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Abstract 

Toano milkvetch (Astragohrs ~OMUS Jones) synthesizes the /3-D- 
glucoside of 3-nitro-1-propanoi (miserotoxin), a highly toxic aii- 
pbatic nitro compound, and also accumulates toxic levels of se10 
nium. The toxicity of Toano miikvetch to l-week-old chicks was 
compared with Wasatch milkvetch [Astraguhumiser vu. oblongi- 
folius (Rydb.) Cronq.], which contains only miserotoxin but does 
not accumulate selenium; stinking miikvetch (Astragahsprudon- 
gus Sheld.), which accumulates selenium but does not contain 
miserotoxin; and a combination of Wasatch milkvetch and stink- 
ing milkvetch. The LDse for chicks fed Toano milkvetch was 67.8 
mg NOz/kg plus 2.7 mg Se/kg of body weight. The LDw for 
Wasatch milkvetch was 195 mg NOz/kg and for stinking milkvetch 
5.9 mg Se/kg. The LDSg of a combination of Wasatch milkvetch 
and stinking milkvetch were 66.1 mg NOz/kg and 2.7 mg Se/kg. 
When miserotoxin and selenium were fed together, either in Toano 
milkvetch or the Wasatch-stinking milkvetch combination, the 
LDso for each compound wrs significantly lower than when they 
were fed separately. If seleniferous and nitro-bearing species grow 
sympatrically, iivestock might be poisoned at lower concentrations 
of the individual toxic compounds if they graxed both species. 
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Toxic compounds in the genus Astragalus include aliphatic nitro 
compounds (Williams and Barneby 1977) selenium (Rosenfeld 
and Beath 1964), and swainsonine (Molyneux and James 1982). 
The latter compound is an indolizidine alkaloid that causes loco- 
ism. Generally these poisonous compounds do not occur in the 
same species of Asrragalus. Although swainsonine has been 
detected in nitro-containing and selenium-accumulating species, 
the species in which the concentration of swainsonine is high 
enough to cause the loco syndrome neither contain nitro com- 
pounds nor accumulate selenium. 

Toano milkvetch (Astragahs toanus Jones) is the only species in 
the genus known to absorb toxic levels of selenium (Bameby 1964) 
and to synthesize aliphatic nitro compounds (Williams and Bar- 
neby 1977). The nitro compound was subsequently identified as 
miserotoxin, the /I-D-glucoside of 3-nitro-1-propanol (Stermitz 
and Yost 1978). Miserotoxin hydrolyzes to 3-nitro-1-propanol 
(bNPOH) in the rumens of cattle and sheep (Williams et al. 1970). 
This nitro compound is rapidly absorbed into the circulatory sys- 
tem and subsequently converted to 3-nitropropionic acid (3-NPA) 
(Muir et al. 1984, Pass et al. 1984). The effects of 3-NPA are 
two-fold: the nitrite complexes with ferrous hemoglobin to pro- 
duce methemoglobin, and the 3-NPA affects the brain, central 
nervous system, and vital organs (James et al. 1980). Selenium 
adversely affects most vital organs. 

Toano milkvetch is a member of the Astragaks section Pectinati 
(Bameby 1964). The plant is a robust, sparsely leafy perennial 
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adapted to desert and semidesert conditions. Toano milkvetch is 
found in western Box Elder County, Utah, westward to the upper 
reaches of the Humboldt River in Nevada and along the Snake 
River in western Idaho. The showy pink-purple flowers appear in 
early May to early June. Toano milkvetch is not known to cause 
livestock losses, probably because it is not abundant, and it com- 
pletes its lie cycle and becomes dormant quickly. 

The presence of dual poisons in plants has been noted in galenia 
[Galeniapubescens (Eckl. and Zeyh.) Druce] (Williams 1979), red 
spinach (Trriznrhema rriquerra Rottb. ex Willd.) (Eve&t 1981), 
and kikuyugrass (Pennisetum clandestinum Hochst. ex Chiov.) 
(Everist 198 l), all of which may accumulate toxic levels of soluble 
oxalates and nitrates if ample water and nitrogen are available. 

