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Review Article

Brachiaria spp. poisoning of ruminants in Brazil
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ABSTRACT.- Riet- Correa B., Castro M.B., Lemos R.A., Riet-Correa G., Mustafa V. & Riet-
Correa F. 2011. Brachiaria spp. poisoning of ruminants in Brazil. Pesquisa Veterindria
Brasileira 31(3):183-192. Hospital Veterinario, Centro de Saude e Tecnologia Rural,
Universidade Federal de Campina Grande, Campus de Patos, 58700-070 Patos, PB, Brazil.
E-mail: franklin.riet@pg.cnpqg.br

Brachiaria species are the most important grasses for cattle production in Brazil. However,
a limiting factor for the use of Brachiaria spp. is their toxicity. Most outbreaks of hepatogenous
photosensitization are caused by B. decumbens; however B. brizantha, B. humidicola and
B. ruziziensis can also cause poisoning. The poisoning affects cattle, sheep, goats and
buffalo. Sheep are more susceptible than other animal species and the young are more
susceptible than adults. There are differences in susceptibility among animals of the same
species and it has been suggested that this resistance is genetic. Also has been suggested
that buffalo and probably some sheep are resilient, i.e. when poisoned these animals have
histologic lesions and high GGT serum concentrations, but do not show clinical signs. In
general, saponin concentrations are higher in growing plants, but outbreaks occur all over
the year, probably due to unexplained rise in saponin concentration in the plant. A clinical
syndrome of progressive weight loss and death, without photosensitization, has been reported
in cattle poisoned by B. decumbens. Main preventive measures are based on the selection
of resistant or resilient animals and on the development of Brachiaria species or varieties
with low saponin concentration.

INDEX TERMS: Brachiaria spp., foamy macrophages, lithogenic saponin, photosensitization,
progressive weight loss, resilience, resistance.
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RESUMO.- [Intoxicacao por Brachiaria spp. em rumi-
nantes no Brasil.] Brachiaria spp. sao as forrageiras mais
importantes para a pecuaria brasileira. Entretanto, um fator
limitante para sua utilizagdo é a sua toxicidade. A maioria
dos surtos de fotossensibilizagcdo hepatdégena é causada
por Brachiaria decumbens; porém, B. brizantha, B. humidi-
cola e B. ruziziensis podem também causar intoxicagao. A
intoxicacao afeta bovinos, ovinos, caprinos e bubalinos. Os
ovinos sao mais susceptiveis que as outras espécies, € 0s
animais jovens sao mais susceptiveis que os adultos. Exis-
tem diferencas na susceptibilidade entre animais da mes-
ma espécie e tem sido sugerido que esta resisténcia € ge-
nética. Sugere-se, também, que bufalos e provavelmente
alguns ovinos sao resilientes (quando intoxicados apresen-
tam lesdes histoldgicas e aumento das concentracdes
séricas de GGT, mas nao apresentam sinais clinicos). Em
geral, a concentracdo de saponinas € maior nas plantas em
crescimento, mas surtos ocorrem durante todo o ano, pro-
vavelmente por aumento da concentragéo de saponinas na
planta por alguma causa ainda desconhecida. Uma sindro-
me clinica com progressiva perda de peso e morte, sem
fotossensibilizacao, tem sido descrita em bovinos intoxica-
dos por B. decumbens. As principais medidas preventivas
s&o baseadas na selecéo de animais resistentes ou resili-
entes e o desenvolvimento de espécies ou variedades de
Brachiaria com menores concentracdes de saponinas.

TERMOS DE INDEXACAOQ: Brachiaria spp., macréfagos espu-
mosos, saponinas litogénicas, fotosensibilizacédo, perda pro-
gressiva de peso, resiliéncia, resisténcia.

INTRODUCTION

Brachiaria decumbens, originally from Africa, was first
introduced into Brazil in 1962 by the Instituto de Pesquisas
Experimentais Agropecuarias do Norte (IPEAN). Because
B. decumbens cv. Ipean is reproduced by stolons, it
expanded slowly. In 1972, B. decumbens cv brasilisk was
introduced from Australia. Because it reproduces by seed,
this species spread rapidly throughout the Midwest, North
and South of Brazil (Seiffert 1980). Currently there are several
B. decumbens cultivars in Brazil. B. brizantha, which has
gradually replaced B. decumbens, was introduced in the
1980s. The main reason for this replacement was B. brizan-
tha resistance to spittlebugs (insects of the order Homopte-
ra, family Cercopidae, genera Zulia, Mahanarva and Deois),
which can cause severe damage to B. decumbens pastures
(Embrapa 2005). B. decumbens has been associated with
photosensitization outbreaks in ruminants since its introduc-
tion into Brazil (Camargo et al. 1976, Ddbereiner et al. 1976,
Nobre & Andrade 1976, Nazario et al. 1977, Tokarnia et al.
2000). Outbreaks of photosensitization in B. decumbens cv
Ipean pastures have not been reported (Seiffert 1980);
however, this is difficult to prove because of the lack of
knowledge about the origin of B. decumbens found on several
farms where outbreaks have been observed.

