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ABSTRACT.- Brito Junior J.R.C., Soares K.L., Soares Y.G.S., Oliveira F.N.L., Alves R.V,, Miranda
Neto E.G., Dantas A.F.M. & Galiza G.J.N. 2021. Spontaneous and experimental poisoning
by nitroxinil at 34% in goats. Pesquisa Veterindria Brasileira 41:e06935, 2021. Laboratério
de Patologia Animal, Hospital Veterindrio, Centro de Satude e Tecnologia Rural, Universidade
Federal de Campina Grande, Campus de Patos, Avenida Universitaria s/n, Bairro Santa Cecilia,
Patos, PB 58708-110, Brazil. E-mail: joaoricardo055@hotmail.com

This study describes the epidemiological, clinical, and pathological aspects of spontaneous
and experimental poisoning by nitroxinil at 34% concentration in goats. The outbreak occurred
on a farm in the municipality of Prata, Paraiba state. Nitroxinil was administered to a herd of
120 goats, of which 18 presented with anorexia, vocalization, abdominal distension, weakness,
staggering, and falls. Necropsy of three goats revealed that the main lesion was acute liver
injury. Histologically the liver showed centrilobular necrosis associated with hemorrhage and
hepatocyte degeneration. In the kidneys, tubular nephrosis with granular cylinder formations
was observed. The lungs showed multifocal to coalescent areas of moderate interalveolar
edema and vascular congestion. Experimental poisoning was carried out in two goats, with
the same medication and doses administered on the farm. The experimental goats showed
clinical signs and macroscopic and histological changes similar to the spontaneously poisoned
goats. The diagnosis of nitroxinil poisoning was made based on epidemiological, clinical, and
pathological data, and confirmed by experimental poisoning. The administration of nitroxinil
in high doses, associated with high ambient temperature and physical exercises, can cause
poisoning with high lethality in goats.

INDEX TERMS: Spontaneous poisoning, experimental poisoning, nitroxinil, goats, anthelmintic, overdose,

centrilobular hepatic necrosis, nephrosis.

RESUMO.- [Intoxicacdo espontianea e experimental por
nitroxinil na concentragdo de 34% em caprinos.] Este estudo
descreve os aspectos epidemiolégicos, clinicos e patolégicos
da intoxicacdo espontdnea e experimental por nitroxinil na
concentracgio de 34% em caprinos. O surto ocorreu em uma
fazenda no municipio de Prata, Paraiba. Nitroxinil foi administrado
aum rebanho de 120 cabras, das quais 18 apresentavam anorexia,
vocalizagdo, distensdo abdominal, fraqueza, cambaleando e quedas.
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Anecropsia de trés cabras revelou que a lesdo principal era uma
lesao hepatica aguda. Histologicamente, o figado apresentava
necrose centrolobular associada a hemorragia e degeneracao
de hepatocitos. Nos rins, nefrose tubular com formacoes de
cilindro granular foi observada. Os pulmdes apresentavam areas
multifocais a coalescentes de edema interalveolar moderado e
congestdo vascular. A intoxicagdo experimental foi realizada em
duas cabras, com a mesma medicag¢do e doses administradas na
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fazenda. As cabras experimentais apresentaram sinais clinicos e
alteragdes macroscopicas e histologicas semelhantes as cabras
intoxicadas espontaneamente. O diagnéstico de intoxicagdo por
nitroxinil foi feito com base em dados epidemioldgicos, clinicos
e patoldgicos, e confirmado por intoxicagdo experimental. A
administracdo de nitroxinil em altas doses, associada a alta
temperatura ambiente e exercicios fisicos, pode causar intoxicacdo
com alta letalidade em caprinos.

TERMOS DE INDEXACAO: Intoxicacdo espontanea, intoxicagio
experimental, nitroxinil, caprinos, anti-helmintico, sobredose,
necrose hepatica centrolobular, nefrose.

