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ABSTRACT

Pyrrolizidine alkaloids (PAs) are natural phytotoxins found in thousands of plant species around the world. They are probably the most
common poisonous plants affecting livestock, wildlife and humans. The disease occurs almost entirely as a consequence of chronic
poisoning and in general ends fatally. In the present study, PAs poisoning was investigated in a gazelle with hepatic encephalopathy
associated with severe neurologic signs. The main clinical signs included head pressing, progressive depression and weakness, ataxia
and reluctance to move, turn the head to the left and to paddle, hyperesthesia and decreased food intake. Histopathological examina-
tion revealed major lesions in the liver consisting of severe hepatocyte megalocytosis and hypertrophy with nuclei enlargement,
mild bile duct hyperplasia, centriacinar fatty change and hepatocellular necrosis. Moreover, pulmonary congestion and edema with
endothelium necrosis and alveolar septa thickening, severe congestion in vessels of the brain and meninges, and myocardial necrosis

were observed.
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Introduction

Pyrrolizidine alkaloids (PAs) are naturally occurring
compounds which are contained in about 3% of all flower-
ing plants (Bull et al., 1968). They are probably the most
common poisonous plants affecting livestock, wildlife
and humans (Creeper et al., 1999; Stegelmeier et al.,
1999). More than 660 pyrrolizidine alkaloids and N-oxide
derivatives have been identified in over 6000 plants of the
three families: Boraginaceae, Compositae (Asteraceae),
and Legumionsae (Fabaceae), and about half of them
exhibited toxic activities (Roeder, 2000; Stegelmeier et
al., 1999).

Intake of pyrrolizidine alkaloid containing plants has
poisoned humans and livestock worldwide, including
horses (Creeper et al., 1999; de Lanux-Van Gorder, 2000),
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cattle (Dickinson et al., 1976), sheep and hamster (Huan
et al., 1998), goat (Dickinson & King, 1978) and rat (Allen
et al., 1975). The toxic effects of pyrrolizidine alkaloids
gained further attention when experimental animals,
particularly rats, dosed with these compounds developed
liver tumors and pulmonary lesions (Chan et al., 2003;
Fu et al., 2002). There are numerous reports of human
poisoning caused by pyrrolizidine alkaloids (Chauvin et
al., 1994; Stegelmeier et al., 1999). Pyrrolizidine alkaloids
were found to contaminate such human food sources
as wheat, milk and honey, and exposure through these
routes is suspected to have caused worldwide human
health problems (Stegelmeier et al., 1999).

Because of their abundance and potent toxicities,
including hepatotoxicity and carcinogenicity, pyrroli-
zidine alkaloids received greatest attention (Fu et al.,
2004). PAs are metabolized to highly reactive pyrroles,
which are antimitotic cytotoxins. Hepatocyte nuclei are
most commonly affected, causing irreversible liver dam-
age (Stegelmeier et al., 1999). This paper describes for the
first time clinical signs and histopathological features
of PAs toxicity in different tissues of a gazelle (Gazella
Subgutturosa).



Case history

In September 2014, a 1.5 year-old gazelle (Gazella
Subgutturosa), which belonged to the Department of
Enviroment, East Azarbayjan, Tabriz, Iran, was presented
to the University of Tabriz, Veterinary Medical Teaching
Hospital, with severe neurological signs . The main signs,
which started in the morning, included head pressure,
progressive depression and weakness, ataxia, hyperes-
thesia, decreased food intake, reluctance to move, turn
the head to the left, or to paddle. The gazelle died in the
evening, although supportive treatment was provided.
Necropsy was performed and the appropriate samples
were collected from different tissues (heart, spleen, lung,
liver and brain) for histopathological studies. The tissue
samples were fixed in 10% neutral buffered formalin, pro-
cessed routinely, and embedded in paraffin wax. Sections
(5 pm) were stained by hematoxylin and eosin and studied
by light microscope.

Figure 1. Pyrrolizidine alkaloid poisoning, liver, gazelle. Moderate
congestion (arrow head), hepatocyte megalocytosis with nuclei
enlargement (semi thin arrow), mild focal hepatitis (thick arrow)
with neutrophil margination and sequestration (thin arrow) pre-
sented in the liver. (H&E; scale bar=60um).