Brachiaria brizantha cv. Marandu was introduced in 1983
by Embrapa (Brazilian Enterprise for Agicultural Research)
and gradually replaced B. decumbens in large areas. From
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1996 to 1997, B. brizantha seeds accounted for about 50%
of the forage seed market in Brazil. Currently, an estimated
60 million hectares are planted with B. brizantha in the coun-
try. Photosensitization outbreaks in ruminants have also
occurred on pastures of this species (Lemos et al. 19963,
Albernaz et al. 2008, Mustaffa 2009, Silveira et al. 2009,
Souza et al. 2010) or in mixed pastures of B. decumbens
and B. brizantha (Souza et al. 2010).

B. humidicola is native to eastern and southern Africa,
where it occurs in relatively moist areas. It has also played
arelevant role in the Brazilian northern region (Amazon) since
1983, where it has largely replaced B. decumbens due to its
spittlebug tolerance (Seiffert 1980). Pastures with this
species also increased in the Brazilian cerrado (a vast tropi-
cal savanna area in Brazil) (Serrao 1977). B. humidicola
poisoning has been reported in sheep (Lau & Singh 1985)
and buffalo (Schenk & Schenk 1983). Of the three Brachia-
ria species above mentioned, the latter is the only one used
for horse feeding, though it can also cause photosensitizati-
oninthese animals (Schenk etal. 1991, Barbosa et al. 2006).
Other species of Brachiaria include B. purpurascens, B. dic-
tyoneura, B. ruziziensis, B. radicans, B. extensa. B. plan-
taginea, B. dura and B. milliformis (Seiffert 1980), but only
B. ruziziensis has been associated with photosensitization
outbreaks (Nazario et al. 1985, Purchio et al. 1988).

There are about 60 million hectares of cultivated pastures
in the Brazilian Cerrado. Of this total, 51 million hectares
consist of Brachiaria spp; about 30 million hectares of B.
brizantha, 15 million hectares of B. decumbens, and six
million hectares of B. humidicola and other Brachiaria
(Macedo 2005).

Due to its high dry matter production, easy cultivation,
easy adaptation to different soils for year-round growth,
and the low maintenance cost of the cultivated area, Bra-
chiaria spp are the most important forage in Midwestern,
Southeastern, and Northern Brazil (Seiffert 1980, Drudi et
al. 1995). Despite their excellent forage quality, a limiting
factor for the use of Brachiaria spp. is their toxicity, as
these plants can cause hepatogenous photosensitization,
leading to economic losses due to decreased productivity
and animal death (Fagliari et al. 1993b, Fioravante 1999,
Riet-Correa & Medeiros 2000).

This paper aims to review aspects of the etiology, epide-
miology, clinical signs, pathology, diagnosis, control, and
prevention of Brachiaria spp. poisoning in ruminants in Brazil.

ETIOLOGY

Ever since the first outbreaks of Brachiaria poisoning several
authors have blamed Pithomyces chartarum as the cause
of the disease (Camargo et al. 1976, Ddbereiner et al. 1976,
Nazario et al 1977, Temperini & Barros 1977, Fagliari et al.
1983, 1994, Lau & Singh 1985, Lau 1990, Soares et al. 2000,
Russomanno et al. 2003, Gdrniak 2008). However, since
1985 authors have suggested that Brachiaria toxicity is due
to lithogenic steroidal saponins contained in this grass.
Researchers from Australia, Malaysia and Indonesia have
been unable to isolate P. chartarum from B. decumbens
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pastures causing photosensitization (Opasina 1985, Zamri-
Saad et al. 1987, Graydon et al. 1991, Salam-Abdullah et al.
1992). Brewer et al. (1989) examined the sporodesmin-
producing ability of 20 P. chartarumisolates from Colombia,
2 from Texas, 3 from Nova Scotia, and 32 from Brazil. None
of these isolates, including those collected in Brazil, produ-
ced sporodesmin. Collin et al. (1996) examined 51 isolates
from two different regions in Brazil collected from pastures
causing photosensitization, and only one sample produced
sporodesmin. Graydon et al. (1991) reported in ruminants
poisoned by B. decumbens crystals in the bile ducts, simi-
lar to those observed in Tribulus terretris and Panicum spp.
poisoning, which contain lithogenic saponins, suggesting that
these compounds are also B. decumbens toxic compoun-
ds. In Brazil, several authors have reported the presence of
crystals in the liver of sheep (Lemos et al. 1996b, Driemeier
et al. 2002, Brum et al. 2007, Castro et al. 2009), goats
(Lemos et al. 1998), and cattle (Lemos et al. 1996a, Drie-
meier et al. 1998, Souza et al. 2010) poisoned by Brachiaria
spp. In addition, varying levels of lithogenic saponins were
found in toxic Brachiaria pastures without P. chartarum or
with low number of spores (Cruz et al. 2000, Brum et al.
2007, Castro et al. 2009, Mustafa 2009). Cruz et al. (2001)
have induced cholangiopathy in the presence of crystals in
lambs by administering B. decumbens extracts. These
studies excluded the hypothesis of the fungus P. chartarum
being the cause of photosensitization in Brachiaria pastures,
and demonstrated that this poisoning is caused by lithogenic
saponins contained in the grass.

