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Abstract: Indospicine is a non-proteinogenic amino acid which occurs in Indigofera
species with widespread prevalence in grazing pastures across tropical Africa, Asia,
Australia, and the Americas. It accumulates in the tissues of grazing livestock after
ingestion of Indigofera. It is a competitive inhibitor of arginase and causes both liver
degeneration and abortion. Indospicine hepatoxicity occurs universally across animal
species but the degree varies considerably between species, with dogs being particularly
sensitive. The magnitude of canine sensitivity is such that ingestion of naturally
indospicine-contaminated horse and camel meat has caused secondary poisoning of dogs,
raising significant industry concern. Indospicine impacts on the health and production of
grazing animals per se has been less widely documented. Livestock grazing Indigofera
have a chronic and cumulative exposure to this toxin, with such exposure experimentally
shown to induce both hepatotoxicity and embryo-lethal effects in cattle and sheep. In
extensive pasture systems, where animals are not closely monitored, the resultant toxicosis
may well occur after prolonged exposure but either be undetected, or even if detected not
be attributable to a particular cause. Indospicine should be considered as a possible cause
of animal poor performance, particularly reduced weight gain or reproductive losses, in
pastures where Indigofera are prevalent.
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1. Introduction

Indospicine (L-6-amidino-2-amino-hexanoic acid) is a non-proteinogenic amino acid found in
Indigofera plant spp. which in recent decades has gained notoriety for its ability to form persistent and
sometimes toxic residues in tissues of grazing animals. Ingestion of indospicine-contaminated horse
meat [1] and more recently camel meat [2] has resulted in the secondary poisoning of dogs which are
particularly sensitive to indospicine hepatotoxicosis. The impact of this plant toxin on the health and
production of grazing animals per se has been less widely documented and is the focus of this review.

As an arginine analogue, indospicine (Figure 1) has the potential to interfere with a range of
mammalian arginine metabolic pathways, as arginine is a precursor for the synthesis not only of
proteins but also of nitric oxide, urea, polyamines, proline, glutamate, creatine and agmatine.
Indospicine has been shown experimentally to cause both liver degeneration and also teratogenic and
embryo-lethal effects [3,4], but the mechanism of this toxicity has never been fully elucidated.
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Figure 1. Indospicine an analogue of arginine.
2. Plant Sources of Indospicine

Indospicine has been found only in Indigofera plant species, and then primarily restricted to a small
number of species within this genus. As a cumulative, non-acute toxin it is possible that this toxin may
be as yet unidentified in additional members of this genus of some 700 species which are distributed
geographically in tropical Africa, Asia, Australia and North and South America. Indigofera plant
species, like other Leguminosae, are high in protein, and are considered agronomically very desirable
due to their ability to tolerate drought, floods and salinity [5]. Many Indigofera species in Africa and
Asia have been utilized as forage, green manure in coffee, tea and rubber plantations, and as cover
crops. Several species (notably Indigofera spicata) were initially introduced as pasture legumes into
mainland USA [6] and into Australia [7], before their potential toxicity was recognised. Members of
this genus range from prostrate or ascending perennial herbs (such as I. spicata) to shrubby species.
These perennial shrubby species are deep-rooted and can represent valuable forage plants, due to their
palatability, insect resistance and ability to respond with growth to small rainfall events [8], however
indospicine has also been determined within some such species [9].

2.1. Indospicine Content of Indigofera Species

This toxin was isolated as the first naturally occurring hepatotoxic amino acid in 1970 by Hegarty
and Pound from Indigofera spicata hence the name indospicine [4]. Plant classification within this
species has been confused over the years and the 1. spicata complex now comprises both 1. spicata
(Forsk.) and I. hendecaphylla (Jacq.) (or I. endecaphylla auctt., orth. var.). These species names appear
interchangeably in early literature and it was not until 1993 that these were shown to be 2 separate
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species [10]. It is thus difficult to ascertain with any certainty which of these species was actually used
in early studies unless herbarium voucher specimens are examined [11]. Retrospective inspection of
herbarium data has however established that the study by Hegarty and Pound utilized specimens of
both species, and that indospicine was determined in both I spicata and 1. hendecaphylla in their
work [11].

