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Lameness due to musculoskeletal disorders is relatively common in animals that consume poisonous plants. Many toxic
plants cause lameness through muscular weakness induced by the debilitating effects of the toxins on other organs. For
example, livestock with liver disease caused by eating tansy ragwort (Senecio jacobea) eventually have a severe weight loss
that results in muscle weakness and lameness. Similarly, plants affecting the brain and peripheral nervous system can affect
muscle function and cause secondary lameness. Relatively few toxic plants primarily effect the musculoskeletal system, but a
few such as day blooming jessamine exert their primary effect on the muscles and bones [1]. In this chapter only those plants
that are a primary cause of lameness are discussed.

Plant-Induced Calcinosis

A variety of plants contain calcinogenic glycosides that may be converted to a vita- min D-like substance in animals. Chronic
exposure to these vitamin D analogs result in excessive amounts of calcium being absorbed from the intestinal tract and
deposited in the tissues. Over time these calcium deposits in muscles cause chronic lameness and weight loss. Affected cattle
and horses may survive for several years before they are unable to walk and become permanently recumbent.

Plants that have been incriminated as a cause of calcinosis in animals include Solanum malacoxylon, S. sodomeum (sodom
apple), S. linnaeanum, trisetum flavescens (golden oat grass), Cestrum diurnum (day-blooming jessamine), and Nierembergia
veitchii [2-5]. Of these plants, only C. diurnum is known to cause calcinosis in horses in North America.




Day-Blooming Jessamine
Cestrum diurnum - Solanaceae (Nightshade family)

Habitat
Introduced from the West Indies, C. diurnum has become widely distributed through Florida, Texas, California, and Hawaii.

I x\ci}, {t}’ Habitat of Day-Blooming Jessamine. Cestrum diurnum - Solanaceae (Nightshade family). - To view this
T ﬁ) image in full size go to the IVIS website at www.ivis.org . -
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Description

This plant is a shrub or small tree up to 15 feet (4 to 5 meters) high, with alternate elliptic leaves that have a dark green
glossy upper surface. The fragrant white tubular flowers are born in small clusters on axillary peduncles. Multiple green
berries that turn black when ripe are produced after flowering (Fig. 9-1A).

Figure 9-1A. Day-blooming jessamine (Cestrum diurnum) (Courtesy Dr. Julia F. Morton, Miami,
Florida). - To view this image in full size go to the IVIS website at www.ivis.org . -

Principal Toxin

Cestrum diurnum contains a toxin that has strong similarities to 1,25-dihydroxyc- holecalciferol, the active metabolite of
vitamin D [6,7]. Consequently, all animals eating cestrum while on a diet adequate in calcium and phosphorus absorb
excessive amounts of calcium. Prolonged consumption of the plant results in the calcification of the elastic tissues of the
arteries, tendons, and ligaments (calcinosis) [6,8,9]. The calcium deposited in the muscles, tendons and ligaments may
become evident within 2 weeks of the animal starting to eat the plant. Generalized increased density of the bones
(osteopetrosis) may also be related to hypoparathyroidism and hypercalcitoninism induced by the plant toxin [9].

Other members of the genus, Cestrum nocturnum (night-blooming jessamine) (Fig. 9-1B), C. aurantiacum (Fig. 9-1C), and
C. parqui (green cestrum, willow-leafed jessamine) cause toxicity in livestock through the action of atropine-like alkaloids
that are common in the family Solanaceae (see Chapter 3). These species of Cestrum have not been associated with
calcinosis.

Figure 9-1B. Night-blooming jessamine (C. nocturnum). (Courtesy of Dr. Gerald
D. Carr. Botany Department, University of Hawaii). - To view this image in full size go to the IVIS
website at www.ivis.org . -

Figure 9-1C. Cestrum (C. aurantiacum). - To view this image in full size go to the I[VIS website at
wWww.ivis.org . -

Clinical Signs

Chronic weight loss despite normal appetite, and generalized stiffness leading to severe lameness and prolonged periods of
recumbency are characteristic. Lameness arises from pain in the ligaments and tendons where the calcium is deposited [8,9].
Heart murmurs may develop due to the calcification of the heart valves. Plasma calcium levels in animals with cestrum



poisoning are consistently elevated in the range of 11 to 16 mg/dL [8]. Other blood parameters, including phosphorus levels,
are generally normal. Radiographically, a marked increase in bone density (osteopetrosis) is apparent, with increased
calcification of cartilage and increased metaphyseal and epiphyseal trabeculae [9].

Severe calcification of the tendons, ligaments, and elastic arteries is often visible on postmortem examination. Mineralization
of tissues is confined to those containing elastic tissue [8,9]. Chronic cases may show severe calcinosis of the aorta,
pulmonary arteries, heart valves, and endocardium [8].

Recovery from C. diurnum poisoning is rarely reported because animals are usually affected chronically. Recovery is likely
in less severely affected animals if they are denied further access to the plant and are given a balanced ration. Care should
always be taken to ensure horses are not placed in pastures or pens surrounded by or containing day-blooming jessamine.

Plants Causing Muscle Degeneration

A variety of plant toxins are capable of causing muscle degeneration (myodegeneration) in addition to their other effects on
different organ systems [1]. The golden chain tree (Laburnum anagyroides), scotch broom (Cytisus scoparius), and coyotillo
(Karwinskia humboldtiana) are plants containing toxins that affect the nervous system and cause myodegeneration. Lupinosis
is a degenerative disease of muscle and liver of sheep that graze the stubble of cultivated lupines containing fungal toxins
(phomopsins) produced by the fungus Phomopsis leptostromiformis (Diaporthe toxica) [10,11]. Many of the toxic plants
discussed in Chapter 6 that affect the nervous system also have secondary effects resulting in lameness.