The lithogenic steroidal saponins (dicotomin, protodios-
cin and saponin B) contained in Brachiaria spp. and Panicum
spp. induce the formation of crystals in the biliary system.
Saponin hydrolysis results in diosgenin and yamogenin sa-
pogenins which, after being metabolized in the digestive tract,
produce espismilagenin and episarsasapogenin sapogenins,
which in turn conjugate with glucuronic acid forming glucuro-
nides; these bind with calcium ions to form insoluble salts
that are deposited in the form of crystals (Meagher et al.
1996, Lee et al. 2009). Protodioscin has been the main
saponin found in Brachiaria spp. (Brum et al. 2007, 2009,
Castro et al. 2009, Santos Jr 2008, Mustafa 2009).

EPIDEMIOLOGY
In Brazil, Brachiaria poisoning affects cattle (Fagliari et al.
1993a, Lemos et al. 1996a, 1997), sheep (Lau & Singh
1985, Lemos et al. 1996b, Driemeier et al. 2002, Brum et
al. 2007, Mustafa 2009), goats (Lemos et al. 1998, Silveira
etal. 2009), and buffalo (Schenk & Schenk 1983, Rozza et
al. 2004) throughout the country. Poisoning can occur at
any time of the year and at any stage of the plant, both in
sheep (Mustafa 2009) and cattle (Souza et al. 2010). Some
authors mention a higher frequency of the poisoning during
pasture sprouting (Riet-Correa & Méndez 2007). One
outbreak in calves occurred on a mature B. decumbens
pasture left ungrazed for over 30 days (Lemos et al. 1997),
but it is not clear if the occurrence of such outbreak was
due to the higher toxicity of the pasture or to the high sus-

ceptibility of the recently weaned calves coming from an
area without Brachiaria in the Pantanal of Mato Grosso do
Sul. When a pasture of B. decumbens was examined at
14, 45 and 90 days after being cut, saponin concentrations
and toxicity to sheep showed a gradual decrease from the
15 to the 90" day of growth on (Castro et al. 2009).

Sheep are more susceptible to poisoning than cattle (Riet-
Correa & Méndez 2007, Lemos et al. 2009) and the absence
of the disease in goats grazing together with sheep with
photosensitization suggests that goats are also more
resistant than sheep (Abas-Mazni et al. 1985, Opasina 1985).
Young animals are more susceptible than adults. In central
Brazil, 10 out of 11 outbreaks in sheep affected animals
under one year of age (Mustafa 2009). In cattle, young ani-
mals up two years of age are more frequently affected (Fagliari
etal. 1993a, Souza et al. 2010). The poisoning occurs mainly
in calves near weaning or just weaned. However, adult cattle
may also be affected (Noble & Andrade 1976, Tokarnia et
al. 2000, Riet-Correa & Méndez 2007, Lemos et al. 2009).
Poisoning can also occur in lactating animals (Lemos et al.
1996a), sometimes up to 30 days old (Fagliari et al. 1983). It
has been demonstrated that there are differences in sus-
ceptibility between animals of the same species (Castro et
al. 2009). High susceptibility to poisoning has been obser-
ved in sheep raised in Brachiaria-free areas that are later
transported to Brachiaria pastures (Castro et al. 2009)
suggesting that animals raised on Brachiaria pastures are
less susceptible to poisoning than sheep raised on other
pastures (Castro et al. 2007, 2009). Because sheep that
survive poisoning can be affected twice or more times, while
other sheep from the same flock may never be affected, it
has been suggested that resistance is genetic. Also, it was
not possible to adapt susceptible sheep to the ingestion of
toxic B. decumbens (Aniz 2008). Nevertheless, acquired
resistance in animals raised on Brachiaria pastures cannot
be discarded. In cattle, Brachiaria poisoning was clearly more
frequent from 1960 to 1980, i.e. in the early periods after the
introduction of this forage. Subsequently, outbreaks were
less frequent, apparently due to the death of susceptible
animals or to the development of poisoning resistance.
Another possibility is that the decrease in the number of
outbreaks is a result of the replacement of B. decumbens,
which is more toxic, by the less toxic B. brizantha and B.
humidicola. It has also been suggested that buffalo and
probably some sheep are resilient, that is they can be
poisoned without showing any clinical signs. In buffalo
showing no clinical signs slaughtered in the State of Para,
100% of the animals from Brachiaria pastures showed severe
lesions in the liver (swelling, vacuolation and individual
necrosis of hepatocytes, presence of numerous foamy ma-
crophages, and subcapsular fibrosis) suggesting that this
species is resilient to Brachiaria poisoning (Riet-Correa et
al. 2010). Castro et al. (2009) also found that sheep that did
not show clinical signs after their introduction into B. de-
cumbens pastures showed high AST and GGT levels, simi-
lar to sheep with clinical signs, suggesting that the former
were resilient to Brachiaria poisoning.