INTRODUCTION

Nitroxinil is an anthelmintic that belongs to the group of phenolic
substitutes, which includes disophenol and nitroscanate, and
is used to control infections by cestodes, nematodes, and
trematodes (Lanusse etal. 2018). Phenolic substitutes have a
low safety index, and among them, nitroxinil (4-35 hydroxy-
3-iodine-5-nitrobenzonitrila), which is mainly indicated for
the control of parasites of the genus Fasciola (Almeida et al.
2017a), stands out. Nitroxinil is administered to cattle, sheep,
goats, and camelids (Rahman et al. 2017).

Animals poisoned by phenolic substitutes present pain,
anorexia, dehydration, metabolic acidosis, muscle tremors,
incoordination, hyperthermia, sweating, tachycardia, and polypnea
(Penumarthy etal. 1975, Liao & Oehme 1980, Osweiler 1998).

Pharmacological intoxication associated with the
administration of vermifuges has been described in goats that
received high doses of ivermectin (Ali & Samra 1987, Abdou
& Sharkawy 2004), tetramisol (Philip & Shone 1967), and
disophenol (Soares et al. 2001); however, there are no data
in the literature on the occurrence of nitroxinil poisoning in
this species. The objective of this paper was to describe the
epidemiological, clinical and anatomopathological findings of
an outbreak of spontaneous poisoning by nitroxinil at 34%,
and experimental poisoning in goats.

MATERIALS AND METHODS

The outbreak occurred in the municipality of Prata, state of Paraiba,
on a farm geographically located at latitude 07°41°27” S and longitude
37°04'49” WO. Animal history and clinical data were obtained from
the owner. A goat was sent to the University Veterinary Hospital of
the “Universidade Federal de Campina Grande” (HVU-UFCG), Campus
de Patos/PB, and was subjected to complete blood count and serum
biochemistry. Three animals were necropsied, and fragments of organs of
the abdominal and thoracic cavities, and nervous system, were collected,
fixed in 10% buffered formaldehyde, and subsequently processed for the
preparation of histological slides stained in hematoxylin and eosin (HE).

Two 18-month-old Moxot6 goats (1 and 2), weighing 21 and 18kg
respectively, were used for the experimental poisoning. The goats
received 2ml and 1.5ml, respectively, of nitroxinil (doses similar to
those administered by the farmer in the spontaneous poisoning).
After nitroxinil administration, the goats were subjected to physical
effort, and were necropsied after death. Fragments of organs from the
abdominal cavity, thoracic and nervous system were collected during
necropsy and fixed in 10% buffered formaldehyde. The experiment
was registered with the Research Ethics Committee (CEP), and Ethics
Committee on the Use of Animals (CEUA) with protocol no. 68-2018.
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RESULTS

The outbreak of nitroxinil poisoning occurred after the farmer
administered the anthelmintic to all 120 goats in the herd.
The drug was administered subcutaneously in the scapular
region at the following doses: 0.5mL (17mg/kg) in goats
weighing 10kg; 1.5mL (25.5mg/kg) in goats weighing 20kg;
and 2mL (22.6mg/kg) in goats weighing 30kg.

After the drug was administered, 80 goats were released to
pasture and the remaining 40 goats were kept in the shaded
corral. A few hours later, 18 of the 80 goats that were released
into the pasture showed anorexia, vocalization, abdominal
distension, weakness, staggering and falls. The first death
occurred five hours after administration and, on the same
day, 13 more goats died. In two days after the application,
three more deaths occurred, bringing the total death toll to
17. Clinical signs and death occurred only in goats that were
released to pasture. Of the goats that died, a two-year-old
Canindé goat (A) and a two-year-old Boer goat (B) were
necropsied during the farm visit. A two-year-old Boer goat (C)
thatreceived 2ml of nitroxinil was referred to the HVU-UFCG.

