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The aim of this work was to describe the epidemiological, clinical and pathological
aspects of spontaneous poisoning by Merremia macrocalyx in cattle in the Pernambuco
state, northeastern Brazil, and to experimentally replicate the poisoning by this plant.
To determine the occurrence of poisonings, 30 farms were visited in six municipalities at
the Forest Zone of Pernambuco. The plant was found in nine farms, in which history of
plant poisoning in cattle, and occasionally in sheep were also reported. Three outbreaks
of spontaneous poisonings in cattle were studied. To replicate the disease experimentally,
two steers received a single dose of 60g/kg and two steers received 80g/kg of the fresh
leaves of M. macrocalyx in the trough for spontaneous ingestion. Two steers were also
used as a control group. The main clinical signs observed in spontaneous cases consisted
of restlessness, bloat, polyuria, diarrhea, and death within 48 to 72 hours after the onset
of clinical signs. Cattle experimentally poisoned presented similar clinical signs to those
observed in spontaneous cases. Gross lesions consisted of dryness and impaction of the
rumen, omasum and reticulum contents. Abomasal content was fluid, the mucosa was
hyperemic, with swollen folds and multiple ulcers. Similar lesions were observed in
duodenum mucosae. Histologically, lesions observed in the abomasum and duodenum
mucosa consisted of necrosis, hemorrhage and inflammatory infiltration of neutrophils
and lymphocytes. The wide distribution and palatability of this plant, associated with the
high sensitivity of the bovine species verified in this experiment, highlight the importance
of this plant in spontaneous cases of poisoning in cattle.

INDEX TERMS: Spontaneous poisoning, experimental poisoning, Merremia macrocalyx, Convolvulaceae,
toxic plants, plant poisoning, tympanism, ruminants, Pernambuco, Brazil, cattle, toxicoses.
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Zona da Mata de Pernambuco.] O objetivo deste trabalho é
descrever os aspectos epidemioldgicos, clinicos e patoldgicos
da intoxicacdo espontanea por Merremia macrocalyx em
bovinos de Pernambuco, nordeste do Brasil e reproduzir
experimentalmente a intoxicacdo por esta planta. Para
determinar a ocorréncia das intoxicacdes, foram visitadas
30 propriedades em seis municipios na Zona da Mata de
Pernambuco. A planta foi encontrada em nove fazendas
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onde também haviam histéricos de intoxicagdes em bovinos
e ocasionalmente em ovinos. Trés surtos de intoxicacoes
espontaneas em bovinos foram estudados e para reproduzir
experimentalmente a doenga, dois novilhos receberam doses
Unicas de 60g/kg e dois novilhos receberam 80g/kg de folhas
frescas de M. Macrocalyx para consumo espontaneo no cocho.
Dois novilhos foram utilizados como grupo controle. Os principais
sinais clinicos observados na intoxica¢do espontanea consistiram
em agitacdo, timpanismo, polidria, diarreia e morte dentro de
48 a 72 horas apds a observacdo dos primeiros sinais clinicos.
Os bovinos intoxicados experimentalmente apresentaram sinais
clinicos semelhantes aos observados nos casos espontaneos.
A necropsia as lesdes consistiam em compactagdo e ressecamento
dos contetildos do rimen, omaso e reticulo. O conteido do
abomaso estava fluido, notava-se hiperemia das mucosas, as
pregas estavam edemaciadas e continham multiplas tlceras.
Lesdes semelhantes também foram observadas na mucosa do
duodeno. Histologicamente, as lesdes observadas na mucosa
do abomaso e do duodeno consistiam em necrose, hemorragia
e infiltrado inflamatério neutrofilico e linfocitico. A ampla
distribuicao de Merremia macrocalyx na regiao estudada e a
boa palatabilidade associada a alta sensibilidade da espécie
bovina verificada neste experimento, refor¢a a importancia
desta planta em casos espontaneos de intoxicacdo em bovinos.

TERMOS DE INDEXACAO: Intoxicacdo espontanea, intoxicagio
experimental, Merremia macrocalyx, Convolvulaceae, bovinos, Zona
da Mata, Pernambuco, plantas téxicas, intoxicacdo por plantas,
timpanismo, ruminantes, toxicoses.

