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Abstract. Ergovaline is an ergot alkaloid found in some endophyte-infected ryegrasses and it has been implicated in the
expression of ergotism-like symptoms of grazing livestock, as well as in the protection of the plant against invertebrate
predation and abiotic stresses. These selection pressures have resulted in a conflict between the needs of the pasture for
persistence and the needs of the animal for production. Ergovaline has not been well studied in terms of animal physiology
until recently. There are several putative mechanisms that limit the bioavailability of ergovaline, ranging from microbial
biotransformation to post-absorptive hepatic detoxification. Although there are mechanisms that protect the animal from
ergovaline exposure, tissues are very sensitive to ergovaline, indicating that ergovaline is very potent and that small
quantities have the potential to cause noticeable physiological effects. The range of physiological effects, including
decreased circulating prolactin, vasoconstriction and increased susceptibility to heat stress are all linked to the interaction of
ergovaline with biogenic amine receptors found throughout the body. This review will focus on understanding the variation
of ergovaline concentration in terms of bioavailability, the myriad of hurdles a molecule of ergovaline must overcome
to cause an effect, what the ergovaline-induced effects are in New Zealand livestock and how this relates to the potency

of ergovaline.

Additional keywords: ergot alkaloids, livestock, perennial ryegrass, tall fescue.

Received 26 November 2014, accepted 28 June 2016, published online 19 August 2016

Introduction

As food demands for expanding global populations continue to
rise and there is an increased emphasis by the public for a safe and
secure sources of sustainable meat and milk products, the role of
pasture-based animal production in agriculture is increasing in
importance. As grazing animal systems increase in importance,
so to does the impact of mycotoxins on food production (Bryden
2012). One tool that has evolved with a high degree of success
in New Zealand is the manipulation of fungal endophytes to
minimise the impact of insect herbivory and abiotic stresses and,
thus, extend the productive life of pastures. This is accomplished
through the fungal production of an array of alkaloids that
promote plant persistence. The main alkaloids produced by the
wild-type endophyte (Neotyphodium lolii) associated with
perennial ryegrass (Lolium perenne) that can affect livestock
are lolitrem B (an indole diterpene), peramine (a pyrrolopyrazine
alkaloid), paxilline (an indole diterpene) and ergovaline (an
ergopeptine ergot alkaloid).

Ergovaline is an ergot alkaloid that is at the centre of
fescue toxicosis syndrome in the United States. It is also
produced by an endophyte (Neotyphodium coenophialum) in

tall fescue (Lolium arundinaceum) commonly found in the
south-eastern USA. The negative impacts of ergovaline are not
as evident in New Zealand. This is due to the different host plant,
the presence of other alkaloids, and a different climate compared
with the United States. Lolitrem B, paxilline, and epoxy-
janthitrems are associated with the neuromuscular disorder;
ryegrass staggers (Fletcher and Harvey 1981; Tapper and Lane
2004). Livestock are not affected by peramine (Popay and Latch
1993), which is a deterrent of the Argentine stem weevil (Rowan
et al. 1990).

Removal of indole diterpinoid alkaloids (lolitrem B, paxilline
and epoxy-janthitrems) results in the cessation of ryegrass
staggers, but early commercial grass—endophyte releases (e.g.
Endosafe) successful in alleviating ryegrass staggers produced
signs similar to fescue toxicosis (heat stress, lameness, decrease
in live-weight gain). Ergovaline is produced by the plant
endophyte to discourage herbivory, and had not been
considered in the initial plant breeding selection processes
(Fletcher 2012). Due to the higher concentrations of lolitrem B
than ergovaline in wild type-infected ryegrass, animals would
always develop staggers, and this, presumably, concealed or
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reduced the intake of ergovaline (Tor-Agbidye et al. 2001).
Situations in which livestock consume ergovaline in ryegrass,
at concentrations that exceeds a threshold, may impair animal
performance and lead to the development of fescue toxicosis-like
symptoms. As a result of this, ergovaline was added to the list of
alkaloids evaluated when considering new ryegrass—endophyte
associations (Fletcher 2012).

Because of a widespread adoption of novel endophyte use
in ryegrass pastures, New Zealand agriculture has had a
seemingly dichotomous relationship with ergovaline. On one
hand, consumption of ergovaline in sufficient quantities by
livestock can result in a decrease in animal performance that
results from the negative effects of ergovaline. On the other
hand, pastures containing ergovaline-free symbiota show
increased susceptibility to pests such as the black beetle (Ball
et al. 1997) and root aphid (Popay and Gerard 2007), which
translates to reduced production and persistence of the ryegrass
stand. Thus, there are incentives to identify an adequate level
of ergovaline in perennial ryegrass to confer resistance to
invertebrate pests, but yet have a negligible effect on the
performance of livestock. The challenge is in understanding
the levels produced by the fungus, external factors that
manipulate the concentration of ergovaline in the grass, and
the internal factors that affect the intake, release, breakdown,
absorption and elimination of ergovaline in the herbivore. The
purpose of the present review is to examine the complex
animal-plant interaction and discuss the impact and role that
ergovaline has on animal physiology and production in terms of
New Zealand pastoral agriculture.

Ergovaline fundamentals
What is ergovaline?

Ergovaline is a secondary metabolite that is considered a
hallmark of a fungal endophyte as it is produced only in small
quantities by external fungi such as Claviceps purpurea (e.g. 4%
of total alkaloid content from a Claviceps sp. source (Brunner
et al. 1979) compared with 84-97% of total alkaloid content
from a Neotyphodium coenophialum source (Lyons et al. 1986)).
Ergovaline is part of a group of ergot alkaloids referred to as
ergopeptide alkaloids. This particular class of ergot alkaloids
is identifiable by the tricyclic peptide moiety attached to the
8-carbon of the tetracyclic ergoline ring or lysergic acid
structure (Fig. 1). The structural similarity of this ergoline-ring
component to the structures of biogenic amines (e.g. serotonin,
norepinephrine and dopamine) allows ergopeptide alkaloids to
interact with an array of different receptors (Berde 1980). It is
thought that the variations in the structure of the peptide
associated with the ergoline ring is what affects the potency
and efficacy of'the ergopeptide alkaloid (Klotz et al. 2010). In the
case of ergovaline, this consists of alanine, proline and valine.
In solution and during isolation, ergovaline can undergo a
spontaneous epimerisation at the 8-carbon on the ergoline ring
to yield a pharmacologically inactive form of ergovalinine
(Smith and Shappell 2002). This formation of the -inine
isomer is an equilibrium-driven process, but biological
processes and compartments, such as crossing a cell barrier,
can influence it. This was demonstrated by Mulac et al. (2012)
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Fig. 1. The chemical structure of ergovaline, consisting of the ergoline ring
(4-ring structure) and the tri-peptide moiety made up of the amino acids
alanine, proline and valine.

with a primary porcine brain endothelial-cell transport system
and ergocristine and ergocristinine. Only ergocristine crossed
the cell barrier, whereas biologically inactive ergocristinine
accumulated within the cells. It is unclear whether this
happens in the rumen environment and is an aspect that needs
additional study, as it could be exploited to reduce animal uptake
of ergot alkaloids, such as ergovaline.