Goat C presented an inability to stay in the station, sternal
recumbence, self-auscultation posture, opisthotonos, decreased
muscle tone of the thoracic and pelvic limbs, mydriasis not
responsive to the luminosity test, loss of rumen stratification,
abdominal distension, and semi-solid stools. Heart and
respiratory rates were found increased by 120bpm (70-
90bpm) and 100mpm (25-35mpm), respectively. In the serum
biochemistry of Goat C, significant increases in the levels of
urea (310.9mg/dL [21.4-42.8mg/dL]), creatinine (5.7mg/
dL [1-1.8mg/dL]), and creatinine kinase (CK) (265.2U/L
[0.8-8.9U/L]) were observed. The animal was treated with
1.5L of saline (NaCl 0.9%) intravenously (IV), 50mL of IV
vitamins and minerals (Hertavita®), 2mL of steroidal anti-
inflammatory (Cort-trat®) intramuscularly (IM), 20mL of
anti-inflammatory and analgesic (DMSO®) IV, and 0.5L of
ruminal fluid via nasogastric tube. The goat died after two
days of treatment and was necropsied.

On the necropsy of the three goats, regular body score,
and normal oral, ocular, and vulvar mucous membranes, were
observed. In the subcutaneous tissue, dark red multifocal areas
were observed, mainly in Goat B. The liver of the three goats
showed marked, enhanced lobular pattern, characterized
by a reddish central area delimited by pale areas that varied
from accentuated in Goats A and B, to mild in Goat C (Fig.1-2).
The lungs were diffusely bright red and non-collapsed with
multifocal areas of hemorrhage around the thoracic aorta. At
the opening of the trachea, and when cutting the pulmonary
parenchyma, there was a marked amount of foamy liquid
(edema). In the heart of the three goats, there were multiple
petechiae in the epicardium. The kidneys of Goats A and B
were diffusely red on the subcapsular and cut surface.

Microscopically, in the liver of the three goats, necrosis
and hemorrhage were observed in the centrilobular regions
(Fig.3). The hepatocytes adjacent to the necrotic areas showed
slight cytoplasmic vacuolization (Fig.4). In the kidneys,
degeneration and necrosis of the tubular epithelium were
characterized by hypereosinophilia of the cytoplasm, and
pycnotic and karyorrhexis nuclei (Fig.5). In the tubular lumen,
cell debris interspersed with finely granular material were
observed. In the lungs, diffuse and moderate congestion was
observed, in addition to multifocal areas of discrete deposition
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of eosinophilic, amorphous, and homogeneous material
(edema), obliterating the alveolar lumen.

In experimental poisoning, Goats 1 (21kg) and 2 (18kg)
received doses similar to those administered by the owner in
the outbreak: 2mL (32.3mg/kg) in Goat 1,and 1.5mL (28.3mg/
kg) in Goat 2, by the subcutaneous route in the scapular
region. After administration, they were placed in a corral and
subjected to physical exercise under the sun for 30 minutes,
and subsequently were placed in the stall for observation.

In the experimental poisoning, five hours after administration
of the vermifuge, Goat 1 showed clinical signs of apathy,
anorexia, ruminal atony, and difficulty in standing. The signs
progressed to tachycardia, tachypnea, tympany, lateral torsion
of the head, lateral recumbence, muscles tremors and spasms,
and vocalization, followed by death. The clinical course was
seven hours.

Upon necropsy, the liver had reddish and punctate multifocal
areas distributed throughout the parenchyma and on the cut
surface. In the heart, there were reddish multifocal areas
in the pericardium and the endocardium. The lungs were
diffusely bright and not collapsed with reddish multifocal
areas, randomly distributed. The kidneys showed slightly
reddish capsular surface, slightly pale cortical region, and
reddish linear areas in the medullary region.

Microscopically, there was marked centrilobular necrosis
in the liver associated with hemorrhage (Fig.6), surrounded by
hepatocytes with microvacuolar degeneration in the cytoplasm
and discrete mononuclear inflammatory infiltrates. In the
medullary region of the kidneys, there were multifocal areas of
discrete degeneration and necrosis of the tubular epithelium,
characterized by hypereosinophilic epithelial cells with pyknosis
and karyorrhexis. In the lung, there was moderate congestion
and discrete eosinophilic, amorphous and homogeneous
material (edema), obliterating the alveolar lumen.

