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Abstract

A case of hepatogenous chronic copper toxicosis associated with ingestion of Brachiaria decumbens in a 4-year-
old female is reported in a goat from a herd of approximately 1,000 goats of different categories, all grazing in a pasture
consisting exclusively of B. decumbens. The goat had chronic weight loss, dehydration, and apathy. Just prior to death it
developed anemia, icterus and hemoglobinuria. Necropsy findings included marked icterus, enhanced lobular pattern and
orange discoloration of the liver, pulmonary edema, distention of the gall bladder and hemoblobinuric nephrosis.
Histopathological examination of the liver revealed marked random degeneration and necrosis of individual hepatocytes,
marked bilestasis, intracytoplasmic hemosiderin in hepatocytes and Kupffer cells, birefringent crystals with bile staining in
the lumen of bile ducts, and sparse, randomly distributed foamy macrophages. Severe multifocal tubular degeneration and
necrosis associated with multiple hyaline and coarsely granular hemoglobin casts were observed in the kidneys. Copper
levels determined in liver and kidney samples by atomic absorption spectrophotometry were 410 ppm of liver dry matter
and 34.4 ppm (kidney, dry matter). The gross, histopathological findings and copper analysis in the tissues of this goat led
to a final diagnosis of hepatogenous chronic copper toxicosis associated with grazing of B. decumbens.
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Introduction

Copper toxicosis in livestock is described in acute
and chronic forms. The latter is very common, mainly in
sheep, and the former is rare. These two forms refer to the
duration of copper exposure, as opposed to the onset of
clinical signs (22). Acute toxicity occurs when large
quantities of copper are ingested at once, e.g. from
footbath, which triggers gastrointestinal disorders due to
copper caustic properties; this is characterized by
abdominal pain, diarrhea, emesis, anorexia, dehydration
and shock. Chronic toxicity is the most important in
domestic animals and can be (a) primary, caused by the
consumption of feed containing high levels of copper; (b)

phytogenous, associated with the consumption of pasture
containing normal copper and reduced molybdenum levels;
and (c) hepatogenous, when the copper accumulation
results from liver damage caused by toxic plants (3, 14).
The chronic form is characterized by a subclinical phase,
during which copper accumulates within hepatocytes, for
weeks or months, followed by an acute phase resulting
from the release of the accumulated copper into the
bloodstream, causing intravascular hemolysis, anemia,
icterus and hemoglobinuria (11, 16). There is a significant
variation in species susceptibility to copper toxicosis.
Sheep is rather susceptible due to reduced biliary excretion
of copper (9, 11, 16). Toxicosis in cattle and pigs are less
common and due to abnormally high intake of the copper
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(24). Goats are reportedly more resistant to copper
intoxication than sheep (22). Consequently, there are few
published reports of copper toxicosis in goats (1, 2, 7, 20).

In sheep, species in which the toxicosis is more
common, there are reports of hepatogenous chronic copper
poisoning associated with the ingestion of toxic plants
containing pyrrolizidine alkaloids such as Senecio spp.,
Echium plantagineum and Crotalaria retusa (10, 19).
However, there is no report of hepatogenous copper
toxicosis in goats.

It is well known that ingestion of Brachiaria spp.
by ruminants cause hepatogenous photosensitization and
crystal-associated cholangiopathy (11). There is scarce
documentation of naturally occurring chronic copper
toxicosis in goats and to the authors’ knowledge, this is the
first report of caprine chronic hepatogenous copper
toxicosis secondary to ingestion of Brachiaria decumbens.
The current report describes the pathological aspects of
this toxicosis.

Case report

A 4-year-old female mixed-breed goat died after
presenting chronic weight loss, dehydration, mild icterus,
and apathy; two days before its death the goat developed
acute severe icterus and hemoglobinuria. The goat was part
of a herd of a 1,000 goats of different categories. The farm
is exclusively focused on meat production and the goats
graze in a pasture consisting exclusively of B. decumbens.
Necropsy changes included severe yellow discoloration
(icterus) of oral, ocular and vaginal mucous membranes,
subcutaneous tissue, muscle fascia and visceral fat; diffuse
orange discoloration (Fig. 1) and enhanced lobular pattern
in the liver; distension of the gallbladder; kidneys
markedly and diffusely dark brown, with metallic
appearance throughout the cut surface, and markedly
yellow pelvic fat (Fig.2). The bladder contained dark
brown urine; the spleen was slightly increased in volume;
and moderate amounts of foamy fluid oozed from the
trachea (pulmonary edema). Samples from multiple
organs, including brain, heart, liver, lung, spleen, kidney
and intestine were fixed in buffered 10% formalin and
processed routinely for histopathology and stained with
hematoxylin and eosin.

