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Plants of the genus Brachiaria, used in several countries as forage, are poisonous to
some livestock species. Their toxic principle is protodioscin, and the main form of clinical
presentation of the toxicosis is hepatogenous photosensitization. Here we compare protodioscin
levels in B. decumbens and B. brizantha and review the literature on the concentrations and
methodologies of collection and analysis of the toxic principle in Brachiaria spp. and the risk
of contamination of pastures by more toxic species that may facilitate poisoning by plants
of this genus in sheep. The experiment was conducted in pastures originally formed by B.
brizantha, with many B. decumbens invasion points. The occurrence of cases of poisoning
by Brachiaria spp. was the criterion for confirming pasture toxicity. The forage samples
were collected at ten random points every 28 days through manual grazing simulation. The
samples were analyzed for protodioscin by high-performance liquid chromatography (HPLC)
with light scattering by evaporation (ELSD) after being dried and crushed. In the flock of 69
sheep, five poisoning cases occurred, three sheep died, and two recovered. The protodioscin
levels found in the evaluated pastures ranged from 0.70 to 0.45%; higher levels appeared in
B. decumbens (7.09%) compared to 1.04% in B. brizantha. We suggest that Brachiaria spp.
should be avoided in pastures where sheep are grazing.

INDEX TERMS: Protodioscin levels, Brachiaria spp., sheep, ovine, toxic plants, plant poisoning, ruminants,
hepatogenic photosensitization, photodermatitis, tropical pasture, ruminant, steroidal saponins.
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RESUMO.- [Niveis de protodioscina em Brachiaria spp.
em um sistema de producido de ovinos e uma breve
revisao da literatura da intoxicacao por Brachiaria spp.
em ruminantes.] Plantas do género Brachiaria, utilizadas
em varios paises como forragem, sao téxicas para varias
espécies pecuarias. Seu principio toxico é a protodioscina,
e a principal forma de apresentacao clinica da toxicose é
a fotossensibilizacdo hepatoégena. Este estudo teve como
objetivo comparar os niveis de protodioscina em B. decumbens
e B. brizantha e revisar a literatura sobre as concentracées
e metodologias de coleta e analise do principio téxico em
Brachiaria spp. e o risco de contaminac¢do das pastagens por
espécies mais téxicas que podem facilitar a intoxicagdo por
plantas desse género em ovinos. O experimento foi conduzido
em pastagens originalmente formadas por B. brizantha, com
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diversos pontos de invasdo por B. decumbens. Ocorréncia de
casos de intoxicagdo por Brachiaria spp. foi o critério para
confirmacdo da toxicidade da pastagem. As amostras de forragem
foram coletadas a cada 28 dias em dez pontos aleatérios por
meio de simulacdo de pastejo manual. As amostras foram
analisadas para protodioscina por cromatografia liquida de
alta eficiéncia (HPLC) com dispersao de luz por evaporagao
(ELSD) apds serem secadas e trituradas. No rebanho de 69
ovelhas, cinco desenvolveram a intoxica¢éo, trés morreram e
duas se recuperaram. Os niveis de protodioscina encontrados
nas pastagens avaliadas variaram de 0,70 a 0,45%; niveis mais
elevados apareceram em B. decumbens (7,09%) em comparagdo
com 1,04% em B. brizantha. Sugerimos que Brachiaria spp.
deve ser evitada no pasto de ovelhas em pastejo.

TERMOS DE INDEXACAO: Protodioscina, Brachiaria spp., ovinos,
intoxicacdo por plantas, ruminantes, fotossensibilizagdo hepatégena,
fotodermatite, pastagem tropical, ruminante, saponinas esteroidais.

