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Introduction
Ergot is a fungal disease that primarily affects rye, triticale, barley and wheat which adversely affects the health and productivity of livestock. Over the last 10 years, investigations in Europe indicate an increase in the occurrence of the fungus Claviceps purpurea associated with the more extensive use of hybrid varieties of rye and perennial ryegrass. This fungus produces the ergot responsible for the ergot alkaloid group of mycotoxins and parasitizes the seed heads of plants at the time of flowering. It is often seen in years where wet weather prevails in the spring and early summer, during the flowering stage of cereal crops or when low temperatures are present during grain fill. Ergot infection reduces grain quantity and quality by stunting normal grain fillings and by replacing other grain kernels by poisonous alkaloid-containing ergot sclerotia (hardened bodies that are formed by the fungus). Despite using cleaning techniques at mills, ergot alkaloids have been detected in surveys worldwide. Fungal endophytes (Neotyphodium coenophialum), which infect perennial ryegrass (Lolium perenne) and tall fescue (Festuca arundinaceous) also produce alkaloids that impair animal health and performance (Fescue toxicosis). Animals grazing these pastures can actually lose body condition, and have low conception rates and lower survival of offspring. Additionally, body temperatures are elevated and blood flow to extremities can result in death of these tissues (i.e. fescue foot). In mammals, ergot alkaloids affect immune and reproductive systems as well as the central and sympathetic nervous systems as some possess hallucinogenic properties- lysergic acid diethylamide (LSD).
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Ergotism is one of the oldest known mycotoxicoses and the first documented epidemic of ergotism occurred in the middle ages where thousands of people died because of the “holy fire” (31). Ergot alkaloids (also named ergolines) exert toxic effects in all animal species, and the most prominent toxic signs can be attributed to the interaction of ergot alkaloids with adrenergic, serotinergic and dopaminergic receptors (9). Recently, ergot alkaloids have gained considerable agricultural relevance due to, among others, ergopeptine producing endophytes causing breeding problems in animals (34). The amount and pattern of alkaloids produced varies between fungal strains, the host plant and the geographical region.
The term ergot alkaloid refers to a diverse group of about forty different toxins which are formed by Claviceps spp. on grains (rye (see Figure 1), triticale, corn, wheat, barley, oats, millet, sorghum and rice) and by fungal endophytes such as Neotyphodium spp. in grasses, particularly tall fescue and perennial ryegrass (30; 17). Classifications of ergot alkaloid producing fungi are shown in Table 1.
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Figure 1: Hybrid rye contaminated with ergots
Table 1: Classification of the main ergot alkaloid producing fungi (12)

	Major classes of mycotoxin-producing fungi
	Fungi species
	Mycotoxins

	Claviceps
	C. purpurea

C. fusiformis

C. paspali

C. africana
	Ergot alkaloids:

Clavines, Lysergic acid, Lysergic acid amids, Ergopeptines

	Neotyphodium

(formerly Acremonium)
	N. coenophialum
	Tall fescue toxins (Endophyte toxins): 

Ergot alkaloids, Lolines, Peramine

	
	N. lolii
	Tall fescue toxins (Endophyte toxins):

Lolitrems, Peramine, Ergot alkaloid (Ergovaline)


The ergot alkaloids constitute the largest known group of nitrogenous fungal metabolites which all have as a common structure a tetracyclic ergoline ring system of lysergic acid. Clavines are the simplest ergot alkaloids containing only an ergoline ring, whereas the ergopetides have an additional peptide moiety linked to the basic structure (Figure 2).
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Figure 2: Structure of ergopeptines (17)
The main groups of natural ergot alkaloids (6; 23):

· The clavines – e.g. agroclavine

· The lysergic acids

· The lysergic acid amides – e.g. ergonovine
(ergometrine, ergobasine), ergine

· The ergopeptines – e.g. ergovaline, ergotamine, ergocornine, ergocristine, ergosine, ergocryptine
Ergot alkaloids appear as colorless crystals that are soluble in various organic solvents, but insoluble or only slightly soluble in water (9). Moreover, due to the asymmetric carbon atom, most alkaloids can form stereoisomers distinguished by the suffix –inines that are biologically less active, and easily convert back into the genuine –ine form (12).

