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PATHOLOGY

Resistance transferance of Amorimia septentrionalis poisoning in goats by ruminal
transferance fluid from goats with induced resistance by the inoculation
of sodium monofluoroacetate-degrading bacteria

\

Transferéncia da resisténcia a intoxicaciio por Amorimia septentrionalis em caprinos mediante
transfaunacio de contetido ruminal proveniente de caprinos com resisténcia induzida
pela inoculaciio de bactérias degradadoras de monofluoroacetato de sodio
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ABSTRACT

Amorimiaseptentrionalisis a sodium monofluoroacetate
(MFA) - containing plant that causes sudden death in ruminants.
The aim of this study was to determine whether the resistance to A.
septentrionalis poisoning in goats conferred by the intra-ruminal
inoculation with the MFA-degrading bacteria Ancylobacter
dichloromethanicus and Pigmentiphaga kullae can be transferred to
susceptible goats by the transfaunation of rumen content. Two groups
of 8 goats and 2 goats resistant to A. septentrionalis poisoning were
used. Goats in Group 1 received four daily doses of 160ml of rumen
content from resistant goats and subsequently ingested 8 daily doses
of 5g kg'! of A. septentrionalis. Goats from Group 2 (control) received
only the plant. In Group 1, only 2 goats showed mild tachycardia
and mild jugular vein engorgement on the 4" and 5" day, but they
subsequently returned to normal, even with the continuation of plant
administration. All control goats showed severe signs of intoxication
and the plant administration was suspended between the 3 and 7"
day. So, the transfer of ruminal fluid from goats previously inoculated
with MFA-degrading bacteria induces resistance to poisoning by A.
septentrionalis in susceptible goats.

Key words: Ancylobacter dichloromethanicus, Pigmentiphaga
kullae, sudden death, toxic plants.

RESUMO

Amorimia  septentrionalis ¢é uma planta que
contém monofluoracetato de sodio (MFA) e causa morte subita
em ruminantes. O objetivo deste trabalho foi determinar se a
resisténcia a intoxicagdo conferida por A. septentrionalis em
caprinos inoculados com as bactérias degradadoras de MFA,
Ancylobacter dichloromethanicus e Pigmentiphaga kullae, pode
ser transferida, por transfaunagdo ruminal, para outros caprinos
suscetiveis. Para tanto, foram utilizados dois caprinos previamente
inoculados com bactérias degradadoras de MFA e dois grupos de
oito caprinos para o experimento de transfaunagdo, denominados
Grupo 1 e Grupo 2. Os caprinos do Grupo 1 receberam 4 doses
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didrias de 160ml de conteido ruminal dos caprinos resistentes e,
posteriormente, ingeriram 8 doses diarias de 5g kg-1 da planta.
Os caprinos do Grupo 2 (controle) receberam apenas a planta.
Dos caprinos do Grupo 1, apenas 2 animais apresentaram discreta
taquicardia e leve ingurgitamento da veia jugular no 4% e 5° dia
do experimento, no entanto, estes voltaram ao normal, mesmo
com a continuagdo da administragdo da planta. Todos os animais
do grupo controle apresentaram sinais graves de intoxicagdo e a
administragdo da planta foi suspensa entre e 0 3% e o 7° dia. Conclui-
se que a transfaunacdo de liquido ruminal de caprinos previamente
inoculados com bactérias degradadoras de MFA induz resisténcia a
intoxicagdo por A. septentrionalis em outros caprinos susceptiveis.

Palavras-chave: Ancylobacter dichloromethanicus, Pigmentiphaga
kullae, morte subita, plantas toxicas.

INTRODUCTION

Amorimia septentrionalis, more
commonly known as “tingui” (MAMEDE, 2010), is
part of an important group of toxic plants in Brazil
that contain sodium monofluoroacetate (MFA)
(LEE et al., 2012) and cause sudden death in cattle
(TOKARNIA et al. 1994, MEDEIROS et al. 2002),
goats (OLIVEIRA et al., 1978) and sheep (SILVA et
al., 2008). This group of plants, including Amorimia
spp. Palicourea spp. and Arrabidaea spp., are
responsible for causing approximately 500.000 cattle
deaths per year in Brazil (PESSOA et al., 2013).

