CHAPTER 2
HAEMATOPOIETIC NODUIES AS CENTRES OF FAT SYNTHESIS IN THE
LIVER OF THE MIGRATORY STARLING, STURNUS ROSEUS

In the higher vertebrates the haematopoietic part of the
reticulo-endothelial system 1s normally found in the adult in the
bone-marrow, spleen, and lymph glands (Bessis, 1956). The liver is
known to be a site of haematopolietic activity during embryonle 1life
and, under abnormal circumstances such as depressed bone-marrow
function, in postnatal life also (Popper and Schaffner, 1957).

In certain conditions of damaée to the liver, spleen and bone-
marrow, or under cicumstances of heavy loss of blood, the liver
has been reported to take on haematopoletic activity (Bessis, 19563
Popper and Schaffner, 1957). In certain pathological conditions of
the liver such as myeloid metaplasia (Block and Jacobson, 1950) or
panmyelosis (Black-Schaffer and Stoddard, 1953), haematopoiesis is
also known to occur in the liver. In these cases the changes in .
the bone-marrovw are considered a part of a%generalized mesenchymal
reaction (Péace, 1953) in vhich the liver is believed to participate
ﬁy becoming enlarged and by developing haematopoietic foel (Blacke
Schaffer and Stoddard, 1953; Peace, 1953).

In the chick embryo the erythrocytes and thrombocytes
are the only cell types normally present in the circulating blood.
The other cell types that develop within the haematopoietic organs

are retained there until after hatching (Incas and Jamroz, 1961).
Dantschakoff (1908) observed that the liver of the normal chick

embryo was not haeﬁatopoietic. This was in sharp contrast to the
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claim of Haff (1914) that the liverzdoes function as a site for the
production of arythroé&tes and granulocytes and that the endothelial
calls of the liver sinusoids are the sites of origin of the different
cell types. Sandreuter (1951) observed continued erythropoiesis even

after hatching in the liver of the starling, Sturpus yulgaris,
whereas in the chick, Gallus ticus, it is confined to the bone-

marrovw as soon as blood formation in the yolk sac ceases,

Material and Methods

~

Sturnus roseus comes to India about Septeitber and leaves
for its breeding grounds in southern Europe in April. The birds
were collected from October to April; they were either shot with
an air-rifle or trapped slive in nets. In each month 4 or 5 birds
were collected and histolog;cal énd histochemical observations on
the liver were carried out, For the histological study the liver
was cut into small pieces and fimed in Helly, Bouin, Carnoy and
10% formalin.A Paraffin blocks were prepared and 6'p gsections cut,
‘The sections were stained with Delafield's haematoxylin/eosin I/
azure ;I as described by Gray (1954) with the following modification.
Five millilitres of 1% aqueous eosin Y and five ml of 1% aqusous
azure II were added to 90 gl of distilled water to make the staining
medium. After staining with Delafield's haematoxylin the slides
were transferred to this mixture and left in it for 24 hours. The
sections were differentiated in 96% aleohol until the cytoplasm of
erythrocytes was pink, that of the lymphocytes, lymphoblasts, mono-
blast;, and monocytes blue to pale blue gnd of grahular leucocytes
different shades of pink. The sections were then dehydrated and
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mo;nted in Ganada balsam. Some sections were stained with
Heidenhain's azan as described by Gurr (19556) for study of the
connective tissue of the haematopoietic nodules. DNA was studied
by the Feulgen method as described by Pearse (1960). For the
histochemical study of lipids, pieces &f liver were fixed in
formaldehyde-calcium and embedded in gelatin (Beker, 1946); the

sections were stained with Sudan Black B.
Observations

Circular or oval haematopoietic nodules were clearly
seen by staining sections of the liver with eosin Y/azure II or
Azan, With'Feulgen, the nodules appear bright pink and stand .cut
distinctly from the typical liver cells owing to the greater mitotic
activity in them. One or more such nodules were seen in each 9 or
10 sa. mm of the section., A fully formed nodule is circular or
oval, whereas the incomplete oneshave an irregular shape., They
are always located'ngar or attached to a small blood vessel ﬂFig. 1).
By meaﬁs of serial sections it was found that a complete nodule
had a diameter of 120 p in two directions at right angles to each
other. Azan stained blue the connective tissue sheath and the
reticular net work of the haematopoietic nodule (Figs. 1, 2).
The cells are long with tapering ends and possess cytoplasmic
processes and a dense, oblong nucleus. The connéctive tissue
sheath 1s continuous except where it is in contact with the blood
vessel., In this region the sheath appears eXtreﬁely thin if not
altogether absent. In the vicinity lymphocytes, monocytes, hetero-

cytes, macrophages and very rarely other granular leucocytes are
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_%3M, fig. 1