Toano milkvetch is of interest because it can be used to compare 
the synergistic effects of 2 poisons, both within the same plant, with 
other poisonous milkvetches that contain either miserotoxin or 
selenium but not both. The study compares the toxicity to chicks of 
Toano milkvetch (selenium and miserotoxin) with Wasatch milk- 
vetch [Astragalus miser var. oblongifolius (Rydb.) Cronq.] (mis- 
erotoxin), and stinking milkvetch (Astragaluspraelongus Sheld.) 
(selenium), and a combination of Wasatch milkvetch and stinking 
milkvetch. 

Materials and Methods 

Toano milkvetch was collected 4 May 1987 (full flower) and 12 
May 1987 (late flower and pod), along Utah Highway 30,lO miles 
east of the Nevada-Utah line. Wasatch milkvetch was collected 
during vegetative growth in the mountains near Logan, Utah, and 
vegetative stinking milkvetch was collected in the Henry Moun- 
tains of southern Utah. Wasatch and Toano milkvetch were oven- 
dried at 50“ C for 24 hr. Stinking milkvetch was air-dried. All 
material was ground to pass a 40-mesh screen and stored in sealed 
containers until used. 

The 3 milkvetches were analyzed for aliphatic nitro compounds 
using the method described by Williams and Norris (1969). Sele- 
nium was analyzed fluorometrically (Olson 1969) by H.F. May- 
land, USDA-ARS, Kimberly, Idaho. 

One-week-old Leghorn cockerels (50 f 4 g) were used to bioas- 
say the test material for toxicity. The chicks were removed from 
food and water overnight (15 hr) to empty the crop. Twenty chicks 
were used per dose and the experiment was repeated once. The 
plant material was encapsulated in No. 4 gelatin capsules and 
administered by hand each morning. 

Wasatch milkvetch was fed at 114.0, 106.5, 99.6, and 93.1 mg 
N01/ kg. Toano milkvetch was fed at 79.4,71.1,63.9, and 57.5 mg 
N&/kg. Since Toano milkvetch contained 350 ppm selenium, the 
above dosage also contained 3.2, 2.8, 2.6, and 2.3 mg Se/kg. 
Stinking milkvetch was fed at 6.6, 6.1, 5.6, and 5.3 mg Se/kg. 
Wasatch milkvetch was fed at 77.9,68.8,60.7, and 53.6 mg N@/ kg 
plus stinking milkvetch at 3.1,2.8,2.4, and 2.1 mg Se/ kg, or the 
same amount of selenium found in Toano milkvetch with the 
equivalent concentration of NOz. Chicks were dosed between 8 and 
9 a.m. on 2 consecutive days, observed for toxic signs, and the LD~o 
was determined 24 hr after the second dosage. 
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Table 1. Toxkity to cbiclrr of miserotoxin 8od scleniPm from Wurtcb, To8110,8nd stinking milkvetcba. 

Species 
Toano milkvetch 

Dose LDso LDm 

Mg NW kg Mg Se/ kg No. chicks died’ Mg N&/kg Mg Se/ kg 95% C.I. (mg/ kg) 
19.4 3.2 20 61.8 2.7 NOs = 66.22 - 69.34 
71.1 2.8 17 Se = 2.70 - 2.72 
63.9 2.6 2 
57.5 2.3 0 

Wasatch milkvetch + 77.9 3.1 20 66.1 
stinking milkvetch 68.8 2.8 14 

60.7 2.4 2 
53.6 2.1 0 

Wasatch milkvetch 114.0 20 105.0 
106.5 12 
99.6 -- 2 
93.1 0 

Stinking milkvetch - 6.6 20 
6.1 15 

- 5.6 3 
- 5.3 0 

‘Twenty chicks were used per dose. Mean of 2 experiments. Number of deaths 24 hr after second feeding. 

2.7 

- 

5.9 

NOa = 64.86 - 67.30 
Se = 2.58 - 2.12 

NOs = 103.28 - 106.66 

Se q  5.77 - 5.98 

Dosages within the range of LDo and LD~oo were determined 
from preliminary experiments. Geometrical progression for doses 
within these parameters were determined in accordance with the 
method of Weil(l952) for determining LDaos. LDsos were deter- 
mined by probit transformation with a confidence level of 9%. 

