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~ On the other hand, the routine method of preparing smears, consisting usually
in scraping up some splenic pulp with the cdge of one slide and smearing it over
the surface of a second, is an execrable example of haematological technique,
failing as it does to preserve the elements in a form approximating their living
state. The cellular distortion and disintegration resulting from pressure, friction
and tearing is extreme in this mecthod of dislodging delicate cells from the
imprisoning reticulum and spreading them over a slide: nuclei are torn from their
cytoplasm and squashed into fibrillated masses or drawn into long strands, while
torn off cytoplasmic fragments are left strewn about. Even with improved methods
one cannot possibly hope to escape some degree of damage.

The problem immediately arises as to the correct assessment of (1)
artefacts due to damage of normal structures, i.e. exogenously produced arte-
facts; (2) artefacts produced by mechanical damage to structures normally present

1t in incipient stages of senescence and/or degeneration, i.e. endogenously condi-
tioned artefacts; and (3) appearances resulting from certain physiological processes,
but simulating artefacts whether exogenously produced or endogenously con
tioned.

Some selections from the literature may be given to illustrate the nebulous
state of our knowledge regarding this aspect, based as it is on a few casual observa-
ticns and personal opinions.

Tempka and Kubiczek (1938) describe and illustrate formation of “ nake
lymphocyte nuclei ”, squashed nuclei and chromatin smudges and networks as dne
to a pre-existing state of degeneration, arguing: wenn also ein
der zellularen Gebilde die Form der nackten Kerne annimmt, so ist darin eben aer

wels zu sehen dass die betreffenden Zellen besonders empfindlich, weniger reeic-
tent sind, eine ‘ fragilité particuliere *”. The expression is a quotation from W
Isch-Wall and Perles (1936) (p. 22): “ Les noyaux nus existent toujours en grai
quantité dans toute ponction de rate; le traumatisme que 1’on fait subir a la pu

lénique explique leur présence. Ils sont dus probablement a une artiuce
a dtalement et a4 une fragilité particuliere des éléments; on peut les mentionner dans
le gplénogramme, mais ils doivent en aucun cas faire partie du pourcentage”

ontana (1925) (cit. Spadolini) also observed this so-called selective unmasking
cells in incipient stages of degeneration by the making of dry preparations. Osgood
(" good and Ashworth—1937) considers squashed cells as “remnants of dez
cells ™.

Sabin (1923) and Sabin, Cunningham, Doan and Kindwall (1925) regard frag-
mented neutrophils with scattered granules as being the result purely of mechanical
damage. Naked nuclei with pale-staining shadows of granulations in dry smears

however, thought to correspond to non-motile (i.e. degenerating) leucocytes -

ravital preparations. Yet this criterion was not found to be infallible. In fact,
in and Doan (1926) state (p. 833): “. . . more leucocytes arc fragile in the
technique of pulling films than are actually in the non-motile phase of the supra-
vital technique ”. Apparently Whitby and Britton (1935) loosely extr. olate this
idard to apply to other appearances and other cells as well; for example:
isket cells” (from granulocytes), and “ Smear cells” (smudges derived from
phocyte nuclei). (Compare their plate 3, page 36, figs. O and P with our plate
figs. 111 and 107).

Anart from these non-motile forms of neutrophils, phases of degeneration have
ribed for lymphocytes, i.e. d=creased number of mitochondria (Sabin,
m, Doan and Kindwall, 1._J); active extrusion of lymphocyte nuclei
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to encourage ideas of an immutability of types, such as is implied in the naming of
species.  Yet names, as Oettlé (1947) reminds us, are unavoidable, and static
conceptions must be fought largely by other means.

MATERIAL AND TECHNIQUE.

Of the routinc smears mentioned previously, some 50,000 werc examined by
the authors during the period this investigation was in progress. They originated
chiefly trom the sc-called “ East Coast fever areas”, i.e. from certain low-veld
areas of the Province of Transvaal, and to a lesser extent from similar areas in
Natal. From this mass of moderately well to poorly prepared material, ricorous
selection yiclded about a hundred more fortunate preparations suita : for
intensive study or for the demonstration of certain artefacts.

As previously indicated, this material had to be supplemented by more care-
fully made smears. Merely drawing a slide over the cut surface of the organ was
not found to be much better than the routine method. The impression sthod
(touching) yielded preparations, which, although quite good or even excellent in
parts, were still far from satisfactory considering the preparation as a whole.

Buffering the mechanical forces of distortion, and thus approaching the
conditions obtaining during the making of a blood film, naturally suggested itself.
For this purpose serum or oxalated plasma was found the best. Endicott (1945)
recommended the use of plasma or serum for making bone-marrow smears.
Although from long experience we can fully endorse this recommendation,
seems seldom to be bothered about in pathological laboratories. inger or
Ringer-Locke solution serves this purpose very poorly. No critical experiments
were carried out to determine whether heterc'~gous, homologous, or even auto-
genous serum or plasma is to be preferred. rom gencral considerations, auto-
genous plasma was used whenever possible, being obtained from blood coilected
inst before slaughter or during bleeding-out of the carcass, and centrifuged while

= spleen material was being taken. When this was not possible, recourse was
had to a supply of homologous serum or plasma which had been collected under
sterile conditions, passed through a Seitz filter to remove any cellular elements or
chance contaminants, and stored at 0° C. This was filtered through fine filter
paper immediately before use to remove any sediment or cloudiness("). In the
case of plasma, sufficient potassium oxalate was used in the collecting vessel to
prevent coagulation of about 1} times the volume of blood collected, thus
providing a margin of safety against the eventuality of coagulation during the
subsequent manipulations. To prevent undue dilution of plasma a fairly con-
centrated solution of oxalate (10 or 20 per cent.) was preferred.

With regard to the spreading of the film and the ultimate distribution of
cells on the slide, there exists an optimum although comparatively wide range
of relative density of the splenic elements in the final suspension. Since speed
is an important factor in the preparation of =zse films, and the relative density
may be greatly influenced by the blood content of the spleen from which the
sample originated, no attempt was made at careful determination of the volume
of spleen pulp and that of the serum or plasma used as suspending medium.
Reliance was rather placed on practical judgment which was soon attained.
The final suspension should appear to the naked eye like hydraemic blood in
colour and like leukaemic blood in consistence.

(" Oreasionally, when serum was used, small coagula would hamper the smear-maki
ata i of the proceeding. This may be due to admixture with the plasma of tuc
selecicu sampie of the splenic pulp.
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the drop to avoid bubbles, and after allowing a second or so for the suspension
to spread, was slid off as explained. Rapid drying in front of an electric drier
completed the procedure.

Staining was done by the May-Griinwald-Giemsa (Pappenheim) method.
difications introduced during the course of the work resulted in the following
procedure : —

(1) Fixation in methyl alcohol, 6 minutes.
(2) May-Griinwald stain plus distilled water, 6 minutes.

(3) Without washing transfer to Giemsa stain 7 ml. per 100 ml of fresh.
triply distilled water, plus 7-5 ml. acetone as recommended by Lillie
(1944). Stain for 25 to 35 minutes at 56° C. (i.e. in the embedding
oven).

(4) Rinse in triply distilled water buffered to pH 6-2 for 30 seconds.(*)

(5) Wash rapidly in ordinary distilled water and dry.

oplin jars in which the slides were kept upright were used to prevent stain
precipitate.

Smears made in the ordinary way were kept for comparison. including pre-
wrations made from the serosa and other parts of the peritoneum to study the
vytology of the serosal cells.