Relatively few plants contain toxins that only cause degeneration of the musculature. A few plant toxins including gossypol
found in cottonseed and tremetol in white snake- root (Eupatorium rugosum) cause degeneration of the heart muscle. In
North America, mountain thermopsis (Thermopsis montana) and coffee weed or sickle pod senna (Cassia spp. ) are examples
of plants capable of causing primary muscle degeneration.

Senna, Coffee Weed, Coffee Senna

Cassia occidentalis (Senna occidentalis)

Sickle Pod, Coffee Weed, Coffee Bean

Cassia obtusifolia (C. tora) (Senna obtusifolia) - Fabaceae (Legume family)

Less common species

C. roemeriana - Twin-leaf senna

C. fasciculata - Showy partridge pea
C. lindheimeriana - Lindheimer senna
C. nictitans - Wild sensitive plant

Habitat

The Cassia spp. are common and troublesome weeds of the southeastern United States, Hawaii, Mexico, and most of the
tropical world. As annuals they are opportunists, growing in waste areas, roadsides, fence lines, and are especially common
as weeds of corn and soybean fields.
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Habitat of Senna. Cassia occidentalis (Senna occidentalis) - Fabaceae (Legume family). - To view this
image in full size go to the IVIS website at www.ivis.org . -

Description

The Cassia spp. are woody, erect, lightly branched annual and occasionally perennial shrubs, 6 to 8 feet (2 to 3 meters) tall.
The leaves are alternate, pinnate, consisting of four to five pairs of leaflets widely spaced along a common stalk. Each leaflet
is rounded at the base and pointed at the other end. A raised gland is present near the upper side of the base of each
petiole.The flowers are yellow and produced in loose clusters in the leaf axils. Thick, dark brown, slightly flattened and
curved seed pods with paler longitudinal stripes along the edges contain dark brown seeds.



As the name implies, sickle pod cassia has much longer curved pods, up to 8 inches (20 cm) in length, that are distinctly
sickle-shaped and contain many seeds (Fig. 9-2).

Figure 9-2. Sickle pod senna (Cassia obtusifolia). - To view this image in full size go to the IVIS website
at www.ivis.org . -

Principal Toxins

Several compounds that bind strongly to cell membranes occur in Cassia spp., but the specific toxin responsible for muscle
degeneration has not been identified [12-14]. The toxin induces acute muscle and liver degeneration that can be rapidly fatal
in most animals [15-20]. The greatest concentration of the toxin appears to be in the seeds. C. occidentalis and C. obtusifolia
are considered to be more toxic than other species, but all Cassia spp. should be considered toxic unless proven otherwise.

Cattle, sheep, goats, horses, pigs, rabbits, and chickens are susceptible to poisoning by Cassia spp. [13,19-26]. All parts of
the plant are toxic, although most poisoning occurs when animals eat the pods and beans, or are fed green-chop containing
cassia [27,28]. Ground beans of coffee senna fed to cattle at the rate of 0.5 percent of their body weight induces severe
muscle degeneration [15]. Roasting of the beans partially reduces their toxicity such that goats fed 2.5 g/kg body weight of
roasted beans were unaffected, whereas unroasted beans at this dosage were fatal [23,24,27]. Cassia poisoning in cattle may
occur when 0.4 to 12.0 percent of body weight of the green plant is eaten [15,17,28]. At lower doses, Cassia spp. can cause
diarrhea and decreased weight gain [27]. The plant is not very palatable and tends to reduce feed intake. As the amount of
Cassia in the animal's diet increases muscle degeneration becomes a predominant characteristic of the poisoning and cause of
the clinical signs. Experimentally, high doses of the plant (10 g/kg body weight daily for 3 days) induce acute liver
degeneration and death before myodegeneration has time to develop [13].

Clinical Signs

In cattle a moderate to severe diarrhea develops shortly after consumption of the plant [30]. Abdominal pain, straining
(tenesmus), and diarrhea are thought to be due to the irritant effects of anthraquinones in Cassia spp. Affected animals
remain afebrile. Depending on the amount of plant or seeds consumed, muscle degeneration begins after several days,
causing weakness and recumbency [20,21,31,32]. The urine may be coffee colored due myoglobinuria from acute muscle
degeneration [13,14,30]. The levels of serum enzymes creatine kinase and aspartate transaminase are usually markedly
elevated, reflecting acute muscle degeneration. Renal failure may develop secondarily to the myoglobinuria. In severe cases
hepatic failure may be the predominant organ failure leading to death of the animal [14]. In more chronic cases,
cardiomyopathy and hyperkalemia from muscle degeneration cause cardiac irregularities and contribute to the death of the
animal [15,16,27]. Respiratory difficulty develops as a result of the degeneration of the intercostal and diaphragm muscles
[22].

Horses may not exhibit the digestive and muscle degenerative signs of poisoning seen in cattle. Myoglobinuria may not
develop in horses because they apparently succumb to liver degeneration sooner than to the degeneration of the musculature
[19]. Poisoned horses are generally afebrile and severely ataxic and may die without showing other clinical signs. Serum liver
enzymes may be elevated reflecting acute liver degeneration.

Gross lesions at postmortem examination consist primarily of pale skeletal muscles similar to those seen in white muscle
disease associated with selenium and vitamin E deficiency. Skeletal muscle necrosis and renal tubular and hepatic
centralobular necrosis are characteristic histologic findings that differentiate cassia poisoning from vitamin E and selenium
deficiency [15,16,20]. Confirmation of the diagnosis should be based on access to and consumption of Cassia spp. , along
with the presence of degenerative lesions in the muscles, heart, and liver [16,18,27].



Treatment

There is no specific treatment for cassia poisoning. Affected animals should be removed from the source of the plants as
quickly as possible and fed a nutritious diet. Supportive care of the recumbent animal will help prevent further muscle
degeneration due to pressure necrosis. Where warranted, intravenous fluid may be helpful in maintaining renal function if
myoglobinuria is present. Recovery depends on the severity of muscle and liver degeneration that has resulted. Rarely does
an animal recover once it has become recumbent.