Fig. 1. Section of the liver of Rosy Pa. or, passing through a
haematopoietic nodule. The atta< “ed blood vessel is seen
to the left of the nodule. (Haenatoxylin/eosin Y/azure I1)

L Fig. 2
Fig. 2. Magnified Portion of fig. 1 showin? the sheath of reticulo-
endothelial cells(rec) of the nodule and the tightly packed
lymphocytes. A lymphoblast(lb) is seen iIn the centre.
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seen. Most of the erythrocytes appear to contain less haemoglobin
than ordinar& erythroeytes. The éytélogicalﬁdetaiis of the cells
of the haeﬁatopoietic nodule were studied under oil immersion. The
majority of the cells in the nodule were found to be lymphocytes
and monocytes. Among the lymphocytes different sizes can be
noticed, small, medium and lsrge. DBesides these cells there are
also the large lymphocytes, monocytes and erythroblasts. There
are about 50 erythroblasts, each about 10 to 16 p in diameter, in
each section tﬁat passes through the centre of a nodule. The
cytoplasm of these cells is stained,iﬁ différént‘shades of blue
with eosin Y/azure II. Their nuélei are very large (Figs. 2, 3).
The nucleoli are very distinet in all the formative cells. The

lymphoblasts contain a2 single nucleolus and the monoblasts two.

Inysome of the cells the nuclei were very lightly stained;
these can be recogpized as young lymphocytes. These young lympho-
cytes are alwais founﬁ’in pairs and.are oﬁviﬁuély newly divided
cells. The lymphocytes can be distinguished from monocytes withoﬁt
much difficulty because the nuclel of the latter are kidney-shaped
and slightly larger than those of lymphocytes. The ecytoplasm is
also more abundant than that of the lymphocytes. The yourg mono-

cytes were found to have more cytoplasm than their adult forms.

A few haemocytoblasts were found within the nodules(Fig. 4).
They measure 12 éo 1édn‘in diameter. The.nueiéus is often located
on one side of the cell and the cytoplasmic mass shbws its amoeboid
nature. The nucleus is round or oval with either two or three

nucleoli. The chromatin can be distinctly seen as a beaded structure.
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1M Fig. 3

Fig. 3. Section of the liver shoving the developed nodule with
Iymphob!asts(lb?. monoblast (mb(D, and a free moving reticulo
endothelial cell(recf). Note the metaphase of a lymphoblast
(Ibm), ans also the cytoplasm and nucleoli of the resting
lymphoblasts and mohoblasts.

Fig. 4. Section of the liver with a developed nodule showing the
young erythrocytes $ey), the haemocytoblasts9(hb)t and

lymphocytes and monocytes. (Haematoxylin/eosin Y/azure 11)

S]g:ctioln of the developed nodule showing the different types

of cells and mitosis Note lymphoblasts (Ib); anaphase of
lymphoblasts(lbe). (Aran)

Fig. 5.



The cell boundary stains deeply and is basophil. The haemocyto-
blast that would subsequently become an erythroblast shows a

characteristic intense violet bssophilia in its cytoplasm.

There are a few immature erythrocytes in the nodules(Fig.4).
They contain little haemoélobin and taper at the two ends;‘yhis
suggests an amoeboid nature. The nuclei of the immature erythro-
cytes are cireular or oval instead of oblong. According to Blount
(1939) a thromboeyte is an erythrocyte in which the process of
haemoglobinizatiqn of the cell has not proceeded to maturity.
Young erythrocytes of this kind are also found outside tﬁe connective
tissue lining of the haematopoietic nodule, as well as in blood
smears. A fully developed erythrocyte:r in a blood smear measures

about 12.5ju in length and 6.2‘P.in breadth.

Some free-moving reticulo-endothelial cells,imuch'SméiIér
than the Kupffer cells, are als&o seen in the central portion of

the nodule.