INTRODUCTION

Merremia genus encompasses a range of 80 species occurring
throughout tropical and subtropical regions (Austin 1982).
In Brazil 14 of these species can be found in different
environments and locations such as forest borders, countrysides
and wastelands (Austin 1982, Simao-Bianchini et al. 2016).
Merremia macrocalyx belongs to the Convolvulaceae family,
it is a herbaceous climbing plant capable of flowering and
growing fruits all year round, mainly in the summer, and can
be found in the Americas, extending from the United States
to Argentina (O’Donell 1941). Considered an invasive plant
(Lorenzi 1982, Kissmann & Groth 1992, Lorenzi & Souza
1999), M. macrocalyx has already been found in all Brazilian
states (Simao-Bianchini et al. 2016, Ferreira & Miotto 2013).

Although several species of the Convolvulaceae family are
nontoxic and important fodder plants widely used for animal
feeding (Cook et al. 2013), many toxic plants belonging to
this family, especially those in the [pomoea genus, have been
reported causing disease and significant economic losses
to livestock production in the Brazilian semiarid region
(Mendongaetal. 2011, 2012, Oliveira etal. 2011, Tokarnia et al.
2012, Lima et al. 2013, Oliveira et al. 2013). There are no
reports of poisoning by Merremia species in ruminants in
Brazil. However, some species are considered toxic in the
United States, Oceania, India and Trinidad and Tobago, such
as Merremia tuberosa (Ghosh & Ghosh 2010), M. peltata
(Williams 2012) and M. dissecata (Williams & Williams
1969, Mansur 2001). Merremia tuberosa has hallucinogenic
effects in humans, M. dissecata is toxic to ruminants due to
its alkaloids and glycosides content, and M. peltata has been
reported as toxic to fish (Williams & Williams 1969, Mansur
2001, Ghosh & Ghosh 2010, Williams 2012).
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The aim of the this study was to describe the epidemiological,
clinical and pathological aspects of spontaneous poisoning by
Merremia macrocalyx in cattle in the Forest Zone of Pernambuco
and replicate experimentally the toxicity of this plantin cattle.

MATERIALS AND METHODS

The epidemiological study was carried out in the Forest Zone of
Pernambuco, northeastern Brazil, in the municipalities of Condado,
Camutanga, [taquitinga, Nazaré da Mata, Paudalho and Vicéncia. Five
farms from each municipality were visited in order to investigate
the occurrence of spontaneous poisonings by Merremia macrocalyx.

All information concerning distribution, period of occurrence
and clinical signs caused by M. macrocalyx consumption in cattle
were obtained through a questionnaire based on Silva et al. (2006).
Subsequently, pasture areas were surveyed to verify the presence
of M. macrocalyx and the farms that presented areas containing the
plant were monitored for 24 months.

Merremia macrocalyx leaves were collected in Condado and sent
to the Poisonous Plant Laboratory, Agricultural Research Service,
at the United States Department of Agriculture, Logan/UT, USA for
bromatological analysis. For botanical identification, samples were
sent to the “Instituto Agronomico de Pernambuco” (IPA). In addition,
M. macrocalyx samples collected in Condado and Vicéncia were
tested for the presence of hydrocyanic acid (Tokarnia et al. 2000)
and nitrates (Riet-Alvariza 1993). Colorimetric method for nitrate
percentage determination was also applied (Embrapa 1997).

In order to carry out the experiment with cattle, the precepts
related to animal welfare and ethics were followed, as recommended
by the National Council for the Control of Animal Experimentation
(CONCEA) and the Ethics Committee on the Use of Animals of the
Federal Rural University of Pernambuco (CEUA-UFRPE).

For the experimental poisoning, six crossbred Girolando steers,
with age ranging from 12 to 24 months were used. The animals
were clinically healthy and weighing between 106 and 195kg.
Thirty days before the beginning of the experiments, cattle received
antiparasitic medication and were kept in a shared facility, aiming
adaptation and previous clinical observation. During the adaptation
period, every day, early in the morning, steers received commercial
ration, mineral salt, Napier grass (Pennisetum purpureum) minced
in the trough and water ad libitum. After that, animals were kept in
paddocks and then taken back to the shared facility at dusk. Prior
to the beginning of the experimental trial, cattle were fasted for
12 hours and then distributed into three groups: Group I (control
group) was composed by two steers under the same management
conditions as the others, however these animals did not consume
Merremia macrocalyx. Group II, consisting of two cattle that received
fresh leaves of M. macrocalyx in the trough at a single dose of 60g/kg,
and Group III, composed by two cattle that received fresh leaves of
M. macrocalyx in the trough at a single dose of 80g/kg.

