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CHRONIC COPPER POISONING IN SHEEP
STRUCTURAL CHANGES IN ERYTHROCYTES AND ORGANS *
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S@LI, N. E. and I. NAFSTAD: Chronic copper poisoning in sheep.
Structural changes in erythrocytes and organs. Acta vet. scand. 1976,
17, 316—327. — Four cases of experimental copper poisoning in sheep
were examined. Light microscopical and ultrastructural alterations of
erythrocytes were observed a few hours before a significant haemo-
lysis was evident. Heinz body formation in otherwise unchanged red
cells was the first morphological alteration observed. The Heinz bodies
were predominantly membrane-attached. During the haemolytic crisis
severe erythrocytic distortion, structural membrane alteration and
Heinz body-containing ghost cells were observed. Erythrophagocytosis
was mainly located to the RE cells of the spleen. Intrafollicular necro-
ses were found in all histological sections from the spleen. Patho-
logical changes in liver and kidney were comparable to those of
earlier reports, comprising hepatocellular and renal tubular necrosis.

copper poisoning; Heinz bodies; erythrocyte
ultrastructure; sheep.

The post-mortem findings associated with spontaneous chro-
nic copper poisoning in sheep have been described by Nordstoga
(1962). Changes in liver specific serum enzyme levels have been
recorded as early as several weeks prior to the onset of the
haemolytic crisis (Todd & Thompson 1963, Ross 1966, Ishmael
et al. 1972). Ishmael et al. (1971) reported histological and
histochemical changes occurring in liver before the omset of
haemolysis. Gopinath et al. (1974) studied the histological, histo-
chemical and functional changes occurring in the kidney of
copper poisoned sheep prior and during the development of the
haemolytic crisis. Ishmael et al. (1972) examined blood films
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during the haemolytic crisis, and numerous fragmented red cells,
anisocytosis, poikilocytosis and polychromasia were present.
Howell Jolly bodies and occasional normoblasts were also present.
Heinz bodies were seen in supravitally stained films and could
be present in up to 15 % of the red cells. Previously it has been
reported (Sgli & Frgslie in press) that 50—90 % of the erythro-
cytes contained Heinz bodies. The main purpose of the present
study was to investigate by light and electron microscopy the
structural properties of erythrocytes during the development of
the haemolytic crisis. Results from histologic examination of
other organs are mentioned briefly.

MATERIALS AND METHODS

The experimental animals were identical to those described
by Sgli & Frgslie (in press).

Four one-year-old sheep were dosed with 0.2 % aqueous
copper sulphate solution (CuSO, -5H,0 p.a. Merck Darmstadt),
as a drench six days a week. During the first 48 days the animals
were given 10 mg copper sulphate/kg body weight once a day,
later on they received 20 mg/kg twice a day. They developed
clinical symptoms after 7—13 weeks of dosing. Two convention-
ally fed sheep without copper supplement served as control ani-
mals. Blood samples were drawn at weekly intervals during the
accumulation period and with a few hours’ interval during the
haemolytic crisis.

For determination of bilirubin in plasma the method de-
scribed by Hansen (1970) was used. The procedure described by
Reitman & Frankel (1957) was followed for determination of
glutamic oxaloacetic transaminase (GOT).

Haemoglobin, red blood cell and white cell counts were per-
formed by conventional methods. Smears of peripheral blood
obtained from the anterior jugular vein were stained according
to Wright’s method for routine examination by light microscopy.
The New Methylene Blue intravital staining method (Schalm
1965) was used for Heinz body counting. Vital staining with
Brilliant cresyl blue (Benjamin 1961) was used for reticulocyte
counting. Blood samples for electron microscopy were treated
according to the method described by Anderson (1966) using
acidic citrate dextrose(ACD) as an anticoagulant. The buffy coat
was discarded, and the erythrocytes were prefixed in 2.5 %
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glutaraldehyde and postfixed about 2 hrs. in cold 1 % phosphate
buffered OsO, (pH 7.4) according to Millonig (1962). Dehydra-
tion was performed with acetone, and Araldite® was used as an
embedding material. Sections were cut with a LKB ultramicro-
tome. They were double-stained with uranyl acetate and lead
citrate and examined in a Siemens Elmiscope IA. Tissue samples
from liver, kidney and spleen were fixed in buffered 10 % for-
malin and were processed by conventional paraffin embedding.
Haematoxyline and eosin staining was used as routine staining.
For particular purposes PAS-reaction and Perl’s Prussian blue
(Culling 1963) were used.

