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RESUMO.- [Aspectos clínico-patológicos da intoxica-
ção crônica por Senecio spp. em ovinos.] Neste trabalho, 
relata-se um surto de intoxicação crônica por Senecio spp. 

em ovinos no estado do Rio Grande do Sul, Brasil. Dez ove-
lhas adultas de um rebanho de 860 ovinos morreram com 
sinais da doença e oito que estavam doentes foram eutana-
siadas e necropsiadas. Na propriedade, a doença também 
foi observada em bovinos. Os sinais clínicos nas ovelhas 
incluíam emagrecimento, apatia e fotossensibilização. Qua-
tro ovelhas, de um total de sete que foram testadas, apre-
sentaram aumento da atividade sérica da gama glutamil 
transferase e duas apresentaram fosfatase alcalina sérica 
elevada. Na necropsia, em três dos oito ovinos necropsia-
dos, o fígado estava levemente mais firme, com superfície 
capsular ligeiramente irregular e com nódulos pálidos na 
superfície de corte. Em outros três ovinos o fígado era ma-
croscopicamente normal. Em dois dos oito ovinos necrop-
siados a cápsula de Glisson era brancacenta devido à fibro-
se e parcialmente aderida ao diafragma. Adicionalmente, 
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foram observadas alterações macroscópicas atribuíveis à 
insuficiência hepática como hidropericárdio (7/8), ascite 
(5/8), icterícia (2/8), hidrotórax (1/8) e edema no me-
sentério (1/8). Histologicamente, as principais alterações 
observadas, que contribuíram para o estabelecimento do 
diagnóstico de intoxicação crônica por alcaloides pirrolizi-
dínicos nas ovelhas deste surto foram hepatomegalocitose, 
proliferação de ductos biliares e fibrose. Todas as ovelhas 
apresentavam degeneração esponjosa grave no cerebelo 
e pedúnculos cerebelares, ponte, mesencéfalo e tálamo. 
Sugere-se que esses sejam os sítios anatômicos de eleição 
no encéfalo para a observação dessa lesão em ovinos com 
intoxicação por Senecio spp. O diagnóstico de intoxicação 
por Senecio spp. foi baseado na epidemiologia, achados clí-
nicos, laboratoriais, de necropsia e histopatológicos.
TERMOS DE INDEXAÇAO: Senecio spp., seneciose, alcaloides pir-
rolizidínicos, doenças de ovinos, patologia, fígado, encefalopatia 
hepática.

INTRODUCTION
Senecio spp. are the most common hepatotoxic plants cau-
sing chronic poisoning in livestock in Brazil, being espe-
cially important in the South (Tokarnia et al. 2002). Poiso-
ning by Senecio spp. plants are the most important cause 
of death in adult cattle in central region of the State of Rio 
Grande do Sul (Lucena et al. 2010).

Sheep are considered markedly resistant to Senecio spp. 
poisoning either due to peculiarities of their ruminal flora 
(Craig et al. 1992) or to enzymatic liver complexes (Huan 
et al. 1998) which result in a remarkable ability to detoxify 
pyrrolizidine alkaloids contained in these plants. Accordin-
gly, sheep grazing has been generally recommended as a 
biological control for Senecio spp. (Soares et al. 2000, Ban-
darra et al. 2012, Karam et al. 2013). Studies have indicated 
that sheep continuously stocked at 0.43 sheep/hectare (So-
ares et al. 2000) and 3.0 sheep/ha (Bandarra et al. 2012) 
can control Senecio spp. in the field. Although rare, howe-
ver, outbreaks of Senecio spp. poisoning in sheep, have been 
reported in Brazil (Ilha et al. 2001, Grecco et al. 2011) and 
the indiscriminate use of sheep to control the plant might 
not be safe (Dollahite 1972) because sheep held for several 
years in pastures markedly invaded by Senecio spp. may be 
affected after ingesting large amounts of the weed (Seaman 
1985, Seaman & Dixon 1989).

Although the practice of controlling Senecio spp. growth 
by sheep grazing should continue to be encouraged, diagnos-
tic parameters must be established for detecting outbreaks 
of pyrrolizidine alkaloids poisoning in sheep, allowing for 
avoiding further losses. The aim of the current study is to re-
port an outbreak of chronic Senecio spp. poisoning in sheep 
and to describe the clinical, gross, and histopathological as-
pects of the toxicosis. It is concluded that, taken together, 
the changes described here are diagnostic for the condition.