Since its discovery, indospicine content has been investigated in more than 30 different /ndigofera
species of both shrubby and herbaceous types with widely different results depending on both species
and locality. Species in which high levels of indospicine have been determined in foliage (in excess
of 500 mg/kg DM) include I. hendecaphylla [4,11], I linnaei [12,13], I lespedezioides [7,14,15],
1 spicata [4,11,13-16], 1. vicioides [9] and I. volkensii [7]. Indeed levels up to an exceptional 1.2%
(DM basis) have been reported in 1. spicata [7]. Species with low to moderate levels of indospicine
(typically less than 100 mg/kg DM and sometimes up to some 300 mg/kg DM) include 1. amorphoides [9],
L arrecta [9], L brevicalyx [9], L circinella [15], 1. coerulea (9], I. colutea [13], I costata [9],
L cryptantha 9], I. heteroticha [15], I. hirsuta [15], L linifolia [13], I. nigritana [7] and I. trita [15].

It is perhaps worth noting that in a large proportion of the Indigofera species that have been
analysed, indospicine has not been detected [7,13,15,17]. Indigofera species in this non-indospicine
containing category include /. adesmiifolia [13], I. alternans [7], I. antunesiana 7], I. astragalina [7],
L. georgei [13], I. glandulosa [7], I. leucotricha [13], I mucronata [7], I. oblongifolia [13],
L. parviflora [7,13], 1. praticola [14], I schimperi [7], I suffruticosa [7], I tinctoria [7,14], and
1. vohemarensis [7]. Likewise Miller and Smith [17] measured indospicine in the defatted seed meals
of “I endecaphylla” (I. spicatal/l. hendecaphylla) but did not detect indospicine in seed meal of 16 other
Indigofera species namely I arrecta, 1. brachystachya, 1. densiflora, 1. frutescens, I hirsuta,
L jaliscensis, 1. kirilowii, I linifolia, 1. oblongifolia, 1. pilosa, 1. schimperi, 1. sphaerocarpa,
L suffruticosa, I. sulcata, I. tinctoria, and I. zoilingeriana.

Wide variations in indospicine content have been reported within individual Indigofera species with
some suggestion that levels are influenced by the locale in which the taxa is growing, and particularly
wide ranges of concentration (more than 10 fold variations between individual samples) have been
reported for plant samples of 1. linnaei [13] and 1. lespedezioides [14]. Growth stage also effects
indospicine levels [4], with highest levels of indospicine found in harvested seed of I. spicata [4] and
L linnaei [12] and lesser concentrations found in other parts of the plant including tips, leaves and
the stem.

In other examples of intra-species variation, indospicine was detected in 1. hirsuta and 1. trita by
Charlwood [15] but not by other researchers [7,13], and in /. arrecta and I. amorphoides by Hassen [9]
but not by Aylward [7]. Aylward reported the “universality” of indospicine in /. spicata [7], whereas
Charlwood [15] reported the absence of indospicine in 75% of seed samples of this species, and most
remarkably detected only trace indospicine levels in the same seed accession [CPI 16110] that had
contained 1240 mg/kg fresh weight when analysed by Hegarty and Pound [4]. The seed analysed by
Hegarty and Pound in 1970 was green seed from fresh field-grown plants [4], while that analysed by
Charlwood in 1984 was from a seed collection “collected from sites throughout Australia” and of
unreported age [15]. This difference in seed source may well be a major contributor to the difference in
reported results. Unsuccessful attempts were made to select for low-indospicine varieties of species
with high agronomic potential such as 1. spicata, and populations of this species were treated with
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a chemical mutagen in non-entirely successful attempts to develop indospicine-free cultivars of
I spicata [18].