RESULTS
Plasma analyses

In the first part of the accumulation period the GOT activities
in plasma were within normal ranges for sheep nos. 2, 3, 4, (60
to 100 Sigma-Frankel units) and slightly increased for sheep
no. 1 (150 to 225 Sigma-Frankel units). Three to four weeks
prior to the haemolytic crisis, however, the plasma GOT activities
for all four experimental sheep were increased and ranged from
500 to 700 Sigma-Frankel units.

Bilirubin in plasma was found to be 0.18—0.26 mg/100 ml
plasma in the first part of the accumulation period. Bilirubin
values started increasing at the same time as plasma GOT activ-
ities, and at the onset of the crisis plasma bilirubin was found
to be 0.6—1.3 mg/100 ml plasma.

Peripheral blood smears

All the experimental animals were found to have normal
haematological values with respect to haemoglobin, haematocrit,
red blood cell and leucocyte count during the accumulation
period. Erythrocyte morphology and differential white cell count
were without remarks. At the time of the haemolytic crisis the
differential cell count shifted from lymphocyte dominant to
neutrophilic with about 70 % neutrophils. The monocytes count-
ed for about 20 % of the white cells in the last days prior to the
haemolytic crisis. In the accumulation period Heinz bodies were
only occasionally seen in up to 1 % of the erythrocytes. However,
2—4 hrs. before measurable haemoglobin could be observed in
plasma, Heinz bodies were found in 50—60 % of the red cells. At
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that time GSH in the erythrocytes had fallen below normal values
and an increase in methaemoglobin content in the red cells was
measured (Sgli & Frgslie in press). The number of erythrocytes
containing Heinz bodies increased during the crisis up to 90 %
of the red cells. Heinz bodies were commonly seen free in the
plasma and were assumed to originate from lysed cells.

Marked variations in red cell size and shape along with con-
tracted and crenated cells were seen as soon as the crisis was
significant. Red cell ghosts empty of haemoglobin, but retaining
their Heinz bodies, were frequently seen (Fig. 1). The reticulo-
cyte count which was low during the accumulation period was
found to increase to 5—10 % after about 20 hrs. of significant
haemolysis, with the occurrence of a few normoblasts in peri-
pheral blood smears. Thrombocyte counts were not performed,
but from the visual examination of blood smears the thrombocyte
number was apparently increased.
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Figure 1a. Blood smear showing Heinz bodies in most erythrocytes.
New Methylene Blue. X 425.

Figure 1b. Blood smear showing anisocytosis and poikilocytosis.
Heinz bodies are visible in ghosts (arrow).
Wright stain. X 800.
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At an advanced phase of the crisis, multiple aggregates of
thrombocytes, and degenerated white cells were observed. Intra-
cellular erythrocyte fragments could be seen in some monocytes.

Electron microscopical examination

The ultrastructure of erythrocytes during the accumulation
period was unremarkable. From electron microscopical exami-
nation of blood samples drawn at the haemolytic crisis, the ery-
throcyte population could roughly be divided into different cell
types according to morphology: 1) Normal erythrocytes, in-
distinguishable from the erythrocytes of control animals; 2) red
cells containing Heinz bodies which were distorted in shape, they
were, however, found to have normal electron density of the cyto-
plasm suggesting no leakage of haemoglobin (Fig. 2); 3) Red
cells revealing partial or complele loss of haemoglobin but re-
taining their Heinz bodies. Fragmentation of the cell membrane
was commonly seen at this phase of haemolysis (Fig. 3). In the
two first mentioned cell types, discontinuities of membranes

Figure 2. Electron micrograph of Heinz body located in a pro-
trusion in an erythrocyte (H). x 40000.