Total in vitro synthesis of ergovaline was reported by Stadler
et al. (1964). Synthesis of ergovaline starts with a molecule of
tryptophan that is converted to various clavine and lysergic acid
derivatives before the ergopeptide ergovaline (Garner et al.
1993; Bush and Fannin 2009). Complete descriptions of the
biosynthesis of ergovaline by the Neotyphodium or Eplichloé
spp. such as N. [olii are described in detail elsewhere (Schardl
et al. 2013; Young et al. 2013). While ergovaline synthesis by
the endophytes in tall fescue (Lyons et al. 1986) and perennial
ryegrass (Rowan and Shaw 1987) seem to predominate other
ergopeptides, it is not the only ergopeptide produced. In addition
to being the first to detect ergovaline in endophyte-infected
ryegrass, Rowan and Shaw (1987) reported that ergovaline
made up 40% of the ergot alkaloids detected with ergotamine,
ergosine, ergoptine, ergocryptine and ergocornine, making up
the majority of the remaining percentages. These percentages
will likely vary in the make-up of the total alkaloid content
present, depending on cultivar, environment and time of year
interactions. These other alkaloids are likely to contribute to
the variable responses reported in the New Zealand literature,
as ergovaline is the only ergot alkaloid that has been
consistently evaluated and reported. Additionally, the
percentage of ergovaline reported by Rowan and Shaw (1987)
was substantially lower than what has been reported for tall fescue
(Yates et al. 1985; Lyons et al. 1986) and this may be one
explanation for the differences between the USA reports and
those from New Zealand concerning ergovaline.
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The interface of ergovaline and herbivores

One of the major challenges when trying to interpret data
across ergovaline-related experiments and across laboratories
is the variability in the concentration of ergovaline in ryegrass
used as a treatment (this topic is described in greater detail in
the accompanying paper, where Nicol and Klotz (2016)
review the intake of ergovaline). Aside from the obvious effect
of the different endophyte biotypes, these concentrations can
be affected by the host—plant genotype (Easton et al. 2002), the
reproductive status of the plant (Lane ef al. 1997) and tissue
position and age (Spiering et al. 2005). This has resulted in a
diverse array of outcomes and conclusions, all pertaining to the
overlapping aspect of ergovaline exposure in livestock. In
addition to the aforementioned internal variation of ergovaline
concentration within ryegrass (which can be affected by the
type of sampling), there are also external factors that affect
production of ergovaline in the plant (e.g. seasonal variation
and extreme environmental effects). Furthermore, individual
research objectives (e.g. interface between animal and pasture
may be of interest compared with a basic understanding of
biological mechanisms of ergovaline metabolism) may drive
researchers to use different vehicles (e.g. grazing compared
with seed dosing) for delivering ergovaline in research studies.
Also, there is no ‘standard’ ergovaline concentration in use in
animal studies, due, in large part, to the challenges of defining an
animal threshold for ergovaline. The interpretation of the broad
range of ergovaline concentrations and correlation with results
and impacts on animal performance is tenuous and will be
discussed in detail by Nicol and Klotz (2016). Consequently,
the subsequent sections will describe what is currently known
about ergovaline once consumed by the animal and possible
post-prandial outcomes.

Ergovaline delivery

Frequently, research concerned with ergovaline reports the
concentration or amount offered to the experimental animal (mg
ergovaline/kg DM) and, less often, how much ergovaline was
administered to, or consumed by, the experimental animals (mg
ergovaline/kg liveweight (LW)™"?). Furthermore, the proportion
of ergovaline freed from the plant tissue and absorbed also
determines the true physiological dose. A further complication
is that ergovaline has been administered in a variety of forms
from grazing (Bluett et al. 2005; Aiken et al. 2011b; Thom et al.
2013), feeding whole seed (Gadberry et al. 2003; Aiken et al.
2009), ground seed (Koontz ef al. 2012; Koontz et al. 2013), or
administration of a purified form of ergovaline (Koontz et al.
2012; Foote et al. 2013). McDowell et al. (2013) evaluated
whether using ground seed compared with whole seed had an
effect on ergovaline-induced vasoconstriction in horses and
reported that horses fed ground seed had greater reductions in
artery lumen diameter, circumference and area than did horses
fed whole seed. As the delivery of ergovaline becomes more
refined (e.g. ground seed or seed extracts), the physiological
dose can be more precisely controlled and the effects more
defined, but the obvious compromise is the departure from
what the grazing animal will actually encounter.
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Siegel et al. (1984) investigated whether cattle can
disseminate endophyte-infected tall fescue seeds and reported
numerous whole seeds recovered in faeces. They also reported
that these seeds germinated at 50% of the non-fed control-seed
germination. Although, ergovaline concentrations were not
reported by Siegel et al. (1984), it is plausible that an animal
that has excreted an intact seed capable of germination has also
excreted the ergovaline associated with that seed, effectively
reducing the actual amount of ergovaline exposure when
compared with what was consumed. While it is probable for
some seeds to escape digestion in traditional settings, Siegel et al.
(1984) dosed a steer through a ruminal cannula with 5.5 kg of
seeds over 3 days. The odds of this occurring naturally are not
likely and this volume of seeds is likely to have overwhelmed the
normal processes of the digestive tract, but still serves as an
example that the likelihood of the animal absorbing 100% of the
ergovaline fed or dosed is low. In terms of New Zealand
agriculture, it is not likely that grazing dairy cattle will
consume high ergovaline-containing ryegrass seed heads, but
grazing sheep and beef on dryland farms may have opportunities
to graze seed heads.