Alternatives to control these poisonings
havebeen studied, including the induction of resistance
to MFA using bacteria that produce dehalogenases
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and inactivate this toxic compound (PESSOA et
al., 2013). CAMBOIM et al. (2012a) isolated two
aerobic MFA-degrading Dbacteria, Ancylobacter
dichloromethanicus and Pigmentiphaga kullae,
from the rumen content of goats and recent studies
demonstrated an increased resistance to poisoning by
MFA-containing plants in goats inoculated with these
bacteria (PESSOA, 2014). Administration of small
quantities of fresh leaves of Palicourea aeneofusca
(OLIVEIRA et al.,, 2013) and A. septentrionalis
(DUARTE et al., 2014) also induce partial resistance
to poisoning by MFA in goats, suggesting that MFA-
degrading bacteria may be normal inhabitants of the
ruminal flora and that the ingestion of this substrate
stimulates their multiplication (CAMBOIM et al.,
2012b). Furthermore, it was found that this resistance
could be transmitted from resistant animals to
susceptible animals by the transfer of ruminal content
(DUARTE et al., 2014). These results suggest the
need to study different ways of inducing resistance
to MFA poisoning under field conditions, including
the inoculation of bacteria that degrade MFA and the
transfer of rumen contents from resistant animals.
The objective of this study was to determine
whether resistance to poisoning by A. septentrionalis in
goats conferred by the inoculation of the MFA-degrading
bacteria A. dichloromethanicus and P. kullae may be
transferred, through the transfer of rumen content, to
goats that had never ingested MFA-containing plants.

MATERIAL AND METHODS

Sixteen young mixed-breed goats (8
females and 8 males) raised in areas free of MFA-
containing plants were randomly divided into two
groups of eight animals each: a control group
(Group 2) and a group of goats that received rumen
contents (Group 1) from two resistant goats. In
these two goats, the resistance had previously been
induced by daily oral administration for 10 days of a
60ml solution containing A. dichloromethanicus and
P, kullae, diluted to 1 on the McFarland scale. After
the tenth day of inoculation, the goats started to ingest
daily doses of 5g kg'! body weight of green leaves of A.
septentrionalis for an 8-day period (PESSOA, 2014).

Rumen content of the resistant goats
was obtained in sterile glass bottles, by means of a
suction pump connected to a ruminal probe. After
being filtered through sterile gauze, 160ml of rumen
juice was administered daily for four days to each
Group 1 goat. Daily administration of 5g kg' of
recently collected, green A. septentrionalis leaves
was initiated on the 4th day of the ruminal content

transfer. Leaves were administered orally for eight
days by placing small amounts into the mouths of
the animals. Goats in Group 2 (control) received the
plant in the same way as Group 1. The plant provided
for the animals was collected in the city of Teixeira
(87°12.24° 037°15.11°, elevation of 749m), located
in the state of Paraiba, Brazil, in the same location of
the plant utilized by DUARTE et al. (2014).

Each day, before the administration of
the plant, the animals were observed and their heart
and respiratory rates, ruminal movements and rectal
temperatures were measured. After the administration
of the plant, the goats were forced to walk for 10
minutes before the aforementioned parameters were
measured again. Plant supply was ceased in the goats
that showed clinical signs of intoxication (depression,
reluctance to walk, muscle tremors, incoordination
and sternal recumbency).

Before administering A. septentrionalis and
every 2 days after the start of its intake, jugular vein
blood samples were collected in vacuum tubes without
anticoagulant (Vacutainer®). Serum samples were
obtained after centrifugation (Eppendorf® centrifuge,
model 5804R) at 1600G for 15 minutes. The serum
activities of aspartate aminotransferase (AST), gamma
glutamyltransferase (GGT), alkaline phosphatase
(ALP) and the serum concentrations of creatinine,
urea, total protein, albumin, globulin, calcium,
phosphorus, potassium and sodium were determined
using commercial kits (Labteste®). Readings were
performed in a semi-automatic biochemical analyzer
(Bioclin Systems II) and the results were interpreted
according KANEKO et al. (2008).