The parenchymaﬁhs cells of the liver are uniformly
granular and loaded with fat, There is less fat in the haematopoie-
tic nodule (Fig.6). Some of the cells of the nodules, distinct
from the others, are, however, loaded with fat. The free-moving
reticulo-endothelial cells as well as the phagoeytes show quite a
different type of localization of fat. In these cells faf is.
present as fine, dense globules, packed together in lsrge masses’,
fn lymphocytes and monocytes it.is evenly distglbuted as fine

globules. The rest of the ce11§ in the nodule show fewer globules.
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Fig. 6.. Section of the liver passing through a nodule, showing the
distribution of lipids. Note the reater de 05|t|on of lipid
in the phagocytes (ph), lymphocytes(lc) free-moving
reticulo-endothelial cell(recf). (Sudan Black B)

. 9.0A Fig. 7

Fig. 7. Section of the liver passing through a nodule. Note the
lymphoblasts (Ib), with prophase (?bp) and metaphase of
lymphoblasts (Ibm). (Feulgeny



The reticnlo-endothelial cells of the sheath did not contain
fat globules. .

Preparatlons made by the Feulgen and by other staining
technlaues revealed a considerable amount of mltotic activity in

the nodules (Figs. 3, 5, 7).
Discussion

Haematopoietic nodules are well deYelpped throughout

the periodl%}bm October to April. Sendreuter”(lQSl) observed that
in §§gggg§.ﬁﬁlgaris haematopoiesis continued‘in the liver for sone
days after hatching and that the formation of erythrocytes was
most intense during the first five days after hatching, but gradually
ceased between the 10th and the 20th days. Granulocytopoiesis was
found to be reduced after the fifth day and the lymphoid elements,
including the monocytes, increased after the 10th day. In Sturnus
roseus it is possible that the liver continues its haematopoietic
activity from the- embryonlc stage. However, there is no opportu-

nity to verify this, 51nce thiq bird does not breed in Indiz,.

From the present observetions it appears that some of
the lymphocytes and monocytes captured in the sinusocids of the
liver undergo further devel&bent fhere and then the sinusoids
develop into nodules. Bloom (1937) claimed that the small lympho-
cytes become treneforgedliptqQeosinophilez delocytesa and granulc-
cytes. Dovney (1948), from hiéfologicai eﬁudies, concluded that
granulocytes develop from small lymphocytes in the thymus of the
rabbit and man. Jordan (1936, 1939) suggested@ that blood lympho-
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cytes enter the bone marrow where they turn into erythroblasts

/and eventually into erythrocytes. Yoffey (1956) stimulated ery-
thropoiesis and found in the bone-marrow an increased number of
lymphocytes and alsoc many cells in all the stages of'the transi-
tion from small lymbhocytes to erythroblasfs. There is good
evidence that lymphocytes can become transformed into monocytes
and maérophages undef ceitain conditions, particularly in
inflamption (Bourne and Denielli, 1958). Harris (1956) studied
the bone-marrow of guinea-pigs recovering from X-irradiation and
found a marked accumulation of lymphocytes together with many cells
which appeafed to be transitional between iymphocytes and typical
precursors of myeloid and erythroid cells. If, as is now believed,
the large lymphocytes develop from réticulo-endothelial cells, this
transformation of small lymphocytes to macrophages represents a
sort of lymphopolesis. This suggests that reticulo-endothelial
cells become transformed into lymphocytes and conversely (Trowell,
1955, 1957). In the present study it has been shown that some of
the sinusoilds of the liver have many lymphocytes, some monocytes
and few granular leuéocytes. Some of the sinusoids are packed
with newly formed cells of different types, whereas in others the
cells are fewer and not closely packed. The sinusolds that are
fully packed with cells have a regular shape, either ovalﬁbr
circular in section, while the others have a rather irregular
outline (Fig.l). After entering the empty sinusoids from the
blood stream the lymphocytes and monocytes develop into reticulo-
endothelial cells and then differentiate into haemocytoblasts and
histocytoblasts and finally iﬁto lymphocytes, monocytes, granular
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leucocytes and erythrocytes.

In the liver of the Rosy Pastor, small developing
haematopoietic nodules are perhaps being continuously formed
according to demand. Ultimately these smzll nodules would developn
into full-sized nodules, with different mother cells giving rise
to thelr respective cell types. As‘:arresult - 6frtherrapid formation
and growth ofhthe blood cells in the haematopoietic nodules and
of the pressure exZerted on the sheath of the nodule, the nodule
becomes distended, and the adjacent parenchymatus cells of the
liver are moved away, thereby allowing the nodule to attain an <
ovoid or spherical shape. When the nodule has attained full
growth, the various cells enter the blood stream by way of the
adjacent blood vessels. Most of the cells produced from these
haematopoietic nodules are }ymphocytes and monocytes. The reticulo-
endothelial cells of the haematopoietic nodular sheath might have
glven rise to varlous types of blood cells by mitosis at the
beg;nning, but it is unlikely that in the fully formed nodule

the sheath cells were the main source of the blood cells.

