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tion for erythrocytes stored more than 30 days decreased.
During incubation, 2,3-DPG content did not change signi-
ficantly, and the content of ATP, an important substance
for 24 h-posttransfusion survival of erythrocytes?®>?, also
did not change or rather increased slightly in these ex-
perimental series. Furthermore, the degree of hemolysis
during incubation for 4 h was less than 3%.

The time courses of PLP incorporation and the changes of
adenylates in erythrocytes, which were performed for the
16 days-stored erythrocytes, are shown in figure 2. Al-
though the ATP-content increased in the initial stage of the
incubation, there were no systematic differences between
the control experiment and the PLP experiments, and
between ‘the amounts of PLP incorporated, within the
experimental error. On the other hand, it seemed that more
ADP and AMP, systematically, accumulated in erythro-
cytes as they were incubated with more PLP. Therefore,
systematic changes in ATP content (perhaps incubation
with more PLP might result in a greater decrease of ATP)
may be concealed in the experimental error, and ATP may
partly participate in the incorporation of PLP. In this sense,
the decreased incorporation of PLP by erythiocytes stored
for more than 30 days in figure 1, b may be explained by
the marked decrease of ATP in the erythrocytes. Further-
more, the changes in the membrane properties of erythro-
cytes during storage may partly affect the degree of PLP
incorporation.

The oxygen affinity of erythrocytes treated by PLP (repre-
sented by Ps;) after various periods of storage, is shown in
figure 1, c. It is clear that the oxygen transport function of
the ACD-stored blood was perfectly improved by PLP, as
reflected by the oxygen affinity. Furthermore, it was
proved for ACD-stored erythrocytes that the change of the
oxygen affinity due to PLP was almost same as that with
2,3-DPG, as already observed for hemoglobin solution®”.
However, the Hill’s coefficient (n) of erythrocytes contain-
ing 5 mM PLP was 2.2, while that of fresh ACD-erythro-
cytes containing 5 mM 2,3-DPG was 2.6. The decreasing
degree of the heme-heme interaction was dependent on the
amounts of PLP incorporated, as previously observed!®.
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In conclusion, PLP is easily incorporated into ACD-stored
erythrocytes without any decrease in ATP content, restores
the poor oxygen transport function with a similar effect to
2,3-DPG, and may be applicable for blood transfusion.
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Summary. Spherule cells are restricted to the larval stage and make up 5-16% of cells in the hemolymph. Their morpholo-
gy varies between species, mainly due to the shape of their inclusions which may be oval (‘spheroidocytes’), polyhedral
(“crystalloid cells’), or clearly crystalline (‘crystal cells’). These inclusions are very rich in tyrosine. They liquefy rapidly in

vitro, whereby the cells become hyaline (coagulocytes).

Known since 1864 under the name of ‘Kémchenkugeln’?,
and subsequently designated as ‘granules miriformes’, or
‘sphérules de granules’*® spherule cells seem to be of
common occurrence in insects” "’ There is however some
controversy concerning the Diptera: In Calliphora eryth-
rocephala, spherule cells are absent according to certain
authors!'"!2 but have been recognized by others %1% Den-
nell* did not find them in Sarcophaga falculata, whereas in
S.bullata they are reported to be present'>!”. Concerning
the various species of Drosophila which have been investi-
gated, most of the authors 2" have overlooked this type of
cell, while Rizki?® reported it from D.willistoni under the
designation ‘spheroidocyte’. Spherule cells have more
recently been identified in D. hydei?®. We examined several
species of Drosophila and one species of Zaprionus in order

to see whether spherule cells are generally present, and
whether there are species-specific differences in their mor-
phology.

Material and methods. Fresh hemolymph was collected on
refrigerated slides and observed under phase contrast. In
D. hydei, all phases of larval development from hatching to
pupation were examined, in other species selected stages
only. Following immediate pre-fixation in 45% acetic acid
which is essential for preserving the cells, smears were fixed
in either 100% ethanol followed by orcein staining for
direct observation, or Carnoy for May-Griinwald Giemsa
staining, or 10% neutral formaldehyde for the detection of
proteins with a high tyrosine content according to the
technique of Glenner and Lillie, modified by Morel and
Sisley as quoted by Thompson®.
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Results and discussion. 5 types of hemocytes can be distin-
guished in Drosophila hydei®, viz.: prohematocytes, plas-
matocytes, granular hematocytes, spherule cells, and oeno-
cytoids. It is probable that plasmatocytes and granular
hematocytes derive from prohematocytes; the distinction
between the latter 2 tgfpes is a delicate one and is possible
only with living cells?”. Spherule cells by contrast are easily
recognized in fixed as well as in fresh preparations. They
appear for the 1st time halfway through the 1st larval
instar. It is not clear whether they stem from a separate
embryonic line and begin at this time to form spherules.
Alternatively, they might derive from plasmatocytes, the
latter being present in the hemolymph already at hatching.
Contrary to observations by Jones’, we found that spherule
cells are indeed capable of emitting pseudopods, but this
occurs infrequently and by preference in young larvae. In
the course of larval life spherule cells gradually increase in
numbers to attain 16% of the total of hemocytes at 150 h,
i.e. 24 h before the onset of metamorphosis. In the interven-
ing period their proportion drops to almost zero, and in the
white prepupa not a single spherule cell can be found.
Staining by May-Grinwald Giemsa reveals a strongly
basophilic cytoplasm with spherule-to crystal-like inclu-
sions in varying sizes and numbers depending on the
species. These inclusions are colourless, or stained a light
blue when the staining procedure is prolonged. Nuclei are
eosinophilic, of small size and often hidden by the inclu-
sions.