Figure 3. Pyrrolizidine alkaloid poisoning, lung, gazelle. Severe
pulmonary congestion (thin arrow) and edema with alveolar septa
thickening (thick arrow) was observed. (H&E; scale bar=200um).
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Clinical findings

At necropsy, there was ascites, mild icterus and visceral
organ congestion. The shape of the liver was normal
but its size was somewhat enlarged. Histopathological
examination revealed major lesions in the liver consisting
of moderate congestion, hepatocyte megalocytosis with
nucleus enlargement (Figure 1), mild bile duct hyperplasia,
moderate to severe centriacinar zonal fatty change and
mild focal hepatocellular necrosis (Figure 2). Moreover,
Kupffer cell hyperplasia, mild focal hepatitis with neu-
trophil margination and sequestration was presented in
the liver. Microscopically, there was a reactive liver. In
the lung, severe pulmonary congestion and edema with
endothelial necrosis and alveolar septa thickening was
observed (Figure 3). There was also severe congestion and
hyperemia in the brain and meninges. The heart showed
mild focal myocardial necrosis. Lymphatic depletion was
seen in the white pulp of the spleen (Figure 4).

Figure 2. Pyrrolizidine alkaloid poisoning, liver, gazelle. Moderate
to severe centriacinar zonal fatty change, some of them showing
mild focal hepatocellular necrosis (arrow) with moderate conges-
tion of central veins. (H&E; scale bar=200um).

Figure 4. Pyrrolizidine alkaloid poisoning, spleen, gazelle. Lym-
phatic depletion (arrow) was seen in white pulp. (H&E; scale
bar=200um).
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Discussion

Pyrrolizidine alkaloids are highly toxic to many animal
species, including most domestic livestock, and they have
caused tremendous livestock loss (Creeper et al., 1999).
Pyrrolizidine alkaloids, particularly those from plant spe-
cies of the genera Senecio, Crotalaria, Heliotropium, and
Amsinckia, were found to exhibit acute toxicity, chronic
toxicity and genotoxicity (Fu et al., 2004).

The toxicity of a pyrrolizidine alkaloid containing
plant depends on many factors, such as the amount of
alkaloid that can be converted to reactive metabolites, the
species exposed, age and sex of the animal intoxicated, the
metabolic activity and the mitotic stage of its target cells
(Stalker & Hayes, 2007).

Pigs and chickens are considered to be the most
sensitive livestock species; cattle and horses are less so,
yet they are still considered to be sensitive species. Sheep
and goats are the least sensitive livestock species due to
detoxification of PAs by rumen microbes and the liver
(Stegelmeier et al., 1999). Sheep can graze out stands of
Senecio that would be lethal to cattle (Stalker & Hayes,
2007). According to the history of the affected gazelle,
which developed severe neurological signs in the morning
and died in the evening, it appears to be a most sensitive
livestock species, comparable to pigs. Young, still develop-
ing animals are most susceptible to PAs poisoning.

Most PAs are hepatotoxic because they are metaboli-
cally activated to dehydropyrrolizidine (DHP) in the liver.
Monocrotaline is bioactivated in the lung and is therefore
pneumotoxic. There are three common expressions of
PAs poisoning. First, acute poisoning causes massive
hepatotoxicity with hemorrhagic necrosis. The potency of
hepatotoxicity and acute toxicity varies markedly among
pyrrolizidine alkaloids (Mattocks & Cabral, 1984). Acute
periacinar zonal necrosis occurs in animals ingesting large
amount of PAs. Since these responsible plants are unpalat-
able, naturally occurring outbreaks of acute poisoning are
generally restricted to circumstances when animals face
starvation, such as grazing pastures affected by prolonged
drought. After experimental exposure to high doses of
PAs, acute hemorrhagic periacinar necrosis has been
described. Second, phasic (usually seasonal) repetitive
exposure to these PAs leads to hepatic atrophy with for-
mation of regenerative nodules. Chronic poisoning takes
place mainly in the liver, lungs, and blood vessels, and
in some instances in kidneys, pancreas, gastrointestinal
tract, bone marrow and brain (Mattocks & Cabral, 1984).
These are the most common expressions of field exposure
to Pas, with affected livers presenting a characteristic pat-
tern of hepatocellular polyploidy known as megalocytosis.
If seasonal exposure to these toxic alkaloids declines, a
remarkable degree of recovery is possible (Stalker &
Hayes 2007). Third, exposure over a long period of time
causes cell enlargement (megalocytosis), veno-occlusion
in liver and lungs, nucleus enlargement with increasing
nuclear chromatin, loss of metabolic function, inhibition
of mitosis, fatty degeneration, proliferation of biliary
tract epithelium, liver cirrhosis, nodular hyperplasia and
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adenomas or carcinomas (Bull et al., 1968; Mattocks &
Cabral, 1984; Roeder, 1995). Prolonged exposure exclu-
sively to Heliotropium induces firm, fibrotic atrophic livers
without nodular regeneration (Stalker & Hayes 2007). The
histopathologic results of the present study corresponded
more to the second form of expression of PAs poisoning,
which is the most common expression of field exposure to
PAs. At necropsy, the shape of the liver was normal but it
showed a characteristic pattern of megalocytosis consist-
ing of polyploidy hepatocytes with an extremely enlarged
cytoplasm and nucleus. Hepatic megalocytosis (HM)
-which is also known as megalocytic hepatosis — is often
used as bioindication of exposure to such agents (Hinton
et al., 1992). In one suggested interpretation, the failure
of cell division in mitosis, is resulting in polyploidy hepa-
tocytes with extremely enlarged cytoplasm and nucleus
(Hinton et al., 1992).