Inset: Part of erythrocyte from the same animal four weeks before
haemolytic crisis. Note three-laminar cell membrane (arrow). X 60000.
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were not observed. The three-laminar structure normally present
in red cells which was also demonsirable in the red cells of the
experimental animals during the accumulation period, could not
however be seen in the red cells of blood drawn at the haemolytic
crisis (Fig. 2).

Several Heinz bodies were usually present in one cell. The
Heinz bodies were of varying size and were almost invariable
attached to the cell membrane. Fragments of erythrocytes and
free Heinz bodies in the cytoplasm were frequent findings.

Post-mortem changes

Sheep no. 1 died on day 3 of the crisis, the three other experi-
mental sheep (nos. 2, 3, 4) were killed in extremis on the second
day of the crisis.

All four sheep showed similar gross lesions. Visible mucous
membranes were yellow-brown in colour. The carcasses were
dull yellow with yellow-brown discolouration of body fat. The
abdominal cavity contained an excess of brown fluid in two ani-
mals. The livers were yellowish brown. The kidneys were swollen,
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Figure 3. Electron micrograph showing ghost cell of erythrocyte
containing one large (H) and several small Heinz bodies.
Arrow indicates defective membrane. X 60000.
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enlarged and black coloured. The bladders either contained dark
coloured urine or were empty.

Histology

Livers. Livers from the sheep that died and those of the sheep
that were killed showed similar lesions. Focal necroses without
regular location within the lobuli were characteristic findings.
The necrotic areas contained slight numbers of inflammatory
cells. Bile canalicular thrombi were present, and intracellular
yellow to brownish pigment granula were deposited in hepatic
and Kuppfer cells. Some part of the pigment exhibited positive
reaction with Perl’s staining for iron. Erythrocyte remnants were
located in some RE-cells.

Kidneys. Proximal tubules showed degenerative changes in-
cluding cellular desquamation and vacuolation and areas with
regular necrosis. The tubular lumina contained casts of granular
eosinophilic material evidently containing haemoglobin. The
glomeruli were moderately swollen with varying numbers of
pyknotic nuclei and exudation of homogenous or granular mate-
rial in the Bowman capsular space (Fig. 4). Kidney sections
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Figure 4. Kidney section. Arrow indicates tubular necrosis.
Haematoxylin-eosin stain. X 200.
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stained by Perl’s Prussian Blue showed relatively small amounts
of iron containing material in the tubular epithelial cells in
experimental animals killed during the haemolytic crisis. PAS-
staining of kidney sections demonstrated clearly, by visualization
of the naked basal lamina of the tubular epithelium, that severe
epithelial necrosis had taken place.

Spleen. Intrafollicular necroses were regularly found. The
phenomenon seemed to be associated with obstruction of central
follicular arteries (Fig. 5). Intracellular erythrocyte and frag-
mented erythrocytes were commonly seen, as were iron contain-
ing pigment granules, in phagocyting cells in the red pulp and
the perifollicular area.

DISCUSSION

Changes in GOT and bilirubin were comparable to those de-
scribed in earlier reports, and so were the post-mortem gross
lesions as well as histopathological changes in liver and kidney
(Nordstoga 1962, Ishmael et al. 1971, 1972, Gopinath et al. 1974).

The follicular necroses in the spleen are suggested to originate
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Figure 5. Spleen section showing follicular necrosis (arrow). Note
obliterated artery.