Bioavailability

Literature on the release of ergovaline and the potential for
biotransformation by rumen microbial communities before
absorption suggests that the majority of ergovaline fed to
ruminants is at least freed from the plant tissue before excretion.
There are no data describing the bioavailability of ergovaline
from ryegrass leaf or seed head. In vitro fermentation studies
with tall fescue have demonstrated that feeding rats a whole seed
that was previously incubated with rumen fluid is less toxic
than feeding a seed not incubated, which suggests that rumen
microflora reduced the concentration of toxic compounds
(Westendorf et al. 1992). Using in vitro fermentation of rumen
fluid containing added pyrrolizidine alkaloids, Westendorf
et al. (1993) reported that pyrrolizidine alkaloids were degraded
by rumen fermentation. Also using in vitro fermentation, Moyer
et al. (1993) demonstrated a linear decline in ergovaline in the
soluble fraction, but an apparent increase in ergovaline
associated with the insoluble fraction over a 48-h incubation.
This demonstrated that, at least in the liquid phase, there is
microbial degradation of ergovaline or metabolism and
conversion to another compound. The maturity level of the seed
head will also affect bioavailability. In a study on the extent
that alkaloids are released from developing tall fescue seedheads
(beef cattle have been shown to preferentially graze emerging
seed heads), Goff ef al. (2012) reported that 100% of ergovaline
was released from an immature seed but this dropped to
95.9% from a mature seed (undigested seed-head concentration
compared with digested residue). In that study (Goff e al.
2012), the rates of ergovaline released from vegetative tissues
would closely approximate reported dosage rates. In another
in vitro rumen-fermentation study, only 60% of total ergot
alkaloids were released (Stuedemann et al. 1998) and an in vivo
study with sheep reported a 64% (De Lorme et al. 2007)
apparent release of ergovaline from digested plant tissues.
Differences between the in vitro studies of Goff ez al. (2012) and
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Stuedemann et al. (1998) may related to differences in in vitro
digestion methodology. The difference between the in vivo
study of De Lorme ef al. (2007) and the study reported by Goff
et al. (2012) may be attributed to differences and particle sizes
between in vivo and in vitro, and the smaller size achieved
when grinding substrate for in vitro fermentation than with
mastication and comminution by the animal (De Lorme et al.
(2007) fed a mixture of endophyte-infected straw (0.35 mg/kg
DM ergovaline) and ground seed (3.30 mg/kg DM) formulated
to achieve 0.610 mg/kg DM ergovaline in the diet) that lead to a
greater release of ergovaline during digestion. This further
indicates that ergovaline release from an intact seed may not
be as complete as that from a ground seed.

Another variable to be considered once the alkaloid is freed
from the feedstuff is the potential for biotransformation or
conversion of ergovaline to another metabolite such as lysergic
acid before absorption. Hill e al. (2003) demonstrated a
decrease in ergovaline from 9 pg/kg to 1 pg/kg in rumen fluid
after 6 h, and an increase in lysergic acid from 20 ug/kg to
240 pg/kg in 48 h.

A series of in vivo alkaloid-balance studies all came to similar
conclusions regarding the conversion of ergovaline to lysergic
acid in geldings (Schultz et al. 2006), wethers (De Lorme et al.
2007) and steers (Merrill et al. 2007). Specifically, these studies
all reported intake concentrations of ergovaline and lysergic
acid and concentrations of these compounds in the urine and
faeces. In all three studies, there was less ergovaline and more
lysergic acid excreted than consumed. Reported recoveries of
ergovaline were 58.3%, 35.4% and 55% for Schultz et al.
(2006), De Lorme et al. (2007) and Merrill et al. (2007)
respectively, whereas recoveries for lysergic acid in all three
studies were >200% of intake. All ergovaline recovered was in
the faeces, as Stuedemann et al. (1998) reported that excretion
of ergovaline occurs via the biliary system, whereas the
majority of lysergic acid was recovered in urine. Gooneratne
et al. (2011) reported a similar phenomenon in ewe lambs fed
ryegrass seed containing ergovaline, where excretion of
lysergol in the urine increased with an increasing exposure to
ergovaline.

While these ergot alkaloid-balance studies all suggest that
there is at least some conversion of ergovaline to lysergic acid,
they do not differentiate between biotransformation by the
gut microbes and detoxification by the liver occurring
after ergovaline has been absorbed. However, the ruminal
conversion of ergovaline to lysergic acid before absorption
clearly affects how much ergovaline is available to the animal.
The area of biotransformation needs additional research for
not just endophyte-infected ryegrass, but for all ergot alkaloid-
containing feedstuffs. Determining what type of ruminal
environment (e.g. pH) and population of microbes maximises
the biotransformation of ergovaline is another possible avenue to
further reduce ergovaline uptake by ruminant livestock.

Ergovaline absorption

Potential paths of ergovaline once consumed by a ruminant
are outlined in Fig. 2. Because of an absence of a commercial
source of ergovaline and a lack of necessary analytical
methods, there are limited data that provide direct evidence
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that ergovaline is absorbed intact and there are currently no
in vivo data that confirm this occurrence. Looking at total
ergot alkaloids, Westendorf ez al. (1993) reported that 50-60%
of fed ergot alkaloids (tall fescue-derived) were recovered in
the abomasal contents, indicating a significant reduction of
alkaloids in the foregut. Westendorf ef al. (1993) went on to
report only a 6-7% recovery of fed ergot alkaloids in faecal
excretion. This led to two major conclusions, namely that
(1) there was a significant alkaloid reduction in the foregut and
(2) the majority of the remainder appeared to be absorbed
or metabolised in the intestines. Although Westendorf et al.
(1993), did not measure ergovaline directly, their study was
unique because it looked at the ergot alkaloid concentrations
leaving the foregut and entering the mid-gut (at the abomasum).
Subsequent research has focussed more directly on the role that
the foregut plays in ergovaline absorption. Using ruminal,
reticular and omasal epithelia mounted in parabiotic chambers,
Hill et al. (2001) evaluated the transport of ergoline (e.g. lysergic
acid) and ergopeptine alkaloids (e.g. ergovaline). Although Hill
et al. (2001) did not evaluate ergovaline directly, they reported
that the major alkaloid to cross the tissue barrier was lysergic
acid and that ergopeptine absorbance was negligible when
compared with the ergoline alkaloids. In a review of ergot
alkaloid absorption in ruminants, Hill (2004) concluded that
the rumen is the primary site of ergot-alkaloid absorption. By
corollary, the toxin responsible for fescue toxicosis in the USA
may not be ergovaline, but rather the ergoline alkaloids, given
their significantly greater absorption rates (Hill et al. 2001).
These conclusions were contradicted by a report by Shappell
and Smith (2005), who reported a flux rate of ergovaline (22 M)
across a Caco-2 cell (human intestinal cell) monolayer of
7.5 ng/min.cm. Although Hill e al. (2001) did not evaluate
ergovaline directly, they did evaluate ergotamine, which
differs from ergovaline by one amino acid in the tricyclic
peptide moiety (the valine residue in ergovaline (Fig. 1) is
replaced with phenylalanine to create ergotamine). The flux of
ergovaline was comparable to the calculated flux of 7.0 ng/min.
cm for ergotamine (30.5 uM) across sheep omasum reported
by Hill e al. (2001). Thus, if ergovaline is not absorbed from
the rumen, then the epithelial cells lining the intestine are capable
of transporting ergovaline intact to the basal compartment and,
conceivably, into the blood stream.