It is important to differentiate white muscle disease due to selenium and vitamin E deficiency from cassia poisoning because
the use of selenium and vitamin E in cassia poisoning is contraindicated. Increased myodegeneration and higher mortality
occur when selenium and vitamin E are used to treat cassia poisoning [15].

Golden Banner, Mountain Thermopsis, False Lupine, Yellow Pea
Thermopsis montana, T. rhombifolia - Fabaceae (Legume family)

Habitat
Golden banner is a common wildflower of the Rocky Mountains (Thermopsis montana) and the prairies (7. rhombifolia)
from North Dakota to Oregon and Washington, and south to Nevada and Colorado.
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»1' ii — (e d{( Habitat of Golden Banner. Thermopsis montana - Fabaceae (Legume family). - To view this image in
' ? LY full size go to the IVIS website at www.ivis.org . -

h
T, A
¥,

Description

These plants are perennials, arising from a rhizomatous root system, with erect, branching stems that reach a height of 12 to
18 inches (30 to 46 cm). Leaves are alternate, with three leaflets, unlike lupine that have five or more. Flowers are bright
yellow, pealike, and produced in dense racemes from the leaf axils (Fig. 9-3A). The seed pods are densely haired, erect, and
straight (7. montana) or curved (T. rhombifolia).

Figure 9-3A. Golden banner, false lupine (Thermopsis montana). - To view this image in full size go to
the IVIS website at www.ivis.org . -

Principal Toxin

A variety of quinolizidine alkaloids including thermopsine, cytisine, N-methylcytisine, and anagyrine have been isolated
from all parts of the plant. The specific toxin responsible for the myopathy has not been identified [33-35]. The quinolizidine
alkaloid fraction, however, induced the same lesions as did the entire plant when fed to cattle [34]. Experimentally, a dose of
1 g/kg body weight of dried plant given orally, once daily for 2 to 4 days, consistently induced muscle degeneration [3].

Clinical Signs

Cattle poisoned by 7. montana initially show reluctance to move, walk with a stiff gait, and show muscle tremors when
forced to move [33-37]. Severe depression, anorexia, arched back, and swollen eyelids have also been observed in affected
animals. Depending on the quantity of plant consumed, animals become recumbent and eventually die. Severely affected
animals may die acutely from respiratory arrest.



Levels of serum creatine kinase and aspartate transaminase are markedly elevated, reflecting acute muscle degeneration.
Myoglobinuria has not been associated with poisoning caused by Thermopsis spp.

At postmortem examination, there are usually few gross signs. Microscopic muscle degeneration of the skeletal muscles is a
characteristic finding, although there is usually no myocardial degeneration [34,34].

Scotch broom (Cytisus scoparius), a bushy shrub that was introduced from Europe, has occasionally been suspected of
animal poisoning, especially in the horse. Having escaped from cultivation, scotch broom has become a troublesome weed
along the west coast of North America from British Columbia to southern California. It grows 6 to 8 feet (2 to 2.5 meters) in
height and has evergreen or deciduous palmate three-lobed leaves with showy yellow pealike flowers (Fig. 9-3B). Scotch
broom contains several quinolizidine alkaloids including sparteine, cytisine, and isosparteine with the potential for similar
toxic effects caused by golden banner (Thermopsis montana) and the golden chain tree (Laburnum anagyroides) (Fig. 9-3C).

.+ Figure 9-3C. Golden chain tree (Laburnum anagyroides). - To view this image in full size go to the IVIS
§ website at www.ivis.org . -

Black Walnut
Juglans nigra - Juglandaceae (Walnut family)

Habitat

About 15 species of walnuts are widely distributed throughout the world; 6 species are native to North America. Most are
deciduous trees growing to 60 feet in height. The black walnut is most commonly found in cultivation, where it is extensively
used for its wood, aromatic oils, and edible nuts.

Description

Black walnuts are large trees with rough dark brown bark, with pinnate leaves to 50 cm long and 11 to 23 leaflets (Fig. 9-4).
Male and female flowers are produced separately; the male flowers have 12-cm catkins, and the female flowers are 0.5 to 1
inch (1 to 2 cm) long with yellow-green stigmas. The fruits are ovoid, single hard- shelled nuts containing the edible fruit.

Principal Toxin

The toxin responsible for black walnut toxicosis in horses is not known. Juglone (5-hydroxy-1,4-naphthoquinone), present in
the roots, bark, nuts, and pollen of the walnut tree, is possibly involved with poisoning in horses. Juglone is found in other
members of the walnut family including English walnuts, butternuts, hickories, and pecans. Walnut trees are allelopathic,
meaning they secrete chemical substances through their roots to inhibit the growth of other plants in the vicinity.
Consequently, many plants will not grow under walnut trees.

Horses become poisoned if they are exposed to the wood shavings of black walnuts that are used for bedding [38,39].
Bedding containing as little as 20 percent of black walnut shavings can cause the development of laminitis in horses [40]. It is



not necessary for horses to eat walnut shavings to develop laminitis. Pollen and the leaves in the autumn are also toxic to
horses [41].

The variability of laminitis, edema of the lower legs, colic, and other systemic signs associated with black walnut shavings is
poorly understood. The clinical signs are not simply related to contact of the horse's skin with the walnut shavings. Purified
juglone applied topically to the feet of horses causes mild dermatitis but does not cause laminitis [39]. However, horses
experimentally treated with aqueous extracts of black walnut via nasogastric tube consistently develop acute laminitis,
indicating that toxicity is due in part to the ingestion or inhalation of a toxic substance present in black walnut [42-46]. It has
also been postulated that juglone or other substances act as haptens to induce toxicity [39,41]. Experimental evidence
indicates that the toxin in black walnuts does not directly cause contraction of the digital vessels responsible for the laminitis,
but it appears to enhance vasoconstriction of the blood vessels in the presence of catecholamines and corticosteroids
[44,45,47].