Pesq. Vet. Bras. 31(3):183-192, margo 2011



186 Beatriz Riet-Correa et al.

Most outbreaks of poisoning are caused by B. decum-
bens (Camargo et al. 1976, Débereiner et al. 1976, Noble &
Andrade 1976, Fagliari et al. 1983, 1993b, Lemos et al.
1996b, 1997, 1998, Brum et al. 2007, Mustafa 2009, Sou-
za et al. 2010). Outbreaks by B. brizantha (Lemos et al
1996a, Mustafa 2009); B. humidicola (Schenk & Schenk
1983, Lau 1990) and B. ruziziensis (Nazario et al. 1985,
Purchio et al. 1988, Tokarnia et al. 2000) are less frequent.
In a study of 11 outbreaks in sheep in Central Brazil, B.
decumbens was involved in 8 outbreaks; 2 were caused
by B. brizantha and 1 occurred on a B. decumbens and B.
humidicola mixed pasture (Mustafa 2009). In Mato Grosso
do Sul, out of 29 outbreaks of Brachiaria poisoning in cattle,
16 were caused by B. decumbens, 2 occurred in B. de-
cumbens and B. brizantha mixed pastures, and 1 ona B.
brizantha pasture; in 10 outbreaks, the Brachiaria species
present in the pasture was not reported (Souza et al. 2010).
In the same State, a total of 21 outbreaks in sheep were
caused by B. decumbens (Lemos et al. 2009). Two outbre-
aks in goats occurred on B. decumbens pastures (Lemos
et al. 1998); however, occasional cases have been repor-
ted on B. brizantha pastures (Silveira et al. 2009). Over
100 outbreaks reported by the School of Veterinary and
Animal Science at Sao Paulo State University (Unesp) in
cattle from Mato Grosso do Sul, Goias and Minas Gerais
States between 1979 and 2009 were caused by B. decum-
bens cv brasilisk. During the same period of time, about 20
isolated cases of B. brizantha poisoning were observed
(Jurandir Fagliari 2010, personal communication). B. de-
cumbens has been almost entirely replaced by B. brizan-
tha in Goids and in the last 20 years there has been a
gradual reduction of outbreaks in cattle. Currently only
occasional cases on B. brizantha pastures are being re-
ported, most often in pastures with new growth after the
onset of the rainy season or after pasture burning (Maria
Clorinda Fioravanti 2010, personal communication).
Considering that in the Brazilian Cerrado there are nearly
30 million B. brizantha hectares, 15 million B. decumbens
hectares and 6 million B. humidicola and other Brachiaria
spp. hectares (Macedo 2005), it is clear that the higher
frequency of outbreaks on B. decumbens pastures is due
to their greater toxicity.

In a review on the frequency of 18 outbreaks of Brachi-
aria poisoning in sheep, the morbidity rate ranged from
15.4% to 57.1%, the mortality rate was 15-42.8% and case
fatality rate 29.4-86.5% (Mustafa 2009). In 29 cattle out-
breaks in Mato Grosso do Sul, the morbidity rate ranged
from 0.2% to 50%, and the fatality rate from 44.4% to 100%
(Souza et al. 2010). In the same State, in 21 outbreaks in
sheep, the morbidity rate ranged from 4.6% to 60%, and
the fatality rate from 50 to 100% (Lemos et al. 2009). In
two goat outbreaks, the morbidity rate was between 15%
and 11%, and the fatality rate was 100% (Lemos et al 1998).
In five outbreaks of progressive weight loss associated
with grazing B. decumbens, the morbidity ranged from
0.02% to 18% and the fatality rate from 26.67% to 100%
(Souza et al. 2010).
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SAPONIN CONCENTRATIONS ON
BRAZILIAN PASTURES

Brum et al. (2007) found a concentration of 2.36% protodi-
oscin in a growing Brachiaria decumbens pasture that caused
sheep poisoning. In this study, a neighboring B. decum-
bens pasture grazed by cattle without any sign of photo-
sensitization contained 1.63% protodioscin. In another study
in experimental B. decumbens and B. brizantha plots at
different stages of growth, protodioscin concentrations in
B. brizantha were 0.53%, 1.03%, 0.83%, and 2.09% during
growth, flowering, seeding, and after seeding, respective-
ly, and B. decumbens concentrations were 0.92%, 0.95%,
0.82%, and 1.94% for the same phases (Brum et al. 2009).
In a trial to determine the susceptibility of two groups of
sheep, one naive and another raised in areas with Brachi-
aria spp, the protodioscin concentrations in B. decumbens
was 1.06% at the beginning of the experiment on June 10,
when the grass was sprouting, and this percentage gradually
decreased to 0.56% at the end of the experiment, when
the pasture was dry, on August 1. In-between values were
0.95% on June 17, 0.88% on June 24, 1.11% on July 3,
0.61% on July 10, and 0.69% on July 18. In this experiment,
9 out of 10 naive sheep were poisoned. In contrastin sheep
raised on Brachiaria spp. only one out of 10 were affected
(Castro et al. 2007).