More recent data have directly evaluated the transport of
ergovaline and indicated that ergovaline is capable of crossing
the rumen epithelium intact. Foote e al. (2013) conducted a
washed-rumen experiment in Holstein steers that demonstrated
a marked reduction of volatile fatty acid (VFA) flux across the
rumen epithelium in steers dosed with 0.015 mg ergovaline/kg
LW. Concerns were raised that this decrease in VFA crossing
the epithelium could be independent of blood flow and possibly
due to an alteration of the barrier function. Using Ussing chamber
technology, Foote et al. (2014) evaluated ergovaline flux, barrier
function, and total, facilitated and passive VFA flux across rumen
epithelia that were exposed to either 50 or 250 ng of ergovaline/
mL. This acute exposure of rumen epithelium did not affect
total, facilitated or passive butyrate flux and ergovaline did not
alter barrier function. Foote et al. (2014) did report ergovaline
in the serosal buffer in the 250 ng of ergovaline/mL treatment
and estimated an ergovaline flux of 0.25-0.44 ng/cm”h.
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Fig. 2. Potential paths of ergovaline once consumed by a ruminant. Microbial activity liberates ergovaline from the
feedstuff and there is potential for microbial conversion of ergovaline to lysergic acid before absorption. Ergovaline
absorption from the gut can occur by it entering the blood stream directly or entering the blood by way of the lymphatic
system. If ergovaline enters via the blood, then absorbed molecules proceed to the liver for detoxification, and likely
conversion to lysergic acid. If ergovaline in absorbed via the lymphatic system, the entry of ergovaline into the blood
supply occurs outside of the portal blood and is exempt from initial hepatic detoxification. This route will lead to
peripheral distribution of ergovaline and possible accumulation in adipose tissue. This outcome could also occur if
levels entering the blood exceed the hepatic capacity for detoxification. Eventual excretion of ergovaline can occur
either in the form lysergic acid and through the renal system and urine, or absorbed ergovaline can accumulate in the
bile for re-entry into the gut and excretion via the faeces.

Currently, these findings are the most definitive description of
ergovaline transport across the rumen epithelium and the
implications are that ergovaline is absorbed by the rumen
epithelium, although at a slow rate, approximating only 1% of
the daily dose administered.

If all of the aforementioned results regarding ergovaline,
namely, rumen availability, biotransformation to lysergic acid
by rumen microbes, and low flux rate across the rumen
epithelium, are true, how is ergovaline absorbed in sufficient
quantities to cause an effect on the animal at all? These findings
suggest that the small intestine may play an important role in
ergovaline absorption. Ergot-alkaloid absorption has been
studied in the intestines of monogastrics (reviewed by Eckert
et al. 1978) and these studies have been conducted
predominantly with radiolabelled ergotamine (Meszaros et al.
1975). Toxin-absorption models for ergovaline in the small
intestine of ruminants are non-existent. Intact ergovaline
reaching the small intestine of a ruminant would have at least
three potential routes (Fig. 2). The first route is continuing on
unabsorbed, with possible metabolism by hindgut microbes and
eventual excretion via the faeces. The second route is absorption
and vascular transport via the mesenteric veins to the liver
through the portal circulation, for likely hepatic detoxification
(Zanzalari et al. 1989), most likely by cytochrome P450

(Moubarak and Rosenkrans 2000), or excretion via the biliary
system back into the gut (Stuedemann et al. 1998). A third route
is an alternate path of absorption. Ergovaline could be absorbed
in the small intestine and transported via the lymphatic system,
through the thoracic duct and enter venous circulation at the
subclavian vein. This last route would bypass a first-pass
detoxification of ergovaline by the liver and, instead, direct the
absorbed ergovaline to the heart for systemic distribution via
arterial blood supply before detoxification by the liver. Franz
and Vonderscher (1981) reported that intestinal absorption
of ergopeptine alkaloids in the rat was enhanced when the
alkaloids were administered in micellar solutions. As lipids are
commonly absorbed from the intestinal lumen in the form of
micelles through a lacteal leading to the lymphatic system
and given the lipophilic nature of ergovaline and the other
ergopeptine alkaloids, the lymphatic route of intestinal
absorption is likely in ruminants as well.

There is little available literature addressing the fate of an
intact molecule of ergovaline that makes it into systemic
circulation, and, to the knowledge of the authors, there is none
in cattle. Jaussaud ez al. (1998); Durix et al. (1999) and Bony
et al. (2001) looked at direct infusion of purified ergovaline
in sheep, milk goats and geldings respectively. Jaussaud et al.
(1998) administered 17 pg ergovaline’kg LW and looked
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at plasma ergovaline concentrations. Durix et al. (1999)
admininstered 32 g ergovaline/kg LW and looked at plasma
and milk concentrations. Bony et al. (2001) administered
15 pg ergovaline/kg BW in four geldings. In all three species,
the plasma half-life of ergovaline was very short (~24 min in
sheep, ~32 min in goats and ~56 min in the horse; Jaussaud
et al. 1998; Durix et al. 1999; Bony et al. 2001). In the lactating
goat, ergovaline was detected in milk, but not beyond 8 h
post-dosing (Durix et al. 1999). The short plasma half-life of
ergovaline in these reports would suggest that there is also a
short biological half-life. In the case of ergovaline and other
ergopeptine alkaloids, this could also be a consequence of
rapid tissue accumulation (from the circulation) and not
necessarily equate to excretion of ergovaline. This rapid tissue
distribution could result in an extended biological half-life
(or bioaccumulation) of ergovaline that could manifest as
vasoconstriction or as an extended recovery period after
removal of livestock from the source of ergovaline.

Bioaccumulation and excretion of ergovaline

What happens to ergovaline once it leaves circulation, but is
not excreted, is an area not fully understood. Dyer (1993),
Schoning et al. (2001), Klotz et al. (2007) and Pesqueira et al.
(2014) all demonstrated a very strong ligand—receptor complex
for ergovaline in different vascular bioassays. This lengthy
receptor occupation by ergovaline, and the like, has led to a
hypothesis that ergopeptides such as ergovaline that manage to
be liberated from a feedstuff, evade biotransformation by
the gut microbes, succeed in traversing the epithelial basal
membrane barrier of the gut and avoid hepatic detoxification
or reintroduction into the gut via the biliary system can enter the
peripheral tissues of the body where the ergovaline molecule can
interact with any number of receptors, and because of the
extended receptor binding, there is an accumulation. Klotz
et al. (2009) demonstrated that bovine lateral saphenous veins
directly exposed to 1 x 1077 M (0.053 mg/kg) ergovaline for a
total of eight consecutive times resulted in corresponding
increases in contractile response as well as the amount of
ergovaline that was extracted from the same vessels. This
suggested that, with each exposure, more ergovaline was
interacting with receptors on the blood vessel and increasing the
cumulative contractile response observed.