The animals were clinically examined throughout the experiment
period, twice daily. Clinical exams were performed according to
Dirksen et al. (1993); hemogram, urinalysis, ruminal fluid analysis
(Kaneko et al. 2008) and a test to verify diphenylamine content
were also performed. Blood collection was carried out on the first,
third and fifth day of the experiment, and a diphenylamine test was
performed after the first clinical signs were detected. For physical
and chemical evaluation of ruminal fluid, the pH of samples was
checked immediately using pH indicator strips. Afterwards, color,
odor, appearance, flotation-sedimentation, methylene blue reduction
and protozoan activity were evaluated (Dirksen 1993). Three
evaluations of ruminal fluid were performed. The first evaluation
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was performed prior to the administration of Merremia macrocalyx
leaves, second evaluation 24 hours after administration, and the
third was performed on the 8th day of experiment on those that
survived the poisoning.

Cattle that died were submitted for necropsy, and samples from
organs of the abdominal and thoracic cavity, as well as the encephalon
were collected, fixed in 10% formalin, embedded in paraffin, cut
into sections ranging from 5-6pum and stained by hematoxylin-eosin
(HE) for histological examination. The experimental design is shown
in Table 1.

RESULTS

Spontaneous poisoning by Merremia macrocalyx
Considering the applied questionnaire, poisoning episodes

occurred in farms which shared similar features among each

other, such as areas of poorly managed pastures of up to
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10 hectares. Outbreaks occurred in periods of low rainfall
from August to March. In Condado, Merremia macrocalyx
(Fig.1) was five times mentioned as responsible for the deaths
of 35 cattle and two poisoning outbreaks were followed.
No outbreak was reported in Camutanga and Itaquitinga
and in visited sites the plant was not found. In Nazaré da
Mata, the plant was mentioned twice as responsible for the
death of 27 sheep and three cattle. In Vicéncia a poisoning
outbreak was observed, and in Paudalho it was mentioned
twice. In these places M. macrocalyx was found in pasture
areas and on the banks of the side roads.

Poisoning outbreaks in Condado occurred in November 2013
and February 2014. The first cases were identified during the
removal of a batch of five cattle grazing in an area invaded by
Merremia macrocalyx. Three out of the five animals consuming
the plant presented clinical signs that consisted of restlessness,

Table 1. Experimental poisoning by Merremia macrocalyx in cattle, general data

Cattle

Daily dose

. Daily dose consumed Clinical signs Cl.inical §igns Evolution Outcome
Group Number Weight (Kg) (g/Kg) (Kg) onset intensity* (days)
GI 1 165 Control - Absent Absent - -
2 178 Control - Absent Absent - -
GIII 3 180 60 10.8 9h +++ Recovered 7
4 195 60 11.7 8h ++ Recovered 8
GIII 5 106 80 8.48 12h +++ Died 3
6 175 80 14 14h +++ Died 2

* + Mild, ++ moderate, +++ severe.

Fig.1. (A) Merremia macroca;yx in cattle grazing area. The plant is observed covering other shrubs, Condado, Per

AL Vs

nambuco. (B) Leaves and

flowers. (C) Merremia macrocalyx showing evidence of cattle consumption.
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tympanism, ruminal atony, regurgitation of ruminal fluid,
polyuria, diarrhea and death 48 to 72 hours after the onset of
clinical signs (Fig.2A). In the referred farm, two cattle died, one
of which was necropsied. The third one recovered completely
within 15 days after ruminal transfaunation. In this farm,
deaths in cattle in the previous years with a similar clinical
condition were reported, usually including tympanism. In the
second outbreak, out of a total of 19 cattle, five showed mild to
moderate clinical signs, mainly tympanism and on that occasion
one of the animals died and was necropsied.

The third outbreak was observed in Vicéncia in December
2015. Out of a total of 16 cattle, two presented tympanism,
prolonged recumbency, ruminal atony and death in less
than 24 hours. The pastures of the three properties were
composed of Brachiaria decumbens and in all of them Merremia
macrocalyx specimens were observed with signs of being
consumed by cattle.