Material fixed in 10 per cent. formalin and in Zenker-formol was embedded in
paraffin or celloidin-paraffin, and stained with haemalum-cosin, van Gicson, or
Giemsa, or impregnated by Gordon and Sweets’ modification of the Bielchowsky
technique for reticulin, as required. More valuable information was gained by
perfusing the spleen with saline, followed by Zenker-formol perfusion. Starting
the perfusion within fifteen minutes after death and using fluid at body temperature
greatly facilitated proper washing out of free ¢ ular elements. On account of its
size, complete perfusion of the bovine spleen was not « tained. By dissecting
along the splenic artery the best parts were selected for embedding and sectioning.

vout 4 L, of perfusing fluid followed by 0-5 L. of fixative was used at a pressure
ot 130 cm. of water.

Excellent sections were obtained from Helly-fixed material, double-embeddcd
in lloidin-paraffin and stained with Giemsa (24 drops per ml. of distilled water
witn addition of acetone as before) for 6 to 8 hours at 56° C. The stain should
preferably be changed once. The sections were differentiated in 96 per cent.
alcohol to which a few drops of a saturated acetone-alcohol solution of colopho-
nium ('") had been added to give a light straw-coloured solution, and dehydrated
in three changes of absolute alcohol, followed by clearing in xylo!l and mounting in
cedarwood oil.

Connective tissue fibres were recognised by applying sclective methods (silver
impregnation for reticular fibres, orcein for elastic fibres, etc.). suitably modified
for use on smears. The Prussian blue reaction was made use of in the recognition
of haemosiderin and “haemofuscin ” (see under the heading * Sinus-lining Cells

yr further details regarding the latter pigment). and Sudan IV and Sudan Black
tor possible presence of fat.

(®) Concentration of Giemsa, time of staining, pH of the subsequent wash in distilled
water, all had to be eventually adapted anew to every batch of stain. Sometimes step (4)
was found unnecessary.

(1) We find that differentiation in acetic-alcohol. as is commonly practised, ruins

ymanowsky-stained sections; indeed this fully accounts for their previous unpopularity at

uus Institute, The oond Ramanowsky section seems all too seldom to be seen in histological
logical
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definite sites in smears prepared in the ordinary way, leads one to suspect th=ir
possible association with the secondary nodules. Whether they represent lym  o-
cytes that have phagocytosed microscopically subparticulate matter, that have
completed the process of intracellular digestion, or have imbibed fluid, or, if =
assumption of their intrafollicular position is correct, whether they represent spent
elements (Sjovall, 1936), are speculations requiring further research.

2. Phagocytosing Lymphocytes (Plate 1, figs. 11 to 21).

Much to our surprise when first we reached the conclusion, the predominant
phagocytosing eleinent of the bovine spleen proves to be nothing but a lymphocyte.
At that time we had not read the work of Taliaferro and Cannon (1936), Taliaferro
and Mulligan (1937), and Taliaferro and Kliiver (1940), who arrived at the same
conclusion from their study of human and simian malaria. Lymphocytes, per-
haps espzcially small lymphocytes, are the cells chiefly engaged in the phago-
cytosis of erythrocytes. Furthermore, these same cells are highly active in the
phagocytosis of blood platelets. This phenomenon and its importance are only
to be appreciated in smears prepared by meticulous technique. In ordinary
smears the cytoplasm of the phagocytosing lymphocytes is almost invariably torn
away from the nuclei. We have no doubt that purely technical difficulties
have been responsible for the current ignorance about the fate of the blood
platelets and also for the confusion regarding the nature (* macropt e, mono-
cy.e, ““splenocyte ”) of the most active phagocyte of the spleen. For discussion
of this point refer to chapter IV, subheading 1, page 112.

Phagocytosing lymphocytes differ in no way—in either their nuclear texture
or cytoplasmic appearance——from the ordinary lymphocytes. They may be small,
medium or large. They phagocytose erythrocytes (fig. 11) or blood platelets
(figs. 12, 13, 14, 15) or both (figs. 16, 17, 18). These phagocy:osed inclusions
indent the nucleus and cause it to assume an eccentric position. With increasing
phagocytosis (fig. 18), the cytoplasm is stretched larger and larger in order to
accommodate its contents. Both ery.hrocytes and platelets may, as stated, be
phagocytosed by one and the same cell; more usually a lymphocyte contains
either the one or the other. Phagocytosed platelets may not only deeply inde~*
the nucleus, bui may even appear to cause an actual intranuclear vacu
(figs. 14, 21). Evidence of phagocytosis of leucocytes by splenic lymphocytes
may be seen (fig. 19). Haemosiderin may also be found in the phagocytosing
lymphocytes, either alone or in conjunction with other inclusions (figs. 20 and 21).

The significance of these observations on phagocytosing lymphocytes w
be discussed later in connection with the monocyte-macrophage problem (chapter
V).

3. Plasma Cells (Plate 11, figs. 22-51).

Morphologically a plasma cell is characterised chicfly by its eccentric nucle
its deeply basophilic cytoplasm and the presence of a prominent juxtanuclear
light-staining area, the cytocentrum. Although our observa‘ions have convinced
us that there is more than one sort of cell (viz. lymphocyte) which may undergo
a change leading to acquisition of these characteristics, it seems advisable
for practical considerations to deal with all such cells under this heading, and
to leave open the question of the desirability of distinguishing nomenclatura
between ““ plasma cells ” of varying origins.

Under normal conditions the majority of plasma cells in the spleen appear to
be derived as a direct transformation of lymphocytes. There exists a perfectly
graded series between the two types. These plasma cells correspond in size
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cells and thus may represent a storage phase in plasma cell secretion. This possibility was.
considercd by Downey (1911) and by Apitz (1940). Brass (1943a) considers only the vacuoles
to be the morphological evidence for (protein) secretion, but the Russell .bodxcs an_d their
**initial stages” as signs of resorption of proteins ~-eign to the blood (or tissue). This latter
view is also shared by Alexeieff (1925a) who rega1  Russcll bodies as indicative of selective
absorption of toxic producs.

The Russell bodies (figs. 32, 33, 34) are highly refractile. They stain some-
what similarly to, but far from identically with the erythrocytes, varying from
greenish to bluish or mauve with different pH of the Giemsa solution. They
vary greatly in size, and sometimes occupy the greater part of the cytoplasm.
which is then reduced to thin strands between a morula-like conglomera e
these inclusions. Russell-body plasma cells, when they occur, are very striking
constituents of the Romanowsky stained smear, and would undoubtedly puzzle
anyone not familiar with their appearance under these tcchnical conditions.

Rarely, phagocytosed blood platelets may be seen in the plasma cells (figs.
35, 36).

Especially, perhaps exclusively, in plasma cells of the second type mentioned
above, on rare occasions one may sec large amounts of brilliant red (metachro-
matic) staining material incorpora‘ed in the basophilic cytoplasm, sometimes
even preponderating over it; a peculiar “ polychromatic ” appearance may thus
result (fig. 37). Such cells are not compara : with the so-called oxyphil plasma
cell described by Dubreuil and Favre (1921) nor probably with the azurophil
granule plasma cells mentioned by Naegeli (1923). Because of the metachro-
masia displayed towards the Romanowsky s'ain, one may suspect this material
to be of mucoid nature. Morphologically it resembles the blue-staining material
(supposed protein) in plasma cells described by Brass (1943b) and illustrated in
his figure 2. Any statement regarding similaricy of tinctorial properties is impos-
sible, as this author used Weigert’s fibrin stain.