INTRODUCTION

Plants of the genus Brachiaria are used in several countries as
forage (Muniandy etal. 2020) and cause spontaneous poisoning
in cattle (Souza et al. 2010, Riet-Correa et al. 2011), sheep
(Riet-Correa et al. 2011, Faccin et al. 2014, Melo et al. 2018,
2019a), goats (Rosa et al. 2016), buffaloes (De Oliveira et al.
2013), and horses (Barbosa et al. 2006). The poisoning was
reproduced in sheep (Cruz et al. 2001, Driemeier et al. 2002,
Saturnino et al. 2010, Porto et al. 2013), and rabbits (Utiumi
etal. 2018). The main clinical presentation of the toxicosis in
all livestock species is hepatogenous photosensitization (Riet-
Correaetal. 2011, Collett 2019). However, other syndromes are
also associated with Brachiaria toxicosis, such as progressive
weightloss and neurological disorders (Muniandy etal. 2020).

The main toxic principle in Brachiaria spp. is protodioscin,
which is present in higher concentrations in B. decumbens and
inlower concentrations in the other cultivars of Brachiaria (Low
2015, Lozano etal. 2017). However, the lack of standardization
in the methodology for collecting forage samples for analysis
makes it difficult to compare these concentrations and
determine the toxic principle levels (Melo et al. 2018). In
addition to protodioscin levels in the pasture, other factors,
such as the adaptation of animals (Faccin et al. 2014, Castro et
al. 2018), age (Riet-Correa et al. 2011, Muniandy et al. 2020),
genetic resistance (Pupin et al. 2016), and animal species
involved (Riet-Correa et al. 2011, Lozano et al. 2017), affect
the occurrence of poisoning.

Although various studies demonstrate that several species
of Brachiaria induce poisoning, in some outbreaks, the sum
of the ingestion of different species of Brachiaria spp. is
responsible for the poisoning (Souza et al. 2010, Ogliari et
al. 2018). In those instances, the protodioscin concentrations
were not determined (Lemos etal. 1996, Caicedo etal. 2012,
Rosaetal. 2016, Utiumi etal. 2018), and even when they were,
each plant species was not analyzed separately (Mustafa etal.
2012, Diamantino etal. 2018, Melo etal. 2018,2019a, 2019b).

The main objective of this study was to evaluate the levels
of protodioscin in B. decumbens and B. brizantha in pastures
where Brachiaria poisoning in sheep occurred. We also review
the literature on the concentrations and methodologies of
sampling of the plant and analysis of the toxic principle and
evaluate the risk of infestation of the pastures by more toxic
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plant species, in facilitating the occurrence of poisoning by
plants of this genus in ruminants.

MATERIALS AND METHODS

The study was approved by the Ethics Committee on the Use of
Animals of the “Universidade Federal de Mato Grosso do Sul” (UFMS),
protocol number 0862/2017.

The experiment was carried out within the experimental area
of the “Fazenda Escola” of the UFMS (20°26°34.31” South and
54°50'27.86” West, 530.7m altitude) from November 2018 to April
2019. The region is a rainy tropical savanna, subtype Aw, with
seasonal rainfall distribution. The experimental period was in the
most significant annual rainfall period, with an average temperature
of 25.4°C and an accumulated rainfall of 829.7mm (INMET 2018).

Brachiaria brizantha originally formed the pastures, which were
later invaded by many spots of Brachiaria decumbens. These pastures
were occupied in previous years by sheep that developed poisoning
with Brachiaria spp. (Pupin et al. 2016, Melo et al. 2018, 2019a).
The grazing areas had drinking fountains and a small covered area
with free access for night shelter and protection against eventual
rainfalls or intense sunlight exposure.

The flock was initially composed of 69 lambs born to fathers
and mothers adapted to the consumption of pastures formed by
the Brachiaria spp. The criterion used to consider an adapted or
resistant sheep was the absence of clinical signs throughout its
lifespan, even when kept in pastures made up exclusively of Brachiaria
spp. (Gracindo et al. 2014, Pupin etal. 2016, Melo et al. 2019a). The
ram breeder of the herd was supposedly adapted. However, it has a
family history of illness and death due to Brachiaria spp. poisoning.

The grazing method lambs were managed with continuous
stocking and variable stocking rate, supplemented daily with mineral
supplement and energy protein supplement. The sheep were identified
with earrings and necklaces and dewormed with 1ml/10kg of oral
closantel 10 days before the beginning of the experiment.