Ergots isolated from grains and grasses show a broad variation of alkaloid composition. The main ergot alkaloids produced by Claviceps species are ergometrine, ergosine, ergotamine, ergocornine, ergocristine, ergocryptine, and the group of agroclavines (9). Neotyphodium species produce ergovaline as the most prevalent alkaloid, but also structurally less related toxins such as lolitrems.
Occurrence of ergots
Scott et al. (1992) found the predominant alkaloids were ergocristine and ergotamine in grain foods. Researchers investigated Canadian rye, wheat and triticale samples for their alkaloid composition. Rye and triticale samples from Germany (1) were analyzed for their total ergot alkaloid content. The total alkaloid content was found to be 0.03-0.18% in ergot from rye and 0.06-0.22% in ergot from triticale with the main alkaloids being ergocristine, ergotamine and ergocornine. Moreover, a total of 42 raw material and finished feed samples (Europe and Asia) from BIOMIN were analyzed by QUANTAS Analytics using HPLC for the ergot alkaloids ergosine, ergotamine, ergocornine, ergocryptine and ergocristine. For the purpose of data analysis, non-detection levels are based on the limit of quantification (LOQ) of the method used to test for ergot alkaloids <15μg/kg. The results are shown in Table 2.
Table 2: Results ergot alkaloids occurrence

	
	Ergosine
	Ergotamine
	Ergocornine
	Ergocryptine
	Ergocristine

	Number samples tested
	42
	42
	42
	42
	42

	Positive [%]
	29
	38
	5
	26
	45

	Average of positive [µg/kg]
	53.71
	62.69
	11.36
	87.07
	297.50

	Maximum [µg/kg]
	486.3
	1745
	383
	822
	2015.4


Of the samples analyzed 29%, 38%, 5%, 26% and 45% were tested positive for contamination with ergosine, ergotamine, ergocornine, ergocryptine, ergocristine, respectively. Ergocristine was the most frequently found ergot alkaloid in the investigated samples.
Toxicity in animals
Animals can be exposed to complex mixtures of ergot alkaloids in many typical animal agriculture production systems. This exposure results from the fact that the kinds of alkaloids present and their levels can vary widely, depending on the fungal strain, the host plant and environmental conditions. Thus it is practically impossible to relate the exposure to individual toxins (21). The chemically diverse group of ergot alkaloids has been shown in vasoconstriction symptoms, being responsible for heat intolerance as well as necrosis of ears, tails and often hooves (16). A study of selected combinations of tall fescue alkaloids on the vasoconstrictive capacity indicated that ergovaline is a more potent vascular toxicant than e.g. lysergic acid (15). Due to the fact that animals are exposed to a multiplicity of alkaloids when consuming endophyte-infected tall fescue, a combined alkaloid effect has been suggested by Klotz et al. (2008). In addition to vasoconstriction, other symptoms reported as typical include gangrenous changes, neurotoxic signs including convulsions, abortions and death (30). Moreover, reduced prolactin secretion and consequently agalactia are major adverse effects in animals (19). Chronic exposure to moderate amounts of ergot alkaloids results in reduced weight gain, low reproductive efficiency (9), including decreased conception rates, reduced calf birth weights, decreased circulating progesterone, and reduced signs of estrus (35). Elevated core body temperature and respiration rate, especially during heat stress were also stated (5). Ergovaline reduced milk solids (fat and protein) of lactating dairy cows (14). Examples of clinical threshold levels of ergovaline are shown in Table 3.
Table 3: Clinical threshold levels (7)

