilization and
the decrease in ATP content in ischemic rat brain [2].
Furthermore, idebenone was shown to increase ATP
formation in isolated mitochondria and inhibit lipid
peroxidation in mitochondrial membranes [3]. It has also
been shown to reverse the decrease in the contents or
turnovers of the neurotransmitters acetylcholine and
serotonin in the brain of rats with experimental ischemia
[4,5]). However, little is known about the effect of
idebenone on catecholaminergic neurons.

In this study, to obtain information on the effect of
idebenone on catecholamine (CA) metabolism, we

examined whether it affected CA formation from tyrosine
in cultured bovine adrenal chromaffin cells. Adrenal
chromaffin cells are regarded as a model for cat-
echolaminergic neurons, and are useful for studies on CA
biosynthesis as well as CA release.

Materials and Methods

Cell preparation and culture. Bovine adrenal chromaffin
cells were dispersed enzymatically [6] and maintained for
3 days in culture in 35-mm tissue cultured dishes at a
density of 10° cells/dish, in Eagle’s basal medium
supplemented with 5% heat-inactivated fetal calf serum,
2mM glutamine, penicillin (100 units/mL), streptomycin
(100 ug/mL), gentamicin (40 ug/mL), fungizone (2.5 ug/
mL) and 10 uM cytosine arabinoside [7].

Measurement of [“Cltyrosine uptake and ['*C]cate-
cholamine formation. The cultured cells were washed
with 1 mL of balanced salt solution [BSS (mM): 135, NaCl;