Analysis of 10 species of Drosophila and of Zaprionus
vittiger (which belongs to the same family) has shown that
only D.melanogaster and D.simulans (figure 1, A and B)
have regular crystalline inclusions. These are large and few
in number (often single) in the former species, but small
and numerous in the latter, so that on the basis of this
distinctive character any individual can be unambiguously
assigned to one or the other of the 2 sibling species which
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are difficult to separate on the grounds of standard mor-
phological criteria. In 8 other species of Drosophila, and in
Z.vittiger, inclusions are in the shape of more or less
globular spherules (figure 1, C-K). Although there are
differences between the species in cell size and also in the
size and number of spherules, as suggested by the photo-
graphs, indivudual variation in these cells is so important
that it was not feasible to establish a catalogue of clearcut
distinctions.

In live cells in vitro, the spherules or crystals, opaque under
phase contrast, liquefy rapidly and disappear, whereby the
cells become uniformly hyaline. At this stage the cells
correspond exactly to the so-called coagulocytes of insect
hematology®!. The speed of transition to the hyaline state
depends on larval age: it is relatively moderate in the
hemolymph of young larvae, whereas at advanced stages it
is so rapid that many of the spherule cells have turned into
coagulocytes by the time the preparation has been focused
under the microscope. The transformation in vitro can take
3 different courses. Usually the inclusions dissolve within
the cell which then becomes enlarged and transparent
(figure 2, A and C). A small proportion of cells first emit
lobes of cytoplasm (lamellopodia®?) which become charged
with dissolving spherule material. Such cells finally also
assume the oval shape of typical coagulocytes (figure 2, B).
A 3rd mode of behaviour takes place in the hemolymph of
mature larvae: the cell membrane breaks open, the
spherules are discharged from the cell and immediately
dissolve.

A comparative study of the different species has shown that
the ‘crystal cells’ of D.melanogaster'®2%% and D. simulans
in general features and behaviour are remarkably similar to
the spherule cells of other species. ‘Crystal cells’ as illustrat-
ed in figure 2, A, for D. melanogaster, and spherule cells as
illustrated in figure 2, C, for D. hydei, during their transfor-
mation in vitro pass through similar stages and end up as

D

Fig. 1. A-K Phase contrast photographs of spherule cells from several species of Drosophila (A-D, F-K) and from 1 species of Zaprionus
(E), after pre-fixation in 45% acetic acid, fixation in 100% ethanol, and staining in acetic-orcein. A D.melanogaster, B D.simulans,
C D. subobscura, D D.busckii, E Z.vittiger, F D.virilis, G D. mercatorum, H D.immigrans, 1 D.funebris, J D. zomba’, a nonidentified species
close to D.repleta (from Zomba, Malawi, provided by H. Feijen, Leiden, The Netherlands). K D. hydei. Magnification is the same in all
photographs; the bar (K) represents 10 pm. L A spherule cell (s¢) of D. hydei surrounded by plasmatocytes (p) after formaldehyde fixation
and specific coloration for tyrosine following the Glenner and Lillie method, as modified by Morel and Sisley>.
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typical coagulocytes. This already indicates that they are
one and the same type of cell. Moreover, the inclusions
present in these cells, although varying between species in
shape, size and number, all respond positively to a specific
staining procedure® which reveals tyrosine-rich com-
pounds. They stain an intense violet while other hemocytes
take on a very light colour only, as shown for D. hydei in
figure 1, L.

Hematological nomenclature in Drosophila is contradictory
and confusing, in the first place because several new terms
have been introduced, viz. ‘spheroidocytes’, ‘cristalloid
cells’®, ‘cristal cells’ and ‘lamellocytes’'®, but also because
of doubtful statements about the origin and transforma-
tions of hemocytes's. Since these notions have been
adopted by subsequent authors, Drosophila has become a
hematological monstrosity among other insects. The ‘situa-
tion is further complicated by inadequate homologation.
Jones™ 1% e.g. considers the ‘crystal cells’ of Drosophila’” as
equivalent to the oenocytoids of Sarcophaga. The same
author’ identifies the spherule cells of Sarcophaga with the
‘lamellocytes’” of D.melanogaster’™®, Nappi®* using
Jones’? terminology, correspondingly places the spherule
cells of D. euronotus with the ‘lamellocytes’. A recent? and
exceptionally clear illustration of ‘lamellocytes’ makes us
aware of the fact that in a previous publication? we had
erroneously assumed that this term was meant to describe
the ‘oenocytoid’ cells of the so-called lymph gland.