Animals that showed no clinical signs
characteristic of intoxication throughout the period of
administration of the plant were considered resistant.
Fischer test was used to compare the number of goats
that presented clinical signs between the two groups.
The difference in the serum levels of phosphorus and
calcium in Groups 1 and 2 and the average amount
of plant consumed by these animals were analyzed
statistically using the non-parametric Mann-Whitney
test because the use of the Shapiro-Wilk test (ZAR,
1999) showed a non-normal distribution of the data.
Data analysis was performed using the program R
3.0.3 with a significance level of 5%.

RESULTS

The goats in Group 1 ingested the plant
for eight days, until the end of the administration
period. Only two animals showed initial signs of mild
tachycardia and engorgement of the jugular vein after
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exercise on the 4th and 5th day of the experiment;
however, the daily dose of the plant was maintained
and, in the following days, these signs were no longer
evident. These results were significantly different
(P=0.00007) from those of the control group in which
all goats showed clinical signs of intoxication and the
administration of the plant was ceased between the
3rd and 7th days (Table 1). The plant dose ingested
by the animals in Group 2 (control) (25+6.54g kg™)
was significantly different (P=0.0001) than the dose
ingested by Group 1 (40g kg!), which had received the
ruminal contents of resistant animals.

Clinical signs of goats in Group 2 (control)
were characterized by tachycardia and tachypnea,
followed by engorgement of the jugular vein and positive
venous pulse and culminating with depression, reluctance
to walk, muscle tremors, incoordination and sternal
recumbency. The latency (average number of days) of the
initial dose until the first observation of clinical signs in
this group was 3.5£1.06 days after the average intake of
17.545.34g kg'! of A. septentrionalis. The administration
of the plant was suspended after 5+1.30 days, with a
total average consumption of 25+6.54g kg at the time
of suspension, due to the presentation of overt signs of
intoxication with risk of death (Table 1).

All intoxicated animals recovered over a
period of 12-24 hours after the cessation of ingestion
of the plant, except for one goat that died two days
after the onset of the first clinical signs. Pulmonary
edema was observed at necropsy. Upon histology, the
only significant alteration was vacuolar degeneration
and necrosis in the epithelial cells of the distal
convoluted tubules of the kidney.

No changes were observed in serum
creatinine, urea, total protein, albumin or magnesium
concentrations nor in the serum activities of AST, GGT
and ALP. After the administration of A. septentrionalis

serum concentrations of calcium and phosphorus in
goats from Group | remained within normal ranges
(KANEKO et al., 2008). However, in Group 2 (control),
serum concentrations of phosphorus were increased
and serum concentrations of calcium were decreased ,
differing significantly from Group 1 (P=0.02) (Table 2).

DISCUSSION

The results presented in this study
demonstrate that the transfer of rumen content from
goats resistant to poisoning by A. septentrionalis to
susceptible goats, induces resistance to the poisoning,
allowing the consumption of toxic amounts of the plant
without causing intoxication. In this case, the resistance
of the ruminal fluid donor animals had been acquired by
the inoculation of MFA-degrading bacteria followed by
the administration of A. septentrionalis, which suggests
the possibility of using transfaunation of ruminal content
as a way to transfer resistance to MFA-containing plants
from resistant to susceptible animals.

GREGG et al. (1998) reported the
reduction of clinical signs of intoxication by MFA in
sheep intraruminally inoculated with the bacterium
Butyrivibrio fibrisolvens, genetically modified with a
gene derived from a species of Moraxella, encoding
a dehalogenase. Studies of our research group
reported partial induction of resistance to poisoning
by A. septentrionalis in six goats after intraruminal
inoculation of A. dichloromethanicus and P. kullae
(PESSOA, 2014). Two of these goats were used
as donors of rumen contents in this research; they
had received the bacteria and subsequently A.
septentrionalis, presenting mild clinical signs of
intoxication after eight days of ingesting daily doses
of 5g kg! of the same plant used in this experiment.
Because all goats that received ruminal contents

Table 1 - Time of intake and amount of Amorimia septentrionalis ingested by the control group (Group 2).