Fallen walnuts that have become moldy may contain the mycotoxin penitrem A, which is a neurotoxin capable of poisoning
dogs and other animals [48].

Clinical Signs

Naturally occurring black walnut toxicosis in horses is characterized by depression, edema of the lower legs, lameness, colic,
and respiratory distress [38,40]. The severity of lameness depends on the duration and severity of laminitis. If affected horses
are removed from the source of the black walnut shavings in the early stages of laminitis and are treated for the laminitis,
they recover without the severe consequences of hoof deformity and third phalanx rotation attributable to laminitis.

Until the toxin and conditions causing black walnut toxicosis are better understood, it is a wise precaution to avoid bedding
horses with wood shavings containing shavings from walnuts. Similarly black walnut trees should not be voluntarily planted
in horse pastures. Fallen, moldy walnuts should also be removed to prevent animals gaining access to them.

Wood shavings from bitterwood trees (Quassia simarouba), a tree indigenous to Central and South America, also contain
irritant compounds that can cause blister- like lesions on the lips, nose, and around the eyes of horses that are bedded on the
shavings. Horses that eat the shavings may also develop lesions around the anus.

Hoary Alyssum

Berteroa incana - Brassicaceae (Mustard family)

Habitat

Introduced from Europe, hoary alyssum has become established as a common weed from Nova Scotia to Washington, the
northern midwestern states, and west to northern California. It is an invasive weed of disturbed soils, waste areas, and
roadsides and can become troublesome in alfalfa fields.

Habitat of Hoary Alyssum. Berteroa incana - Brassicaceae (Mustard family). - To view this image in full
size go to the IVIS website at www.ivis.org . -

Description

Hoary alyssum is an erect, branching, annual, growing to 3 feet (1 meter) in height. The plant is densely haired, giving it a
grayish green appearance. The leaves are alternate, narrow, and lanceolate and have smooth edges. The flowers, which are
produced at the ends of the branches, are white, with four deeply divided petals. The round, slightly flattened seed pods with
a central septum, contain up to six brown seeds.

Principal Toxin
No specific toxin has been identified in hoary alyssum. Both green and dried plants are toxic to horses. Hay containing hoary
alyssum may remain toxic for up to 9 months [49]. The quantity of plant that has to be ingested to cause poisoning has not



been determined. In reported cases of hoary alyssum poisoning, the hay being fed contained up to 90 percent of the plant
depending on the bale of hay [49]. The fact that the plant can contaminate alfalfa hay makes hoary alyssum poisoning of
horses possible in any state to which the hay is transported.

Clinical Signs

Lameness due to laminitis and limb edema are associated with the consumption of hoary alyssum [47,48]. Depending on the
quantity of plant consumed, horses may show signs ranging from stiffness, limb swelling, fever, diarrhea, laminitis,
intravascular hemolysis, severe hypovolemic shock, and death secondary to endotoxemia [51]. Pregnant mares may undergo
abortion or premature parturition [48]. Horses recover if they receive no further hoary alyssum and are treated
symptomatically for laminitis and shock.

Flatweed, Cat's Ears
Hypochaeris radicata - Asteraceae (Sunflower family)

Habitat
Flatweed is a perennial native weed in Europe and now prevalent in many areas of Australia and North America, where it has
become established in disturbed soils and overgrazed pastures.

Habitat of Flatweed, Cat's Ears. Hypochaeris radicata - Asteraceae (Sunflower family). - To view this
image in full size go to the IVIS website at www.ivis.org . -

Description

Resembling the common dandelion (Taraxacum officinale), flatweed has multiple, basally clustered, irregularly lobed, 3 to
12 inch (7.5 to 30 cm), hairy leaves. Multiple branched flower stalks up to 2 feet (0.5 meter) in height, each bearing a single
yellow dandelion-like flower, are produced each season (Fig. 9-5). Seeds are long-beaked, roughened, and tipped by a circle
of bristles.

JT _f Figure 9-5. Flatweed, cat's ears (Hypochaeris radicata). - To view this image in full size go to the IVIS
. website at www.ivis.org . -
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Principal Toxin

No specific toxin has been identified in flatweed. Horses preferentially grazing flatweed have been reported to develop a
unique lameness syndrome described in Australia as Australian stringhalt [52,53]. A similar syndrome has been reported in
horses grazing flatweed in California [54]. Attempts at experimentally reproducing the disease by feeding flatweed to horses
have been unsuccessful, suggesting that other factors may be involved in the pathogenesis of the disease [52,53].

The hypermetria and hyperflexion of the hind legs associated with hoary alyssum is similar to stringhalt, a well-recognized
lameness of horses [55].

Clinical Signs

Horses grazing flatweed over a period of several weeks may develop lameness characterized by high stepping and
hyperflexion of the hind legs similar to that described for string- halt [54,55]. Affected horses have difficult in stepping
backward; others have such severe hyperflexion of the hind limbs when walking that the abdomen is kicked. Left laryngeal



hemiplegia (roaring) associated with the Australian stringhalt syndrome has not been encountered in horses with this
syndrome in North America [52]. Unless severely and chronically affected, horses tend to recover over a period of months
once they are prevented from eating further flatweed.

Phytogenic Selenium Poisoning

Historically, selenium poisoning in animals has been associated with two disease syndromes referred to as alkali disease and
blind staggers [56,57]. Both diseases were assumed to be associated with the chronic ingestion of forage and crop plants that
had accumulated toxic levels of selenium from the soil in which they were growing. Records from 1860 indicate that cavalry
horses in South Dakota suffered from chronic weight loss, lameness due to hoof deformity, and hair loss that was referred to
as alkali disease [58]. In the 1930s in South Dakota and Wyoming, selenium poisoning (selenosis) was linked to animals
grazing plants containing high levels of selenium. Since then, many reviews have stated the importance of chronic selenium
poisoning in livestock raised on western rangelands of the United States [59-63]. However, the prevalence of confirmed
selenosis in livestock is relatively low, and the economic significance of chronic selenium poisoning (alkali disease) is
difficult to determine [64].