Crystalline inclusions mentioned by Dubreuil and Favre we have never observed: Brass
(1943a) emphasizes that they only occur under abnormal conditions (neoplasia). Neither did
we see the intra-nuclear Russell bodies described by Apitz (1940) in plasmacytoma.

Plasma cells densely laden with haemosiderin may be encountered (fig. 38,
39), where intracellular haemosiderosis is a marked feature of the smear. Again
this phenomenon appears mainly in the second type of plasma cell. We are
inclined to think of this as being the result of haemosiderosis developed by the
precursor cell, rather than haemophagocytosis by the plasma cell as such (
figs. 62, 63, with figs. 38, 39). The presence of large masses of haemosider
in degenerated plasma cells is to us an indication that such haemosiderosis
represents an unassimilable heirloom.

In this respect it is noteworthy that Klemperer (1923) found actively storing reticulum
cells capable of “ developing along hematic lines” (contra Maximow 1927¢). It is further
to be noted that Adamowicz (1930) found haemosiderin and non-iron containing pigment
in plasma cells. He spoke of a rare and at times elective phagocytosis by plasma cells.
Jaffé (1938) mentioned the presence of iron granules in plasma cells in the abdominal lymph
nodes in cases of haemochromatosis. Alexeieff (1925a) stated that in ulcerative colitis
3-5 per cent. of plasma cells become phagocytic towards neutrophils. more rarely towards
red cells; however they degenerate and cannot properly digest the phagocytosed elements.
The plasma cell is regarded more as a toxinophage (“nephrophage”) than a macro-
phage. Hertzog (1938) on the other hand could find no evidence of phagocytic activity, nor
did Kiyono (1914b) observe any carmine hoarding by plasma cells. [For further opinions
on this controversial point see Michels’ (1931) review.]

The nuclei of plasma cells are usually rounded, but very striking departures
may be seen (fig. 40). Not seldom plasma cells are binucleate (figs. 41 and 42).
ltiple and lobed nuclei of these cells are apparently due to amr  sis in mans
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4. Reticulum Cells (Haemohistioblasts) (Plate 111, figs. 52-57), and their Mono-
astic Derivatives (figs. 58, 59, 61, 64).

Under reticulum cells it is usual to include * undifferentiated ” reticulum
cells (associated with the production of reticulin fibrils) and phagocy:ic cells
or fixed histiocytes. The distinction—which depends on the degree of phagocytic
mobilisation—is largely artificial or subjective, and as is well known the * undif-

ferentiated ” or “resting ” reticulum cell passes readily into the phagocytosing
state.

These cells are not readily to be found in smears of normal spleen. Being
in the form of a syncytial network, or because of their adherence to the reticular
stroma, one may assume that they are noi readily scraped from the cut surface
of the organ, or alternatively, that they become damaged beyond recognition
in the process. (*¢) Weil, Isch-Wall, and Perles (1936) observed them only under
abnormal conditions. [Their “ cellules souches ” or undifferentiated (stem) cells—
no relation to haemohis.ioblasts was indicated-—are undifferentiated * leucoblasts ™
and are similarly stated to be present only in certain pathological states (“leuco-

lastosis ), although we fail to see the difference between them (as illustrated) and
so-called lymphoblasts. And their macrophages, “cellules a4 corps tingibles ™,
they derive solely from monocytes].

When seen intact (figs. 52, 53), they show spherical, beanshaped, or irregularly
in ated nuclei with a delicate nuclear membrane and extremely amblychromatic
and leptochromatic nucleoplasm., Binucleate cells occur (fig. 53). In the one
illustrated the extremely delica‘e and transparent appearance of the nuclei can
be well appreciated. There are multiple pale bluish plasmasomes and “ smoky ”
reddish karyosomes. The cytoplasm is irregular in outline, large in amount in
more or less intact cells, but very pale staining—a light bluish grey. A distinct
centrosome or diplosome is often to be seen (fig. 52).

The phagocytosing reticulum cells (histiocytes) are similar, but contain haemo-
siderin (fig. 54), or other phagocytosed inclusions (fig. 55 and 56) in the cytoplasm.

Both nucleus and cytoplasm may manifest morphological variations which
presumably are the result of some additional physiological activity. The nucleus
becomes “ harder ”, the chromatic material is thrown more sharply in relief and
the cytoplasm increases in bulk and elaborates fine neutrophilic granules; vacuoles
also occur (fig. 57). These changes could be interpreted as being due to
evocation of the defence mechanism (vide Sabin, 1939). (Compare also our
fig. 57, with that of Klemperer, 1938, p. 1636, fig. 27b). 1In this wav the
reticulum cell may “ short-circuit ” the development via monocytes to macrophages,
and in this form it may appear in the blood stream in various pathological states

rotozoal infections in our observations) as an overflow from the spleen and
lymph nc s (see also page 99 for relationship of these cells to a certain type of
sheath cen).

In view of Osgood’s acceptance of Ringoen’s (1927) explanation (Osgood and Ashworth.
1937), that cells like these appearing in the peripheral bloodstream under certain abnormal
conditions and described by many authors as haemohistioblasts of Ferrata (see Rinehart.
1932), are really squashed and damaged elements, we must again draw attention to Maxi-
mow’s (1926 and 1927¢), and Ehrich’s (1934) opinions that they are really activated and
mobilized monocytes, or respectively, reticulum cells. Undifferentiated reticulum cells
(baemohistioblasts in sensu stricto) also may occur in the peripheral circulation (e.g. Downey,
1938, Case IX, and plate II, fig. 26).

('¢) Reticulum cells are more readily studied in lymph gland smears, in which they have
similar characters, but occur much more frequently. The existence of so-called “ nucleo-
cytoplasmic > territories (Hueck, 1920) probably allows some cells to be dislodged from
the syncyt 1 in more or less intact form.
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For descriptive purposes we shall consider the sheaths as consisting of more
centrally placed “fixed ” cells, and peripherally situated more loosely arranged
cells.

The central cells usually form the bulk of the sheath. They show great
cohesion. Consequently the cytoplasm never appears intact: all that remains is
odd wisps and strands with ragged edges. Intercellular boundaries cannot be
discerned. The very intimate association with reticulin may be responsible for
this. The reticulin may be so voluminous as to appear as a mass of pink-staining
substance completely filling the space between the nuclei of the cell group (fig. 65).

The cytoplasm of sheath cells has a granular or muddy, opaque appearance
and stains blue to reddish mauve. Various substances in amorphous, granular.
globular or vacuolar form may be seen, either alone, together, or in varying
combinations. A detailed description will be given below where the peripheral
cells are dealt with. These substances are poorly or not at all developed in the
central cells, hence the cytoplasm of the latter is clearer, at least where it is not
obscured vy reticulin. The centriole, sometimes seen as a double granule or rodlet,
is very prominent and distinct (fig. 65).

The nucleus varies from roughly rounded to elongate forms. A dozen random
measurements in smears from two different animals varied from 8:5x7-8; to
156 x7-0u.  The nuclei exhibit a striking angularity of outline—roughly
quadrangular. polygonal, rectangular, and triangular or turnip-shaped forms
predoniinate, but irregularly oval, clongated or lobated types may also be seen.
Irregularity of contour is a characteristic feature: wrinkling, bulging, indentation,
and deep folding of the nuclear membrane. Comparison with sheath cells as seen
in well prepared sections, shows that these irregularities are not mechanical
artefacts.