Qur observations show that ‘spheroidocytes’, ‘crystalloid

cells’ and ‘crystal cells’ in reality all are identical to the
original ‘spherule cell’ as defined by Weismann? While the
term ‘crystal cells’ might seem justified because of the very
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characteristic inclusions (so far restricted to D. melanogaster
and D. simulans), it should nevertheless be emphasized that
this term as well as the names ‘crystalloid cell’ and ‘sphero-
cytoid’ introduced by Rizki'®28 actually all refer to one and
the same type of cell, known since 18642 as spherule cells,
the original description of which fits most of the Drosophi-
lid species examined to-day. We propose to retain the name
spherule cells exclusively, at least for Dipteran species,
especially since insect hematology is exceedingly confused
already, with more than 70 different terms applied to the
few distinct types of hemocytes. In vitro, spherule cells are
seen to rapidly liquefy and/or discharge their inclusions
following one or the other of the 3 modes described above.
This process accomplished, the cells become large, flat-
tened and hyaline (figure 2). Cells in this (probably mori-
bund) state are known in Diptera®! as coagulocytes, and in
other insects as cystocytes’®. For Drosophila, the term
‘lamellocyte’ has been introduced by Rizki!®?* but we
prefer for simplicity to retain the name coagulocyte®!
exclusively. Also, it should be emphasized that these cells
are not a class of hemocytes in its own right. Rather, they
represent a state of transformation of the spherule cells
(figure 2).

As to the question of the origin of the spherule cells, Rizki?
states that the lymph gland (also known as ‘blood-forming
organ’) contains the ‘crystal cells’ besides the plasmatocytes.
Similarly, according to Gateff?%?’ the lymph gland gives
rise to 2 cell lines which ‘evolve into plasmatocytes and
‘crystal cells’ respectively. Yet, such an interpretation is
untenable because in very young larvae the gland consists
of a few anlage cells only, while at the same time the

Fig.2. The transition in vitro of spherule cells into ‘coagulocytes’ as observed under phase contrast on refrigerated slides. A4 D. melanogaster
larva of 70 h. B, C D. hydei larvae of 150 h. In both species, changes as those shown in these series of photographs take place within

1-3 min, The bar represents 10 um.
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2 hemocyte types in question are already present in the
hemolymph.

Steps in hematopoiesis imply, according to Rizki'®'®, the
transformation of prohematocytes into ‘crystal cells’ and
plasmatocytes, and the transformation of the latter into
‘podocytes’ and finally ‘lamellocytes’. However, in our
experience spherule cells (= ‘crystal cells’) transform direct-
ly into coagulocytes (= ‘lamellocytes’), while plasmatocytes
which by the emission of pseudopods may turn into ‘podo-
cytes’, never end up as coagulocytes (= ‘lamellocytes’). We
have further shown? that the lymph gland which grows
progressively like an imaginal disc, releases at the end of
larval life a single type of cell, viz. the oenocytoids. Thus,
spherule cells more likely stem from embryonic mesoderm
directly as seems to be the case with prohematocytes and
plasmatocytes”*3435, Or, alternatively, they might branch
off from plasmatocytes at a later stage. Spherule cells
appear to be implicated in the process of coagulation?, in
the encapsulation of parasites®, and in the formation of
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Summary. Using a Clq binding test, inmune complexes have been detected in one half of cerebrospinal fluid samples
from patients with multiple sclerosis. These results provide additional evidence for the participation of an immune

reaction in the disease process.

Several groups have reported on the presence of immune
complexes (IC) in blood sera of patients with multiple
sclerosis (MS)!'=. Using the C1q binding test (Clq BT)* we
have examined cerebrospinal fluid (CSF) samples from
32 MS patients taken during an active phase of their disease
as determined by a standardized clinical documentation
system?. For the IC assay, CSF samples were mixed with
one volume of normal serum (itself negative in the Clq
BT). Amounts of IC were expressed in IC units, obtained

by dividing the percent binding values of the patient’s
sample by the arithmetic mean percent binding value of a
larger pool (n=118) of negative control sera from healthy
individuals, and multiplying the results x 10% Immune
complexes were detected in 15 CSF samples, i.e. in 46.9%
(figure). Positive results were also obtained in 6/64 control
CSF from miscellaneous neurological disorders including
several encephalitis cases (all IC —ve). Among the positive
control CSF, 1 case of SLE with chorea is noteworthy.