Fig.2. (A) Spontaneously poisoned cattle with severe tympanism. (B) Rumen, reticulum and abomasum show enlargement due to gas

Necropsy findings in two spontaneously poisoned cattle
were similar and consisted of tympanism (Fig.2B), blood
vessels congestion and petechiae in the rumen serosa. Rumen,
omasum and reticulum contents were dry and compacted and
abomasum content was liquid (Fig.2C). Abomasal mucosa was
hyperemic, with swollen folds and contained multiple ulcers
with a maximum of 0.5cm in diameter. Cattle had epicardial
petechiae and lung consolidation areas and edema in the
pulmonary caudal lobes. Histologically, the main lesions
consisted of acantholysis, ballooning degeneration of rumen
and reticulum keratinocytes, sometimes with the formation of
pustules and inflammatory infiltration of polymorphonuclear
cells and lymphocytes in the epithelium and the submucosa
had marked edema (Fig.2D-F). The abomasum mucosa showed
multifocal areas of necrotic epithelium, severe neutrophilic
and lymphocytic inflammatory infiltrate; edema, congestion
and hemorrhage in the submucosa were also noted. Similar

™ = 3

accumulation. (C) Dry and impacted rumen and reticulum contents and excessively liquid abomasum content. (D) Rumen mucosa
presenting keratinocytes and epithelial necrosis with ballooning degeneration, lymphocytic and neutrophilic inflammatory infiltrate

containing bacteria and abscesses. HE, obj.10x.
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lesions, characterized by necrosis and inflammation of the
lining epithelium, edema and hemorrhage of the submucosa
were also present in the duodenum.

Bromatological analysis of Merremia macrocalyx leaves
demonstrated crude protein (29%), digestibility (89%) and
neutral detergent fiber (27%). Picro-sodium paper testhad a
negative reaction, diphenylamine test had a weak blue reaction
for nitrates and samples of M. macrocalyx collected from
Condado and Vicéncia indicated 0.3% nitrate concentrations
in dry matter.

Experimental poisoning by Merremia macrocalyx in cattle

Animals that ingested Merremia macrocalyx developed
clinical signs within 8 to 14 hours after total consumption
and the clinical outcome of the disease lasted from 2 up to
8 days (Table 1).
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Experimentally poisdned cattle presenting apathy and orthopneic posture due to digé

Poisoning clinical signs varied in severity degree yet all
animals presented apathy, anorexia, restlessness, irritability,
ocular discharges, sialorrhea, dehydration, polyuria and
diarrhea. In addition to these clinical signs, individuals that
consumed 60g/kg of Merremia macrocalyx leaves presented
ruminal motility reduction, mild to moderate tympanism,
and fully recovered within 7-8 days. Those in the 80g/kg
daily dose presented ruminal motility reduction followed
by atony, tympanism, dyspnea, orthopneic posture, muscle
tremors, weakness, sternal recumbency and death within
2 or 3 days (Fig.3A). There was a decrease in methylene blue
reduction activity and ruminal fluid pH was alkaline in all
cattle, reaching values between 7.5-8.0. Density and motility
of protozoa declined progressively only in the most severe
cases of intoxication; the percentage of mortality ranged
from 60% to 80%. No significant changes were observed

stive system lesions. (B) Multifocal areas

of hemorrhage are observed in the rumen serosa. (C) Duodenum mucosae presenting erosive lesions. (D) Epithelial necrosis, severe
neutrophilic and lymphocytic inflammatory infiltrate of the duodenal mucosae. HE, obj.10x.
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in experimentally poisoned cattle erythrograms. However,
there was discreet leukocytosis due to neutrophilia and
lymphocytosis. There were no significant changes in the
biochemical parameters analyzed.

The group fed with 80g/kg Merremia macrocalyx leaves
presented similar lesions to those spontaneously poisoned; these
lesions consisted of rumen and reticulum distention with dry
contents and petechial hemorrhages in rumen serosa (Fig.3B).
Abomasum contents were liquid, there was edema of folds
and ulcers with petechial hemorrhages in the mucosa; ulcers
were also observed in duodenal mucosa (Fig.3C). Histological
findings consisted of rumen and reticulum epithelial necrosis
with neutrophils and lymphocytes inflammatory infiltrate, in
addition to edema and hemorrhage. Intestinal villi epithelial
necrosis with lymphocytic and polymorphonuclear cells
inflammatory infiltrate and congestion of the submucosa
vessels were also observed in the small intestine, mainly in
the duodenum (Fig.3D-F).