MATERIALS AND METHODS
The data of this report were obtained in a visit to the farm whe-
re the outbreak occurred. During that visit, eight affected sheep 
were clinically examined and subsequently euthanized and sub-

mitted to necropsy, due the severity of clinical presentation. Se-
ven out of the eight affected sheep were bled for liver function 
tests (aspartate aminotransferase [AST], gamma glutamyl trans-
ferase [GGT], alkaline phosphatase [AP]), and complete red cell 
count. Several tissues were sampled at necropsies and routinely 
processed for histopathology. Nine cattle of both sexes from the 
farm where this outbreak occurred were clinically examined and 
submitted to liver biopsy using a technique previously described 
(Barros et al. 2007). Liver samples were formalin-fixed and routi-
nely processed for histology.

For the representative analysis of spongy degeneration in 
different regions of sheep brains, several transversal cuts were 
performed in a 0,5-1cm interval. For histological evaluation the 
following transversal sections were systematically collected and 
processed: (1) Cerebellum and cerebellar peduncles; (2) pons; (3) 
frontal lobe; (4) parietal lobe; (5) occipital lobe; (6) medulla at 
the obex; (7) hippocampus; (8) basal nuclei; (9) mesencephalon; 
and (10) thalamus. Spongy degeneration was evaluated indepen-
dently by two pathologists and classified as mild, moderate, and 
severe.

RESULTS
This outbreak occurred in a farm located in Santiago, Rio 
Grande do Sul, Brazil (29°10′23″ South, 54°51′21″ West, 
354 meters above sea level). Sheep and cattle were placed 

Fig.1. Sheep with poor body condition due to liver failure in Sene-
cio spp. toxicosis.

Fig.2. Crusts of the skin of the dorsum of ears. Photosensitivity in 
sheep due to liver failure in Senecio spp. toxicosis.
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died on this farm in 2013, presenting diarrhea, weight loss, 
and tenesmus. Some cattle also exhibited aggressiveness 
and photosensitization.

At clinical examination, ewes were apathetic, markedly 
thin (Fig.1), and presented slightly pale mucous membra-
nes. All sheep had varying degrees of photodermatitis cha-
racterized by crusty lesions in the ears (Fig.2) and nose. Re-
sults of liver function tests are shown on Table 1. Red blood 
tests revealed mild normocytic normochromic anemia. At 
necropsy, three out of eight ewes presented a slightly irre-
gular toughened liver (Fig.3 and 4). There were multifocal 
tan 2-5mm in diameter nodules (Fig.5). In two out of the 
eight necropsied ewes the liver was whitish due to thicke-
ning of Glisson’s capsule by fibrosis and portions of the pa-
rietal liver capsule were adhered to the diaphragm (Fig.6). 
No gross lesions could be detected in three out of the eight 
necropsied ewes. All the necropsied sheep had a distended 
gall bladder and mild abomasal infection by Haemonchus 
contortus. Other necropsy findings include hydropericar-
dium (7/8), ascites (5/8), icterus (2/8), hydrothorax (1/8), 
and mesenteric edema (1/8).

Varying degrees of microscopic changes attributed to 
alkaloid pyrrolizidine toxicosis were observed in the liver 

Table 1. Results of biochemical tests compared with the 
severity of liver lesions observed in seven sheep poisoned by 

Senecio spp.a

	 Sheep	 Hepatic	 APb	 ASTd	 GGTe

		  lesion	 (68-387 U/L)c	 (20-280 U/L)	 (20-52 U/L)

	 2	 +	 159	 82	 68
	 3	 ++	 228	 94	 43
	 4	 +	 167	 176	 92
	 5	 +++	 157	 146	 21
	 6	 +	 1178	 77	 111
	 7	 +	 210	 77	 35
	 8	 +	 1216	 100	 58
a +++ severe, ++ moderate, + mild, b alkaline phosphatase, c unit per liter 

(reference values from Hoffmann & Solter 2008), d aspartate amino-
transferase, e gamma glutamyl transferase. 

Fig.3. Liver with an irregular capsular surface in sheep with Sene-
cio spp. toxicosis.

Fig.5. Cut surface of the liver showing multifocal tan nodules that 
range from 2-5mm in diameter. Sheep with Senecio spp. toxi-
cosis.

Fig.4. Visceral surface of the liver with multifocal to coalescing nodu-
les and distended gall bladder in sheep with Senecio spp. toxicosis.