Goatn.  memeemeememeemeeeeee Onset of clinical signs End of supply (severe clinical signs)---------------
Days Amount of plant consumed (g kg™") Days Amount of plant consumed (g kg™")

1 3 15 4 20

2 4 20 5 25

3 5 25 7 35

4 3 15 5 25

5 5 25 6 30

6 3 15 6 30

7 2 10 3 15

8 3 15 4 20

¥ 3.5+1.06 17.5+5.34 5+1.3 25+6.54

*Mean + standard deviation.
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Table 2 - Mean values and standard deviations of serum calcium and phosphorus of 16 goats belonging to Groups 1 and 2 of the experiment,
submitted to the administration of Amorimia septentrionalis orally for 8 days.

Time (Days) Group 1 Group 2
0 6.42+0.77 6.38+1.00
2 6.46+1.21 9.12+1.93
Phosphorus 4 7.47£1.79 9.70£3.03
(gml™) 6 7.53£1.61 11.0622.86
8 7.55+1.19 11.08+2.28
0 8.94+0.67 8.96+1.00
) 2 8.92+0.65 8.28+1.63
Calcium 4 9.0540.30 7.08+1.72
(gml™")
6 9.35+0.50 7.83+3.06
8 8.97+0.86 8.50+2.95

Reference values (calcium: 8.9-11.77g ml™'; phosphorus: 4.2-9.1g ml™"). From day 2 to day 8 serum concentrations of Ca and P in Group 2
(control) were statistically different from group 1 (P=0.02) by Mann-Whitney test.

in the present research also ingested 5g kg' of 4.
septentrionalis daily for eight days without showing
clinical signs, it can be inferred that the transfer of rumen
content from resistant goats confers similar resistance
to that acquired by the intraruminal inoculation
of MFA-degrading bacteria followed by the plant
administration during the challenge. DUARTE et al.
(2014) found that the transfer of ruminal content from
animals fed non-lethal doses of the plant for extended
periods also confers partial resistance to intoxication.

These results, taken together, suggest that the
three techniques (inoculation of bacteria that degrade
MFA, administration of plants containing MFA and
transfer of ruminal contents) may be used alone or in
combination to induce resistance to poisoning. Further
research should be performed to establish the degree
and duration of the induced resistance. One factor is
that the resistance induced by these techniques depends
on the amount and the toxicity of the plant that the
animals eat spontancously: small doses may improve
resistance, but larger doses may surpass the resistance,
causing poisoning. SILVA et al. (2008) reported that
animals raised in areas where A. septentrionalis occurs
are less susceptible to the poisoning than animals raised
in areas where this plant does not exist. However, it
is unknown whether this resistance is acquired by the
ingestion of non-toxic doses of the plant or due to
natural selection because of the death of the susceptible
animals. Resistance in animals that remain in areas
where the plant occurs have not been described in
poisoning by the Palicourea species, which are more
toxic than Amorimia spp. (TOKARNIA et al., 2012;
LEE et al., 2012). Thus, it is expected greater difficulty
in inducing resistance to poisoning by Palicourea spp.
than to poisoning by Amorimia spp.

The decrease of serum calcium and the
increase of serum phosphorus observed in the poisoned
goats were also observed by PEREIRA et al. (1996)
and BORBOLETA et al. (2011), who suggested that
the changes in the homeostasis of these elements is due
to the action of the MFA. According to BORBOLETA
etal. (2011), the disturbances in these electrolytes may
destabilize the resting potential of cell membranes
affecting several metabolic pathways dependent on
these ions. In the Krebs cycle, the MFA present in A.
septentrionalis is transformed into fluorocitrate, and
during this process, there is a drop in ATP production,
which leads to blocking a series of energy-dependent
metabolic processes (CLARKE, 1991) that can
destabilize calcium and phosphorus homeostasis. The
clinical signs exhibited by animals of Group 2 and
the vacuolation of epithelial cells of distal convoluted
tubules of the kidneys observed in the single animal
that died are similar to those described previously
in ruminants poisoned by MFA-containing plants
(MEDEIROS et al., 2002; RIET-CORREA et al.,
2006; SILVA et al. 2008; VASCONCELOS et al, 2008;
TOKARNIA et al., 2012; DUARTE et al., 2014).

CONCLUSION

The transfer of ruminal fluid from goats
previously inoculated with MFA-degrading bacteria
to susceptible goats induces resistance to poisoning
by A. septentrionalis.
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