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7,11-H,-12,13-epoxy-7a-hydroxy-15-trityloxytrichothec-9-en-3,8-dione (1a) - A
solution (10 mL) of 3,7,11-*H,-3a,7a-dihydroxy-12,13-epoxy-15-trityloxytrichothec-
9-en-8-one (Grove et al., 1988, I, R=(C.H,),C, R'=H, 43.9 mg, 4.92 x 10° d min"
mmol”) in dry benzene was treated with pyridinium chlorochromate on alumina
(Cheng et al., 1980, 250 mg, 0.2 mmol Cr). The mixture was stirred at room
temperature for 5 h when it was filtered and the alumina washed thoroughly with
diethyl ether. The filtrate and washings were evaporated and the residue (39.5 mg)
applied to a silica gel plate (Merck, 60F ,,, 20x20x0.05 cm). The chromatogram was
developed with diethyl ether-hexane (3:1) and four bands were then visible under
reflected ultraviolet light. The most polar band gave the starting alcohol (2.3 mg) on
elution from the silica. The main band was eluted with ethyl acetate, the eluate
evaporated and the residue (37.2 mg) in diethyl ether (2 mL) on treatment with hexane
gave asolid (13.5 mg, m. p. 80-85°) as afilm. This solid wastaken upin t-butyl alcohol
(5 mL) and the solution lyophilized giving crystals of 7,11-'H,-12,13-epoxy-7a-
hydroxy-15-trityloxytrichothec-9-en-3,8-dione (1a), m. p. 70°, [a]*; -49.2° (c 2.15
CHCl), v,_,..3460,1767,1685 cm™, 3.29 x 10°d min" mmol"'; Found: C, 74.6; H, 6.6;
O, 18.3. C,H,,0,.CH, O requires C, 74.7; H, 6.9; O, 18.3%, &, (resonances of
C,H,OH omitted) 1.01 3H,), 1.80 3H,), 2.21 (H,, %,,, 19.44 H2), 3.13 (H,,_J10.7
Hz),3.49 (H,,), 3.17 (H,,, /4.2 Hz), 3.27 (H,)), 3.30 (H,), 3.50(H,), 3.56 (H, e), 4.73
(H,, J5.96H2), 4.86 (H,, €), 6.47 H., *J,,.0psy 1.5 H2), 7.16-7.39 (15H).
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Results

3,7,11-*H,-3-Acetyldeoxynivalenol (I, R=H, R’=Ac) was purified to constant el-
emental ana:iysis, optical rotation, melting point and specific molar radioactivity. It
eluted from a reverse phase partition chromatography column (Synge and White,
1960) as a Gaussian distribution without detectable distortion. It was converted
through the steps: I, R=H, R'=Ac — |, R=(C,H,),C, R’=Ac — |, R=(C_H,),C, R’=OH in
84% overall yield and the sequential products of these two reactions had the same
specific molar radioactivity and the same level of purity as the metabolite. Regiospecific
oxidation (Grove, 1994) of the alcohol (I, R=(C H,),C, R’=0OH) gave the ketone (1a) in
87% vyield (or 73% overall from 3-acetyldeoxynivalenol) whose specific molar
radioactivity was, as expected (Arigoni et al., 1973, Cane and Ha, 1988), two thirds of
its parent alcohol (I, R=(C H,),C, R’=OH).

The 3,7,11-*H,-3-acetyldeoxynivalenol purified as described in the preceding
paragraphs, administered directly into the rumen of two female lambs was rapidly
hydrolysed to deoxynivalenol (I, R=R’=H). Chromatography (Grove et al., 1988) of
rumen fluid collected and ultracentrifuged 5 min after administration of the toxin and
then kept at -78° for 6 h, indicated the presence of 3-acetyldexoynivalenol and
deoxynivalenol in the ratio 1:1.

The decline in radioactivity in rumen fluid in both dosed animals was exponential
and fitted the equation: x=983.896.e%’% with an index of fit (r?) of 0.918, where
y=concentration (mg mL"') of 3-acetyldeoxynivalenol from the measured radioactivity
and x=time in minutes. Assuming a rumen volume of 2 L, and therefore an initial
concentration (~70 mg mL") of 3-acetyldeoxynivalenol, an apparent half life of
deoxynivalenol in the rumen of these sheep can be calculated from this equation as 46
min. The radioactivity of the serum of these sheep was a maximum 300-400 min after
dosing and, as reported by Prelusky et al., (1985) was apparently biphasic. Twenty
three percent of the radioactivity was excreted in the urine.
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The mean feed (in vitrodigestibility 58.4%) consumption of the control animals over
the 12 day experimental period (26 Aug - 6 Sept) was 1626=150 g day”', and the mean
feed consumption of the dosed animals in the 4 days prior to dosing (26 Aug - 29 Aug)
was 1678+269 g day"'. By contrast the mean feed consumed by the dosed animals in
the 5 days after dosing was 983x124 g day"' and the feed consumed by the control
animals in this period was 1670167 gday™'. The difference between these means (687
g) or between the statistics given above (1626g & 1678 g) is obviously real and agrees
with results reported by other workers (Harvey et al., 1986). Six days after dosing the
feed intake of the dosed animals returned to normal e.g. their mean daily consumption
from September 4 to September 6 inclusive was 1495 g.