DISCUSSION

Considering the outbreaks of Merremia macrocalyx poisoning
and its wide distribution in the Forest Zone of Pernambuco,
we can say that this is a toxic plant species of interest for
livestock that causes acute tympanism. Currently, due to
fodder scarcity, ranchers kept cattle confined or tied by
ropes in M. macrocalyx higher concentrations areas for the
cattle to consume it as source of fodder in drought periods
when this plant is found abundantly and remains green for
long periods of time. Therefore, main factors favoring cattle
poisoning were food shortages, good plant palatability and
its presence in poorly managed pasture areas.

Farmers’ reports suggest that sheep are also poisoned
spontaneously, however, in this species, acute bloat outbreaks
have notbeen identified and need to be investigated. In addition,
due to the Merremia macrocalyx occurrence throughout the
Brazilian national territory (Simao-Bianchini et al. 2016,
Ferreira & Miotto 2013), veterinarians from other states
should be vigilant and should include M. macrocalyx poisoning
in the differential diagnosis when outbreaks of tympanism
are observed in cattle.

Poisoning in cattle had subacute to acute clinical progression,
with gas bloating representing the most characteristic
clinical sign of the disease; main lesions consisted of necrosis
and inflammation of the mucosa of the rumen, reticulum,
abomasum and duodenum. The most likely hypothesis for
this poisoning pathogenesis is related to the plant toxins
action that may cause disturbances in the nerve pathways
involved in eructation reflex, since rumen and reticulum
mucosa (which contain mechanoreceptors and voltage
receptors that discriminate gas, foam and liquid) injuries
may disrupt normal reflex which is essential for rumen gas
removal (Forbes 1986, Allen & Mertens 1988, Allen 1996,
Radostitis et al. 2002, Andrews et al. 2008).

Merremia macrocalyx toxins responsible for the lesions in
the digestive tract of cattle are unknown. However, alkaloids,
phenolic compounds and glycolipids are the biologically
active constituents most commonly found in various species
of Convolvulaceae extracts (Meira et al. 2012). In a previous
study with leaves and roots of M. macrocalyx, saponins,
quinones, steroidal triterpenes, polyphenols and tannins were
detected (Bakasso et al. 2008). In other Merremia species,
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such as M. tuberosa, M. peltata, M. dissecta and M. guerichii
toxic alkaloids were also found (Nahrstedt et al. 1989, Jenett-
Siems etal. 2005, Austin 2007). In another study, 18 distinct
types of pyrrolizidine alkaloids were identified in different
Merremia species (Jenett-Siems et al. 2005). For this reason,
the content of alkaloids in M. macrocalyx leaves should be
investigated, since it is known that these nitrogen compounds
have as main function to avoid herbivory and, therefore, may
be related to the pathogenesis of such intoxication in cattle
(Perez et al. 2015).

In Brazil, despite numerous toxic plants of economic
importance, there are few with action on the digestive system
of cattle (Tokarnia et al. 2012). There is only one species of
plant, Trifolium pratense, which causes acute tympanism in
cattle in southern Brazil. In these cases, however, tympanism
is foamy and occurs due to excessive fermentation of soluble
carbohydrates and proteins of high ruminal degradability in
plants (Gava 1990, Dalto et al. 2009). The most important
species that affect the digestive system are Baccharis
coridifolia in the South and Stryphnodendron coriaceum in
the Northeast of Brazil (Rissi et al. 2005, Mello et al. 2010).
The clinical-pathological signs induced by these plants in
cattle are similar to that of M. macrocalyx poisoning and
include lesions characterized by necrosis and inflammation of
the digestive system; without significant alterations in other
organs. There is no treatment for M. macrocalyx poisoning in
cattle, but in spontaneous cases, clinical improvement was
observed after oro-ruminal probe and support therapy to
correct hydroelectrolytic disorders.

CONCLUSION

Merremia macrocalyx is a relevant toxic plant for ruminants that
causes tympanism and lesions in the digestive system of cattle
in the Forest Zone of Pernambuco state, Brazil.
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