2.2. Prevalence of Indospicine-Containing Indigofera Species

The 6 species with highest indospicine content I. hendecaphylla, 1. linnaei, I. lespedezioides, 1. spicata,
1. vicioides and I. volkensii, are all prostrate or semi-prostrate herbs that occur in pasture and are
potentially grazed by livestock. 1. hendecaphylla, I. linnaei, 1. lespedezioides, I. spicata, and 1. volkensii
are relatively closely phylogenetically aligned within the Tethyan Clade, whereas 1. vicioides is distinct
within the Pantropical clade [19].

1. spicata and I. hendecaphylla are widely spread across tropical regions. I. hendecaphylla has
a native range in Africa, Comoros, Madagascar, Reunion, Asia to Papua New Guinea and the
Philippines, but it has been introduced and is now naturalized extensively in Florida (USA), French
Polynesia and also Australia [20]. Similarly, /. spicata has a native range in Africa, Madagascar,
Mauritius and Yemen, and has been naturalized extensively in Australia, Hawaiian islands, Japan,
New Caledonia, Micronesia, Cook Islands among other places [21]. . hendecaphylla and I spicata are
often confused in literature, and it was only recently established that the species of Indigofera found in
Hawaii was /. spicata [22]. Even though their toxicity has been recognized for more than 70 years [6],
these species are still utilized as forage in their native range [23]. 1. linnaei has a less extensive global
distribution and is native across northern Australia, India, Indochina through Malesia, Melanesia to
New Guinea [24]. This species has a seasonally variable prevalence in pasture, and can at times be
a predominant plant in some arid regions of central and northern Australia. With a strong tap root the
perennial /. /innaei is able to withstand dry conditions and responds quickly after rain [25]. It is most
abundant at the start of the summer wet season when first rains stimulate the growth of this plant but
are not sufficient to cause the germination of annual grasses and herbage. Horses in this region suffer
from the neurological syndrome Birdsville horse disease following consumption of this plant [25], but
cattle and sheep are seemingly unaffected by I linnaei under normal grazing circumstances [26].
L lespedezioides is restricted to the Americas and is native from Mexico and throughout South
America [27] where the plant, particularly the root, is used medicinally as a febrifuge and stomachic
(Venezuela); to halt diarrhea (Honduras); and as a treatment for gonorrhea, leucorrhea, jaundice, and
epilepsy (Brazil) [28]. In Brazil, the roots and leaves are employed in the Mato Grosso to poison
fish [28]. This species is responsible for a neurological syndrome in horses in Brazil [29] and is
reported to be poisonous to livestock in Bolivia [30] and cattle in Brazil [29].

1. vicioides and I. volkensii have less extensive distributions and there are no literature reports of
toxicity in livestock consuming these two species. /. vicioides is a spreading annual or perennial herb
with native range in Africa and India [31] and /. volkensii has a more limited native range in east and
north east Africa [32].

3. Etiology of Indospicine Toxicosis

Indospicine toxicosis manifests itself in two ways, acting as both a hepatotoxin with associated fat
accumulation in liver and secondly as a teratogen and abortifacient. These effects were first observed
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in livestock consuming Indigofera plant material, with indospicine subsequently identified as the
responsible toxin through in vivo rodent toxicity studies [3,4].

1. spicata plant extracts were shown to induce a site-specific cleft of the secondary palate,
generalized somatic dwarfism, and intrauterine embryolethality [33,34]. The abortive effect was also
reported in pregnant rabbit does where feeding as little as 5% /. spicata in daily rations resulted in
100% stillborn offspring when fed in the last 15 days of pregnancy [35]. Pure indospicine administered
orally at day 13 of gestation in pregnant rats caused cleft palate in more than 80% of viable fetuses
exposed with histological features identical to those produced by the crude 1. spicata extract, and also
high embryolethality [3]. No other physical defects were observed in the embryopathic syndrome. Rat
pups born with cleft palate induced by Indigofera did not live for more than a few hours after birth,
with this observation attributed to either inhalation of milk into the lungs or a secondary metabolic
toxic effect [33].