Formalin-fixed fragments of liver and kidney
were submitted to copper determination by atomic
absorption spectrophotometry, and resulted in 410 ppm
and 34.4 ppm, respectively. Copper concentration
reference values in the liver and kidney of goats are much
lower than those reported for sheep. They may be as low as
25-150 ppm for the liver and 3—6 ppm for the kidney, and
230 mg/kg in the liver and 12 mg/kg in the kidney are
consistent with copper toxicosis in goats (7). In an
outbreak of 3 goats with chronic copper poisoning (2),
copper concentration for the 3 goats (given in ppm) were
436, 378, and 23.4 for the liver and 22.2, 17.6, and 17.1 for
the kidney. Thus, the levels of copper in the goat of this

report is in accordance with a diagnosis of chronic copper
poisoning.
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Figure 1. Goat. Chronic hepatogenous copper toxicosis.
Exposed abdominal viscera. Severe icterus, dark brown
kidneys, and orange discolored liver. The fat of the
omentum is markedly yellow (icterus). All these are signs
of hemolytic crisis.

Figure 2. Goat. Chronic hepatogenous copper toxicosis.
Kidney. Cut surface. The parenchyma is dark brown with
metallic appearance. The fat of renal pelvis is markedly
yellow (icterus).

Histological findings in the liver consisted of
multiples bile casts in bile canaliculi and bile-stained
birefringent crystals in the lumen of bile ducts (Fig. 3),
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random hepatocellular degeneration and necrosis and
randomly distribute foamy macrophages (Fig. 4),
intracytoplasmic hemosiderin in the cytoplasm of
hepatocytes and Kupffer cells. The renal cortex had severe
diffuse tubular degeneration and necrosis associated with
multiples hyaline and coarsely granular hemoglobin casts.
Multifocally,  epithelial  tubular  cells contained
intracytoplasmic dark brown pigment (hemosiderin) and
there were tubular ectasia (Fig.5). The spleen had
numerous hemosiderin-laden macrophages. There were no
microscopic changes related to the intoxication in other

organs.
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Figure 3. Goat. Chronic hepatogenous copper toxicosis.
Histology of the liver. Multiple bile ducts filled with
bilirubin-embedded refringent crystals. Mild hepatocellular
degeneration and marked cholestasis. Hematoxylin and

eosin, obj.40x.

Discussion

Diagnosis of hepatogenous chronic copper
toxicosis induced by liver damage due to ingestion of B.
decumbens was based on excluding exposure to exogenous
sources of copper, and in clinical-pathologic findings and
levels or copper in liver and kidney. Although feedstuffs
were not tested for copper levels, there was no history of
administration of copper containing hematinics, copper
oxide-containing boluses, exposure to swine or poultry
litter, copper-containing footbaths, copper plumbing, or
chemicals. The only hepatoxic, or toxic for that matter,
plant present was B. decumbens. 1deally, all components of
the diet should be analyzed for trace element content in
instances of suspected copper toxicosis, and a careful
assessment should be made of the proportions of those
components in the diet. However, there were logistical and
financial constraints on the number of possible sources of
copper and/or mineral imbalances that could be
investigated.
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Figure 4. Goat. Chronic hepatogenous copper toxicosis.
Histology of the liver. Individual hepatocellular necrosis
(arrow head) and marked cholestasis. Foamy macrophages
(arrow) are seen within sinusoids. Hematoxylin and eosin,
0bj.40x.

i

Histology of the kidneys. Some tubules are dilated and
filled by granular (hemoblobin) and homogenous
eosinophilic casts. Multifocally, the tubular epithelial cells

contain  intracytoplasmic =~ golden-brown  pigment
(hemosiderin). Tubular ectasia can also be observed.
Hematoxylin and eosin, obj.40x.

In most reports of copper toxicosis in goats, there
is an association with high intake of dietary copper or the
cause is undetermined (1, 2, 7). There are few reports
regarding caprine chronic copper intoxication in goats (1,
2, 7, 8) and there is no uniformly accepted maximum
tolerable levels of dietary concentration of copper for goats
(15). Similar to what occurs in sheep, it is known that
caprine susceptibility to chronic copper toxicosis varies
with breed (5, 6, 15). Adult goats and Boer crosses are
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generally considered resistant, especially to the hemolytic
stage of the toxicosis (2), which is at odds with the results
of the current report that describes a case of copper
toxicosis in an adult goat.