Fig.6. Liver of sheep affected by Senecio spp. toxicosis. Parietal 
surface of the liver showing whitish areas of fibrosis attached 
to the diaphragm. The gall bladder is markedly distended.

in a pasture highly infested by Senecio spp., where they 
spent the winter (June to August) of 2013 under a shortage 
of forage caused by overgrazing. Ten sheep from a herd of 
860 died since December 2013 to the end of March 2014 
with clinical signs of progressive weight loss, apathy and 
photosensitization. Eight 2 to 4-year-old ewes were sick at 
the moment when the farm was visited by the authors on 
March 21, 2014. About 80 adult cattle from a herd of 1,300 
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of all eight necropsied ewes; these included fibrosis which 
ranged from periportal to dissecting some hepatocytes cor-
ds (Fig.7 and 8). Fibrosis was milder in the livers that were 

grossly normal. There was biliary duct hyperplasia in the 
portal triads (Fig.8) and Kupfer cells were hypertrophic. 
Hepatocytes were enlarged in size, with abundant cyto-

Fig.7. Histology of the liver of a sheep affected by Senecio spp. to-
xicosis. Portal tract is distended by fibrous connective tissue 
and biliary duct proliferation. HE, obj.10x.

Fig.9. Histology of the liver of a sheep affected by Senecio spp. toxi-
cosis. Hepatocyte with an enlarged nucleus (megalocyte). HE, 
obj.40x.

Fig.11. Histology of the liver of a sheep affected by Senecio spp. 
toxicosis. Macrophages with brown and granular pigment in 
the cytoplasm interpreted as cooper and lipofuscin (arrows). 
HE, obj.40x.

Fig.8. Histology of the liver of a sheep affected by Senecio spp. toxico-
sis. Cords of hepatocytes are dissected by connective tissue and 
there is marked hyperplasia of biliary ducts (arrows). HE, obj. 20x.

Fig.10. Histology of the liver of a sheep affected by Senecio spp. to-
xicosis. Nucleus of a hepatocyte (arrow) with a single vacuole 
displacing the nuclear chromatin to the periphery (empty nu-
cleus). Numerous hepatocytes contained an oval, intranuclear, 
and eosinophilic inclusion (arrowheads). HE, obj.40x.

Fig.12. Histology of the brain (thalamus) of a sheep affected by Se-
necio spp. toxicosis . Severe spongy degeneration in the white 
matter. HE, obj.10x.
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plasm and large nuclei (Fig.9). Several nuclei had a single 
vacuole, displacing the nuclear chromatin to the periphery 
and giving an empty aspect to the nuclei. Numerous hepa-
tocytes contained an oval, intranuclear, and eosinophilic 
inclusion (Fig.10). A variable number of macrophages with 
brown and granular pigment interpreted as cooper and 
lipofuscin in the cytoplasm was present (Fig.11). Nodules 
were not visible histologically.

Histological findings in the brain consisted of large emp-
ty spaces in the white matter in the brainstem, cerebellum, 
thalamus, basal nuclei and in the junction of the white and 
grey matter in the cerebrum (Fig.12). Distribution and se-
verity of spongy degeneration in different cuts of the brains 
are shown on Table 2.

Affected cattle submitted for clinical examination and 
liver biopsy on the day of the visit to the farm were in poor 
body condition and one of them presented edema in the 
submandibular region. Seven from nine biopsied cattle had 
typical hepatic histological lesions of pyrrolizidine alkaloi-
ds poisoning. There was disruption of hepatic architecture, 
where the cords and lobules were dissected by abundant 
connective tissue and fibrosis. There was marked hepato-
cellular megalocytosis and severe bile duct hyperplasia.

DISCUSSION
The clinical, epidemiological, gross and histopathological 
findings in sheep from this outbreak are similar to those 
previously described for chronic pyrrolizidine alkaloid (PA) 
poisoning in sheep (Ilha et al. 2001, Grecco et al. 2011). 
Sheep are believed to be relatively resistant to PA action 
due to ruminal detoxification (Craig et al. 1992) or to the 
low rates of pyrrole metabolite production coupled with 
high concentration of hepatic detoxifying enzymes system 
and efficient glutathione conjugation (Huan et al. 1998).