The free-moving reticulo-endothelial cells showed fine,
dense globules of 1ipid in the cytoplasm (Fig. 6). Some of the
lymphocytes and monocytes also showed a2 considerable amount of
l1ipid, while the other cells of the nodules contained very little.
Perhaps the fat which is synthesized by the lymphoeytes, monocytes
and other granular leucocytes (Elsbach, 1959; Buchaman, 1960;
Marks, Gellhorn and Kidson, 19603 Rowe, Allison and Iovelock, 1960)

is carried . 't by the free-moving reticulo-endothelial cells intc
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the blood stream. These free-moving reticulo~-endothelial cells
may also synthesize -fat (Day and French, 195?; Day, 19603 French
and Morris, 1960), but I did not detect fat in the reticulo-endo-
thelial cells of the connective tissue sheath of the nodule. It ™
therefore seéms_that the free-moving reticulo~endothelial cells
and the phagocytes are Besponsible for the transport of fat v
rather than for its synthesis. Petrikis, Davis and Imcia (1961)
found that in vitro the nongranular mononuc lear leucocytes
(1lymphocytes and /or monocytes) appear to hypertrophy into cells
having the form of macrophages and histocytes. These cells
appeared to have a veriety of formsand were designated as 'poly-
blast macrophages'. Ultimately these would form the fibroblests,
but in several instances they were found to become traﬁgormed
into fat-cells. In histo}ogical preparations most of these 0
phagocytes were found towards peripheral regions of the nodule,
towards the blood vessel. Probably’such phagocytes, after accumu-
lation of fat, may enter the circulation and after reaching the
fat-depots become converted into fat-cells. Chang (1940) has
reported the transformation of the histoeytic maerophages of the
peritonéal cavity into fat-cells. From histochemical and quanti=-
tative studies on the fat in the liver (Chapter 1), it is known
that fat is uniformly distributed in the parenchymatous cells

in the form of fine droplets: these are not fat-cysts. According
to Hartkoft (1961) fate-cysts are only seen in definitely fatty
livers. Ewen though a certain increase in the fat content of the
liver is seen, it should not be considered as a pathological change,

as there is'an overall increase in the fat content of the various
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tissues of the body of the Rosy Pastor during the perigd of its
residence in India. The fat which is s&nthesized by the haemato-
péietic nodule is continuoéay removed by the phagocytes and the
free-moving reticulo-endothelial cells; the nodule can thus continue

to synthesize more fat.

From the above histological and histocﬁemical observations
it is clear that the livér of this bird is not comparable to one
in the condition of fatty liver disease (Popper and Schaffner,
1957) since there are no fat-cysts and no excess fat deposition
and the lipid granules are uniform in Sbape and size, The Azan
stain does not reveal any distortion of the nodular architecture
nor any increase in connective tissue. There 1s no fatty infiltra-
tion or fattdeegeneration such as has been described in man
(Popper and Schaffner, 1957; Virchow, 1961). No sears of bacterial
infection could be seen and there is no pdssibility of this being
a case of liver sarcoma. The histological study of the liver did
not shqw any sign of dead.hepatic cells with negative or‘yycnotic
nuclear staining. It must,.therefore, be concluded that the liver

of this bird shows normal haematopoiesis.
Summary

1. An histological and ‘histochemical study of the haemato-

‘ poietic nodule in the liver of the Rosy Pastor was made from October

to April. The formation and development of the haemstopoietic nodule
by aggregation of lymphocytes~and monocytes was found to.be a contin-

uous process, in which new nodules are formed regularly.
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2. The o}der nodules after a certain period of high activity
show a considerable decliné in the activity of blood cell formation.
The fully formed'haematopoietic nodules give rise to different

types of blood cellsi- erythrocytes, granular leucocytes, lymphocytes,
and monocytes.

3. During the premigratory period the lymphocytes and mono-
cytes were found to be more numerous in the nodules. It is likely
that the number of erythroéytes increases during migration and that
the formation of different types of blood cells depends upon demand.
4, It is concluded that fat is synthesized in the lymphocytes,
‘monocytes and free-moving reticulo-endothelial cellg, but that this -
synthesis is mainly carried by the reticulo-endothelial cells. The
phagocytes may also be the carriers of fat and it is suggested that @

/.
they are later modified into fat-cells in the fat-depot /7
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5. Haematopoiesis in this bird is a normal phenomenon occu%}ng

in the liver in all seasons and is not a pathological condition.