Hepatogenous chronic copper toxicosis is rare in
sheep (10) and it has never been documented in goats.
Reports of hepatogenous chronic copper toxicosis in sheep
are associated with the ingestion for several months of
toxic plants containing pyrrolizidine alkaloids such as
Senecio spp., Echium plantagineum and Crotalaria retusa
(10, 19). These plants predispose to excessive liver uptake
of copper. It has been postulated that pyrrolizidine
alkaloids increase the avidity of liver cells for copper,
ultimately leading to the hemolytic crisis of chronic copper
toxicity (10, 12). In such cases, despite the chronic liver
injury, animals die from loss of kidney function and
anemia due to acute hemolytic crisis. Clinical signs may
include photosensitization, chronic weight loss, hepatic
encephalopathy followed by icterus and hemoglobinuria
(12). With exception of photosensitization and hepatic
encephalopathy, all of these clinical signs were observed in
the case of this report. But then, a clinical syndrome of
progressive  weight loss and  death,  without
photosensitization, has been reported in cattle poisoned by
B. decumbens (17), and probably the goat of this report is
included in this syndrome.

The liver damage observed in this goat was due to
ingestion of B. decumbens. Protodioscin is the toxic
principle of Brachiaria spp. This substance is a lithogenic
steroidal saponin that induces pathologic changes in liver
parenchyma and biliary ducts, disturbing clearance of
phylloerythrin, a photodynamic pigment (4). The sequence
of chemical transformations of the lithogenic steroidal
saponins (LSS) resulting in liver damage is as follows. The
LSS ingested in the forage go through hydrolysis in the
rumen yielding the sapogenins diosgenin and yamogenin.
These two sapogenins are respectively converted to
smilagenin and sarsasapogenin. Following this conversion
these compounds go through epimerization resulting in
their ~ respectively  isomers epismilagenin and
episarsapogenin (13). These isomers are absorbed and
transported via blood to the liver where they conjugate
with glucuronic acid giving rise to epismilagenin and
episarsapogenin glucoronides that bound to calcium ions
forming insoluble calcium salt crystals which precipitate in
the hepatic parenchyma and in the bile ducts damaging
those structures (14). Multiple crystals were observed
within bile ducts in this current case. We believe that the
normal flow of bile was compromised by the crystals,
resulting in diminished excretion of copper through the
bile. When the hepatocytes die (either spontaneously or in
response to environmental stress or dietary changes), the
release of large amounts of copper in the bloodstream
ensues (9). However, the mechanism that relates stressful
events to the release of copper by hepatocytes is unknown.
The excess of copper in circulation causes denaturation of
hemoglobin and direct oxidative damage to the cell

membrane of red blood cells with subsequent intravascular
hemolysis. The abrupt destruction of erythrocytes
(hemolytic crisis) causes necrosis of hepatocytes, which
releases even more copper in circulation, creating a vicious
cycle of hemolytic crises and hepatic necrosis (23).

Gross and histopathological findings in the goat
of this case are typical and similar to those previously
described for chronic copper toxicosis in small ruminants
(1, 2,7, 8, 10, 11, 18). The hepatic lesion induced by B.
decumbens described above may have contributed to the
mild icterus initially observed but the icterus suddenly
noted was due to acute phase of copper release, i.e.,
hemolytic crisis. The bile stasis observed histologically
may also have been induced by B. decumbens ingestion but
certainly was most likely a sequel to hemolysis. Therefore,
the gross lesions such icterus and orange discoloration of
the liver (due to bile stasis and hemosiderin) are a
superposition of both mechanisms. In addition, the bile
stasis could have also contributed to the excessive hepatic
copper accumulation because of impaired biliary excretion
of copper (9). The kidney showed a dark brown
discoloration due to the high amounts of intratubular
hemoglobin casts and intracytoplasmic hemosiderin in
tubular epithelial cells observed histologically. It is known
that hemoglobin is not nephrotoxic itself. In copper
toxicosis, animals affected generally have secondary renal
ischemia due to hypovolemic shock or severe anemia and
the hemoglobinuria may have additional deleterious effect
on the tubular epithelium already compromised by
ischemic necrosis (6). However, high concentrations of
this element in blood serum and glomerular filtrate may
exacerbate tubular necrosis occurring as a result of
ischemia (6, 16).

The main differential diagnosis for chronic copper
toxicosis is yellow lamb disease, caused by Clostridium
perfringes type A, wherein both icterus and
hemoglobinuria are present. The other differential
diagnoses for hemoglobinuria in goats include
leptospirosis (Leptospira interrogans serovars pomona,
icterohemorrhagica and hardjo), babesiosis (Babesia ovis
and B. motasi), bacillary hemoglobinuria (Clostridium
haemolyticum), and poisoning by plants of Brassica genus
(16). The differentiation from the listed diseases can be
done by history, clinical signs, combination of gross and
microscopic lesions of the kidney and other organs,
demonstration of infectious agents when appropriate, by
histological findings and, in most cases, by the
determination of copper levels in affected animal tissues.
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