Mulac and Humpf (2011) demonstrated an accumulation of
ergopeptide alkaloids, in particular ergocristine (a primary
alkaloid produced by Claviceps purpurea, the source of
ergotism in cereal grains) in primary cultures of cells. The
authors speculated that this could result in the formation of a
‘toxin-depot’ within cells that could cause a prolonged toxin
release from the body. Schumann et al. (2007, 2009) attempted
to quantify C. purpurea-produced ergot alkaloids in animal
tissues that are consumed by humans (muscle, fat, and milk),
but neither study could demonstrate ergot alkaloid carry-over
into edible tissues. Realini et al. (2005) reported higher
concentrations of ergot alkaloids in subcutaneous fat collected
from cattle that grazed wild type-infected tall fescue than
the concentrations in subcutaneous fat collected from cattle
that grazed ARS542-infected tall fescue. However, these data
reported only total ergot alkaloid (that contained the ergoline
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ring structure; Fig. 1). There is no published evidence that
demonstrates an accumulation of ergovaline in edible animal
tissues in the tall fescue or perennial ryegrass literature. Some
studies have clearly demonstrated the presence of lolitrem B
and epoxy-janthitrems in lambs (Finch et al. 2012) and cattle
(Miyazaki et al. 2004) adipose tissue. The report by EFSA
(2012) suggested a tolerable daily intake of ergot alkaloids at
0.60 pg/kg BW.day. The maximum recommended oral
therapeutic ergotamine dose for treatment of migraines in
adults is 8 ug/kg LW.day over 30 days, so as to avoid
peripheral vasoconstriction (EFSA 2012). Schumann et al.
(2007) fed a high dose of ergot alkaloids to bulls at 8.56 pug/kg
LW.day and reported no accumulation in evaluated tissue
samples. Further research that evaluates animal tissues for the
presence of ergovaline following grazing exposure that titrates
active concentrations of ergovaline and utilises more sensitive
analytical technologies (e.g. liquid chromatography coupled to
mass spectrometry) is warranted.

The hypothesis that ergovaline can bioaccumulate in animal
tissues has complicated the understanding of how ergovaline is
excreted and has led to speculation about how animals will
recover following an exposure to ergovaline. If ergovaline is
still being released as tissues turn over, then this will extend the
time it takes for an animal to recover (as ergovaline is re-released)
and clear ergovaline from their system. Alkaloid concentrations
in ruminal fluid have been reported to decrease within 24 h of
removal from endophyte-infected tall fescue pasture, and
decrease to zero within 3 days after removal (Ayers et al.
2009). Aiken et al. (2011b) detected alkaloids (lysergyl) in
urine collected from lambs still 4 days after switching them
from an AR6 to an endophyte-free perennial ryegrass pasture,
suggesting that the alkaloids are coming from a source other than
rumen contents. Using cattle that were exposed to ergovaline
through grazing tall fescue, Aiken et al. (2013) evaluated the
recovery of steers following removal from a tall fescue pasture.
When comparing the ergovaline-exposed steers to controls,
serum prolactin concentrations were similar by 10-15 days
after removal from treatment, rectal temperatures were similar
between 15 and 30 days after removal from treatment, and the
luminal area of the caudal artery never returned to control
values during the experimental periods (30 days for Year 1 and
21 days for Year 2). This outlines both the manner in which
animals recover from an exposure to ergovaline (indicating that
one measure alone may not be fully indicative of the actual
recovery or onset of toxicosis) and how long in can take for
animals to fully recover. Bussard (2012) demonstrated in a
similar experiment that evaluated vasoconstriction in cattle after
removal from an ergovaline-containing pasture that vascular
recovery can take up to 5—6 weeks. Thus, when conducting
research evaluating ergot alkaloids such as ergovaline, it is
important that the researchers consider the dietary history of
all experimental animals.

Consumption of ergovaline-containing feeds such as ryegrass
silage (1.6 ug/g) or tall fescue hay (up to 0.782 pg/g) has been
associated with decreased milk production (Lean 2001) and
altered milk composition in dairy cows (Kim et al. 2007)
respectively; however, do lactating animals have an additional
route of ergovaline excretion (that may alter amounts that
bioaccumulate)? Durix et al. (1999) administered ergovaline
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intravenously to milk goats. Ergovaline was initially detected ata
concentration of 0.71 ng/mL in milk, but was undetectable 8 h
following the ergovaline infusion. These authors concluded that
milk is a minor route of excretion for intact ergovaline. In a
separate study, ergovaline-containing perennial ryegrass hay
(0.851 pg/g) was fed to lactating ewes for 28 days and
ergovaline was detected in milk collected from some (but not
all) of the exposed ewes, but all detectable concentrations were
below the concentrations of quantitation (Zbib et al. 2015).
Schumann et al. (2009) fed cows an ergot alkaloid-
contaminated diet and did not detect any ergot alkaloids in the
subsequent milk samples evaluated. Although milk does not
appear to be a major excretory route for ergovaline, in the rare
instances where animals encounter intake concentrations high
enough for ergovaline to reach detectable concentrations in
milk, the available data indicate that these concentrations of
ergovaline are far below published tolerable limits for human
consumption (EFSA 2012). In terms of the pasture-based dairy
industries of New Zealand, the relationship between ergovaline
intake and concentrations found in milk has yet to be thoroughly
investigated and reported.

Effects of ergovaline

Because ergot alkaloids such as ergovaline have the ability to
bind to serotonergic, adrenergic and dopaminergic receptors
(Eckert et al. 1978), the physiologic effects that these
compounds can elicit are diverse. This, coupled with their ability
to assume multiple roles as an agonist, partial agonist and
antagonist, may cause several disruptions that manifest as
decreases in serum prolactin, vasoconstriction, effects on
gastrointestinal activity, and endocrine effects that cause
decreases in reproductive performance. The effects of ergot
alkaloids are so multifaceted that it is beyond the scope of the
present review to cover them all and the reader is referred to
Oliver (1997), Pertz and Eckart (1999) and Strickland et al.
(2009a, 2009h, 2011) for further detail. The effects discussed
below were chosen specifically to represent aspects that could
have a direct impact on livestock production in terms of the
individual animal.

Ergovaline—receptor interaction

Because ergopeptine alkaloids such as ergovaline have a low
receptor specificity and selectivity, the responses observed in a
given anatomical area of study are in large part due to the
population of biogenic amine receptors present. The majority
of'these receptors are members of the G protein-coupled receptor
superfamily. These are transmembrane-bound receptors
that transmit intracellular effects by using guanine nucleotide-
binding proteins (G-proteins). Therefore, the following sections
will briefly describe the different categories of receptors that
ergovaline has had a demonstrated interaction with, followed up
by a more detailed review of the associated physiological
responses.