In an experiment to determine B. decumbens toxicity in
its various stages of growth, lambs were placed on pasture
of 15, 45 and 90 days of growth (Santos Jr 2008, Castro et
al. 2009). Protodioscin values are presented in Table 1.
Sprouting pasture was more toxic than the others in this
experiment (Santos Jr. 2008).

In a trial to determine weight gains in lambs grazing diffe-
rent grass species, the average protodioscin levels were
0.86%, 0.54%, 0% and 0.12% for B. decumbens, B. brizan-
tha, Panicum maximum, and Andropogon gayanus, respec-
tively. In lambs raised on Brachiaria spp. pastures weight
gains were similar in the different pastures, except for those
on A. gayanus, which did not gain as much weight (Castro
etal. 2009). However, naive sheep, raised on pastures other
than Brachiaria spp., were poisoned when introduced into B.
decumbens pastures. Protodioscin concentrations diminished
during pasture maturation. The average levels for B. decum-
bens were 1.28% on April 3, 1.23% on April 29, 1.44% on

Table 1. Protodioscin concentrations on Brachiaria
decumbens pasture paddocks at different
stages of growth

Date Pasture growth at the beginning
of the experiment on March 18, 2007
15 days 45 days 90 days
March 18 1.85% 1.97% 1.5%
April 5 1.90% 2.21% 1.91%
April 19 2.00% 1.27% 0.94%
May 3 2.05% 1.53% 1.19%
May 17 2.37% 1.20% 0.77%
Mean+SD 2.03+0.202 1.63+0.442 1.26+0.45P

Different letters on the same line mean significant differences (P<0.05).
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May 12, 1.12% on May 26, and 0.4% on June 23. For B.
brizantha, the levels were 1.21% on April 3, 0.65% on April
29, 0.78 on May 12, 0.7% on May 26, and 0.36% June 23.

In an experiment on a B. brizantha pasture, protodios-
cin concentrations were significantly higher in young leaves
than in mature or senescent ones (Barbosa et al. 2009).

In two B. decumbens samples, saponin concentrations
were 1.55% and 1.15%, and a B. brizantha pasture contained
0.628% saponin. The three samples came from Brachiaria
pastures causing photosensitization in sheep (Lee et al. 2009).

In the state of Goias, protodioscin values were determi-
ned periodically during a 30 month period on B. decum-
bens and B. brizantha pastures, and ranged from 0.03% to
1.09%. The animals showed no clinical signs of poisoning
on these pastures, but the high AST and GGT serum con-
centrations found were suggestive of subclinical poisoning
(Moreira et al. 2009a).

In pasture samples collected during five photosensitiza-
tion outbreaks in sheep, protodioscin concentrations ranged
from 0.3% to 2.56%. Concentrations of three samples
collected during the dry period were 0.3%, 1.6% and 0.8%,
and samples collected in the rainy season contained 2.56%
and 1.29% protodioscin (Mustafa 2009).

Very high concentrations of saponins, ranging from
2.15% t0 3.03%, were found in 11 samples of a pasture of
B. decumbens, extremely toxic for sheep. The samples
were collected from January 15 to April 30, during the rainy
season (Saturnino et al. 2010, Haraguchi & Barbosa 2008,
unpublished data).

The results presented above, though insufficient,
suggest that sheep poisoning occurs due to high saponin
concentrations on the pasture, usually over 1%; however,
a toxicity threshold is yet to be established. Besides the
lack of data, several factors contribute to this uncertainty,
including the higher susceptibility of young animals and
the greater resistance of animals raised on Brachiaria spp.
pastures. Furthermore, saponin concentrations in the
pasture samples collected during the observation of clinical
signs probably did not represent the concentrations at the
time of poisoning. For cattle and goats, which are more
resistant than sheep, there are no data to estimate a toxic
threshold.

In conclusion, most of the data show that sprouting
pastures have higher saponin concentrations than mature
ones (Santos Jr 2008, Castro et al. 2009) and young leaves
contain more saponin than mature or senescent leaves
(Barbosa et al. 2009). However, in one experiment, higher
saponin concentrations were found on mature pasture (Brum
et al. 2009), and poisoning outbreaks occurred at any time
of the year (Mustafa 2009, Souza et al. 2010), as well as
on mature pastures that had been left ungrazed for some
period (Lemos et al. 1997). These observations suggest
that the outbreaks can occur at any time of the year (Mustafa
2009, Lemos et al. 2009, Souza et al. 2010) due to a sudden
increase in saponin cocentration on the pastures, may be
because of climatic factors. New studies should be carried
out with systematic and periodic saponin determinations in

Brachiaria spp. for longer periods in order to determine the
possible significance of these variations.

In two photosensitization outbreaks in horses grazing B.
humidicola, protodioscin concentration was 0.01% on one
pasture whereas the other pasture showed no measurable
protodioscin, dichotomin, or saponin B (Lee et al. 2009). The-
se results suggest that photosensitization in horses could be
caused by other B. humidicola compounds. Another possibility
is that the disease was caused by a rise in saponin content
of the pastures for a short period of time, having later returned
to lower concentrations at the time of sample collection.