	
	Horses
	Cattle
	Sheep

	Ergovaline [mg/kg]
	0.3-0.5
	0.4-0.75
	0.5-0.8


Pigs
Negative effects of ergot alkaloids were observed in sows fed sorghum grain infected with sorghum ergot (17% C. africana ergot sclerotia) before farrowing. These symptoms were shrunken udders, lack of colostrum production, signs of oestrus and dead piglets due to starvation (ingested no milk) (3; 10). Sows fed the grain after farrowing showed severe reductions in milk production due to low levels of prolactin (3; 2; 18; 19). Moreover agalactia (due to the interference in the release of prolactin), feed refusal and consequent reduced weight gain are classical signs of poisoning by rye ergot (C. purpurea) (3; 2; 19). Other frequently noted symptoms include strong uterotonic effects, causing stillbirths and reduced pregnancy rate (18; 19). Blaney and Mckenzie (2000) reported negative effects on the cardiovascular and central nervous systems due to the rising of blood pressure causing vasoconstriction. Defining the tolerable level of ergot in diets for weaned pigs is important to help use infected grains safely. A trial was carried out with ergot alkaloids to evaluate the performance and clinical symptoms in weaned pigs. The maximum tolerable levels of ergot in the diet were 0.10 and 0.05% based on average daily gain and average daily feed intake, respectively, which corresponds to1.04 mg to 2.07 mg of total alkaloids per kg diet (22).
Poultry
Chickens fed contaminated diets (150 or 300 mg ergotamine/kg) exhibited poor feathering and developed gangrenous lesions on the toes when exposed to a continuous, temperature environment (22 °C). These birds consumed less feed and water and grew poorly, and these effects were exacerbated upon exposure to higher temperature (35 °C) (4). In birds, prolactin is involved in incubation behavior and broodiness (36) Ingestion of ergotamine resulted in reduced circulating prolactin concentrations resulting in reduced circulating concentrations of gonadotropins and thus ovarian regression (36; 1). In layers, feed intake and egg production were significantly reduced when ergot sclerotia (2%), from rye or triticale were included in the diet (9). According to Bandyopadhyay et al. (1998) chickens fed with diets containing 2.5 and 5.0% sclerotia exhibited respiratory difficulties, diarrhea, and death. Blackening of beaks, claws and feet, followed by necrosis of these parts were the most obvious signs. According to Wojnarowicz et al. (2006) birds fed grains containing ergot´s sclerotia were reluctant to move; their feet were uniformly dark, reddish purple, and the birds were slightly dehydrated. They also reported purplish-black claws, toes, shanks and beaks on several three day old chicks.
Cattle
Symptoms of ergot poisoning are more pronounced when the animals are kept outside under diverse weather conditions. Adult ruminants are considered as less susceptible to mycotoxins since the alkaloids are metabolized quickly. The rumen microbes may be influenced in their activity in deactivating the alkaloids by varying feed intake and passage rates through the rumen (32; 33). It was found that approximately 94% of the alkaloids ingested by cattle grazing endophyte-infected tall fescue were found in urine and the remaining 6% was in the bile (13). Usual symptoms of acute poisoning are lameness and gangrene due to constriction of the blood vessels and occasional convulsions (2; 10). Cattle fed ergot infected sorghum had reduced ability to shed heat (see Figure 3), which in turn reduced feed intake and growth (3).
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Figure 3: Cows in the shade suffering heat stress at 22 °C