The nuclear texture is characterised by hardness of appearance. There are
two to five heavily staining chromatin knots of irregular shape. The intervening
areas are more leptochromatic, yet trachychromatic. No nucleoli are visible—
(this does not necessarily imply that they are absent). The uneven nuclear
membrane is very thick and hyperchromatic. The smaller and more rounded the
nucleus the more pachychromatic and trachychromatic does it appear.('*)

The peripheral cclls lie scattered around the circumference of the mass
formed by the body of central cells. There may only be a few present, but
(presumably when the sheath has been stimulated to greater activity) they mav
form a more conspicuous part of the ellipsoid. As they are not so closely bound
together as the central cells, they reveal a distinctly outlined, more voluminous
cytoplasmic body, varying from 20 -254 by 15—20u in size. They usually have
a rectangular or elongated polygonal shape. Details of the cytoplasmic contents
already mentioned previously are as follow : —

(I) Amorphous basophilic material, rather poorly developed (fig. 66), and
varying in fineness.

(2) Fine reddish brown neutrophilic granules (figs. 66 and 67).

(*")Tf staining and mode of preparation are not favourable, the nuclei of sheath cells
may be mistaken for those of lymphocytes and vice versa. Under similar conditions one
may confuse clongated sheath cell nuclei with endothelial nuclei or with sinus cell nuclei
(q.v.). Tt must be emphasised that preparations which at first sight appear to have been
well-stained often reveal most misleading similarities of nuclear texture between unrelated
cell types.
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{3) Larger granules, in parts so closely resembling the chromomeres of
blood platelets, that their possible identification with the latter should
be seriously considered (fig. 68). These granules are the least frequent-
ly observed.

(4) One or more rounded or irregular vacuoles, more or less heavily out-
lined, and containing what appears to be platelet material in varying
stages of disintegration (fig. 66). This platelet-likc matcrial may also
be intranuclear in position (fig. 67).

(5) Some clear vacuoles, which could represent the final stage of dissolution
of such platclets.

(6) One or more brown- to brownish-mauve-staining globules, varying from
about 0-5u to 3-0u, are fairly frequently observed (fig. 67). We have
been able to observe gradations in staining reaction of these globules
from pale brownish-mauve to the intense purple of chromatin, and we
therefore strongly suspect this substance to be of chromatinic derivation.

The centriole is distinct (figs. 66 and 67) aithough not quite so prominent as
in the central cells.

Free sheath cell cytoplasm, characterised by the contents dcscribed above.
occurs as rounded plates or large irregular sheets.(*")

The nuclei of the peripheral cells tend to be more regular in outline than
ase of central cells; they also reveal a more open and regular grain, with lighter
staining centres in the chromatin knots (fig. 67).

From these studies, albeit purely morphological, it is feasible to consider that
sath cells gradually undergo a process of mobilisation, which is expressed by
rounding up of cytoplasm, by the nucleus becoming more vesicular and regular in
outline, and more even in texture, and by narrowing of the nucleo-cytoplasmic
ratio. This process occurs at the periphery of the sheath. These mobilised cells
n - then exhibit phagocytosing properties.

When we compared this peripheral sheath cell type with the activated
reticulum cell, as depicted in fig. 57, we were impressed by their similarity. In
sections of a well-perfused spleen of a bovine suffering from a combined infection
of various protozoan parasites (Babesia, Theileria, and Anaplasma), we were
unable satisfactorily to demonstrate well-formed Schweigger-Seidel sheaths and in
smears no sheath cells of central type could be found. In both sections and smears.
mobilised cells (i.e. peripheral cells of the type shown in fie. 67, and activated
r culum cells—see fig. 57) dominated the picture. This strongly indicated a state
ot complete mobilisation of the Schweigger-Seidel sheaths. That both reticulum
cells and sheath cells are able to undergo a mobilisation to produce an
cxactly similar type of cell, was shown by finding such cells in lymph node smears
obtained by puncture of the prescapular node of bovires at certain stages of
reaction to artificial East Coast fever infection. Here = presence of mobilised
sheath cells could of course be excluded.

These observations lend further support to the thesis that sheath cells and
reticulum cells are physiologically closely allied, if not identical. Not only in their
activity in defence reactions, but also in the production of reticulin are the sheath
¢ to be regarded as nothing but morphological variants of the reticulu cell, and

CCYIE, as we believe, peripheral sheath cells and mobilised reticulum cells are morpho-
logically identical, then it becomes impossible to distinguish hetween mobilised reticulum
cell and peripheral sheath cell cytoplasm.

99












CECIL JACKSON AND H, P. A, DE BOOM.

(1927a). (According to Sabin, Doan and Cunningham, 1925, these droplets only develop
after desquamation). In smears, cilia were never observed by us, nor evidence of syncytium
formation, nor of the presence of intercellular bridges (cf. Cunningham. 1926, and authors
cited by him).

Centrioles are often distinct, sometimes prominent.

The presence of these elements in spleen smears depends on scraping against
the serosa when making the smear, or on carrying serosal cells over the c
surface with the knife when incising the organ. Preponderance of mesothelial
cells over other elements in occasional routine smears is due to drawing a slide
over the incised spleen held in such a manner that the edges are inverted. The
identity of these cells was ecstablished by comparison with smears deliberately
made from the splenic serosa (or from any other part of the peritoneum) and
by making control smears in which, by picking out pulp from the centre of the
organ, contact with the serosa was avoided. As the  pearance of mesotheli
cells in smear preparations was unknown, it will be appreciated that the only
certain means of establishing the identity of these cells was by direct comparison
with known mesothelial cells.

It may be mentioned that under certain conditions of technique which we
regard as inferior, or in badly prepared smears, the nuclei of serosal cells may
appear far more amblychromatic and still more leptochromatic than described and
illustrated. Tt is quite possible to confuse the cells with reticulum cells under such
conditions. Here the occurrence in sheets and angular outlines is helpful, as
well as the presence of ring-shaped nuclei, when they occur.

11. Mast Cells (Plate V, figs. 78 and 79).

Mast cells are sometimes- present in extraordinary numbers in spleen smears
of clinically healthy cattle.

Comparison with sections indicates their extravascular situation, i.e. they
are “tissue basophils 7, not “blood basophils ”. They possess simple oval nuclei.
One would expect to encounter occasional blood basophils from the blood contained
in the spleen. However, if this is so, we had no means of, or interest in, distinguish-
ing such elements from tissue mast.cells. The local formation of mast cells was fur-
ther confirmed by examining foetal spleen smears in which the stages of their forma-
tion can be clearly followed.

The granules of the mast cells will be referred to later.

12. Eosinophils (Plate V, figs. 80, and 81).

Eosinophils often by far ournumber neutrophils in smears from clinically
healthy animals.

This may indicate any one of three possibilities: (1) selective stasis of these
elements in the vessels of the spleen, and/or emigration into the pulp; (2) local
production in the spleen pulp in adult life; (3) cells whi~h failed to emigrate into
the blood after having been produced in the spleen in er ryonic life.

We do not propose to go fully into these questions here. No cells which one
could possibly term eosinophil pro-myelocytes were seen in spleen smears of
adult animals. Yet the possibility remains that, if the splenic eosinophils are locally
produced, their precursors might be 3 not of myeloblastic type (but e.g. of
medium lymphocyte type).
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The neutrophil granulations of bovines usually stain somewhat poorly with
ordinary Giemsa or Pappenheim technique, but in the splenic neutrophils it is
virtually impossible to stain them saiisfactorily without modifying these techniques.
Further w~ have the impression that the splenic neutrophils tend to possess less
polymor] ic and more lightly staining nuclei than the average blood neutrophil.
Here again it is possible that one is encountering signs of immaturity. Certainly the
evidence is far from indicating any selective holding up of aged neutrophils by
the spleen.(**)

We have seen spleen smears in which many of the neutrophils contained
recently phagocytosed erythrocytes (fig. 83). is quite likely that these smears
did not originate from clinically healthy subjects.

