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ErythropFtagocytosis is one of the mechanisms by which aged 
erythrocytes are removed from circulation. This mechanism also operates 
when there is tissue haemorrhage. There are numerous reports on ery-
throphagocytosis in mammals both in normal and disease conditions 
and in experimentally produced systems (Essner, 1960; Rifkind, 1965; 
Roy and Ghadially, 1966, 1969; Ghadially et al. 1976a, b; Lalonde and 
Ghadially, 1977). The above reports indicate that when there is extra—
vasation of blood, the key mechanism is phagocytosis of erythrocytes 
and their breakdown products by macrophages and other cells. 

The avian erythrocyte being nucleated, is different from the 
mammalian erytf~ocyte in its structure and composition. So this experi-
ment was designed to study elecironmicroscopical ly the fate of homolo—
gous erythrocytes in vivo after inoculation in the chicken. 

Materials and Methods 

5-6 month old White Leghorn birds (15 numbers) were employed 
for this study. 

Homologous washed erythrocytes were prepared after obtaining 
blood by cardiac puncture. 5 ml of blood was collected in 3.8% sodium 
citrate solution. After centrifugation and discarding the plasma, the 
blood cells were resuspended in 10 ml of physiological saline, allowed 
to stand for 10 minutes and recentrifuged for 15 minutes. The supernat-
ent saline with the top layer of erythrocytes was discarded. After 
repeating this process twice, the packed erythrocytes were resuspended 
in 2 ml of physiological saline. 0.5 ml of the suspension of erythrocytes 
(containing approximately 12 x 10' cells) was injected subcutaneously 
into one of the wattles of the same bird from which the blood was col-
lected. Physiological saline was injected into the other wattle as a control 
procedure. 
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The birds were killed at 10 min., 1 z h,, 24 h., 2 days, 4 days, 
6 days and 8 days. At each of these time intervals two birds were used 
and tissues collected for electron microscopy. Two birds were killed 
before inoculation of erythrocytes. 

Tissues were fixed in 3% glutaraldehyde buffered with cacodylate. 
They were post fixed in Osmium tetroxide buffered with S, coll idin (Sabatini 
eta/. 1963). After embedding in Epon, sections were cut with glass 
knives on LKB ultratome. I ,i~ sections were cut for light microscopic 
evaluation before thin sections were cut. Thin sections,were picked upon 
uncoated copper grids and stained with uranyl acetate. Sections were 
examined and the photographs taken in a Philips EM 201 at 60 KV. 

Results 

Sections examined at 10 min. revealed a uniform distribution 
of erythrocytes (Fig. 1). A few heterophils were also seen among the 
erythrocytes. The erythrocytes did not show any abnormality except 
that the nuclei appeared shrunken and appeared withdrawn from tl~e 
cytoplasm. The cytoplasm was uniformly electron dense. At 12 h some 
of the erythrocytes have become lyric as evidenced by the loss of uni—
form and hornogenous electron density (Fig. 2). Instead, these cells 
had granular electron density and the erythrocyte—membranee appeared 
crumpled. Because of. loss of elecron density it was possible to discern 
2--3 round or oval mitochondria within the cytoplasm. At the site of 
inoculum heterophils, lymphocytes and macrophages were seen. But 
there was no evidence of erythrophagocytosis at this stage. At 24 h 
numerous erythrycyte ghosts (still containing nuclear mate~~ial) and 
crumpled membranes were found. Adjacent to the crumpled membra-
nes, structures similar to nuclear bits were seen. The macrophages 
which had infiltrated into the area showed ultrastructural alterations in 
the form of increased size, ruffled plasma membranes increased activity of 
the Golgi and the presence of large number of lysosomes. A few of these 
cells had endocytosed intact erythrocytes or the lyric cells with intact nu-
cleus or fragmented erythrocytes. Occasionally macrophages containing 
two or three intact erythrocytes were also seen. There was no evidence 
of haemoglobin being degraded to haemosiderin extracel lularly. 
Profiles of erythrophagosome—lysosome fusion with formation of 
erythrophagolysosomes were encountered in some cells. At 2,days the 
number and size of the macrophages increased and more and more cel ls 
ingesting erythrocytes or ery•hrocyte components were observed (Fig. 3). 
Mitochondria were numerous in such macrophages. In the erythro-
phagolysosome, the erythrocyte —membrane was seen disintegrating and 
very often has receded from the wal! of the heterolysosome. The escaped 
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Fig. 1 