CLINICAL SIGNS

Cattle

In cattle two different clinical conditions have been re-
ported: hepatogenous photosensitization and progressive
weight loss (Lemos et al. 1997, Riet Correa et al. 2002,
Souza et al.2010). Moreover, there is also a subclinical
disease characterized by lower productivity (Fagliari et al.
1993c, Fioravante 1999, Moreira et al. 2009a).

Hepatogenous photosensitization is characterized initi-
ally by anorexia, depression, decrease or cessation of rumi-
nal movements, dry feces, search for shade, and edema of
the brisket and ears or other body parts. Later dermatitis
showing swollen, thickened skin with yellow exudate can be
observed, initially on the muzzle, ears, flanks, perineum,
udder and in areas of white skin. After some days there is
jaundice, ear and eye crusts, and ulcerations on the ventral
tongue. Drooling, dark urine and eye discharge can also be
observed. Some animals show restlessness or lie down for
long periods, groaning or making other signs of pain. After 4-
5 days, the skin becomes cracked and thickened with crust
formation. A common finding is thickening and scar retraction
of the ears, which are deformed and crooked.

The clinical manifestation period is variable; whereas
some animals die within 5-7 days, others can have a clinical
course of up to 60 days (Riet-Correa & Méndez, 2007, Souza
et al. 2010). In severe cases, the animals die within two or
three days, without showing the characteristic signs of
photosensitization or jaundice (Souza et al. 2010). Nervous
signs have been observed in two cases in Mato Grosso do
Sul (Souza et al. 2010).

Fagliari et al. (1993b) classify cattle poisoning into sub-
clinical, acute, chronic moderate, and chronic severe. The
subclinical form is characterized by weight loss and lack
of signs. In moderate chronic poisoning, there are moderate
skin lesions without jaundice, which tend to regress within
8-30 days after the first signs have appeared. Severe chronic
poisoning is characterized by severe lesions on the face
and nose, and jaundice; weight loss becomes more evident,
and it takes over 30 days for spontaneous healing to occur;
many animals may die in the meantime. The acute condi-
tion is characterized by superficial skin lesions without jaun-
dice and death may occur within two to five days after the
onset of the clinical disease.

A clinical condition characterized by progressive weight
loss, anorexia, apathy, emaciation and death after a few
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months without photosensitization has been reported in cattle
over two years of age, grazing Brachiaria decumbens (Riet-
Correa et al. 2002). Five outbreaks of this syndrome were
diagnosed in Mato Grosso do Sul from 1996 to 2008 in cattle
of different ages (Lemos et al. 2009, Souza et al. 2010).

Sheep

In sheep, mainly in those which have been transferred
from areas without Brachiaria spp. to areas with Brachiaria
spp., there is an acute condition characterized by apathy,
anorexia, photophobia, edema of the ear and face, con-
junctival hyperemia, and ocular bilateral discharge. These
animals do not develop jaundice or dermatitis and the
clinical course lasts from 24 to 96 hours. The first signs
occur 7-10 days or up to 50 days after the introduction of
the sheep on the pasture (Castro et al. 2007, Santos Jr
2008, Mustafa 2009). However, the most frequent clinical
presentation is subacute to chronic with a clinical manifes-
tation period of 15-45 days. In this case the animal may
show anorexia, depression, weight loss, swelling of the face
and ears, conjunctivitis, ocular and nasal discharge, blind-
ness, photophobia with continuous head movements, jaun-
dice and dermatitis of the face and ears. In white-skinned
hair sheep, dermatitis may occur in other white skin areas.
In black animals of the Santa Ines breed, the only sign of
photosensitization is periocular edema with runny eyes,
epiphora and conjunctivitis. In wool sheep, dermatitis is
restricted to the face and ears. In cases of longer evolution,
the ears can be thickened and contorted with turned-up
edges due to scar retraction. These subacute and chronic
conditions can affect naive sheep, as well as sheep raised
on Brachiaria pastures (Castro et al. 2007, Santos Jr 2008,
Mustafa 2009, Saturnino et al. 2010).

Other animal species

Goats show apathy, anorexia, dehydration, erythema,
edema and dermatitis of the periocular skin, and skin of
the muzzle, ears and vulva. Eye and nose discharge, runny
nose and eyes, and jaundice are also observed (Lemos et
al. 1998, Silveira et al. 2009). In a buffalo that showed
photosensitization signs after staying for at least three
weeks on a B. decumbens pasture, prostration, anorexia,
weight loss and extensive areas of skin peeling were ob-
served. The animal was euthanized after a clinical course
of three weeks (Rozza et al. 2004). The same clinical signs
and jaundice were observed by Tokarnia & Langenegger
(1983) in buffalo maintained on B. humidicola.

Subclinical disease

Fagliari et al. (1993c), Fioravante (1999) and Moreira et
al. (2009ab) reported a subclinical form of the disease in
cattle without clinical signs, but with lower weight gain, as
evidenced by a negative correlation between the number
of foamy macrophages in the liver and body weight at
slaughter (Fioravante 1999). For this reason, some farmers
and practitioners do not recommend the introduction of
recently weaned animals into Brachiaria pastures. Castro
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et al. (2009), however, found no significant differences in
weight gains when young sheep raised on Brachiaria
pastures were introduced into B. brizantha, B. decumbens
or Panicum maximum pastures; nevertheless, a flock
introduced into a Andropogon gayanus pasture showed lower
weight gain than the others. No significant differences were
observed between slaughtered buffalo with liver lesions
raised on Brachiaria pastures and those raised on other
pastures without liver lesions.