Jochmann and Blithdorn (1911) have described ™ polynuclear leucocytes” containing
red cells in the blood in cases of acute myeloblastic leucaemia. This phagocytos:s they
presume to occur in the spleen, as it was more evident in splenic puncture preparations than
in the peripheral blood. These authors cite Pappenheim (1908) and Wechselmann and
Hirschfeld as having observed a similar phenomenon. Hirschfeld (1907) is also cited as
stating that there is marked erythrophagocytosis by *‘leucocytes’ (presumably neutrophils:
after potassium chlorate, or toluylene-diamine or pyrogallic acid dosage. Hirschfeld and
Sumi (1925) have described erythrophagocytosis by ncutrophils in the peripheral circulation
in rats after splenectomy or after intraperitoneal injections of blood. The neutrophil was.
however, the least common phagocytic element as compared with ‘ monocytes” and
“endothelials”. In the bone marrow in cases of pernicious anaemia, Doan (1926) noted
occasional erythrophagocytosis by polymorphs—nucleated macrocytes, and m.crocytes of
mature type, being involved.

Neutrophils may also contain phagocytosed blood platelets (fig. 82). Taliaferro
and Kliiver (1940) have observed phagocyiosis of platelets and of small clumps
of malarial pigment in neutrophils in the peripheral blood of Panamanian monkeys
after infe on with malaria (P. brasilianuni). Erythrophagocytosis was never seen
by them.

The described activities of neutrophils would seem to be in contrast with the
classical concep ion of the phagocyic abilities of these elements, and would seem

to cut across Me:chnikoft’s original distinction of “ microphages” from * macro-
phages 7.

14. Megakaryocytes (Plate V, fig. 84).

These are encountered in smears from young subjects. They are few in
number and identical in morphology with those of bone marrow, i.e. giant cells
with much lobed nuclei and cytoplasm packed with eroups of fine azurophil
granules, 1e blood platelet chromomeres. Quite usu: -, as in bone marrow,
these cells contain what have been described in the lrerature as phagocytosed
leucocytes, especially neutrophils. We are however strongly inclined to believe
that the truth of this ma‘ter is exactly the opposite of this conception, i.e.

at it is the megakaryocyte which is the victim and the leucocyte the agressor:
and that where leucocytes have to deal with elements (oo large to be phagocytosed
in toto, they actively penetrate into them and as it were accomplish “ phagocytosis
from within . (Compare the neutrophils to be found within cornified epithelial
squames in vaginal smears and the remarks of Cowdry, 1938, apropos the observa-
tions of Stockard, 1932, on what might be termed * endophagocytosis ™).
Downey, Palmer, and Powell (1930) preferred to leave this question open.

(**) Weil et al. (1936) indicate the presence of myelocytes and metamyelocytes in ““ normal ”
human spleens (obtained from cases of purpura). This we did not observe. It is important.
however, to bear in mind the phenomenon of de-differentiat:on with confluence of nuclear
segments v h n yphils may undergo under abnormal condiiions (i.e. in stagnant blood).
(See Richtes, 1942, and authors cited by him).
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In the bone marrow of essential thrombocytopenia Schminke (1930) described
“ Anschmiegung ” (i.e. attack from without) by lymphocytes against megakaryo-
cytes showing granule-free cytoplasm and degenerating nucleus. This he regards
as phagocytosis of these giant cells.

15. Erythrocytes (Plate V, fig. 85).

These need no description. The staining, as is well known, varies from
yellow through all intermediate shades to blue, depending on the pH conditions
of the technique. In routine smears, as will be mentioned, they may be con-
siderably simulated by what are probably contaminating spores of fungi and also
by globular fragments of cytoplasm freed as an artefact during the drawing of
the smear.

Normoblasts, as described in the supposedly normal human spleen by We
and co-workers, we have never seen in healthy adult bovines.

16. Blood platelets (Plate V, fig. 86).

These need no special description. Superimposition on cells is to be dis-
tinguished from thrombophagocytosis. Platelet clumps can be distinguished fron.
but might easily be confused with, masses of cytoplasm torn from megakaryocytes
(see below). Occasionally the chromomeres of platelets are so coarse as to cause
confusion with the so-called free Koch's bodies of East Coast fever, even (o
fairly experienced examiners. The phagocytosis of platelets has already been
described; it will be discussed later.

17. Connective Tissue Fibres (Plate V, figs. 87, 88, 89, 90).

The connective tissue fibres of commonest occurrence in spleen smears are
reticulin fibres (fig. 87). With Giemsa technique they are poorly stained ar
extremely inconspicuous structures. They often become considerably blurred 1n
the making of the smear and appear as a pale rose-pink delicate amorphous mass.
They are especially to be recognised when associated with vascular endothelit
groups of Schweigger-Seidel sheath cells (plate IIL. fig. 65) and bundles of smooth
muscle cells (plate IV, fig. 73) but may appear isolated, as in figure 87.

As the appearance of reticulin in Giemsa stained smears was quite unknown
to us, the identification was based on staining control smears with a modified
Bielchowsky silver technique. Rediculin stains with Giemsa nuich more lightly
than the chromatin of nuclear smudges (see plate VI, figs. 107, 108, 111), with
which it should not be confused.

Elastic fibres (figs. 88 and 89) would similarly probably not be recogniscd
in smears unless attention were drawn to them. They are characterised by their
hard outlines and refractile appearance, and are virtually unstained. They vary
greatly in thickness and tend to be U- or J-shaped, or to occur in coils.

Collugen (fig. 90) is very seldom scen as almost unstained wavy indles com-
posed of numerous fibrils.

18. Pigments (Plate V, figs. 91 and 92).

(i) Haemosiderin: The most striking pigment in spleen smears is haemosiderin
(fig. 91). It very often occurs in huge quantities in preparations from clinically
healthy subjects (which however have quite probably at some previous time passed
through an attack of piroplasmosis, eic.).
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It is recognised as granules or flakes of varying size, staining a characteristic
olive-green colour (due to superimposition of the basic component of the Giemsa
stain on the origiral golden colour of the pigment). This colour may vary from
yellow to dark brownish-green, depending on the intensity of staining of the smear.
In most smears the overwhelming number of these granules appear to lie free
among the cellular elements, and this does not appear entirely to be a mechanical
or displacement artefact: apparently free haemosiderin may also be identified in
spleen sections. This extracellular appearance of hacmosiderin has also been
noted by a number of others (e.g. Spadolini, 1928, who supposed that it was set
free on disintegration of the phagocytes).

Intracellular haemosiderin (plate 1, figs. 20, 21: plate I, figs. 38, 39; plate

I, figs. 54, 62, 63) in phagocytic cells is recognised by the same characters, but

usually occurs in much smaller quantity. A sender of smears made from haemo-

siderotic spleens should not be blamed for having submitted * dirty >’ preparations.

Occasionally one may experience difficulty in distinguishing haemosiderin from

extraneous dirt, especially in over-stained smears. 1f distinction is necessary.
recourse can always be had to the Prussian blue reaction.