Goat 2 showed clinical signs of apathy and respiratory
difficulty. It died six days after the administration of the
vermifuge. Upon necropsy, the lesions observed in the liver
and lung were similar to those observed in Goat 1. Kidneys
showed pallor in the cortical region and linear reddish areas
in the medullary region. Microscopic lesions were also similar,

varying with the degree of injury. In the liver, centrilobular
necrosis and hemorrhage were moderate. In the kidneys,
tubular necrosis was moderate, with regeneration of the
tubular epithelium (Fig.7 and 8), characterized by intact
basement membranes and karyomegaly. In the tubular lumen
there was granular material and cellular debris. In the lungs,
there was moderate congestion and edema.

DISCUSSION

The diagnosis of nitroxinil poisoning in goats was based on
epidemiological, clinical, and anatomopathological findings, and
confirmed by experimental poisoning. Vermifuge poisoning is
highly lethal, since during deworming, doses can be “estimated”
or “standardized” to facilitate handling with animals from the
same herd that often have weight differences (Seixas et al.
2006). On these occasions, there may be overdoses.

The recommended dose of this drug for small ruminants
is 10mg/kg (Almeida et al. 2017b, Rahman et al. 2017),
while the doses used on the farm were about twice as high
as indicated on the package insert. There are no reports of
poisoning by this anthelmintic in goats. In sheep, however,
incoordination, tremors, decubitus, and death, have been noted
in animals that received an overdose (Campello et al. 2020).
Nitroxinil is indicated only for cattle and sheep according to
the manufacturer of the medication used on the farm (Chagas
etal. 2013). The use of vermifuges with a new active principle,
or little used in herds, is a common practice in the region,
due to the parasitic resistance to the major commercialized
anthelmintics (Lima et al. 2010).

In cases of disophenol poisoning, which is a phenolic
substitute justlike nitroxinil (Almeida etal. 2017a), sheep and
goats presented, about three hours after administration, severe
pain, muscle tremors, incoordination, hyperthermia, sweating,
tachycardia, and tachypnea, in fatal cases (Penumarthy et al.
1975, Soares et al. 2001, Alves et al. 2018). Upon necropsy,
hemorrhages in the subcutaneous tissue and hyperemia of the
mesentery were also observed after disophenol poisoning in
goats (Penumarthy etal. 1975, Soares etal. 2001). Severe liver
disease results in a reduction in most clotting factors (Mosier

Fig.1-2. Poisoning by nitroxinil at 34% in goats. (1) Liver with accentuated lobular pattern. (2) Cut surface of the liver with red-black
multifocal areas interspersed with pale areas in the parenchyma.
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Fig.3-8. Poisoning by nitroxin
region. HE, obj.10x. (4) Liver, areas of necrosis and central-lobular hemorrhage are seen surrounded by hepatocytes with vacuolated
cytoplasm. HE, obj.20x. (5) Kidney, with degeneration and necrosis of the tubular epithelium, characterized by hypereosinophilia of
the cytoplasm and pyknosis and karyorrhexis of the nuclei. HE, obj.20x. (6) Liver, experimental animal, with necrosis and centrilobular
hemorrhage, HE, obj.20x. (7) Kidney, experimental animal, with epithelial degeneration and necrosis (arrow), associated with tubular
regeneration(arrowhead) in the cortical region. HE, obj.40x. (8) Kidney, experimental animal, with marked tubular regeneration

(arrow) in the medullary region. HE, obj.40x.
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2017), and the acute injury observed in the animals in this study
may suggest a decrease in the production of these factors, and
the consequent appearance of areas of hemorrhage.

The hepatic alterations found were similar to those described
in the literature for poisoning by phenolic substitutes (Soares
etal. 2001, Alves et al. 2018), macroscopically characterized
by appearance of lobular pattern. Microscopic findings of
degeneration, necrosis, and sometimes centrilobular congestion
have been described in cases of nitroxinil poisoning in sheep
(Campello etal. 2020), and in cases of disophenol poisoning
in goats and sheep (Soares et al. 2001, Alves et al. 2018).
The acute liver injury characterized by marked centrilobular
necrosis is due to the greater amount of cytochrome P450
in the hepatocytes of this region, that induces the formation
of reactive metabolites that are responsible for cell damage,
in addition to the lower oxygen tension in this zone (Barros
2016, Brown et al. 2017). Based on these observations, it is
suggested that the pathogenesis of nitroxinil poisoning may
be similar to diseases that present with acute liver failure of
toxic origins, such as acute poisoning by hepatotoxic plants
(Bezerra et al. 2012).