Although sheep grazing is considered efficient to con-
trol Senecio at pasture, if they are kept for several years 
under conditions of shortage of forage and in areas highly 
infested by plants containing pyrrolizidine alkaloids, they 
can get sick (Seaman 1985, Seaman & Dixon 1989). The 
plants most often implicated with alkaloid pyrrolizidine 
toxicosis in sheep are Heliotropium europaeum and Echium 
plantagineum (Stalker & Hayes 2007). In some regions of 
Australia, Echium plantagineum and Heliotropium euro-
paeum poisoning is considered the main cause of death in 
sheep due to plant poisoning (St George-Grambauer & Rac 

1962, Seaman 1985, 1987). There are reports of Jacobaea 
maritima (formerly Senecio cineraria) poisoning in sheep 
in Iraq (Forsyth 1979), S. madagascariensis in Australia 
(Seaman 1987), and S. sanguisorbae in Mexico (Rosiles & 
Paasch 1982). Clinical signs may not be seen until after a 
second season of exposure (Stalker & Hayes 2007). Pro-
bably, poor management practices have resulted in the 
outbreak of seneciosis in sheep reported here, since cattle 
were also affected in the same farm.

Two different clinicopathological syndromes can affect 
sheep grazing plants containing pyrrolizidine alkaloids: (1) 
pyrrolizidine proper alkaloids poisoning (Seaman 1987) 
and (2) chronic copper poisoning secondary to pyrrolizi-
dine alkaloids poisoning or hepatogenous chronic copper 
poisoning (Bull et al. 1956, St George-Grambauer & Rac 
1962, Seaman 1987). The chronic damage to hepatocytes 
results in an enhanced uptake and accumulation of copper 
in the liver (Bull et al. 1956) that under certain conditions 
can be released from the liver to the blood stream causing 
intravascular hemolysis (Stalker & Hayes 2007). Hepatoge-
nous chronic copper poisoning was not observed in sheep 
from the outbreak reported here , probably because sheep 
were euthanized or due to the fact they were not receiving 
copper-containing supplements. It is suggested that the oc-
currence of hepatogenous chronic copper poisoning asso-
ciated with PA poisoning in sheep is related to an additional 
source of copper (Howell et al. 1991, Ilha et al. 2001).

The gross presentation of the livers from sheep with 
Senecio spp. poisoning was variable, consisting either of a 
multinodular aspect and thickened white capsule aspect, 
which is comparable with previous descriptions of Sene-
cio spp. poisoning in sheep (Ilha et al. 2001, Grecco et al. 
2011). It was noticed that the consistency of these livers 
was less firm than what is usually observed in cases of this 
condition in cattle. This difference is attributed to variable 
propensity to fibroplasia within species and to the degree 
of exposure; fibroplasia usually is minimal in sheep, mode-
rate in horses and marked in cattle (Stalker & Hayes 2007). 
Two sheep from this outbreak had grossly normal livers, 
although histological findings were characteristic of pyr-
rolizidine alkaloid poisoning. It is believed that these two 
cases represent an early stage of the disease.

The main histological findings in the liver that allowed 
the establishment of the diagnosis were hepatocellular 
polyploidy known as megalocytosis, proliferation of bile 

Table 2. Distribution and severity of spongy degeneration in the brain of sheep with chronic poisoning by 
Senecio sp. Compared regarding the severity of hepatic lesionsa

	 Sheep	 Hepatic	 Cerebellum	 Pons	 Frontal	 Parietal	 Occipital	 Brainstem	 Hypocampus	 Basal	 Mesencephalon	 Thalamus
		  lesion	 and cerebellar		  lobe	 lobe	 lobe			   nuclei
			   peduncle

	 1	 +	 +++	 +++	 ++	 +	 NCb	 ++	 NC	 ++	 +++	 +++
	 2	 +	 +++	 +++	 ++	 ++	 +	 ++	 NC	 +	 +++	 ++
	 3	 ++	 +++	 +++	 ++	 ++	 NC	 NC	 NC	 ++	 +++	 ++
	 4	 +	 +++	 +++	 ++	 +	 NC	 NC	 NC	 +++	 +++	 +++
	 5	 +++	 +++	 +++	 +	 +	 NC	 +++	 NC	 +++	 +++	 +++
	 6	 +	 +++	 +++	 ++	 +	 NC	 +++	 NC	 ++	 +++	 +++
	 7	 +	 +++	 +++	 ++	 +	 NC	 ++	 NC	 ++	 +++	 +
	 8	 +	 +++	 +++	 ++	 ++	 +	 ++	 NC	 ++	 +++	 +++
a +++ severe, ++ moderate, + mild lesion, b no changes.
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ducts epithelial cells in the portal triads, and periportal fi-
broplasia (Stalker & Hayes 2007). Other histological featu-
res in the liver that additionally add in the diagnosis were 
the intranuclear inclusions and hepatocytes with empty 
nuclei.