The calculated digestibility of the feed consumed by the control animals and that
consumed by the dosed animals prior to administration of the toxin, taking the mean
value of the dry weight of feed consumed and the dry weight of faeces and urine
excreted was about 54%. The mean digestibility calculated in the same way for the
dosed animals between 30 August and September 2 was 48.7%. During the sametime
period a calculation of the digestibility of the same feed in the case of the control
animals gave the result 52%. On a daily basis the calculated digestibilities of the feed
on the day of dosing (=30 August) and for the next 3 days were 37%, 44%, 51% and
61% while the corresponding figures for the control animals were 51%, 56%, 54%, and
46%.

Discussion

It is widely believed that the acetates of deoxynivalenol (I, R=R’=H) are the major
metabolites produced by Fusarium culmorum, but this is not the case, as was clearly
illustrated by the isolation of culmorin by Raistrick and his co-workers (Ashley et al.,
1937) almost 60 years ago. In the present work culmorin, sambucinol and 3-
acetyldeoxynivalenol were isolated in the ratio 3:1:7. Their separation is not simple
and crystalline samples of each are often contaminated with the others. Such
contamination is difficult to detect using for example, high pressure reverse phase
partition chromatography because only the trichothecene absorbs ultraviolet light.
These facts are toxicologically significant because the sesquiterpene 3,4,15-triacetoxy-
12-hydroxytrichothec-9-ene (V, R=OH) is 200 times less toxic than 3,4,15-triacetoxy-
12,13-epoxytrochothec-9-ene (V, R=0-C,,; Grove and Mortimer, 1969). It may be
concluded that culmorin and/or sambucinol admixed with deoxynivalenol or its esters
will appear to reduce the toxicity of the latter.

By the analytical methods at our disposal the *H-3-acetyl-deoxynivalenol dosed to
our experimental sheep was not contaminated by culmorin, sambucinol or any of the
other 11 or 12 known metabolites of F. culmorum (Greenhalgh et al., 1986a; Zamir et
al., 1990, 1992). The sheep after dosing differed from the control animals only in that
they appeared to be somewhat lethargic, but their decreased food consumption was
very obvious as was their gradual return to normality. This single dose did not affect
their weight gain and the following season all four experimental animals produced
healthy lambs. The anorexia observed in the dosed sheep is a well documented
phenomenon for the effect of low doses of trichothecenes to mammals but so far as we
are aware, a concomitant decline in digestibility of fodder by ruminants has not been
reported. Although F. culmorum s not acommon species in the fungal flora of pasture
soil at Nappan (Brewer and Taylor, 1980) other Fusarium species are. In the seasons
1973-1975 inclusive, 272 isolates of Fusarium spp. were isolated from 504 soil



OVINE ILL-THRIFT IN NOVA SCOTIA 45

samples collected. A random sample of 11 of these 272 isolates revealed that 8 (73%)
of them produced toxic metabolites (Brewer and Taylor, unpublished work). It
suggests that these Fusaria, a priori, are a parameter in the ill-thrift of lambs on pasture
at Nappan.

The radioactivity data given in the Experimental section, indicate that the specific
molar radioactivity of sambucinol is less than that of 3-acetyldeoxynivalenol, thus
confirming the suggestion of Zamir et al., (1990) and the more recent molecular
biology of Hohn etal., (1995) thatthere are different pathways to these two metabolites
from trichodiene (VI). However the specific molar radioactivity of culmorin was about
7 timesthat of 3-acetyl- deoxynivalenol and 8 times that of sambucinol. Biosynthetically
this might be expected for its formation from mevalonic acid can be envisaged as
shown (IN). In this diagram the dotted bonds are those formed in the biosynthesis of
farnesyl pyrophosphate and the hatched bonds are those formed by cyclization
mechanisms well-charted in terpene biochemistry. The rearrangement of the allylic
pyrophosphate double bond has also been reported (Cane and Ha, 1988).

From an agricultural point of view there is therefore hope that this efficient path of
mevalonate metabolism can be enhanced at the expense of that of trichodiene and
recent mapping of the genes involved (Hohn et al., 1995) lends substance to this
expectation.
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