Blind staggers is a disease of cattle and sheep characterized by aimless wandering, walking in circles, disregard for objects in
their paths, loss of appetite, and blindness [57]. However, as discussed later, there is good evidence that blind staggers is not
related to selenium poisoning, and is more likely associated with sulfate toxicity.

Selenium-rich soils are generally alkaline and exist in areas with low rainfall where there is minimal leaching of selenium
from the soil. In North America, selenium is most abundant in the cretaceous shales and glacial deposits of the great plains
[65] (Fig. 9-6). Plant uptake of selenium is variable and depends on the chemical form of selenium, soil pH, temperature,
moisture, and the species and stage of plant growth [66]. Selenium in its inorganic form as selenide or selenite is minimally
absorbed by plants [67,68], whereas selenates, which occur in alkaline soils, are readily available to plants [68]. Total soil
selenium content is, therefore, not a reliable predictor of selenium uptake by plants.

Figure 9-6. Seleniferous soils of North America. - To view this image in full size go to the IVIS website
at www.ivis.org . -

Some plants require selenium for normal growth and are capable of accumulating 10 times the amount of selenium that is
present in the soil. Referred to as obligate accumulators, these plants may contain up to 10,000 ppm dry matter of selenium
[69] (Table 9-1). Obligate accumulator plants with 25 ppm or more of selenium may cause acute poisoning but are generally
distasteful and not eaten by animals unless they are especially hungry. Recognition of selenium-accumulating plants or
indicator plants, therefore, provides a means of identifying seleniferous soils and the potential for selenium poisoning of
livestock kept in these areas. Other plants known as secondary or facultative accumulators will bind selenium in its organic
forms if it is present in the soil but do not require selenium for growth. Crop plants and pasture grasses growing in
seleniferous soils will accumulate toxic quantities of selenium. Phytogenic selenium poisoning is likely to occur after plants
containing 5 to 40 ppm selenium have been consumed for several months [69]. High selenium content of water will
compound a forage selenium toxicity problem by adding to the animal's total selenium intake.

Table 9-1. Obligate Selenium Accumulator Plants

Plants That Accumulate Selenium

Scientific Name Common Name
Astragalus (24 spp.) Milk vetches
Conaopsis spp. Golden weeds
Xylorhiza spp. Woody aster
Stanleya pinnata Princes plume




Table 9-1. Obligate Selenium Accumulator Plants
Secondary Selenium Accumulators
Scientific Name Common Name
Acacia spp. Acacia
Artemisia spp. Sages
Aster spp. Asters
Atriplex spp. Saltbush
Castilleja spp. Paintbrush
Penstemon spp. Beard tongue
Grindelia spp. Gumweed

Toxicity

Selenium has numerous complex effects on cellular function, many of which are poorly understood. It is well known that
selenium inhibits cellular enzyme oxidation reduction reactions, especially those involving sulfur-containing amino acids
[70,71]. This effect of selenium on sulfur alters the metabolism of sulfur-containing amino acids (methionine, cystine)
thereby affecting cell division and growth. This causes degeneration and necrosis of the cells that form keratin (keratinocytes)
[72,73]. By replacing sulfur in the keratin molecule, the primary constituent of the hooves and hair, selenium weakens the
keratin structurally at the site of selenium incorporation into its structure. Consequently the hair and hoof wall tend to fracture
at this site when subjected to mechanical stresses.

Selenium poisoning in animals is variable and depends on the amount and rate of absorption of selenium from the intestinal
tract. Horses appear to be more susceptible to chronic selenosis than are cattle and sheep [74]. Some animals such as
pronghorn antelopes appear capable of consuming diets high in selenium (15 ppm) for long periods without ill effect [75].
Individual animal susceptibility, the chemical form of selenium present, and the bioavailability of selenium as a result of the
interaction with other elements such as sulfur or arsenic present in the diet are also important in the pathogenesis of selenium
poisoning [57]. Elevated levels of selenium in animals are also immunotoxic, possibly through the peroxidative damage of
free radicals on lymphocytes [76,77].

Chronic Selenosis (Alkali Disease)

Chronic selenosis is a disease of horses, cattle, pigs, sheep, and poultry that consume forages or cereal crops grown in
seleniferous soils and that have accumulated toxic levels of selenium. Plants or diets with 5 to 50 ppm selenium are most
likely to cause chronic selenosis [78-83]. Animals that consume greater than 50 ppm, or are inadvertently injected with an
overdose of selenium, develop acute selenium poisoning. The signs of acute selenium poisoning are quite different from
those of chronic selenosis, and are characterized by sudden death from cardiac insufficiency, and pulmonary congestion and
edema [77,84]. Congestion, edema, and necrosis of the lungs, liver, and kidneys are the major lesions seen at postmortem
examination in acute selenium poisoning.

Clinical Signs

Although early reports of chronic selenium poisoning described a wide variety of clinical signs including lameness, hair loss,
blindness, aimless wandering, and head pressing, the most distinctive lesions are those involving the keratin of the hoof and
hair [59,72,85]. The long hairs of the tail and mane tend to break off at the same place giving the animal a "bob" tail and
"roached" mane, respectively (Fig. 9-7A). Lameness is due to abnormal hoof wall growth in all feet, which results in rapid
uneven growth, circular ridges and subsequent cracking of the hoof wall (Fig. 9-7B). Some horses may slough the hoof wall
entirely. Cattle will show similar defective hoof growth but rarely loose the hoof wall. Sheep do not seem to develop as
severe lesions as cattle and horses but show marked reduction in fertility when grazing on selenium-rich pastures [84].
Chronic selenium poisoning has also been associated with reduced reproductive performance, anemia, liver cirrhosis, heart
atrophy, and degeneration of bones and joints in horses and cattle [57,67].