Dopaminergic receptor involvement

At present, there are five recognised isoforms of dopamine
receptors that are divided up into DI1-like (D1 and D5) and
D2-like (D2, D3, and D4) subfamilies on the basis of their
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biochemical and structural properties (Sibley and Monsma
1992). The interaction of ergovaline with dopamine receptors
is best represented by the suppression of circulating prolactin
(Elsasser and Bolt 1987). In vitro studies (Strickland et al. 1994,
Larson et al. 1995) have specifically shown that ergovaline is a
D2 dopamine-receptor agonist. Specifically, Larson et al. (1995)
showed that when ergovaline binds D2 receptors, a second
messenger response is triggered that is similar to that of
dopamine.

Because the D2-derived suppression of prolactin by
ergopeptine alkaloids such as ergovaline is so sensitive and
consistent, it has probably detracted focus from further
ergovaline influences on other dopaminergic receptors.
Strickland et al. (1993) suggested that ergopeptine alkaloid
interactions with dopaminergic receptors might have an
influence on gut motility and feed intake. This was based on
the involvement of dopamine in these functions. In terms of
ergovaline, these aspects are as yet unproven in livestock.

a-Adrenergic receptor involvement

There are two subfamilies of c-adrenergic receptors, namely
ol and o2, with each having its own subtypes (ot1A, o.1B and
alD; a2A, 02B, 02C and 02D). Stimulation of both types of
receptors on blood vessels causes vasoconstriction. There have
been reports of greater populations of ol receptors in arteries
and o2 receptors in veins (Oliver 1997). McPherson and Beart
(1983) reported a general selectivity for a2 receptors by ergot
derivatives. Oliver ef al. (1998) evaluated ol and o2 receptors
in the lateral saphenous veins collected from cattle that had grazed
endophyte-free and endophyte-infected tall fescue (ergovaline
concentrations not provided). Using selective agonists, the
o1-adrenergic response was not affected by pasture treatment,
whereas the o2-adrenergic receptor responses where enhanced
in veins collected from the endophyte-infected group of cattle.
Two studies have looked at the interaction of «-adrenergic
receptors and ergovaline directly. Dyer (1993) reported that
non-selective ol-adrenergic receptor antagonists did not
prevent ergovaline-induced contractions in bovine uterine
arteries. Using a rat thoracic aorta bioassay, Schoning et al.
(2001) reported that when interacting with ol-adrenergic
receptors, ergovaline was a low-efficacy partial agonist. It is
likely that o-adrenergic receptors are involved in the negative
vascular effects caused by ergovaline, but the level of their
involvement will be dependent on the anatomical location of
the vasculature being evaluated.

In addition to vasoconstriction, activation of o2-adrenergic
receptor has been shown to result in bronchoconstriction
(Nolan ez al. 1986). Respiratory distress has been reported as a
complicating factor in cattle grazing endophyte-infected tall
fescue (Oliver 1997) and this is exacerbated in heat-stress
situations (Koontz et al. 2012). This has also been reported in
sheep with ryegrass staggers (Fletcher 1993).

Serotonergic receptor involvement

Serotonin (or 5-hydroxytryptamine; SHT) receptors are
located throughout the mammalian body and consist of seven
structurally defined groups (collectively made up of 14 subtypes)
and six of these are membrane-bound G protein-coupled
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receptors (Barnes and Sharp 1999). The interaction of ergot
alkaloids, and, in particular, ergopeptine alkaloids and
serotonergic receptors, has been well researched for some
time (Miiller-Schweinitzer and Weidmann 1978). Using a
bovine uterine artery, Dyer (1993) was the first to directly
demonstrate that SHT2 receptors are involved in ergovaline-
derived vasoconstriction. Schoning et al. (2001) used isolated
arterial preparations from rat and guinea pig to demonstrate that
the vasoconstrictive effect associated with ergovaline is due to
activation of vascular SHT2A and SHT1B/1D receptors. Klotz
et al. (2012) further defined serotonergic receptor involvement
by reporting that lateral saphenous vein responses to SHT2A and
SHT7 agonists were altered in cattle that grazed endophyte-
infected tall fescue. Using this same bovine bioassay, Klotz
et al. (2013) found that antagonism of the SHT2A receptor
not only suppresses the contractile responses of ergovaline,
ergotamine and ergocornine, but that cattle that had grazed
endophyte-infected tall fescue pastures were more sensitive to
lower concentrations of these compounds.

Where much of the aforementioned research addressing
ergovaline and serotonergic receptors has been directed at
vasoconstriction, the functions of the serotonin receptors are as
numerous as their locations throughout the body. Recent
research has shown that steers that are exposed to tall fescue
seed have suppressed gene expression of SHT2A and 5HT4
receptors in the smooth muscle of the foregut, small intestine,
large intestine and caecum (Klotz et al. 2014). This may be either
a direct or indirect effect of the ergovaline exposure, but these
receptors have direct involvement in gut motility functions.
A decrease in receptor expression could be related to altered
gut motility reported in other studies. Serotonin receptors have
been recently identified in bovine sweat glands (Hamzaoui et al.
2014). This has not been evaluated in terms of ergovaline, but
the potential exists for this as an avenue for the ergovaline—
serotonin receptor complex to play a role in the hyperthermia
associated with ergovaline exposure.

Physiological responses to ergovaline
Prolactin

The suppression of prolactin release from the anterior
pituitary is a hallmark of exposure to ergopeptine alkaloids
such as ergovaline (Schillo et al. 1988). Ergot alkaloids such
as ergovaline bind the D2 dopamine receptors, which elicits a
secondary messenger response that mimics the binding of
dopamine (Aldrich ef al. 1993) and this causes the decrease in
prolactin concentrations. The decrease in serum prolactin appears
to be very closely related to the exposure to ergovaline and occurs
within 2-3 days after exposure from ryegrass (Gooneratne et al.
2011) or tall fescue (Thompson and Stuedemann 1993). Because
the reduction in prolactin appears so quickly after an ergot-
alkaloid exposure, it has frequently been used as an indicator
of ergovaline exposure and little else. However, it does not
indicate the concentration of ergovaline that an animal was
exposed to, for example, and does not indicate a complete
recovery from the exposure either. Aiken ef al. (2013) reported
that prolactin concentrations of steers stabilised in less than
2 weeks following removal from an endophyte-infected tall
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fescue pasture, whereas ergovaline-induced vasoconstriction
was not alleviated after 30 days.