Electron micrograph—Numerous intact erythrocytes seen. X 7500 

haemoglobin was found to lie between the receded erythrocyte mem-
brane and the wall of the lysosome. Even while the disintegration of 
the nuclear membrane was taking place the nuclear morphology was 
still intact in some of the eryil~rocytes. Satellite heterophagolysosomes 
were not encountered. After 43 h the changes within the macrophages 
containing erythrophagosomes were the presence of erythrocyte in 
varying degrees of disintegration. Whip.; this was taking place partial-
lysis of the erythrocyte and nuclear membranes was seen. When 
examined at 4 days and later, some macrophages possessed myelino-
somes containing myelin figures enclosed in single membrane. 

The digestion and disintegration of haemoglobin resulted in the 
formation of electron-dense iron containing particles which subsequently 
formed aggregates-nascent siderosomes (Fig. 4). They were seen 
escaping from the heterophagolysosome and possessed a membrane to 
form a siderosome. Many small sideroso~;es were found to fuse forming 
large compound siderosomes (Fig. 5). Rarely myelinos;derosomes con-
taining myelenoid bodies and l~aemosiderin were also seen. The tissues 
when examined after 6 days revealed complete removal of the erythrocytes 
with the macrophages reveal ing myelinosomes, siderosomes, structureless 
dense bodies along with structures representing erythrocyte components. 
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Fig. 2 
Electron micrograph—Note tf~e erythrocytes with partial lysis and 

intact nuclei. X 10,000 

Discussion 

It is evident from this study that macrophages are the cells 
mainly concerned with erythrocyte removal. Phagocytosis is involved 
irrespective of whether the erythrocyte was intact or lysed. When lysis 
does not occur the macrophages have to cope with the entire erythrocytes 
or erythrocyte fragments. The chicken macrophage has been shown to 
possess this capacity. When lysis occurs, the phagocytic cell has to 
tackle the products of lysis viz. erythrocyte ghosts, crumpled erythrocyte 
membranes, nuclei and the liberated haemoglobin. 

It is quite clear from this investigation that haemosiderin is 
formed intracellularly within lysosomes. Gedigk and Strauss (1953) 
thought that besides iron, haemosiderin contains polysaccharide, protein 
and lipid. Sturgeon and Shodan (1969) pointed out that 'it is highly 
improbable that any of these substances other than iron constitute an 
integral part of haemosiderin". It is likely that this may depend on the 
anatomical source, stage of maturation etc. 
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Fig. 3 
Electron micrograph--Part of a macrophage showing erythrophagocy-

tosis. The phagocytosed erythrocytes—E, in advanced stage of 
lysis— E2. The nuclear membrane and Chromatin showing lysis. 

N —Nucleus of erythrocyte X 15,OG0 

Fig. 4 
Electron micrograph—Part of a macrophage showing a siderosome (S). 

M—mitochondria. 
N —nucleus of macrophage. G—Golgi Complex X 25,000 
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Fig. 5 
Electron micrograph —A macrophage showing the formation of compound 

siderosomo (CS) X 15:000 

The breakdown products of erythrocytes in heterolysosomes 
lead to the formation of variety of lysosomal bodies or residual bodies 
like myel inosomes, siderosomes and dense bodies. The myel inosomes 
seen after erythrophagocytosis may be due to hydrated lipidic residues 
derived from the presumably difficult to digest cholesterol-rich erythro—
cyte membrane (Ghadially, 1982). Generally the capacity for hydrolases 
to degrade l ipids is limited. In the chicken in addition totlie erythrocyte 
membrane, the nuclear membrane I~as also to be handled. So, it is not 
surprising that many myelinosomes are encountered. It is possible 
that the chicken macrophage is endowed with nucleases which help to 
degrade the nuclear components. 

Summary 

The present study elucidated the ultrastructural aspects of 
erythrophagocytosis in chicken after inoculation of homologous erythro-
cytes. The macrophages were found to phagocytose intact and lysed 
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erythrocytes with formation of myelinosomes, siderosomes and dense 
bodies. Haemosiderin was liberated intracellularly within the lysosomes. 
The myelinosomes seen after erythrophagocytosis was thought to be 
due to hydrated lipidic residues derived from erythrocyte membranes. 
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