Figure 9-7A. Broken tail hairs ("bobtail") in a horse with chronic selenium poisoning. - To view this
image in full size go to the IVIS website at www.ivis.org . -

+ Figure 9-7B. Horizontal or circular hoof wall cracks resulting from chronic selenium poisoning. - To
view this image in full size go to the IVIS website at www.ivis.org . -

Diagnosis

A diagnosis of selenium poisoning is best confirmed by submitting samples of hay, forages, water, serum, and liver for
analysis. Western wheat grass accumulates selenium more readily than other common grasses and is therefore useful to
submit for selenium analysis [87]. Forage selenium levels greater than 5 ppm should be considered potentially toxic [88].
Blood levels of 1 to 4 ppm are indicative of chronic selenium poisoning; serum levels up to 25 ppm have been reported in
acute poisoning [57,89]. Liver and kidney levels greater than 4 ppm are indicative of selenium toxicosis [74,83,90]. High
tissue levels of selenium may take 6 to 12 months to return to normal after the animal has been removed from the source of
the selenium [57].

In chronic selenosis, levels of selenium in the tissues may be low, but hair and hoof samples retain high concentrations. Hair
and hoof wall samples collected at the site where the hair is broken and where the hoof wall is cracked are useful in
determining historical levels of selenium. Hoofwall containing 8 to 20 ppm of selenium is indicative of chronic selenosis
[90,91]. Similarly, hair samples containing in excess of 5 to 10 ppm selenium indicate excessive selenium levels capable of
causing toxicity [57].

Treatment

Successful treatment of selenium poisoning depends on early recognition of signs and the removal of livestock from the
source of the excess selenium. Recovery from chronic selenium poisoning will occur in time if the animal is fed a diet low in
selenium and high in sulfur-containing amino acids. Feeding a high-protein diet with adequate copper levels counteracts the
effects of selenium on sulfur-containing amino acids. Feeding good-quality alfalfa hay, provided it is low in selenium, is
helpful in providing adequate sulfur to counteract selenium in the diet. Alfalfa typically has low selenium levels (0.15 - 0.69
ppm), but can accumulate toxic levels (22 ppm) when growing in selenium-rich soils [83]. Adequate levels of copper in the
diet has a protective effect against selenium poisoning [92]. Attention should be given to careful and regular trimming the
deformed, overgrown hooves to avoid permanent lameness.

Selenium Deficiency

Deficiencies of selenium in livestock usually coincide with geographic areas that have high annual rainfall, which tend to
leach selenium from acidic top soils [92]. (Fig. 9-7B and Fig. 9-7B). In deficient soils, plants may contain less than 0.05
mg/kg of selenium, making it necessary to supplement livestock rations with selenium to prevent deficiency symptoms. Diets
containing 0.1 mg/kg (0.1 ppm) of selenium are generally considered adequate for normal growth. Selenium is an essential
trace mineral required by all animals for normal growth. It is an important antioxidant, preventing intracellular oxidation,
cellular degeneration, and cell membrane destruction. A deficiency of selenium in the diet of animals results in muscle
degeneration, a disease of livestock known as muscular dystrophy or white muscle disease [92]. As the name implies, the
muscles of selenium-deficient animals undergo degeneration and characteristically develop pale or white areas, especially in



the muscles of the limbs and heart.

Blind Staggers

Blind staggers in cattle and sheep, characterized by aimless wandering, circling, disregard for objects in their paths, loss of
appetite, and blindness, was reported as a form of selenium poisoning [57]. The disease is characterized by front leg
weakness, staggering gait, and eventual inability to stand. Weight loss accompanies poor appetite. Teeth grinding, an
indication of abdominal pain, is common. Affected animals are often blind.

Recent review of the original micrographs used to document the cause of blind staggers indicates that the tissues were
compromised by autolysis that led to misinterpretation [93]. The clinical signs and tissue findings more appropriately
resemble those of sulfate toxicity [93,94]. Excessive consumption of sulfate (more than 2 percent of total diet) results in toxic
levels of sulfide being absorbed from the rumen, which leads to polioencephalomalacia with clinical signs typical of blind
staggers. This is substantiated by recent studies on sulfate toxicity in which cattle develop clinical signs of brain disease
characterized by severe depression, uncoordination, and blindness [94-96]. Contributing to the history of the syndrome of
blind staggers is the association of animals that eat two-grooved milk vetch (Astragalus bisulcatus), a known selenium
accumulator. Sheep fed two-grooved milk vetch developed classical signs of blind staggers, suggesting high levels of
selenium in the plant was the cause of the problem. However, two-grooved milk vetch also contains swainsonine, the alkaloid
responsible for locoism, making the neurologic signs more likely due to the swainsonine than the selenium [97-99].
Furthermore the microscopic cytoplasmic vacuolation found in the sheep's tissues were typical of those seen in locoweed
poisoning and not selenium poisoning. In light of current evidence, it is appropriate to assume that selenium poisoning is not
the cause of blind staggers and that sulfate toxicity is the cause of this disease syndrome. Locoweed poisoning may be a
confounding issue in that clinical signs are similar to those of animals showing blind staggers.

The following plants are described in some detail as their recognition is helpful in identifying areas in which there is potential
for selenium poisoning. Many of these plants are require selenium in the soil for them to flourish, thereby serving as indicator
plants for selenium rich soils.

Two-Grooved Milk Vetch

Astragalus bisulcatus - Fabaceae (Legume family)

Habitat
Many of the vetches prefer the dry, alkaline seleniferous soils at lower and middle elevations especially in western North
America.

57 image in full size go to the IVIS website at www.ivis.org . -
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Description

This leafy-stemmed, perennial plant often grows as a large clump (Fig. 9-8). The leaves are pinnate with numerous leaflets.
Flowers are in dense spikelike racemes, which become reflexed in age. Flower color may vary from purple to pink or white.
The fruit is a pod, from 1 cmto 1.5 cm (11 to 15 mm) long on a stipe, 3 to 4 mm in length. The pod is one-celled with two
grooves running lengthwise on the upper surface of the pod, which gives the plants its common name.