Prolactin has not been implicated as a causal factor for any
of the associated endophyte toxicities. Other than an indication
of ergot-alkaloid exposure, what does the suppression of
prolactin mean for the animal? The involvement of prolactin
on the initiation of lactation has been well documented
(Houdebine et al. 1985), but prolactin has also been implicated
in numerous other processes throughout the body (Strickland
et al. 1993). Looking at the hair-coat growth of cattle that had
grazed tall fescue, Aiken ef al. (201 1a) speculated that prolactin
concentrations were too low to initiate shedding of the winter
hair coat and too low to prevent the onset of the summer hair-coat
growth (prolactin receptors are located in the wool follicles of
sheep; Nixon et al. 2002). The involvement of prolactin in
circadian rhythms of processes such as hepatic lipogenesis to
immunomodulation (Strickland et al. 1993) suggests a much
broader possible involvement of prolactin, beyond merely being
an indicator. These functions could be involved in decreased
LW gain or impaired immune function associated with animals
and alkaloid toxicities. The role that low prolactin concentrations
have in the observed effects of ergovaline exposure is an area
where further research is needed.

Vasoconstriction

A major effect of ergovaline consumption is constriction of
vasculature that results in several clinical symptoms. The aspect
of vasoconstriction as a result of exposure to ergot alkaloid has
been reviewed in detail (Strickland e al. 20094, 20095, 2011) in
regard to tall fescue consumption. In general, animals that are
exposed to high concentrations of ergot alkaloids lose their
ability to dissipate heat (excessive panting, spending excessive
time in shade and standing in ponds), they lose their ability to
maintain peripheral body temperature in cold climates, which can
result in frostbite, and the exposure may culminate in complete
death of peripheral tissues, which results in loss of hooves, tail
switches and ears; all effects are likely to be due to a the resultant
decrease in blood flow (Jacobson ef al. 1963). Vasoconstriction
has also been implicated as a cause for observed decreases in
milk production in dairy cattle associated with ergovaline intake
(Lean 2001). The functional changes of vasoconstriction are
caused by morphological changes in the affected vasculature
that appears as a thickened vascular wall (smooth muscle) and
by corollary small lumens that are frequently accompanied
by perivascular oedema (Williams et al. 1975). These vascular
effects are mediated through stimulation of various biogenic
amine receptors (Berde 1980). Vasoactivity of ergovaline
has been shown in the bovine uterine and umbilical arteries
(Dyer 1993) and in rat-tail artery and guinea-pig iliac artery
(Schéning et al. 2001). Klotz et al. (2007, 2008) made a direct
link between ergovaline and bovine peripheral vasoconstriction
using the bovine lateral saphenous-vein bioassay. More recently,
Foote et al. (2011) demonstrated that ergovaline is vasoactive
in the bovine right ruminal artery and vein and, further, went
on to demonstrate an ergovaline-induced reduction of rumen
epithelial blood flow by using in vivo washed-rumen technique
(Foote etal. 2013). Egert et al. (2014) demonstrated vasoactivity
of ergovaline in the bovine mesenteric artery and vein. These
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findings could have implications that relate to nutrient uptake
from the digestive tract and the productive efficiency of
livestock, although this has not been directly demonstrated.

To give a sense of the amount of ergovaline required to cause
an effect, the contractility data presented by Klotz et al. (2008),
Footeetal.(2011)and Egertet al. (2014) generated concentration
response curves that permitted calculation of the half maximal
effective concentration (ECs), or the concentration of a drug or
toxin required to 50% of the maximum possible response. This
is commonly used as a measure of a compound potency, or
concentration of a compound required to give an effect. The
potency of a compound varies inversely with the numerical value
of'the ECs (the lower the value, the more potent the compound).
In the case of pure ergovaline (synthesised), Foote ef al. (2011)
reported ECsp of 5.6 X 107° M (2.99 mg/kg) and 2.0 x 10 ° M
(1.06 mg/kg) for the right ruminal artery and vein respectively and
Foote et al. (2012) reported an ECso 0f 2.4 x 10~ M (1.28 mg/kg)
for the bovine lateral saphenous vein. Using a tall fescue seed
extract, Foote et al. (2012) reported EC503.3x 107" M (0.176 mg/
kg), 2.04 x 107° M (1.09 mg/kg) and 1.02 x 10~7 M (0.054 mg/
kg) for the lateral saphenous vein, right ruminal artery and right
ruminal vein respectively. Also, using the same tall fescue seed
extract, Egert et al. (2014) reported even lower ECso0f 7.2x 10 %
M (0.038 mg/kg) and 8.1 x 10~ M (0.043 mg/kg) for mesenteric
artery and vein respectively. It should be noted that the extract
ECs data cannot be directly compared with the pure ergovaline
ECs data, as the response curves were generated using different
ranges of concentrations (i.e. the maximum extract concentration
was 1 x 107® M, whereas pure ergovaline concentration was
1 x 10~* M). Although these studies were all conducted in vitro
and involved a direct exposure of the blood vessel to ergovaline,
they demonstrated the sensitivity of different types of blood
vessel to ergovaline and the diversity of responses that can
result simply by selecting vasculature from different regions of
the body. Interestingly, the efficacy (a term used to characterise
the level of maximal response) of ergovaline was much greater for
the peripheral lateral saphenous vein (Klotz ef al. 2007; Foote
et al. 2012) than for any of the visceral blood vessels evaluated
(Foote et al. 2011, 2012; Egert et al. 2014). Thus, the mesenteric
vasculature in particular seem much more sensitive to very low
concentrations of ergovaline, but peripheral vasculature such as
the lateral saphenous vein seem to have a much greater contractile
response.

Up to this point in this section, the data presented have been
generated using tall fescue research. The only report of
vasoconstriction induced by livestock consuming ergovaline-
containing perennial ryegrass was published by Aiken et al.
(2011b), using colour Doppler ultrasonography to monitor the
cross-sectional area of the auricular and carotid arteries in
lambs grazing AR6 novel (1.0 mg ergovaline’kg DM), wild-
type endophyte (0.55 mg ergovaline/kg DM) or endophyte-free
pastures (0.0 mg ergovaline’kg DM). Lambs were on these
pasture treatments for 19 days prior to subsequent phases of
the trial. During this time, Aiken ef al. (2011)) measured the
luminal area in the carotid artery and saw only a tendency for the
endophyte-free lambs to have a greater area did the AR6 and
wild-type lambs (which did not differ). The auricular artery was
affected by pasture treatment, with the lambs grazing endophyte-
free pastures having a greater luminal area than did lambs grazing
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ARG6 or wild-type endophyte-infected ryegrass (which did not
differ). The study of Aiken et al. (2011b) clearly demonstrated
vasoconstriction at the auricular artery, but the different
concentrations of ergovaline reported in AR6 and wild type-
infected ryegrass pastures did not affect the magnitude of
vasoconstrictive response (in terms of a clear dose response).