Indospicine also interferes with hepatic protein metabolism. Subcutaneous injection of indospicine into
mice produced fat accumulation and cytological changes in the liver, which was inhibited by simultaneous
injection of arginine [4]. In in vivo rat studies, oral dosing caused a pronounced inhibition of
incorporation of '“C-leucine into hepatic and serum protein, with this inhibition of protein synthesis
then followed by a marked rise in the level of liver triglycerides [36]. Incorporation of '“C-arginine
into protein was depressed in cell-free fractions from the livers of rats treated with indospicine and also
on addition of indospicine in vitro [37]. Increasing the level of arginine in the mixture decreased the
magnitude of this effect. It was shown also that the formation of '*C-arginyl-tRNA was inhibited
by indospicine, but not the formation of '*C-leucinyl-tRNA. Indospicine was concluded to be
a competitive antagonist of arginine preventing arginine being incorporated into tRNA as a prelude to
ribosomal polypeptide synthesis. Indospicine was also shown to be a competitive inhibitor of rat liver
homogenate arginase with the affinity of arginase for indospicine being similar to that of the enzyme
for arginine [38]. Inhibition of arginase negatively impacts aminoacylation of arginine and adversely
leads to dysfunction of urea cycle. It was considered that other enzymes involved in arginine
metabolism may be similarly affected by indospicine. The effect of indospicine on multiplying cells
was tested by measuring the incorporation of *H-thymidine into newly-formed DNA using cultures of
human lymphocytes stimulated with phytohaemagglutinin. Indospicine inhibited DNA synthesis
particularly at early stages of incubation, and the inhibition was reversible by arginine proportional to
the relative concentrations of the two substances [39]. This inhibition was attributed to blocking of
protein synthesis which in turn is essential for DNA synthesis. Inhibition of DNA synthesis was also
demonstrated by addition of indospicine to mouse bone marrow cell cultures, and this inhibition could
also be prevented by supplementation by arginine [40].

In addition to indospicine, some /ndigofera species contain a further non-proteinogenic amino acid,
canavanine, also related to arginine. Canavanine can function in all enzymatic reactions for which
arginine is a substrate and does not induce the same toxicosis as seen with indospicine [4].
Additionally some Indigofera species contain 3-nitropropanoic acid (3-NPA), present in the plant
material as glucose esters. Independent rat trials demonstrated that 3-NPA is a neurotoxin and does not
cause the hepatotoxic effects linked with indospicine [41]. Horses (but not ruminants) develop
a neurological syndrome thought to be related to 3-NPA effects as discussed below.
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4. Persistence of Indospicine in Animal Tissues

Indospicine is an unusual amino acid in that it is not incorporated into protein but exists in both
plant and animal tissues as the free amino acid [42]. It is seemingly not readily metabolized by
mammalian systems and accumulates as persistent residues in all tissues of animals consuming a diet
containing the amino acid. Indospicine has been shown to accumulate in the tissues of horses [1,42,43],
cattle [44] and goats [45] consuming /. /innaei, and in rabbits fed /. spicata seed [12]. The persistence
of these residues has been demonstrated in experimental studies and tissue indospicine levels were still
detectable several months after the cessation of feeding Indigofera plant material in horses [43], cattle [44],
goats [45] and rabbits [12]. The cumulative and persistent nature of indospicine may well contribute to
the long term toxic effects seen in field studies.

5. Indospicine Effects on Animals Consuming Indigofera Plants

The toxicity of Indigofera plants to livestock and other animals has been recorded over many
decades with differing manifestations of indospicine toxicosis depending on animal species.