Megalocytosis is the hallmark of PA toxicosis (Bull et al. 
1969) and occurs as a consequence of pyrrolizidine alka-
loid action, inhibiting DNA synthesis and mitosis in hepa-
tocytes. However, some hepatocytes are able to produce 
DNA without mitosis, resulting in enlarged hepatocytes 
with large polyploid nuclei (Stalker & Hayes 2007). Affec-
ted hepatocytes die and are replaced by cholangiolar epi-
thelia that proliferate in response to regenerative stimuli 
when liver mass is inadequate (Stalker & Hayes 2007). He-
patic fibrosis is evident in all animal species with chronic 
seneciosis (Kellerman et al. 2005) and it is initially seen in 
the portal tract (Walker & Kirkland 1981, Torres & Coelho 
2008).

Intranuclear inclusions in pyrrolizidine alkaloid poiso-
ning correspond to part of the cytoplasm that is sometimes 
invaginated by the enlarged nuclei (Kellerman et al. 2005, 
Stalker & Hayes 2007). Hepatocytes described as having 
a single nuclear vacuole displacing the nuclear chromatin 
(empty nuclei) were similar to those seen in great number 
in human beings with Wilson disease, diabetes mellitus, 
prolonged congestive heart failure, and some other disor-
ders (Geller & Petrovic 2009). These ‘glycogen nuclei” or 
glycogenated nuclei are present in small numbers in hu-
mans with no recognizable disease. The normal hepatocyte 
also contains abundant glycogen which is not seen with 
hematoxylin-eosin but is easily demonstrated with the PAS 
reaction (Geller & Petrovic 2009).

Spongy degeneration was observed in all the brains and 
was more severe in cerebellar peduncles, mesencephalon, 
thalamus, and pons, according to previous descriptions in 
sheep (Hooper 1975, Ilha et al. 2001, Kellerman et al. 2005) 
and cattle (Wouters et al. 2013). Apparently, no neurolo-
gical signs were observed in any of the sheep as also re-
cognized elsewhere (Kellerman et al. 2005). This can also 
be associated with the fact that sheep were euthanized and 
the whole clinical course was not observed, but the most 
probable explanation is that very often neurological disea-
se manifested by sheep with brain lesions are not conspi-
cuous and manifest solely as apathy.

Morphological changes in hepatic encephalopathy in 
the central nervous system of human beings and horses 
centers on astrocytes (Harris et al. 2008, Crawford 2005). 
Astrocytes undergo Alzheimer type II change in which they 
show enlarged pale nuclei with a rim of chromatin and 
prominent nucleoli. Astrocytes pairs and triplets are seen, 
and in severe cases nuclei may become lobulated and may 
contain glycogen (Stalker & Hayes 2007, Harris et al. 2008). 
Cirrhosis of the liver results in elevated ammonia levels in 
blood and brain and it is the ammonia toxicity that is the 
leading hypothesis for the causation of hepatic encephalo-
pathy (Harris et al. 2008). An astrocytic phenotype similar 
to Alzheimer type II change can be induced by hyperam-
monemia in experimental animals and tissue culture and is 
also seen in human patients with congenital hyperammo-

nemia due to inherited disorders involved in the urea cycle 
(Butterworth 1993). Morphological findings in ruminants 
with hepatic encephalopathy are characterized by micro-
cavitation of the white matter in the brain named status 
spongiosus or spongy degeneration (Finn & Tennant 1974, 
Barros 2010). The spongy change is due to intramyelinic 
edema, causing splitting and vacuolation of myelin sheaths 
(Zachary 2012).

Serum liver enzyme activities were variable in these 
sheep. Four out seven tested sheep had increase in GGT se-
rum activity and two out of seven sheep presented increa-
sed serum activity of AP. Enzymatic elevation were not pro-
portional to liver injury observed. It is known that serum 
enzyme changes precede development of recognizable his-
tologic lesions in the liver of calves with chronic seneciosis 
and serum glutamate dehydrogenase is the first enzyme to 
increase in most animals (Craig et al. 1991). This enzyme 
change is followed by increases in alkaline phosphatase 
and gamma-glutamyl transferase (Craig et al. 1991). It is 
concluded that elevations of GGT activities could be used 
to predict the onset of clinical illness in sheep. Findings 
of normocytic normochromic anemia in red blood tests of 
sheep from the current outbreak were attributed to Hae-
monchus contortus infection (Abott et al. 1984).

In conclusion, histological changes are the most im-
portant features for the diagnosis of Senecio spp. poiso-
ning in sheep and differential diagnosis must be made 
with poisoning by other plants that contains pyrrolizidine 
alkaloids.
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