% Figure 9-8. A: Two-grooved milk vetch (4stragalus bisulcatus). B: Inset showing two distinctive
grooves on seed pods. - To view this image in full size go to the IVIS website at www.ivis.org . -

Principal Toxins
Approximately 24 species of Astragalus are known to accumulate toxic levels of selenium [2], (Table 9 - 2). Livestock will
rarely eat these plants except under starvation conditions apparently because of their distasteful seleniferous odor. These



Astragalus spp. are useful indicator plants for soils high in selenium, and their presence can help identify pastures in which
all plants may accumulate potentially toxic levels of selenium. Two-grooved milk vetch is one of the few known vetches to
contain both selenium and swainsonine, the alkaloid responsible for locoism.

Table 9 - 2.
Selenium-Accumulating Astragalus
Species

. albulus

. argillosus
beathii

. bisulcatus

. confertiflorus
crotalariae
diholcos
eastwoodae
ellisiae
grayi
haydenianus
moencoppensis
oocalycis
osterhouti
pattersonii
pectinatus
praelongus
preussii

. racemosus

. recedens

. sabulosus

. toanu

SRR RARAARARRARARRARREN

Rayless Goldenweed

(Oonopsis engelmannii) - Asteraceae (Sunflower family)

Habitat
Goldenweed prefers the dry, alkaline soils of the plains and foothills of central and southwest North America.

| ARy -_e‘}
- ',-""if;'.? {f_r{"' Habitat of Rayless Goldenweed. (Oonopsis engelmannii) - Asteraceae (Sunflower family). - To view this
%y ¥ image in full size go to the IVIS website at www.ivis.org . -
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Description

Goldenweed is a perennial shrub with a woody root stock. The stems are from 4 to 12 inches (10 to 30 cm) tall, have brown
bark below, and are glabrous. The leaves are 1 to 2.75 inches (3 to 7 cm) long and 1 to 3 mm wide, narrowly linear, rigidly
erect, and glabrous. The heads are few to many, with bracts imbricated in three or more lengths, somewhat oblong to
lanceolate. The color of the disc flowers is yellowish, and the pappus is brown. There are no ray flowers. Oonopsis foliosa
var. monocephal is similar to this species, except that it has longer involucral bracts, oblong lanceolate leaves which are over
6 mm wide, and usually one head to a stem. O. foliosa differs from the preceding species in that it has ray flowers 8 to 15 mm
long and has broadly lanceolate leaves, with one to several flower heads per stem.

Principal Toxin
Jimmy weed may accumulate toxic levels of selenium that can induce chronic selenium poisoning in livestock grazing it and
other forages in the area.




Woody Aster

Xylorrhiza glabriuscula (Machaeranthera) - Asteraceae (Sunflower family)

Habitat
Woody aster requires the alkaline seleniferous soils of western North America, often growing at altitudes of 5000 to 6500
feet (1,524 to 1,981 meters).

1 " i 5 g Habitat of Woody Aster. Xylorrhiza glabriuscula (Machaeranthera) - Asteraceae (Sunflower family). -
= < To view this image in full size go to the IVIS website at www.ivis.org . -
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Description

Woody aster is a low shrubby plant with a thick taproot and woody branching base. The leaves are 1 to 2 inches (2 to 5 cm)
long and 2 to 6 mm wide. They are linear-oblanceolate to linear, hairy, and tipped with a callus point. The ray flowers are
stiff and white (Fig. 9-9). X. venusta (Machaeranthera spp., old name) resembles the preceding with the exception that the
involucres are longer and the disc is somewhat wider.

Figure 9-9. Woody aster (Xylorrhiza glabriuscula). - To view this image in full size go to the IVIS
website at www.ivis.org . -

Principal Toxin
Woody aster is an obligate selenium accumulator and may cause severe chronic selenium poisoning in livestock that are
forced into grazing the plant when other forages are scarce.

Prince's Plume
Stanleya pinnata - Brassicaceae (Mustard family)

Habitat
Prince's plume requires the dry alkaline, selenium rich soils and shale rock formations of hills, valleys, and arroyo banks of
western North America.

T
'1 ‘:‘ i ﬁf ;f Habitat of Prince's Plume. Stanleya pinnata - Brassicaceae (Mustard family). - To view this image in full
T F’; size go to the IVIS website at www.ivis.org . -

Description

The plant is a coarse, herbaceous perennial, ranging from 1.5 to 5 feet (0.5 to 2 meters) in height. The stems are stout and
mostly unbranched. The leaves are entire to pinnately compound, from 2 to 8 inches (5 to 20 cm) long. Many small flowers
with yellow petals with long claws are arranged in a plume-like inflorescence (Fig. 9-10). The fruit is slender pod, nearly
round in cross section, and with a stalk from 1 to 3 cm long.

Figure 9-10. Prince's plume (Stanleya pinnata). - To view this image in full size go to the IVIS website at
www.ivis.org . -




Principal Toxin

Prince's plume is an obligate selenium-accumulating plant capable of concentrating high levels of selenium. It is relatively
unpalatable and rarely eaten by livestock. However, the presence of prince's plume is indicative of high selenium content in
the soil, and other grasses and plants growing in the same area may also accumulate selenium that could cause chronic
selenium poisoning in livestock.

White Fall Aster, Rough White Aster

Aster falcatus - Asteraceae (Sunflower family)

Habitat
Rough white aster is a fall blooming plant of the prairies and foothills of central and western North America.
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3 my, ’5}; size go to the IVIS website at www.ivis.org . -

Description

White fall aster is a branched perennial plant with extensive root stalks. The leaves are 1 to 3 cm long, linear, and densely

hairy. The inflorescence is a head with white ray flowers 3 to 4 mm long with many tawny pappus bristles (Fig. 9-11).