The sheep were observed daily for clinical signs described for
Brachiaria spp. poisoning. These include edema, erythema, and crusts
in the non-pigmented areas of the face and ears, apathy, anorexia, and
jaundice (Mustafa et al. 2012, Porto et al. 2013, Faccin et al. 2014,
Pupin etal. 2016, Melo et al. 2018, 2019a). When those signs were
spotted in any lamb, it underwent thorough clinical examinations
and immediately removed from the lot, kept in stalls sheltered from
sunlight, consuming mineral salt, energy-based protein concentrate
soybean meal, and crushed corn fresh millet and water ad libitum.
In fatal cases, a necropsy was performed, and fragments of several
organs were collected in 10% formalin solution for histopathological
processing routine staining by the hematoxylin and eosin (HE)
technique. The occurrence of poisoning cases by Brachiaria spp.
was a criterion for confirming pasture toxicity.

Five Brachiaria samples were collected from the paddocks at
intervals of every 28 days by manual grazing simulation (Cook
1964). Before sampling, we observed the sheep grazing behavior
location and forage proportion, with an average of ten different
locations in each paddock, to obtain a sample of the plant similar
to that selected by the lambs. Samples were also collected from the
mixed pasture of Brachiaria spp. (cv. Maranda and cv. Basilisk) and
samples of each cultivar.

After collection, the samples were weighed and dried at 55°C for
72 h, ground in a mill with a 1-mm sieve screen, and stored. They
were then analyzed to detect protodioscin using high-performance
liquid chromatography-electrospray ionization mass spectrometry
(HPLC-ESI-MS), as previously described (Lee et al. 2009).
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RESULTS

There was a predilection for the sheep to graze areas that
contained Brachiaria decumbens over Brachiaria brizantha.
After consuming all the grass of their first choice, they then
went on to consume B. brizantha.

Five sheep got sick, three died, and two recovered. At necropsy
of the three sheep, the observed changes were similar and
varied only in severity. Jaundice was consistent in the ocular
and oral mucosa, subcutaneous tissue, omentum, and arteries’
intima. The liver was diffusely yellow-brown with a marked
lobular pattern; there was a coppery hue to the kidneys’ cortex.

Histologically, there was moderate hyperplasia of the
hepatic bile ducts, which had their lumina distended and filled
by negative images of birefringent acicular crystals. A minimal
lymphocytic infiltration was the periportal regions. In the
centrilobular and periportal areas, there were abundant clusters
of macrophages with abundant foamy cytoplasm. Occasionally,
in the centrilobular regions, individual hepatocellular necrosis
was observed. Cholestasis was also a consistent finding.

The levels of protodioscin found in the samples of the
evaluated paddocks ranged from 0.70 to 1.45%, and when
the species were analyzed separately, higher levels were
observed in B. decumbens (7.09%) than B. brizantha (1.04%).

The epidemiological data and protodioscin concentrations
from previous studies are given in Table 1 and 2.

DISCUSSION

Pasture toxicity was determined by the occurrence of cases
with clinical and pathological features of Brachiaria spp.
poisoning (Mustafa etal. 2012, Porto et al. 2013, Faccin et al.
2014, Pupinetal. 2016, Melo etal. 2018, 2019a). The pasture
where the sheep were grazing was previously reported as
toxic (Faccin etal. 2014, Melo etal. 2019a). However, in these

previous reports, only Brachiaria brizantha was considered
since the pasture had been formed using seeds of this type of
forage. Although it was not possible to quantitatively assess
the presence of Brachiaria decumbens, the possibility of
contamination of the seeds or even the invasion of pasture by
this other species cannotbe ruled out in previous outbreaks.

B. decumbens in pasture and the preference of sheep for
its consumption over B. brizantha, as observed in the current
study, shows that the introduction of sheep in paddocks where
this forage is present is a high-risk factor for the poisoning. This
fact is even more relevant if we consider that the poisoning
occurred in a herd consisting of sheep considered resistant
to the ill-effects of Brachiaria spp.