Clinical pathology

Increased serum activity of gamma glutamyl transferase
(GGT), aspartate aminotransferase (AST) and increased
serum concentrations of total, direct and indirect bilirubin
have been detected in natural and experimental Brachiaria
poisoning in cattle and sheep (Fagliari et al. 1994, Fiora-
vanti 1999, Lemos & Purisco 2002, Mendonga et al. 2008,
Castro et al. 2007, Santos Jr et al. 2008, Saturnino et al.
2010). Increased serum GGT levels are the best predictors
of the onset of the poisoning, tending to remain high for a
longer period (Fagliari et al. 1994, Castro et al 2007, San-
tos Jr 2008, Saturnino et al. 2010). However, increased
AST and GGT levels did not correlate with the severity of
poisoning (Castro et al. 2007, 2009, Santos Jr 2008).

PATHOLOGY

The main macroscopic lesions, in addition to dermatitis, are
jaundice, an enlarged yellowish or brownish liver, a disten-
ded gallbladder with edematous wall, subcutaneous yellowish
edema, ascites, hydropericardium, hydrothorax, gelatinous
atrophy of visceral fat, and wasting. The kidney may be
darkened, and the urine dark brown. In more acute cases
without dermatitis, the main lesions are subcutaneous edema,
hepatomegaly, jaundice and gallbladder distention. In chronic
cases, the liver may show an increased lobular pattern,
increased consistency, or an irregular thickened and whitish
surface (Lemos et al. 1996, Tokarnia et al. 2000, Riet-Correa
& Méndez 2007, Mendonca et al. 2008, Castro et al. 2009).

In cattle without clinical signs at slaughterhouses, the liver
may appear yellowish, which becomes more evident after
fixation. The cut surface of the mesenteric and hepatic lymph
nodes show whitish grooves, extending from the cortex to the
medullar, and small white nodules in the medullar. These
lesions are sometimes associated with hemorrhages (Drie-
meier et al. 1998). Similar lesions of the liver and lymph nodes
are found in cattle with progressive weight loss syndrome on
B. decumbens pastures (Riet-Correa et al. 2002, Souza et
al. 2010). A yellowish liver with a diffuse increased lobular
pattern, increased consistency, and thickening of the capsule
can be also observed in slaughterhouses in sheep raised on
Brachiaria pastures (Boabaid et al. 2009).

Upon histologic examination of animals with clinical signs
of Brachiaria poisoning, the liver shows vacuolation, swelling
or necrosis of individual hepatocytes, bilestasis, lympho-
plasmocytic cholangitis and pericolangitis and, in chronic ca-
ses, a varying degree of periportal fibrosis. The most
characteristic lesions of Brachiaria spp. poisoning are the
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presence of birefringent crystals or negative images of these
crystals in the bile ducts, macrophages and hepatocytes (Le-
mos et al. 1996b, 1997, 1998, Driemeier et al. 2002, Silveira
et al. 2009, Santos Jr 2008), and the occurrence of
macrophages with foamy cytoplasm, sometimes containing
crystals (Lemos et al. 1997, Driemeier et al. 1998, 1999, 2002,
Gomar et al. 2005, Santos Jr 2008, Moreira et al. 2009b).
These macrophages, which can measure from 14 to 70um,
appear either alone or in groups of 3to 50 (Souza et al. 2010).
Sometimes, more than 200 cells with fine cytoplasm
vacuolation and central or peripheric nuclei can be found (Riet-
Correa et al. 2010). Giant cells with many nuclei in the center
or on the periphery can also be observed. Groups of foamy
macrophages occur mainly around the central vein, but they
can be distributed throughout the parenchyma. On occasion,
large areas of the parenchyma can be replaced by large groups
of foamy macrophages (Fioravante 1999, Riet-Correa et al.
2010). Large numbers of single foamy macrophages,
sometimes containing crystals, have been found in the
sinuisoids in acute cases in sheep (Driemeier et al. 2002,
Castro et al. 2007, 2009, Santos Jr 2008, Mustafa 2009) and
less frequently in cattle (Souza et al. 2010). Negative images
of crystals, occasionally associated with multinucleated giant
cells (Brum et al. 2007), and dilatation of convoluted tubules
and necrosis of epithelial cells (Mendonga et al. 2008) have
been reported in the kidneys.