.| Figure 9-11. White fall aster (4ster falcatus). - To view this image in full size go to the IVIS website at
www.ivis.org . -

Principal Toxin
White fall aster is a secondary or facultative selenium accumulator when growing in alkaline, selenium-rich soils. It may,
therefore, cause chronic selenium poisoning of livestock.

Broom Snakeweed
Gutierrezia sarothrae - Asteraceae (Sunflower family)

Habitat
Broom snakeweed is a common inhabitant of the dry plains and hills of western North America, usually growing at altitudes
from 4000 to 10,000 feet (1,219 to 3,048 meters).

Description

This is a herbaceous perennial that is shrubby and woody at its base. The stems are branching; the leaves linear and glabrous.
The heads are many, usually in clusters at the ends of the branches. A given head will have no more than three to eight ray
flowers and three to eight disc flowers. The flowers are yellow, with the disc flowers usually perfect (see Fig. 8-5A and Fig.
8-5B). The corollas have five lobes. The pappus is composed of several to many oblong scales.

Principal Toxin
The plant is a secondary selenium absorber. It has also been associated with abortion in cattle and sheep and may cause fatal
liver disease (see Chapter 8).



Gumweed, Resin Weed
Grindelia spp. - Asteraceae (Sunflower family)

Habitat
Gumweed is common on the prairies, plains, roadsides and waste areas.
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Description

Gumweeds are biennial or perennial herbaceous plants with leafy stems. The leaves are alternate, simple, and more or less
resinous dotted. The heads are solitary, with the bracts being imbricated in several series with the tips often recurved and
covered with a very gummy resinous material (Fig. 9-12). The ray flowers, when present, are 8 to 10 mm long, lemon-yellow
to bright yellow in color; the pappus awns are 2 to 3 mm long.

Figure 9-12. Gumweed (Grindellia squarosa). - To view this image in full size go to the IVIS website at
wWww.ivis.org . -

Principal Toxin
Gumweeds will accumulate selenium if growing in alkaline, selenium-rich soils, and therefore may cause chronic selenium
poisoning in livestock. Horses frequently like to eat the flower heads.

Saltbush
Atriplex spp.
A. canescens - four-wing saltbush Chenopodiaceae (Goosefoot family)

Habitat

Saltbush is common on the dry plains and foothills of western North America.

Habitat of Saltbush. Atriplex spp. - Chenopodiaceae (Goosefoot family). - To view this image in full size
go to the IVIS website at www.ivis.org . -

Description

Saltbush is a perennial shrub growing to 6 feet (2 meters) in height that is more or less scaly and scurfy. The leaves are
mostly alternate, often covered by a white powdery substance. The plants contain both male and female flowers, with
staminate flowers in terminal panicles without bracts. They have a three- to five-parted perianth and three to five stamens.
The pistillate flowers are subtended by two bracts, but are without a perianth. The ovary is one-celled with two stigmas.
Four-wing saltbush has four distinct wings (bracts) to the seed capsule (Fig. 9-13).



Figure 9-13. Saltbush showing 4 wings (bracts) of the fruits (A¢riplex spp.). - To view this image in full
size go to the IVIS website at www.ivis.org . -

Principal Toxin
Saltbush will accumulate selenium when growing in selenium-rich soils and may cause chronic selenium poisoning of
livestock under such growing conditions. Otherwise, the plant is considered a valuable range plant for grazing.

Saltbush Poisoning

Saltbush is also the name given to Bacchaaris halimifolia, a common shrub that grows in the coastal plains of Virginia, and
from Florida to Texas. The plant is not a selenium accumulator but contains cardiotoxic glycosides. Cattle rarely eat saltbush
unless other forages are scarce.

Indian Paintbrush
Castilleja spp. - Scrophulariaceae (Figwort family)

Habitat
Paintbrushes are widespread in the mountains and plains of western North America.

i Habitat of Indian Paintbrush. Castilleja spp. - Scrophulariaceae (Figwort family). - To view this image in

¥ :F‘ full size go to the IVIS website at www.ivis.org . -

Description

These perennial and occasionally annual plants are herbaceous, but many are woody at the base. The leaves are alternate and
sessile. The irregular flowers are arranged in terminal, bracted spikes. The bracts are usually petal-like ranging from scarlet to
yellow in color (Fig. 9-14). The calyx is tubular and four-lobed, more deeply cleft above and below than on the sides. The
corolla is long and narrow, strongly two-lipped; the upper, called a galea (hood), is elongated and the lower lip is very short
and three-toothed. The stamens number four, in pairs, and are enclosed by the galea. Paintbrush attaches to the roots of
surrounding plants (sage species) in a symbiotic relationship.

Figure 9-14. Paintbrush (Castilleja spp.). - To view this image in full size go to the IVIS website at
www.ivis.org . -

Principal Toxin
Indian paintbrush species are selenium accumulators if growing in high selenium soils.



Beard Tongue
Penstemon spp. - Scrophulariaceae (Figwort family)

Habitat
Many different species of Penstemon are widespread in the mountains and plains of North America. Their habitat varies
according to species preferences.

Description

These are usually herbaceous perennial plants that are erect and tufted; however, many are low and creeping. The leaves are
opposite with the upper one sessile and often clasping. The inflorescence is a panicle of flowers ranging from blue to red
(Fig. 9-15). The flowers are showy with a tubular corolla, which is bilabiate with the upper lip two-lobed and the lower lip
three-lobed. There are four fertile stamens in two pairs with arched filaments. A fifth stamen, called a staminode, is
represented by conspicuous sterile filament attached to the upper side of the corolla. It is widened and bearded at the apex,
giving the plants their common name of beard tongue.

Figure 9-15. Penstemon (Penstemon spp.). Inset shows flower details. - To view this image in full size go
to the IVIS website at www.ivis.org . -

Principal Toxin
Penstemon spp. will accumulate selenium if growing in selenium-rich soil. It is seldom a problem to livestock.
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