The fact that a ram with no history of Brachiaria spp.
poisoning can transmit vulnerability to poisoning to their
offspring is a limiting factor for selecting resistant herds since
the main criterion adopted for this selection is the culling of
animals that show clinical signs of poisoning (Faccin et al.
2014). This criterion is efficient in herds with well-defined
zootechnical and sanitary standards. However, it does not
apply to breeding sheep, mainly when they are from places
where forages of Brachiaria are absent from the pastures.
Considering that young sheep are more sensitive (Muniandy
etal. 2020) and breeders are acquired as adults, the criterion
of the absence of clinical signs of poisoning in breeders is not
a guarantee of resistance in their offspring.

This study has four key findings: (i) a difference in the
concentration of protodioscin between the two Brachiaria
species was observed; (ii) sheep show a preference for B.
decumbens; (iii) the characterization of the composition of the
pasture; and (iv) the stratified analysis of the concentrations
of the toxic principle in both plant species should be done
as standard in cases of outbreaks or studies on the toxicity
of Brachiaria spp.

Table 1. Data on several outbreaks of Brachiaria spp. poisoning in ruminants

References Plant species Animal species Number of animals rﬁgritl}?s Sick animals Dead animals

Mustafa et al. (2012) Brachiaria spp. Sheep 1305 6-12 - 371
Gracindo et al. (2014) Sheep 48 <5 2 1
Pupin et al. (2016) Sheep 31 2-5s 11 4
Castro et al. (2018) Sheep 45 4a5 4 3
Ogliari et al. (2018) Sheep/Goat 628 NI 27 17
Melo et al. (2018) Sheep 68 8-48 21 5
Melo etal. (2019a) Sheep 13 NI 12

Melo et al. (2019b) Sheep 15 <3 15

Present study Sheep 69 <6 5 3
Lemos et al. (1996) B. decumbens Sheep 120 >11s 49 30
Brum et al. (2007) Sheep 28 NI 8 6
Saturnino et al. (2010) Sheep 24 <5 11 11
Caicedo etal. (2012) Cattle 5 42s 5

De Oliveira et al. (2013) Buffalo 288 3-8 15 7
Porto et al. (2013) Sheep 26 5 4 3
Rosa et al. (2016) Goat 1.000 NI 7 7
Lelis et al. (2018) Sheep 20 NI 7
Albernaz et al. (2010) B. brizantha Sheep 49 2-3 34 31
Faccin et al. (2014) Sheep 38 >11 8 3
Diamantino et al. (2020) B. ruziziensis Sheep 60 3-8 25 13

NI = not informed.
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Table 2. Brachiaria spp. poisoning in ruminants. Determination of the levels of protodioscin in the plant and methods of sampling

References Plant species Method of sampling® prg'z)v(;il§sZ§na
Mustafa et al. (2012) Brachiaria spp. Every 15 days, 2cm cuts the soil, ten random locations 0.3-2.56%
Pupin et al. (2016) Every 28 days, simulating grazing 0.44-1.81%
Diamantino et al. (2018) Not informed 0.71-1.12%
Melo et al. (2018) Every 28 days, randomly, with a 0.25m? square 0.3-1.3%
Melo etal. (2019a) Metallic square in 10 random points, simulating grazing 0.42-1.81%
Melo et al. (2019b) Ten samples every 28 days, with 0.5x0.5m square, close to the ground 1,04-2.17%
Brum etal. (2007) B. decumbens  Cuts close to the ground, at 20 points 1.63-2.36%
Brum etal. (2009) At four different stages, cuts at 3cm from the soil® 0.8-1.,9%
De Oliveira et al. (2013) Harvest by hand, simulating grazing at random points 3.24-3.54%
Porto et al. (2013) Every 15 days, 2cm cuts of soil, 10 random locations 0.94%
Gracindo et al. (2014) Every 15 days, 2cm cuts from the ground in 10 points with 1m? 0.33-1.22%
Lozano etal. (2017) Collection at three points of 1m?, simulating grazing 0.59-2.99%
Castro et al. (2018) Air-dried samples every 15 days 0.62-1.18%
Lelis et al. (2018) Six samples every 28 days with a 0.25m? metal square, cut at 5cm from the ground 0.9-0.37%
Present study Five times during 28 days at 10 different points, simulating grazing 7.09%
Brum et al. (2009) B. brizantha  In four different stages, cut 3cm from the ground® 0.5-2.1%
Ferreiraetal. (2011) Five weekly leaf collections at different stages of maturation for 60 days 0.30-4.65%
Lima et al. (2012) Fresh plants, dry hay and hay after storage, dried at 65°C for 72 hours 0.86-1.87%
Faccin et al. (2014) Young, mature and senescent leaves collected at 10 points every 14 days 0.87-2.58%
Gracindo et al. (2014) Every 15 days, cuts 2cm from the ground in 10 points with 1m? 0.28-0.91
Lozano etal. (2017) Collection at three points of 1m?, simulating grazing 0.47-1.81%
Castro et al. (2018) Air-dried samples every 15 days 0.74%
Present study Five times during 28 days, at 10 different points, simulating grazing 1.04%
Castro et al. (2018) B. humidicola  Air-dried samples every 15 days 0.11%