5.1. Cattle

Cattle consuming Indigofera have been reported to experience both hepatotoxic effects with
associated liver lesions, and also teratogenic and embryo-lethal effects [35]. Cattle can, however, seemingly
tolerate relatively small proportions of Indigofera with no observable ill effects. In Australia, cattle are
reported to graze I. linnaei with no ill effect under normal grazing circumstances [26]. In Kenya,
researchers, in 1949, reported various Indigofera including “I. endecaphylla® (I. spicata or
1 hendecaphylla) were palatable to cattle with no toxicity reported [46]. In Hawaii, studies in the
1940s showed no adverse effects on young cattle in 10 years of short-interval pasture trials with
relatively small proportions of the /. spicata [35]. However as reported by Nordfeldt et al., in 1952,
when the concentration of the legume in the diet was increased and the trials were continued for longer
periods of time, signs of toxicity began to appear. Cattle fed a diet containing increasing percentages
from 30% to 100% fresh 1. spicata for 15 days gradually became inappetent and lost weight. The
central nervous system was reportedly affected in some animals that appeared sluggish and drowsy,
walking in circles with low head carriage, although these signs usually disappeared within one or two
days. Animals fed for longer time periods showed depressed weight gain and liver lesions [35]. Loss in
bodyweight and liver lesions were also reported in calves fed the fresh “I. endecaphylla” as a third of
their diet for 2 weeks in Ceylon (Sri Lanka) in 1953 [47]. These authors recorded elevated levels of
albumin in the urine and swollen, congested livers and pale kidneys on necropsy. Histological
examination of the livers revealed periacinar necrosis, haemorrhage, and distention of the capillaries
and sinusoids.

In addition to weight loss and hepatoxicity, cattle consuming Indigofera have also been reported to
suffer reproductive loses, with “I. endecaphylla” (1. spicata or 1. hendecaphylla) recognised as causing
abortion in cattle in Africa as early as 1937 [48]. In trials in Hawaii in 1949, Nordfeldt reported
1. spicata caused abortion or stillbirths in pregnant cows and heifers fed /. spicata as 16% to 52% of
the diet for up to 44 days [35,49]. Dead or stillborn calves were born prematurely by as much as
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100 days after heifers were fed green I. spicata for 25 days as a pasture supplement. In Fiji, abortions
and placental retention were reported in all 4 cows fed between 25% and 100% I. spicata for one to
three months in 1959 [50]. No autopsy information was provided for dead or stillborn calves and it is
not known whether the cleft palate seen in rats fed indospicine was present. We are unable to locate
any primary literature that describes cleft palate in calves as a result of maternal consumption of
Indigofera or indospicine, however the Merck Veterinary Manual states that 1. spicata is suspected of
causing cleft palate in calves [51]. It has been further suggested that the widespread occurrence and
utilization of Indigofera by livestock in Australian rangelands may also be an unattributed cause of
malformations in domestic livestock [52]. I. linnaei has a widespread distribution in Australian
rangelands [53], and given the extensive nature of livestock production systems in arid regions of
central and northern Australia, pre-natal and peri-natal losses due to maternal consumption of
indospicine may well occur and contribute to observed reproduction losses in these regions without
any specific attribution. Causes of a large proportion of both pre- and peri-natal losses in these
extensive herds are unknown [54]. In a recent study of factors affecting calf mortality in this region,
67% of calves that died did so within a week of their birth, with cause of death most frequently
recorded as unknown [55].

5.2. Sheep

Fewer Indigofera feeding experiments have been conducted with sheep than cattle, but it would
seem that sheep also experience both the hepatotoxic effects of indospicine with associated liver
lesions, and embryo-lethality. The clinical signs of toxicoses in sheep fed 1. spicata are largely the
same as those seen in cattle [35,56]. Nordfeldt reported a more pronounced toxic effect on sheep than
on cattle in feeding trials in Hawaii in 1952. In addition to inappetence, weight loss and drowsiness,
sheep also exhibited an ocular discharge, a discharge from the nostrils and, in later stages, corneal
opacity. Anorexia developed in sheep after two weeks on an 1. spicata diet with deaths occurring after
28 days. Most of the sheep exhibited general weakness and an unsteady gait, while one animal
developed severe diarrhea and one pregnant ewe aborted its foetus. Post-mortem examination revealed
fatty degeneration of the liver. In later Australian trials, sheep fed 1. spicata ad lib were reported to
suffer inappetence, weight loss and drowsiness, with liver lesions seen post-mortem [56].