Results and Discussion 

death. 
These data indicated that significantly larger amounts of sele- 

nium and miserotoxin must occur in separate plants to equal the 
toxicity of both compounds in one plant. If seleniferous and nitro- 
bearing species grew sympatrically, animals might be poisoned at 
lower concentrations of the individual compounds if they grazed 
both species. 

Miserotoxin analyses (expressed as mg NOs/ g of plant) for the 3 
milkvetches were: Wasatch milkvetch, 11.6 mg/g; Toano milk- 
vetch, 8.8 mg/g; and stinking milkvetch, 0.0 mg/g. Toano millc- 
vetch contained 350 ppm selenium when collected 4 May and 150 
ppm selenium on 12 May. Only the 4 May material was used. 
Stinking milkvetch contained 1,040 ppm selenium. 

All chicks died when dosed with Wasatch milkvetch at 114 mg 
NOs/ kg, but there were no fatalities in the group fed at 93.1 mg/ kg 
(Table 1). The mortality among chicks fed Toano milkvetch was 
100% at 79.4 mg NOz/ kg but no deaths occurred at the lowest dose. 
The toxicity of a combination of Wasatch and stinking milkvetch 
was similar to Toano milkvetch with 100% mortality at 77.9 mg 
NOs/ kg and 3.1 mg Se/ kg. Compared to the selenium in Toano 
milkvetch, or in the Wasatch and Toano milkvetch combination, 
twice as much selenium from stinking milkvetch was required to 
produce 10% mortality. 

The LDm for chicks fed Wasatch milkvetch was 105.0 mg 
Nol/ kg and the LDSO for stinking milkvetch 5.9 mg Se/ kg (Table 
1). The LDm for Toano milkvetch was 67.8 mg NO?/ kg and 2.7 mg 
Se/ kg. When Wasatch milkvetch and stinking milkvetch were fed 
together, the LDaos were 66.1 mg NOZ/ kg and 2.7 mg Se/ kg. When 
miserotoxin and selenium were fed in Toano milkvetch, or from a 
combination of Wasatch and stinking milkvetches, the LDSOS for 
mg NOs/ kg and mg Se/ kg were not significantly different. The 
LDm for both mg NOs/ kg and mg Se/ kg in Toano milkvetch and 
the Wasatch-stinking milkvetch combination was significantly dif- 
ferent when compared with the LDws of NOs/kg in Wasatch 
milkvetch and selenium in stinking milkvetch fed alone. 

The effects of dual poisoning in chicks by selenium and misero- 
toxin cannot be used to predict responses in domestic livestock that 
might consume the same compounds. Livestock are generally poi- 
soned at lower doses (mg/ kg of body weight) of these poisons than 
are chicks. The minimum lethal doses of selenium (administered 
orally as selenite) are 3.3 mg/ kg of the body weight for horses, 3 mg 
for cattle, and 15 mg for swine (Rosenfeld and Beath 1964). A steer 
and a sheep died after they were gavaged with miserotoxin- 
containing plants at 25 and 37.5 mg NOs/ kg, respectively (Willi- 
ams and James 1975, Williams and James 1978). 

The additive or synergistic effect of two or more compounds 
involving selenium has practical application not only on the range 
but also where selenium, nitrates, and other compounds accumu- 
late from runoff from seleniferous soils and cropped (thus fertil- 
ized) lands. Problems from the accumulation of selenium and 
other toxic compounds are particularly likely to occur when runoff 
terminates in basins that have no natural outlets. Deformities in 
waterfowl and embryos in their eggs have been observed in wildlife 
refuges fed by water from seleniferous soils and crop lands (Ohlen- 
dorf et al. 1986). The ingestion of selenium in combination with 
other poisonous elements or compounds may cause toxic syn- 
dromes in humans, wildlife, and livestock not observed with toxi- 
cosis from selenium alone. 
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