(Taranaki NZ December 2009, Source: D. Moore)
Poor reproductive performance or decreased pregnancy and calving rates were reported by Porter and Thompson (1992). Testicular development and sperm production was reduced in males fed endophyte-infected fescue seed (5). Toxic effects from cattle consuming endophyte infected fescue are manifested by one of three main pathologic conditions: fescue foot, fat necrosis, or summer syndrome. Fescue foot occurs mostly during cooler weather (< 15 °C) and is characterized by rough hair coat, emaciation, limb swelling, especially of the hind limbs, development of necrotic tissue, and sloughing of tail and ear tips in extreme cases. Fat necrosis, or lipomatosis, results in deposition of hard, necrotic mesenteric fat around the intestinal tract, leading to impaired digestive function and sometimes death. Summer syndrome is the most prevalent and well-studied condition caused by grazing endophyte infected fescue. Cattle suffered reduced feed intake and average daily gain (35). Chronic ingestion of low levels of the toxins may result in overall decreases in productivity through decreased milk production, reduced weight gain, diarrhea, reduced reproductive efficiency, spontaneous abortion, and heat stress (2; 24; 10). Studies reported that in late pregnancy abortions occurred 7 - 11 days following exposure to ryegrass pasture heavily infested with ergot (9). There were no ergot alkaloids carried over in the milk of dairy cows fed a diet containing no more than 16 g total alkaloids/kg body weight (33). However, lactating dairy cows had lower milk fat and milk protein content and lower milk fat yield when fed tall fescue hay containing a high level of ergovaline than when fed hay containing a low level of ergovaline. The researchers reported the results indicate that feeding tall fescue hay containing a high level of ergovaline can reduce the performance of lactating dairy cows even with relatively cool temperatures and at a relatively high dietary ratio of concentrate to roughage (14). In the rumen fluid, concentrations of isovalerate, propionate and ammonia nitrogen are significantly influenced as is the amount of protein ruminally undegraded; conversely, the fermentation of neutral detergent fiber, tended to increase with the ergot supplementation at higher levels of feed intake, which might indicate a modification in the microbial population (32).
Sheep
Lambs kept outdoors administered aqueous suspensions of milled ergot from C. purpurea (0.75 g sclerotia/kg body weight) showed signs of dullness, inappetence, high pulse rate, diarrhea, edema of the hind legs and tail, as well as lameness. Post-mortem findings included inflammation and necrosis of the forestomach and intestinal mucosa (9). Ergovaline ingestion suppressed feed intake, reduced serum prolactin level, and reduced thermoregulatory function, which led to increased body and decreased skin temperatures, elevated respiration rates and reduced live weight gain (25, 24). Endophyte (Neotyphodium lolii)-infected perennial ryegrass caused high loss of ewes and weaned lambs and seriously disrupted breeding goals, increased lameness in sheep and cattle and elevated the incidence of pregnancy toxemia (26). According to Wagner (1999) ewes pastured on high endophyte-containing fescue before breeding took longer to conceive or had a reduced conception rate and experienced embryonic mortality (24). Feeding endophyte-infected fescue seed to ram lambs was associated with decreased fertility and increased serum concentrations of testosterone. Short term exposure of endophyte toxins to male ruminants may negatively impact reproductive response (5).
Conclusion
The effects of ergot alkaloids in animals, as reviewed in this newsletter, are diverse and can impair the health and productivity of animals, not to mention the great economic losses for producers. The total alkaloid content as well as the level of individual alkaloids varies; therefore, it is hardly possible to get specific data on the exposure to individual toxins of certain animal species as well as to set safe levels. It is stated that ergot sclerotia show significant differences in their total alkaloid content varying between 0.01 and 0.5% (w/w) and assumed an average alkaloid content of 0.2% (w/w) in the ergot, a level of 0.05% ergot equals a total ergot alkaloid content of 1000 mg per kg (17). Despite only few countries (Canada and Uruguay) have set limits for individual ergot alkaloids in food or feed, recommendations for levels of ergot sclerotium (dormant winter form of the fungus Claviceps purpurea) are being used. Thus, the limit refers to the weight of ergot kernels per total commodity weight, and not toxin concentration (11).
The use of high quality feedstuffs to reduce toxicosis of ergot

alkaloids in livestock is the first step in avoiding problems

they can cause, but to totally protect your animals from the

increasing risk of ergot alkaloid poisoning, the inclusion of a

mycotoxin counteracting product is recommended.
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