Gut motility and feed intake

Another aspect of livestock consuming ergovaline-
containing feed is a decrease in DM intake. (This aspect of the
influence that ergovaline can have on livestock can be
exacerbated by heat stress.) Some investigations looking into
this aspect have focussed on ergovaline affecting gut motility
as a possible explanation. Changes in rumen motility may affect
feed digestion, passage rate and nutrient availability. The
aforementioned constriction that occurs in blood vessels is
likely to be driven by the interaction of ergovaline with
biogenic amine receptors (e.g. serotonergic, adrenergic and
dopaminergic) that in turn affects the associated smooth
muscle. This could also be occurring with the smooth muscle
associated with motility or peristalsis of the gastrointestinal tract.
McLeay and Smith (2006) reported increases in the baseline
tonus of the reticulum and rumen, as well as the amplitude of
the reticular contractions following an intravenous infusion of
ergovaline, whereas the frequency of reticular and ruminal
contractions decreased in sheep. The authors concluded that
disruption of digestion might occur in livestock grazing
endophyte-infected pastures with a high ergovaline content.
On the basis of similar results from a separate study, Poole
et al. (2009) speculated that the effects of ergovaline on
amplitude and tonus are due to an agonistic action on the
SHT, serotonin receptor. The effects of ergovaline on the
smooth muscle of the small intestine have yet to be evaluated,
however, Dalziel et al. (2013) evaluated the effect of ergotamine
(and related them to ergovaline) on preparations of isolated
distal rat colon and demonstrated an increased contractile
tension and momentary increase in contractile frequency.
Differences in the observations between the foregut and
hindgut responses to ergovaline and ergotamine may be a
result of different receptor populations at these different
locations of the gastrointestinal tract.

The above evaluations into gut motility (McLeay and Smith
2006; Poole et al. 2009; Dalziel et al. 2013) all suggest that
there should be an effect of ergovaline on passage rate and
one could infer that this could drive changes in DM intake
and LW gain in exposed livestock. Unfortunately, this area of
ergovaline research is similar to many others, with there being
an array of differing published results regarding passage rate.
Early reports of passage rates reported it to increase (Hannah
et al. 1990), decrease (Goetsch et al. 1987) or remain unchanged
(Forcherio et al. 1995) in relationship to consumption of
endophyte-infected tall fescue (there are no published data
evaluating ergovaline in perennial rye grass on passage in
livestock). The challenge in comparing these reports is
differences in diets (between control and treatment), intakes
(some held intakes equal, whereas other did not) and the
concomitant differences in ergovaline intake by the animals.
There was also a difference in the delivery of ergovaline via
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seed versus hay or straw. One implication of an altered passage
rate is gut fill. Effects that cause an increase in rumen fill can
reduce intake. In separate studies using steers, Koontz et al.
(2013) and Foote et al. (2013) controlled intake such that it was
equal across endophyte-free and infected treatments of ruminally
dosed seed at 0.051 mg ergovaline/kg”’> LW.day (Koontz et al.
2013) or at 0.059 mg ergovaline/kg®’> LW.day (Foote et al.
2013). In both studies, there was a significant increase in ruminal
DM mass that could not be explained by a different DM intake,
suggesting that ruminal motility was affected, altering passage
rate in the steers exposed to ergovaline. Conversely, Emile et al.
(2000) fed lambs endophyte-free or infected hay at 0.058 mg
ergovaline/kg®’> LW.day and reported a lower total ruminal
content (it was not clear whether this was wet or dry), but no
difference in DM intake between the two hay treatments. The
authors made a strong case that the decrease in gut fill was
responsible for the decreased LW gain observed in the lambs
fed the endophyte-infected hay. Obviously, there is an effect of
ergovaline in the smooth muscle of the digestive tract, but how
this translates into an effect on gut fill and passage rate and LW
gain has yet to be clearly delineated.

Increased core temperature and susceptibility to heat
stress

Elevated body temperatures and heat stress of livestock are
of concern in terms of animal welfare. Ergovaline has been
considered the causative agent for heat stress in livestock
grazing endophyte-infected ryegrass (McLeay et al. 2002).
The summer-syndrome component of fescue toxicosis in the
south-eastern United States is in large part a heat stress caused
or intensified by consumption of ergovaline. Many of the signs
of summer syndrome are heat-stress symptoms that include high
rectal temperatures, excessive salivation, high respiration rates,
panting and shade or water seeking. These all contribute to
production losses. Because ergovaline has been detected in
some endophyte-infected ryegrasses, there are assumptions
that similar ‘summer syndromes’ could occur in New Zealand.
However, the incidence of heat stress in dairy cattle has yet to be
associated with consumption of ergovaline-producing ryegrass
endophytes in New Zealand (Bluett et al. 2005; Thom et al.
2013). Many of the heat stress-related symptoms can be related
back to ergovaline interactions (mentioned earlier in the article)
with biogenic amine receptors, causing vasoconstriction in
pulmonary vasculature that results in a decrease in heat
transfer (elevated body temperature and increased respiration),
as well as interaction with adrenergic and serotonergic receptors
in the periphery that results in a decrease in heat transfer (elevated
body temperature) and interaction with dopaminergic receptors
in the higher neural centers responsible for thermoregulation
(Faichney and Barry 1986). Animals consuming ergovaline-
containing feedstuffs appear to have a reduced capacity to
maintain a thermoneutral body temperature with rapid changes
in ambient temperature (Spiers et al. 2012). The main challenge
in separating or relating the effects of heat stress to ergovaline
intake are the commonly measured variables of body
temperature, respiration rate and feed intake. Many times, both
stressors affect all three variables and this confounds the
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interpretation of the causal stressor. This aspect of ergovaline
in ryegrass deserves to be studied in greater detail.

Conclusions

As a secondary metabolite produced by some fungal endophytes
in perennial ryegrass, ergovaline can have a significant impact
on the physiology of livestock consuming it. The scope of this
physiologic impact is largely dictated by variations in ergovaline
concentration in the consumed plant material, liberation from
the plant material either through digestion or fermentation,
microbial interactions and modifications of bioavailable
ergovaline, absorptive efficiency and route of absorption from
the digestive tract into the blood stream, hepatic detoxification
and degrees of tissue deposition or excretion of ergovaline. This is
further complicated by the ability of ergot alkaloids such as
ergovaline to interact with the functionally diverse class of
biogenic amine receptors that are ubiquitously distributed
throughout the body. The physiologic effects of ergovaline
described in this review are not always going to be observed
in production settings, but should, nevertheless, not be ignored as
cumulative decreases in animal productivity may be occurring. In
addition to highlighting the range of ergovaline-related effects,
the present review has demonstrated the ability of the ruminant to
tolerate (breakdown and excrete) a certain amount of ergovaline.
The key issue to New Zealand producers and those around the
world is keeping the concentration of ergovaline low enough not
to exceed the ability of livestock to metabolise it, but also have
concentrations that are sufficient to impart some of the positive
benefits provided by ergovaline that improve pasture persistence.
The challenge that remains is to define these concentrations for a
productive animal on a productive pasture.
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