Like cattle, sheep can however, seemingly tolerate relatively small proportions of Indigofera
with no observable ill effects. In Australia, sheep are reported to graze I. linnaei with no apparent
ill effect [26]. In Kenya researchers in 1949 reported that various Indigofera spp. including
“I. endecaphylla” (I. spicata or 1. hendecaphylla) were palatable to sheep with no toxicity reported [46].
Feeding trials in India suggested I. cordifolia and I. linnaei (then called I. enneaphylla) were highly
palatable feeds for sheep [57], and these plants are still considered valuable pasture constituents in
India [58].

In contrast, sheep fed unrestricted amounts of /. teysmannii (1. zoilingeriana) leaves for a period of
24 days in India suffered hepatotoxic and nephrotoxic changes [59]. Rams were jaundiced with significant
serum concentrations of albumin, glucose, bile salts and bilirubin. Fat deposits were gelatinized in
livers at necropsy and histological examinations revealed fatty changes in the liver and mononuclear
infiltrates with areas of necrosis and fibrosis, and regenerative foci. Lesions were also present in the
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gastrointestinal tract, heart, spleen, lungs and kidney. However the indospicine content of this species
is not known, indeed Miller reported the absence of indospicine in seeds of this species [17]. It is thus
not clear whether the reported toxicity of 1. teysmannii can be attributed to indospicine.

5.3. Horses

Horses consuming /. /innaei and I. spicata appear resistant to the hepatotoxic effect of indospicine [1,11].
Microscopic examination reveals only mild liver lesions consistent with descriptions of indospicine-related
hepatopathy, including periacinar and periportal lymphocytic infiltrations, hydropic degeneration of
mid-zonal hepatocytes and multifocal periacinar necrosis [11]. Horses however don’t escape
embryolethality indospicine effects, and abortion is commonly observed in mares consuming
L lespedeziodes in Brazil [29].

Equine neurological syndromes known as “Birdsville horse disease” in Australia [11] and “Grove
disease” in USA [60] are attributed to consumption of /ndigofera plant species but do not relate to
indospicine toxicosis. Indigofera species particularly 1. hendecaphylla, I. linnaei and I. spicata have
been shown to contain glucose esters of 3-nitropropanoic acid (3-NPA) co-occurring with indospicine,
and 3-NPA is believed to be the toxin responsible for the neurological syndrome seen in horses (but
not ruminants) consuming these plants [11,61-63]. In non-ruminants, esters of 3-NPA are hydrolysed
by mammalian esterase activity in the upper gastrointestinal tract but rapid absorption of the nitroacid
precludes its metabolism by microbes in the hindgut [64]. In ruminants 3-NPA can be metabolised and
detoxified by ruminal bacteria before absorption from the intestine, and hence the lesser toxicity of
3-NPA in these species. I. lespedeziodes also contains both indospicine and 3-NPA [14,29], but it has
been queried whether detected levels of 3-NPA (up to 2.5 mg/g) were sufficient to cause the
neurological syndrome seen in Brazil and these authors suggested that indospicine could be
responsible for the neurological syndrome [29]. Notably however none of the tested plant samples
were directly related to poisoning incidents.

There is no evidence that indospicine causes these neurological syndromes in horses, but we
propose that is possible that indospicine acting as an arginine antagonist could attenuate the 3-NPA
effects in horses. Creatine has been demonstrated to offer a protection against the neurological effects
of 3-NPA [65], and it is thus conceivable that an indospicine-induced arginine (and resultant creatine)
deficiency could exacerbate the neurological effects of 3-NPA.

