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Brief Communication

Ammoniated Forage Poisoning: Concentrations of
Alkylimidazoles in Ammoniated Forage and in Milk,
Plasma and Urine in Sheep and Cow

By L. Miiller, T. Sivertsen* and W. Langseth

Departments of Toxicology and Chemustry, National Veterinary Institute, Oslo, Norway.

4-methylimidazole (4-Mel) has until now been
the only identified toxic compound in ammoni-
ated forage considered to be of possible etio-
logical significance in ammoniated forage poi-
soning. However, several authors have
concluded that 4-Mel alone cannot explain the
toxicity observed (Morgan & Edwards 1986,
Nielsen et al. 1986, Motoi et al. 1997). On this
background, we have examined samples of am-
moniated forage and of milk, plasma, and urine
collected from ewes and lambs during a previ-
ous experimental poisoning study (Sivertsen et
al. 1993). We have also studied similar samples
from a Norwegian Red Cattle dairy cow fed
ammoniated hay for the first 5 days after calv-
ing. We have, in addition to the previously
known ingredients 4-Mel and 2-methylimida-
zole (2-Mel), identified 5 new compounds in
these samples, all of which were found to be di-
alkylsubstituted imidazoles: 1,2-dimethylimi-
dazole (1,2-diMel), 1,4-dimethylimidazole
(1,4-diMel),  1,5-dimethylimidazole  (1,5-
diMel), 2,4-dimethylimidazole (2,4-diMel) and
2-ethyl, 4-methylimidazole (2Et-4Mel) (Miiller
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et al. 1998). In this paper we present quantita-
tive measurements of these di- and mono-
alkylimidazoles in a selection of the collected
samples.

The collection of the ammoniated forage and
milk samples are described in Miiller et al.
(1988). The ewe plasma and urine and one of
the ewe milk samples were all from the same
animal, and were collected after her sucking
lamb developed typical ammoniated forage
toxicosis. The plasma from her lamb was col-
lected immediately after the onset of acute
symptoms. Among the cow samples those col-
lected 2 days postcalving were selected for
analysis, because the milk from that day was
found to have the highest level of 4-Mel.

The samples were analyzed by gas chromatog-
raphy with a nitrogen-phosphorous detector
(GC-NPD) or by high performance liquid chro-
matography (HPLC), after cleanup on a strong
cation-exchange column. Sample preparation
and analytical procedures for the milk and for-
age samples have been described in detail else-
where (Miiller et al. 1998). In the plasma sam-
ples the proteins were precipitated with acetone.
Urine samples were extracted 3 times with chlo-
roform/ethanol (4:1). Thereafter, all the samples
were purified and analyzed by the same proce-
dure as for milk. 4-Mel was quantified by
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HPLC, the 1-substituted imidazoles by GC-
NPD, and the 2-substituted imidazoles partly by
HPLC and partly by GC-NPD. The average re-
coveries of alkylimidazoles from forage, plasma
and milk were found to be 88%, 100% and 49%,
respectively. Recovery in analysis of urine was
assumed to be equivalent to that in analysis of
plasma. The analytical detection limits were be-
tween 0.002 and 0.006 ug/ml in plasma, milk
and urine, and 0.2 ug/g in forage.

Table 1 shows the concentrations corrected for
recovery of the 7 identified alkylimidazoles in
ammoniated forage and in milk, plasma and
urine from our 2 feeding experiments.

Results of the determination of 4-Mel in the
milk and plasma samples from sheep were in
good agreement with previous results for the
same material. However, m the samples of am-
moniated forage from the sheep experiment, the
4-Mel concentrations obtained in the present
study were considerably (ca. 40%) lower than
previous values, published in Sivertsen et al.
(1993). This may indicate some unexpected 4-
Mel breakdown in the ammoniated seed hay
samples during storage, albeit the samples had
been kept at —20°C, in closed containers, and
protected from light.