(ii) *“ Haemofuscin”’: (Fig. 92). The appearance of this pigment has been
described when dealing with the sinus cells, with which it is characteristic v
associated (plate IV, figs. 70 and 71 and page 101.) Large quantities of apparently
frce “ haemofuscin ” are often seen in field smears purporting to be spleen smears.
but these are invariably lymph-gland smears, of which this pigment is a much
more striking component. The deeply staining * haemofuscin ” must not be con-
fused with contaminating coccoid organisms (cf. plate VII, fig. 123). coarsz stain
deposit, or free basophil granules (cf. plate VII, fig. 116).

CHAPTER III.—THE ARTEFACTS OF THE SPLEEN SMEAR.

As already mentioned and discussed, the routine spleen smear is a mass of
confusing appearances, the great majority of which are not analysed or recognised
for what they are. Because of the impossibility of distinguishing between the
various types of artefacts and some pre-existing artefact-like structures (see pp.

-85 all these appearances will be described under the heading of * artefact. ™.

A. Mechanical Artefacts (Distortion, Displacement, and Crushing and Tearing
Artefacts).
L. Distortion of the Cell.

The process of smearing involves the * pancaking” of spherical ceils to
circular discs and sometimes produces the appearance of thickened edges: thi<
may involve the nucleus if it lies near the edge of the cell (plate I, fig. 10).
is mostly seen when light pressure has been exerted in making the smear, and 15
thus an embarrassing factor only in the better type of smear. Occasionally one
may see a peculiar pseudopodium-like projection of an otherwise spherical cell.
especially when the cytoplasm is very voluminous (plate 1, fig. 9). but it is not
possible definitely to state whether this is an artefact. [t may represent the
“budding off ” of cytoplasm according to the interpretation of Dougherty and

hite, (1945).

2. Cytoplasmic Fragments (Plate VI, figs. )0).
As has been explained, these are ex ngly numerous in routine smears<
: i the fr 1 10cytes. When torm from the

ces o1 cyloplasm tena to rouuu up nto discrete spheric  bodies (fig. Y3).
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Like the lymphocytes, from which they are mostly derived, they may contain
unstained vacuoles (fig. 94), azur granules (fig. 95), phagocytosed erythrocytes
(fig. 96), phagocytosed platelets (figs. 94, 97 and 98), etc. Even centrosomes are
sometimes identifiable in free cytoplasmic fragments (fig. 98). Fragments of
plasma cell cytoplasm may contain vacuoles or Russell bodies (fig. 99.) The
cytoplasmic fragments of lymphocytes play an important part in routine diagnosis
which does not seem to be generally understood:—When derived from Theileria
parva-infected lymphocyes they are spoken of as “free” Koch’s bodies. But we
are strongly inclined to believe that these bodiee are always intracellular, that the
distinction beiween intracellular and “free” och’s bodies depcnds merely on
schanical displacements, and that the proportion of “free” Koch’s bodies is
thus in inverse proportion to the degree of refinement of the smear technique.

Fragments of cytoplasm, when about the size of red cells, may fairly easily
be mistaken for anisocytes or polychromatic poikilocytes (cf. - te V, fig. 85
with plate VI, fig. 93).

Fragments containing coarse azur granules or phagocytosed platelets with
coarse chromomeres form perhaps the most imporiant source of confusion with
the “ free” Koch's bodies of East Coast fever (see figs. 95, 97 and 98). This is
indeed the béte noire of routine examination for East Coast fever, especially in
badly prepared smears.

Cy'oplasmic fragments from other types of cells can often be recognised by
their charac ers. Those derived from megakaryocyles (fig. 100) could of course
fairly easily be confused with masses of blood platelets. (Note however, the two
diplosomes visible in this case).

In addition, routine smears almost invariably show a light grey to blue, finelv
or more coarsely granular background, very picturesquely described by Weil et
(1936) as . . . un fond plus ou moins homogeéne, plus ou moins granuleux . .
<emblable a un tapis troué et taché . . .” This represen’s either the effect obtainc

y effacing of cell boundaries and squashing of cytoplasm in situ, with the addi-
tional admixing of plasma, and the coagulative and dena'uring effect of fixa.ion;
or it indicates a further degree of damage to the globules of cytoplasm, previously
dislocated from the nucleus and now finely ground up.

3. Nuclear Artefacts (Plate VI, figs. 101-112 and plate V. fig, 113).

In most smears, as has been pointed out, the appearance of “ naked ” nuclei.
especially of the lymphocytes, is produced through the effects of pressure ar
traction (figs. 101 and 102). The nuclei may actually be comple'ely denuded,
wisps of cyloplasm may be found clinging to them (fig. 103), or the naked
appearance may be a false impression produced by effacing of cell boundariec
and damaging of the cytoplasm, so that it merges in the general background
diffusely spread cytoplasimic material described above.

The three sizes of nuclei belonging to the three types of lymphocytes can
be recognised (figs. 101, 102, 103). Naked nuclei of reticulum cells (fig. 104) a
also characteristic, while those of megakaryocytes are of course unmistakable
(fig. 105). The “sinus cell” nucleus very frequently has haemofuscin articles
adherent to it, often in various displaced positions (e.g. over the nucleus) wug. 106).
These, when present, serve as an excellent feature for identification, quite apart
from the texture of the nucleus.

In = average smear many of the nuclei are reduced to smudges (figs. 107,
)8), produced by excessive pressure. Superimposition of a naked nucleus on a
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Beyond these findings, statements on the relation of thrombocytes to the R
system have been limited to speculation and inference. Bedson (1926) conclu
from the high platelet counts he observed after splenectomy and R.E. blocka
that platelet phagocytosis (by R.E. cells) in the spleen was a prominent function
of this organ. No morphological studies were undertaken by him. Koster (1926)
also found in guinea-pigs a sharp rise in blood platelet count after R.E. blockade
by trypan blue. This was followed by a drop, despite further dye injections.
concluded that phagocytosis by R.E. cells is not the only method of disposa

atelets.

At this juncture we wish to draw attention to the fact that, notwithstanding
the paucity of literature dealing with this aspect, or perhaps just because of it,
some authors have illustrated thrombophagocytosis without describing, or aliter,
without being aware of it.

In this respect the rcader is referred to Jochmann and Blithdorn’s (1911) plate 7
purporting to illustrate inclusions regarded as very characteristic of myelo:
leucaemia, but, amongst others, showing cclls looking more like /mphocytes
containing platelets. (These cells were reported to be oxydase-negative and to
contain no proteolytic enzymes). A platelet in an apparently intranuclear situation
was also shown. Similarly, in the work of Taliaferro and Kliiver (1940) may
be seen a platelet phagocytosed by a macrophage (their plate No. 1, fig. 28).

For the sake of completeness mention must be made of the views of Hollow=y
and Blackiord (1924) and Bock (1932), who concluded that blood plat t
destruction is no function of the normal spleen. Bock found, on the contrary,
that passage through the spleen enhances the resistance of platelets. and that they
were more numerous in splenic vein blood than in blood from the bone marrow
Deficiencies in technique may be responsible for this finding, but we do not fc
competent to pass critical judgment. Spadolini’s (1928-29) morphologic
observations of platelet formation in the spleen we can discount as being bas
on mis-appraisal of artefacts. (See page 84). His fig. 7 (1929) actually demonstrat=<
the presence of (phagocytosed, not formed) platelets both in the cytoplasm ar
in the nucleus. Watzka’s (1937) findings regarding platelet origin from sinm
endothelium and reticulum cells we could not confirm; the possible origin fror
sheath cells should be considered. [Sce page 99, subheading (3), and page 12¢

The demonstration of platelet phagocytosis in the spleen would afford a highly
satisfactory confirmation of the arbitrary suspicion that—in some way or another
not specifiec  platelets might be * destroyed ” in the spleen (vide also Nickersom
and Sunderland, 1937, who speak of “ thrombocytolysis > in cases of thrombocy-
topenic purpura). That is, if the results of our findings on the bovine spleer
could muratis mutandis, be applied to man. It would also supply a ration
basis for the empirical treatment of essential thrombocytopenic purpura by
splenectomy. In view of Tempka and Kubiczek’s findings mentioned previously,
caution must be exercised. The supposed dcpressing action of the spleen on

latelet formation (sce Paul, 1942) must also be considered; we cannot discuss it
nere.