Interestingly, even though unaffected by the hepatotoxic effects of indospicine, horses consuming
Indigofera plants are known to accumulate indospicine in their tissues [1,11]. Indospicine
accumulation occurs in all tissues including muscle and is residual. Fatal hepatotoxicity has occurred
in dogs fed indospicine-contaminated meat from horses that had grazed /. linnaei in central Australia [1].
As a consequence, the Northern Territory of Australia Meat Industries Act [66] bans the slaughter of
horses, donkeys, mules or hinnies for human consumption if the animals are exhibiting signs of
Birdsville horse disease (/. linnaei poisoning), or for pet food if these animals originate from an area in
which Birdsville disease occurs.
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5.4. Camels

1. linnaei is reportedly a preferred food plant for feral camels present in arid Australian rangelands [67].
There are no field reports of impacts on camel health, but canine deaths have resulted from the
consumption of indospicine-contaminated camel meat [2]. Camels fed I spicata for 35 days
accumulated indospicine in their tissues but showed no clinical signs [68]. At autopsy only very mild
liver degeneration was observed.

5.5. Goats

1. hochstetteri has been demonstrated to be toxic to goats in Sudan, with animals developing
inappetence, weight loss, anaemia and hind limb weakness followed by incoordination, recumbency
and death [69]. Fat accumulation and congestion of the liver were reported at necropsy as well as
damage to other tissues, especially the kidneys, intestine and central nervous system. Histological
lesions included fatty degeneration of the liver. This is suggestive of indospicine toxicity, even though
indospicine content of the plant had not been established.

An Angora goat fed dried /. linnaei at an average dose rate of 0.2 mg indospicine/kg BW/day for
52 days accumulated indospicine in plasma and liver but did not develop liver lesions [45]. A second
goat was fed at dose rates of 0.2 mg to 0.6 mg indospicine’kg BW/day over a 30 week period and
demonstrated the persistence of plasma indospicine levels with a half-life of some 2 weeks after
cessation of /ndigofera consumption.

5.6. Poultry/Birds

Following the reports of 1. spicata toxicity in grazing livestock by Nordfeldt [35], feeding trials with
11 different Indigofera species were undertaken with poultry chicks [70]. Of the species tested only
one induced toxicity. Consumption of 5% “I. endecaphylla” (1. spicata or I. hendecaphylla) meal from
various global sources resulted in decreased growth rate and paralysis of the neck, legs and wings,
commonly followed by death [70]. Subsequent investigation established that the toxin responsible for
producing these neurological signs in chicks was 3-NPA and that the severity of the toxic signs was
related to the 3-NPA content of the plant material [63,71-73]. Chickens were intoxicated by pure
3-NPA and by the leaf and stem of I spicata containing 3-NPA as well as indospicine, but were
unaffected by I spicata seed, which contains indospicine, but no 3-NPA [74]. This evidence suggests
that chickens are not susceptible to the hepatotoxic effects of indospicine.

6. Conclusions

Indospicine is not an acute toxin, but it is present in a number of Indigofera species which have
a somewhat ubiquitous presence in grazing pastures across tropical regions from Africa, Asia,
Australia, the Americas and islands of both Pacific and Indian Oceans. Livestock can thus have a chronic
and cumulative exposure to this toxin, with such exposure experimentally shown to induce both
hepatotoxicity and embryonic losses in cattle and sheep. In extensive pasture systems, where animals
are not closely and individually monitored, the resultant toxicosis may well occur after prolonged
exposure but either not be detected/identified or even if detected then be attributed to an unknown
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cause. The literature would suggest that for cattle or sheep grazing pastures where Indigofera
(particularly 1. spicata, I. hendecaphylla, and I linnaei) are prevalent, indospicine should be
considered as a possible cause of poor performance, particularly where reduced weight gain or
reproductive losses are involved.
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