In the sheep and cow plasma samples, the rela-
tive concentrations among the different
alkylimidazoles showed a distribution roughly
similar to that in the forage samples. The
plasma concentrations of 4-Mel represented
0.1%-0.5 % of the levels found in the ammoni-
ated forage. This is in good agreement with the
results of Friis Kristensen et al. (1991). In the
lamb plasma, all concentrations were close to
the limit of detection, and only 4-Mel, 2,4-
diMel and 2-Mel could be quantified.

In the ewe milk samples, the concentration of 4-
Mel was 3-4 times higher than in plasma. This
is in good agreement with the results of Nielsen
et al. (1993). A similar effect was seen for all
the alkylimidazoles. This is most probably a re-
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sult of their chemical properties as weak bases.
The even higher transfer of most of the alkylim-
idazoles into the cow milk sample may partly
be a result of species differences, partly of the
colostrum character of the cow’s milk (Mofor et
al. 1997). In the cow’s milk, the relative distri-
bution among the alkylimidazoles was quite
close to the distribution found in the forage. In
the ewe milk, however, the concentrations of
the other alkylimidazoles were generally higher
compared with 4-Mel than they were in the am-
moniated seed hay. The effect was strongest for
1,2-diMel, 1,4-diMel and 1,5-diMel. This
might be related to the more lipophilic charac-
ter of the 1-substituted dialkylimidazoles.

With the exception of the surprisingly high
level of 1,5-diMel in the cow’s urine, the quan-
titative distributions between the alkylimida-
zoles in urine were generally similar to the dis-
tributions in forage and n plasma.

The material analyzed in this study was col-
lected from a limited number of animals. How-
ever, the good agreement of the alkylimidazole
distribution patterns between the different
kinds of matenal collected and between the 2
feeding experiments indicate that the results
may be representative for feeding of ruminants
with ammoniated timothy hay or seed hay.
Quantitatively, the alkylimidazoles discussed in
this paper were the main substances that were
found by HPLC and GC analysis i milk and
plasma samples from the experimental animals,
and not found in the control samples. Judged
from the acute toxicity of the dialkylimidazoles
in mice (Sivertsen & Miiller, submitted), the
content of 2-Mel and dialkylimidazoles re-
ported in this paper does increase the calculated
toxicity of the ewe milk with 50-70 %, com-
pared to the effect of 4-Mel alone. However,
this is far from sufficient to explain the toxicity
actually observed i lambs (Sivertsen et al.
1993). Thus, the etiology of ammoniated forage
toxicosis is still an enigma.
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Table 1 Concentrations of 1,2-dimethyl-, 1,4-dimethyl-, 1,5-dimethyl-, 2,4-dimethyl-, 2-ethyl-4-methyl-, 2-
methyl- and 4-methylimidazole in ammoniated seed hay fed to sheep (ug/g DM), m plasma, milk and urine from
ewes fed this forage(ug/ml), in plasma from one of their sucklings showing symptoms of poisoning (ug/ml); 1n
ammoniated hay fed to a dairy cow (ug/g DM) and 1n plasma, milk and urine from this cow, collected 2 days

postcalving (ug/ml)
Compounds

1,2-diMel  1,4-diMel  1,5-diMel 2,4-diMel  2-Et-4-Mel  2-Mel 4-Mel
Ewes’ forage <02 1.5 1.0 126 05 55 90
Ewe 1, plasma <0002 0.002 0.002 0.04 <0.002 0.01 0.07
Ewe 1, milk 0.02 0.07 0.04 015 <0006 0.13 023
Ewe 2, milk 0.03 0.07 0.03 0.20 <0.006 0.12 0.31
Ewe 1, urine 0.13 0.42 0.75 7.5 0.67 33 21
Lamb of ewe 1, plasma <0004 <0004 <0004 0.006 <0.004 0.005 0.01
Cow’s forage 08 0.8 0.5 34 32 20 58
Cow’s plasma <0.002 0.01 0.007 0.11 0.008 0.03 0.28
Cow’s milk 0.03 0.05 002 16 043 0.93 2.7
Cow’s urine 004 022 1.6 73 1.1 1.5 5.8
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