The fac: that lymphocytes can phagocytose such a varicty of elements
makes it seem advisable to re-examine the origin of such phenomena as azur
granulation. Although we have no particular suspicion that azur granules are
the remains of the chromomere material of phagocytosed platelets, it would be
a nocsibility—not vet taken into account in the existing literature on the subject—

demands exclusion. The Kurloff body problem likewise calls for re-exami-
cin 2 light of o v : g knowledge of lymphocyte function.
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discrete and dispersed with increase of blood content of the spleen (Hueck, 1930,
Wa.zka, loc. cit.)), or as result of experimentally produced splenic distension
(Riedel, loc. cit.).

Solnitzky (loc. cit.) ascribes the syncytial appearance to bad fixation only.

In smears we find that the syncytial arrangement is very pronounced (fig. 65);

vet in perfused, Zenker-formol fixed preparations, definite cell membranes can be

de out, and narrow intercellular canaliculi containing an occasional ery:hrocyte

may be seen. We are of opinion that both good fixation and a certain amount
of distension are required to reveal these details.

Regarding similarity between sheath and reticulum cells we believe tha: most
of the descriptions stressing this point may be reconciled with our findings
on the following grounds:—

(1y The sheath cells are morphologically very labile, reacting rapidly
physical alterations of splenic size and circulation—Mackenzie et al.
(1941) liken the sheaths to rubber sponges. One would thus expe
qui.e a difference between cells in smears obtained from post-mortaltv
contracted spleens and those seen in preparations previously perfuse
in situ.

(2) Smears allow of a more critical discrimination between closely relate
cell types.

That differences are observable between the two types in the higher mammals
may be inferred from (1) the fact that in =2 older literature the nature of the
sheath cell was sublpct to controversy whilst the reticulum cell was a definitely
recognized entity:(**) (2) the differences ex1st1ng in lower animals (vide Wat 1,
and Bargmann, loc. cit.); (3) illusirations given, even by those who strongly
champion the morphological identity of reticulum cell and sheath cell,
which clearly show differences in appearance. In this respect the reader
ic referred to Solnitzky’s figure 6 (plate 3) and Bargmann’s figure 12 page 645.

iedel actually figures iwo types of sheath cells (his fig. 10). The more typical
sheath cell with darkly staining nucleus he labels reticulum cell, the more vesicular
type, “round cell” (!) The sheath cells which this author features as being
in a more dispersed phase due to experimental distension of the spleen (his fios.
12 and 14) correspond well with our plate III, figures 66 and 67. Imai (1 )
whose work was not available to us, definiely distinguishes two cell types, a
more central and a more peripheral one, a distinction Bargmann considers un-
necessary.

Regarding function, the numerous and diverse views are discussed by Sol-
nitzky (loc. cit.). Phagocytosis is expected to be one of the functions or
potential functions of the sheath cells by very reason of their nature. The process
of mobilisation (which we have tried to sketch by the expedient of distinguishing
two cell types morphologically) is an expression of evolution of phagocytic fu
tion and its normal consequence, namiely desquamation. Phagocy.ic activity has

zen ascribed to the sheath cell by numerous authors (e.g. Staemmler, 1925, i,
arven and Mole, 1929, Mills, 1926, Solnitzky, 1937, Bargmann, 1941).

Tait and Cashin (1925), who were more impressed by the valve-like action «
the ellipsoids, non-committally indicated a mechanical choking of the sheaths
by india ink particles, afier this had been added to the perfusate; what we have

(**) Weidenreich (cit. Thiel and Downey, 19 argued that the sheath tissues do not
resemble reticulum in appearance and that the nuclei are much more irregular than those
of reticulum cells.
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We strongly suspect that the concept of the formation of macrophages and/or
monocytes as desquamated sinus cells of the spleen may have been based on one
of three types of erroneous interpretation. (a) The sinus wall has not been
identified with absolute certainty as being sinus wall and not reticulum of the
pulp. (b) Migration through the sinus wall by cells from the pulp of the spleen
is wrongly interpreted as being desquamation from the sinus wall. To us indeed
it seems to be only too easy to fall into this error, unless one has the alternative
prominently in mind. (¢) Cells which have become temporarily affixed to
sinus walls (“lodged-out ™ cells in the sense of Eliot, 1926) might again loosen
up and “desquamate ”.

To enlarge on the first point: one cannot escape the conclusion, from
perusal of the voluminous literature on the subject, that the venous sinus has been
differently interpreted by different authors. There is a singular lack of precise
correlation between findings of histologists interested primarily in the circulation
route in the spleen on the one hand, and of haematological cytologists on the
other. Tschaschin (1914), Kiyono (1914b), Downey (1922), Maximow (1924,
1927¢) stress the identity of the reticulum cells and sinus-lining cells; Bunting
(1905), Tschaschin (1914), Maximow (1922, 1924, 1927b), Paschkis (1926), Downey
(1915, 1922), Maximow and Bloom (1938), have similarly stressed this point
regarding lymph nodes. On the other hand the sinus-lining cell with a distinctive
morphology of its own has long been known. Billroth (1861) already speaks of
“ bekannten, spindelformigen, gekrduselten Milzzellen, mit seitlich anhdngendem,
scharfausgepragtem Kerne, in den Gefidssen liegend ” as forming the inner
longitudinal layer of his venous capillaries. In the older German texts on histology
and histopathology it has repeatedly been mentioned and briefly described (see

aremusoff, 1911),usually under the name of * Milzfasern ”, or of * Stabzellen ”
(Weidenreich, 1901). The classical description of Mollier (1910-11) may be
mentioned here. Foot (1927) (human spleen), and MacKenzie et al. (1941) (mouse
spleen especially) are both in agreement that sinuses and intralobular veins are
morphologically identical, the difference being merely one of size. MacNe
(1929) draws a definite distinction between the endothelium of sinus walls and ot
the smaller splenic veins (infer-lobular veins?) into which the sinuses open. in the
case of the perfused human spleen.

Regarding the degree of development of the sinus-system, there is also some
conflict of opinion. Mollier mentions man, sheep, ox, rabbit, guinea-pig, and dog
as having a very extensive system, but Watzka (loc. cit.) places pig, cat, dog, ox.
sheep and horse amongst those having a poorly developed system in contrast to
man. We may be pardoned for complaining that the diametrical opposition
between the views of Knisely (1936a, b) and MacKenzie er al. (1941) on the
path of the circulation as seen in transilluminated spleens constitutes “the last
straw .