Haematoxylin-eosin. X 425.
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from hypoxaemia caused by obstruction of the central arteries.
Whether the vascular changes are directly caused by an effect
of copper on the vascular wall, or by thrombi produced by agglu-
tination of abnormal erythrocyles cannot be explained at present.
In vitro investigations on human red cells have demonstrated
that Cu** among other multivalent metallic cations is able to
attach proteins to the cell surface and cause agglutination by
Coombs serum (Jandl & Simmons 1957). In addition to the
morphological changes reported in previous investigations, find-
ings in the present material indicated that extravascular haemo-
lysis must have occurred, as judged from the erythrophagocytosis
in RE-cells, especially of the spleen. This finding was not un-
expected, since Heinz body anaemia of different origins in other
animal species is commonly associated with erythrophagocytosis
in the RE-system (Harris & Kellermeyer 1970). For chronic cop-
per poisoning in sheep the haemolysis, however, is of minor im-
portance compared to the intravascular one. Most compounds
that may give oxidative damage, including copper, converse re-
duced glutathione to its oxidized form, resulting in oxidation of
haemoglobin fo methaemoglobin and the denaturation and pre-
cipitation of haemoglobin in the form of intracellular Heinz
bodies (Jandl et al. 1960, Sgli & Frgslie in press). The cells con-
taining Heinz bodies are destroyed at an accelerated rate in vivo
(Jandl et al.). Three mechanisms have been proposed for the
accelerated rate of desiruction of red cells containing Heinz
bodies: 1) decreased red cell deformability due to the mechanical
presence of rigid bulky Heinz bodies resulting in either splenic
sequestration (Rifkind 1965) or intravascular haemolysis (Lubin
& Desforges 1972); 2) chemical and/or mechanical changes in
red cell membranes caused by the attachment of Heinz bodies
to the inner surfaces of cell membranes via mixed disulphide
linkages (Allen & Jandl 1961, Rifkind, Lessin et al. 1972);
3) direct oxidative injury to the red cell membrane (Kosower
et al. 1969, 1971). .
Rifkind & Danon (1965) have described that Heinz bodies
produced by phenylhydrazin and acetyl phenylhydrazin are
formed near the center of the cell; they then rapidly migrate to
the membrane and attach there. Membrane-attached Heinz bodies
are able to affect the erythrocyte membrane ultrastructure as
demonstrated by Rifkind and by Rifkind & Danon, as well as
the chemical composition, as demonstrated by Szelényi et al,
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(1972). The alterations included increased cholesterol and phos-
pholipid levels in the membranes.

On the other hand, Heinz bodies in mono-methylhydrazine-
incubated Ted cells do not migrate to the membrane, but never-
theless the cell deformability is altered by the compound. These
results show that alterations in red cell deformability caused by
oxidative injury may be unrelated to direct Heinz body-cell mem-
brane interactions (Weinstein et al. 1975).

The type of Heinz body formation connected with copper
poisoning in sheep as observed in our material is predominantly
membrane-attached, similar to that of phenylhydrazin and ace-
tylphenylhydrazin produced Heinz bodies in other animal species
(Rifkind, Rifkind & Danon).

Furthermore the observed changes in membrane morphology
may well be consistent with the alteration in membrane lipid
composition described in phenylhydrazin-induced Heinz body
formation, as the morphological visualization obtained by os-
mium fixation will most likely be influenced by changes in the
membrane lipid compounds.

The results suggest that the extravascular haemolysis as well
as the intravascular one is caused by the Heinz body formation
and the alterations in the red cell membrane that can be found
in situations with membrane-attached Heinz bodies. It cannot be
excluded, however, that copper directly alter the composition of
the erythrocyte membrane.
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SAMMENDRAG

Kronisk kobber forgiftning hos sau. Strukturelle forandringer i
erytrocytter og organer.

Fire tilfeller av eksperimentell kobber forgiftning hos sau er un-
dersgkt. Lysmikroskopiske og ultrastrukturelle forandringer i erytro-
cytter ble observert noen timer fgr tydelig hemolyse var synlig. Dan-
nelse av Heinz’ legemer i ellers uforandrede erytrocytter var den fgrste
morfologiske forandring som ble observert. Heinz’ legemene var hoved-
sakelig membranbundet.

Under den hemolyttiske krisen opptradte stort antall av erytro-
cytter med abnorm fasong, ,,ghost“celler som inneholdt Heinz’ lege-
mer, og strukturforandring i erytrocyttmembranen. Erytrofagocytose
var hovedsakelig lokalisert til RE-cellene i milten. Intrafollikulere
nekroser ble funnet i alle histologiske snitt fra milten. De patologiske
forandringer i lever og nyre tilsvarte de forandringer som er beskrevet
i tidligere rapporter inkludert de hepatocelluleere nekroser og de tubu-
leere nekroser i nyrene.
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