In chronic PAs poisoning, there is usually proliferation
of bile duct epithelial cells in the portal triads (Stalker &
Hayes 2007), which in the presented pathological findings
was only mild. There may be some periportal fibroplasia
that varies with species and exposure; typically, it is
minimal in sheep, moderate in horses and may be marked
in cattle (Stalker & Hayes 2007). According to the patho-
logical findings of the present study, it was minimal also
in the gazzella. In fatal cases in cattle, the fibrotic livers
canresultin portal hypertension with ascites, severe mes-
enteric edema and diarrhea. In sheep, clinical signs may
not be seen until after a second season of exposure. The
shape of these affected livers is normal, but they are small,
greyish yellow, fairly smooth and toughened by condensa-
tion of normal stroma rather than by fibroplasia (Stalker
& Hayes 2007). Horses are susceptible to both acute and
chronic toxicosis. Liver failure produced in horses by
these alkaloids is similar to that seen in cattle. Horses are
more likely to manifest signs of hepatic encephalopathy
with head-pressing and compulsive walking; in some
places these nervous signs give rise to colloquial names
such as “walkabout” and “walking disease” (Stalker &
Hayes 2007). Clinical signs of PAs poisoning in the gazella
appear to be similar to those seen in horses.

Administration of a high dose of Cynoglossum offici-
nale resulted in severe liver disease within 7 days after
dosing with elevated serum enzymes, altered bile acid
metabolism and extensive hepatocellular necrosis with
minimal periportal fibrosis and bilary hyperplasia and
little or no megalocytosis. Administration of a low dose to
horses for 14 days resulted in transient clinical depression
and weight loss, transient elevations of serum enzymes
and bile acids and minimal periportal hepatocellular
necrosis with fibrosis, developing extensive megalocytosis
by week 14. Megalocytosis became the most prominent
change 6 months after exposure (Stegelmeier et al.,
1996). Liver failure, hepatoencephalopathy and histologic
features produced in the gazelle by PAs were similar to
those seen in the horse with administration of a low dose
for 14 days. In this study, minimal periportal fibrosis
and bile duct hyperplasia, extensive megalocytosis and
periacinar zonal hepatocellular fatty change and necrosis



was observed, which are more similar to changes seen in
sheep and horses.

Moreover, in the present study, samples of the lung
showed severe pulmonary congestion with pulmonary
endothelium necrosis and thickening of alveolar septa.
These lesions are in agreement with results obtained later.
Mattocks and Cabral (1984) reported that monocrotaline
(one of PAs metabolites) is bioactivated in the lung and
is therefore pneumotoxic. The heart showed myocardial
necrosis. There was also severe congestion in vessels of the
brain and meninges. Lymphatic depletion was seen in the
spleen. In previous studies, heart and spleen lesions have
not been reported.The metabolites of PAs affect tissues
other than the liver. Death in some instances may be due
to renal damage and in others to pulmonary vascular and
interstitial lesions. Variation in the source of the toxin and
in the species of the target animal accounts for the differ-
ences in susceptibility of the different tissues. Alkaloids
from Crotalaria affect the widest range of tissues in most
animals (Stalker & Hayes 2007). Pulmonary changes
seen in horses exposed to some Crotaria spp may include
hyperplasia of bronchioalveolar epithelium, congestion,
septal fibrosis and emphysema. Renal tubular lining cells
and glomerular epihtelial cells also may be individually
enlarged in pigs (Bildfell, 2013). Unfortunately, in this
study, the kidney was not studied.

Generally in the gazelle, according to the results of the
present paper, susceptibility to PAs poisoning, clinical
signs and post mortem findings are similar to those seen
in pigs, horses and sheep, respectively. PAs presented in
this region like alkaloids from Crotalaria affect the wid-
est range of tissues in the gazelle. As regards this region
(Kaghaz-kanan in East Azabayjan, Iran), it is the last
habitat of the Gazella Subgutturosa and detection of PAs
seems to be mandatory for the survival of these animals.
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