Diamantino etal. (2020)  B. ruziziensis

Sixty-six collects at three different growth stages: bud, leaves and senescence

0.004-0.19%

2 Given the difficulty in standardizing the collected data, we recommend the reader access the referenced paper in case of doubt, * seeds were also analyzed.

As shown in Table 1, the comparison of protodioscin
concentrations in samples of plants of the genus Brachiaria that
are toxic to sheep is hampered by the lack of standardization
in collecting samples. Although B. decumbens is considered
the most toxic among the species (Riet-Correa et al. 2011),
its highest concentration of the toxic principle described so
far was 3.54%, in the plant’s maturation phase (De Oliveira
et al. 2013). The vegetative stage has a strong influence on
protodioscin concentrations, which are higher in sprouting
and decrease as they mature (Castro et al. 2011, Ferreira et
al. 2011, Riet-Correaetal. 2011, Lima et al. 2012), as seen in
hay samples (Lima et al. 2012, Lozano et al. 2017).

Thus, the collection methodology must consider the
animals’ feeding habits, as there may be differences in pasture
consumption between species. Sheep, for example, have a
preference for sprouts and, therefore, it may be that they
consume higher levels of the toxic principle (Melo etal. 2019a).
In addition to the higher concentrations of protodioscin in
B. decumbens compared to B. brizantha (Lima et al. 2012,
Lozano etal. 2017), the more significant toxicity of the former
is corroborated by the greater numbers of outbreaks caused
by B. decumbens poisoning, even when the proportion of B.
brizantha in the pasture is higher (Riet-Correa et al. 2011).

Considering only the analyzes of B. decumbens carried out
in the present study, the values are higher than those found in
all previous evaluations of this and other Brachiaria species,
even using different collection methodologies, indicating that
this species is responsible for the cases of Brachiaria poisoning
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in the sheep of the current study. A relevant fact is that in a
study carried out in the same area of the present study and
using a similar sampling methodology, without considering
the invasion by B. decumbens, protodioscin levels ranged from
0.42% to 1.81% (Melo et al. 2019a). These results, added to
the sheep’s predilection for consuming this plant, show that
one should not use the forage to feed sheep even when mixed
with another forage.

It is noteworthy that the presence of protodioscin
concentrations is not the only risk factor for poisoning. Another
critical risk factor to be considered is the introduction of a
breeder with a family history of the occurrence of poisoning.
Previous studies have demonstrated the importance of
genetics for sensitivity and resistance to poisoning (Pupin et
al. 2016) and the higher occurrence of resistant lambs born
to a particular breeder, who during his lifetime did not show
signs of poisoning (Melo et al. 2018).

CONCLUSIONS

The concentrations of protodioscin in Brachiaria decumbens
may be much higher than the levels considered to be a risk
for the occurrence of poisoning in sheep.

The difference between the concentrations of protodioscin
observed in B. decumbens and Brachiaria brizantha in the
pasture, and the preference of the sheep for the first indicates
that the methods for the analysis of the toxic principle in
Brachiaria spp. in studies of the toxicity and must include
botanical identification and separately chemical species analysis.
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