Foamy macrophages, most of which in groups and
multinucleate, have been observed in the liver and lymph
nodes of slaughtered animals without clinical signs raised
on Brachiaria pastures. Other lesions of the liver are swe-
lling and vacuolation of hepatocytes, periportal lymphoplas-
mocytic infiltration or fibrosis, and proliferation of bile duct
epithelial cells (Fioravante 1999, Moreira et al. 2009b). Si-
milar lesions may occur in cattle grazing on Andropogon
gayanus pasture, which can also contain saponins (Moreira
etal. 2009a,b). Tokarnia & Langenegger (1983) observed a
large number of foamy macrophages in the liver of a buffalo
with photosensitization from a herd kept on a B. humidico-
la pasture. Livers of healthy buffalo raised on Brachiaria
spp. pastures showed a marked infiltration by foamy ma-
crophages, hepatocyte vacuolation, and other lesions, while
buffalo from Marajo Island raised on native pastures without
Brachiaria showed no lesions (Riet-Correa et al. 2010).
Foamy macrophages in the liver of cattle were first obser-
ved in 1976 after the introduction of B. decumbens in Brazil
from Australia (Driemeier et al. 1989).

Under electron microscopy, cleft-shaped structures,
which represent the negative image of crystals, can be
observed in hepatocyte and macrophage cytoplasm. The-
se structures are covered with membranes, resembling
phagolysosomes (Driemeier et al. 1998). Hyperplasia of
the smooth endoplasmic reticulum has been observed in
sheep (Driemeier et al. 2002, Santos Jr 2008).

DIAGNOSIS

Presumptive diagnosis is suggested mainly by epidemio-
logical data, clinical signs and pathology. Some important

epidemiological information includes: (1) grazing on Bra-
chiaria spp. pastures, (2) young animals being more affected
than adults, and (3) high frequency after the introduction
into Brachiaria pastures of animals raised on pastures
without these grasses. Clinical signs (photosensitization)
and gross pathology are not very different than those ob-
served in other plant poisonings that cause hepatogenous
photosensitization. Histologically, the main lesion is the
presence of crystals in the bile ducts or in macrophages or
hepatocytes. The observation of foamy macrophages,
which is characteristic of Brachiaria poisoning, should be
interpreted with caution as these cells can also be obser-
ved in animals without clinical signs raised on Brachiaria
pastures. The determination of lithogenic saponin concen-
trations in pastures may be useful. However, this technique
is not commercially available in Brazil, and a toxicity
threshold is yet to be established. Differential diagnosis
should include Enterolobium spp. and Stryphnodendron spp.
poisoning, which occurs when the fruits fall from these trees.
In cattle poisoning by these plants, photosensitization is
usually accompanied by digestive signs and/or abortions.
Poisoning by Lantana spp. is less common and occurs
when naive animals are put into areas that have been
invaded by this plant or in low forage availability conditions.
Myoporum laetum poisoning has been diagnosed only in
the state of Rio Grande do Sul and occurs under very
specific conditions, when such trees or their branches are
cut or blown down. The differential diagnosis with Panicum
spp. poisoning, which also contains lithogenic saponins,
can only be established by the presence of this grass on
the pasture.

Other skin conditions can be confused with photosen-
sitization. In Mato Grosso do Sul, generalized skin lesions
of dermathophilosis in Nelore calves are commonly obser-
ved on B. brizantha pastures and may be misdiagnosed as
Brachiaria poisoning. The main differentiation with photo-
sensitization caused by Brachiaria spp. is that scar retraction
of the ears is not observed in dermatophilosis (Lemos &
Leal 2008). In sheep, acute cases of Brachiaria poisoning,
without dermatitis or jaundice, should be differentiated from
other acute diseases, including acute hemonchosis, which
shows severe anemia.

CONTROL AND PREVENTION

Animals should be removed from toxic pastures to other
pastures (Panicum maximum, Cynodon spp., Setaria spp.,
Digitaria spp.). However, Brachiaria spp. are the only
pastures available on many farms. Such being the case,
the herd has to be removed to another Brachiaria pasture,
as some pastures are likely to be toxic, while others can
be safe, on the same farm. The only treatment is sympto-
matic; but it is very important to keep the animals in the
shade, with food and water provision.

There are no preventive measures to avoid the poiso-
ning of livestock to be introduced into Brachiaria spp.
pastures, especially when they come from areas without
Brachiaria. However, animals should be gradually introduced
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for longer periods of time. This technique probably will not
avoid poisoning, but clinical signs will be probably less
severe, and the withdrawal of the animals from the toxic
pasture after the observation of the first signs will be more
efficient to avoid new cases.

In the long run, two possibilities should be considered for
the prophylaxis of the poisoning: (1) the use of resistant
animals, and (2) the selection of Brachiaria species or varie-
ties with lower lithogenic saponin concentrations, therefore
less toxic or non-toxic. Studies are being conducted to de-
termine whether resistance to Brachiaria poisoning is either
genetic or acquired. With this knowledge, selection programs
for resistant animals can be developed, in case the resistance
is hereditary; or methods to adapt animals to Brachiaria spp.
consumption, in case it is acquired. No doubt, an alternative
is the development of non-toxic Brachiaria spp. varieties.
The likelihood of using this method in the future originates in
the higher B. decumbens toxicity in relation to other Brachi-
aria spp. The use of the saponin concentration as a parameter
in selection programs for Brachiaria varieties and/or speci-
es to be introduced into the market could significantly reduce
the toxicity of Brachiaria spp. in Brazil.
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