Edema and pulmonary congestion were seen in all necropsied
animals. These lesions have also been described by Campello
et al. (2020) and Alves et al. (2018) for nitroxinil toxicosis
in sheep, and disophenol in goats and sheep. Tachypnea is
a response of the respiratory center (brain stem) primarily
associated with increased oxygen consumption and increased
blood CO, levels (Reece 2006). In addition, the increase in
respiratory rate helps dissipate heat mainly during periods
of elevated body temperature (Robertshaw 2006). Associated
with this, the lack of sufficient ATP decreases the contractile
capacity of the heart, increasing the heart rate to compensate
for it (Engen 2006); however, due to the low ATP, the cardiac
output may continue to decrease, leading to the development
of edema and pulmonary congestion.

The increases in the levels of urea and creatinine, metabolites
of renal excretion, indicate acute renal injury (Meuten 2015),
observed in animals with severe nephrosis. Nephrosis was
the main renal disorder seen in goats with an acute condition;
however, in a goat that had a longer clinical course, nephrosis
was associated with marked tubular regeneration, reinforcing
the hypothesis that the drugis capable of inducing both acute
and renal liver damage. Tubular regeneration occurs in cases
where the basement membranes remain intact and act as a
support for tubular regeneration (Breshears & Confer 2018).

Only goats that were released to pasture showed clinical
manifestation, possibly associated with high environmental
temperature and physical effort. Also, environmental temperature
and physical exercise are factors that enhance the onset of the
intoxication, since phenolic substitutes increase cell metabolism
and the need for oxygen (Legendre 1973). The outbreak
occurred in a semi-arid climatic region, where temperatures
can reach 33°C (INMET 2010) which, in combination with
physical exercise, could have contributed to the increase in the
animal’s metabolism and, consequently, greater absorption
of the vermifuge (Meerdink 1989, Mendonga et al. 2010,
Bertoni et al. 2017). Poisoning by other antiparasitic drugs,
such as organophosphates and pyrethroids, mainly affect
animals that receive an overdose of the drug in combination
with high environmental temperature and physical effort
(Bertoni et al. 2017).

Pharmacological intoxications in animals occur because
of overdose of medications, exceeding the recommended
dose several times (Furlan et al. 2009). It is believed that
these poisonings occur in a large number of animals, due to
the lack of information and neglect in the use of medications
(Bertoni et al. 2017). Although the optimal dose of drugs is
clearly indicated on the package insert or medical prescription,
not weighing the animals, leading to erroneous estimates of
weight, or dividing by categories (age and sex), are the main
causes of overdose in veterinary medicine (Chagas et al. 2013).
Therefore, it is recommended to weigh the animals, as well as
observe the route of administration, and indicate the animal
species to be treated using the product.

The main differential diagnoses of nitroxinil poisoning in
goats include poisoning by hepatotoxic plants such as Crotalaria
retusa (Maia et al. 2013) and Cestrum laevigatum (Peixoto et
al. 2000, Brito et al. 2010), and nephrotoxic plants such as
Amaranthus spinosus and Combretum glaucocarpum Mart.
(sin.: Thiloa glaucocarpa) (Melo etal. 2014, Helayel etal. 2017).

CONCLUSIONS

We concluded that nitroxinil 34%, when administered in
high doses associated with high ambient temperature and
physical exercise, results in poisoning with high lethality in
goats. It is characterized by acute liver necrosis and tubular
nephrosis, and should be included as a differential diagnosis
of poisoning by hepatotoxic and nephrotoxic plants that affect
animals in the region.

Due to the toxicity observed in this outbreak, the drug should be
used in the doses recommended by the manufacturer; respecting
the indications for each species and the weight of the animals.
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