Riedel (loc. cit.) discusses this question, but does not go further than correlat-
ing the varied terminology of Billroth (1861, 1862), Weidenreich (1901), Neubert
(1922) and Robinson (1930), and covering only the channels concerned in venous
drainage. According to Weidenreich (1901), the venous sinuses form plexus-like
anastomoses; as such they are seen in the guinea-pig, although fewer anastomoses
are shown (vide Snook, 1944), but not in the cat (Robinson, 1930). MacKenzie
and co-workers who made observations by the transillumination method mainly
on mice, but also on rats, rabbits, guinea-pigs and cats, are emphatic that no
sinuses exist which are connected at both ends with other sinuses; only laterally
placed anastomoses may commonly connect neighbouring sinuses, which belong to
the same or different intralobular vein branches, and these anastomoses . : actual
or potential channels in the pulp.
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found the sinus endothelium only partially phagocytosing cholesterin-fats, whilst the
phagocytosing reticular cells were crammed full. (Anitschkow, 1914, found little
difference in this respect.) Schultze (1912) found lipoid-hoarding only by the
reticulum cells in a case of diabetic lipaemia. Pick (1925) derived Gaucher cells
from the reticulum cells and from the *adventitial histiocytes ”, not from
sinus cells. He criticizes Epstein (1924), whose illustrations of Gaucher cells
originating from the endothelium of the venous sinuses are most unconvincing.
It is interesting to note that Pick found strong *“ haemosiderosis ” of the endothelium
as shown by the Turnbull reaction for iron. (Lepehne, 1918, casually mentioned
that the sinus-cells contain very little iron, which, however, increases after
experimentally produced haemolysis.)

MacJunkin (1925a) found only fine red granules in the endothelium of the
splenic sinuses of vital carmine-stained rabbits, whereas the mononuclears were
conspicuously marked. On the other hand, Aschoff and Kiyono (1913) and
Aschoff (1926) ascribed a much greater hoarding ability to the endothelial cells
than to the reticulum cells, but they defined the endothelial cell in such a way that
it can o  mean the reticulum cell in littoral position. Cunningham (1924) also
regarded the “endothelial cell” as being more phagocytic, and used this
characteristic as a means of distinction. Tschaschin (1914), on the other hand,
drew no such distinction between reticulum cells and sinus cells, as regards either
their capacity for taking up vital dyes, or their ability to turn into macrophages.

In the haemal nodes of sheep. Woollard and Wislocki (1923) sharply
distinguished between venous lacunae (true venous sinuses) lined by inactive
endothelium only occasionally taking up carbon particles (injected intrajugularly
in the fi n of india ink) and blood spaces (blood-sinuses) lined by much more
actively phagocytosing reticulum cells. Such is the influence of generally held views
that these authors supposed, albeit unwillingly and hesitatingly, that the
endothelial cells are responsible for the free macrophages seen in the blood spaces.

Taliaferro and Mulligan (1937) were puzzled by the phagocytic inactivity of
sinus-lining cells in monkeys with Plasmodium knowlesi infection, because, in
accordance with the common doctrine, they expected vigorous behaviour of these
cells towards foreign particulate matter.

We do not deny that the sinus endothelium may take up some vital stain if
dosage is heavy enough, but then so do common vascular endothelium and
fibrocytes. It may even be found that these cells occupy an intermediary position

physiologically as they do topographically between littoral cells and common
endothelial cells.

With regard to possible haemopoietic potentialities of sinus-lining cells, Lang’s
(1938) emphatic denial of “any cytogenic significance of either the vascular
endothelium or of the histiocytic (?) wall cells of the sinusoids of the liver, spleen
or adrenal ” may be quoted. Consistent with this is Thiel and Downey’s (1921)
statement: “ The endothelium of well-established vessels of the spleen apparently
plays no part in the formation of fixed or free cells, or of adventitial cells, about
the vessel wall.” Sabin and Doan’s (1926) postulation of an endothelial origin of
clasmatocytes in contradistinction to a reticular origin of the monocyte, does not
rest on a very secure basis. Their illustrations (plate 31) do not provide a
closely graded series between desquamated endothelium and clasmatocytes.
Besides, there was apparently no distinction possible between sinus-endothelium
and ordinary endothelium in supravital preparations, nor were they aware of
such a difference. Their endothelial cell as stained by Wright’s stain, is nothing
but a cell from the common vascular endothelium; and those who have nnheld the
cytogenic potencies of the common adult vascular endothelium have mg been
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II. be used to indicate a definite morphological entity in histology, and its
aerivations in pathology to indicate abnormal states of that entity. Thus there
would be minimal interference with existing usage.

The detailed and more exact classification of the *“Phagocytic System ™
then, would be a task for the future.

SUMMARY.,

A. The essence of this work has been to provide a systematic description of the
elements and an explanation of the chief artefacts of the bovine spleen smear
together with an atlas-guide. Hence no general summary is possible. But
attention should be drawn especially to the following points: (1) The most
active phagocytosing cell of the bovine spleen is a lymphocyte, termed a
a phagocytosing lymphocyte by wus, and doubtlessly corresponding to the
macrophage, clasmatocyte (smaller type), ““splenocyte ”, and even perhaps the
““monocyte ” of some authors. (2) Phagocytosis in the spleen includes erythro-
cvtes, leucocytes, and blood platelets. Thrombophagocytosis is a very extensive

ienomenon in the spleen of bovines, only to be appreciated by the usc of refined
wechnique.  (3) Monocytes are of infrequent occurrence. They are derived from
reticulum cells, through an intermediate stage which may be spoken of as a mono-
blast; but not from lymphocytes. (4) Although ultimately in aged plasma cells
distinction between the two types is impossible, plasma cells may he derived from
reticulum cells and monocytes, as well as from Iymphocytes. (5) The sinus-lining
cells have a distinct morphology, especially in their nuclear characters and their
content of iron-containing pigment ‘ haemofuscin ™ at both poles of the nucleus.

) evidence of phagocytic or cytogenic abilities could be demonstrated. (6} The
Schweigger-Seidel sheath cells are described in smears and details of their morpho-
logy are provided. The view is advanced that they are of the same nature as
reticulum cells as far as reticulin production, mobilisation and phagocytosis are
concerned, although differing morphologically from them in the resting state. (7)

e nature of certain puzzling epithelial-like elements in routine spleen smears
was cleared up by the finding that they are mesothelial cells of the splenic serosa.

B. Besides the cells already mentioned, the following elements are briefly
described as they appear in the Giemsa-stained spleen smear: endothelial cells,
smooth muscle cells, mast cells, eosinophils (their youthful appearance and the
presence of Liebreich’s o' granules are commented upon), neutrophils (mention
has been made of their macrophagocytic activity), megakaryocytes, erythrocytes,
as well as blood platelets, reticulin, collagen and elastic fibres, haemosiderin and
“ hacmofuscin 7.

C. The status and genesis of artefacts have been discussed. Theoretically a
distinction can be drawn beiween artefacts produced by making and subsequent
manipulation of preparations (cxogenously produced artefacts), artefacts condi-
tioned by states of senescence or degeneration of the cells (endogenously condi-
tioned artefacts), and artefact-like appearances resulting from physiological
processes: in practice this distinction is not always possible. The artefacts described
ir~Ide cellular distortion, cytoplasmic fragments and free cytoplasmic constituents,
n 2d nuclei, distorted and smudged nuclei, various contaminants, stain deposit,
eic. The effects of autolysis have also been mentioned.

D. Problems of cell derivation and terminology have been discussed.
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E. In view of the phagocytic powers of lymphocytes and neutrophils and t
inactivity of the sinus endothelium in this respect, a critique is offered on the
R.E. system, and the proposal is put forward that the name be changed to
“ Phagocytic System ”.
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