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Studies on the histogenesis and the physioldgical functions
of the blood tissue in the silkworm, Bombyx mori, 1..

Toshioki GAMO

(Abstracted from The Bulletin of the Imperial Uyeda College
of Sericulture and Silk-industry, Vol. 2, No. 1, Qct. 1936.)

Résumé

(I) Introduction.

Since Weismann (1864) has discovered the “garland-like strand”, a part of the blood
tissue in the Muscid larvae, it has been studied by many authours in almost all orders
of insects, and has been variously namad the bloed tissue {Wielowiejsli, 1886), the nephrocyte
(Bruntz, 1904), the storage kidncy (Kowalevsky, 1889), the acid cxcretory orean (Kowalevsky,
1889), the pericardial and peritracheal glands (Verson, 1911), and the athrocyte (Burian, 1924).

The blood tissue in the silkworm consists of certain localized groups of cells, which
occur in two principal groups: (1) Pericardial cells and (2) Peritrachsal cells.

Pericardial cells consist of three kinds of cell chains arranged in linear series, (a) laid
along the out side of the dorsal vesszl, (b) along the inside of the vessel and (c) along
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aliform muscles of both sides of the vessel.

Peritracheal cells usually form a chain which is suspended in the hody cavity along
the longitudinal main trachea on both sides of the hody.

In the present paper, the authour has dealt with the anatomical structure, the histo-
genesis and the physiological functions of these blood tissues of the silkworm, through-
out its generation. The outline of these experimental results on the histogenesis and
the functions of the tissues, especially on the significance of intracellular change during
the metamorphosis and the final disposition of the cellinclusions are described as
follows : —

(II) Experimental resnlts.

(1) Histogenesis. .

It is obvious that the pericardial cells are generated either from the primitive nucleuy
of the cardio-blast cell in the dorsal vessel, or from the generative nucleus of the aliform
muscle respectively. The developmental period during which the pericardial cells are
generated from the former is in each moulting period after the second inster, and from
the latter is in each moulting period after the end of the first instar, But the peri-
tracheal cells are clearly differentiated from the suboasophageal hody of the embryonic
stage.

(2) Cell division and multiplication.

Poli-nucliated cells of the blood-tissue are yielded by means of direct nuclear division
without following by cleavage of cytosome, at tha end of each moulting stage, in the
course of spinning stage and in the seventh day pupa.

But as the feeding of the larva progresses, these multinuclear cells gradually grow
up until the cleavage of the cell-body takes place making a mononuclear cell.

(3) Histolysis _

The tissves fully developed at the end of the larval instar, are subjected to autolytic
disolution, in the stage of 3--5 day pupa. But the pericardial cells rather increase in
number owing to the differentiation of young cells, wheraas the peritracheal cells usually
decrease during the same period,

{4) Storing and phagocytosis of foreign substances.

Blood-tissues are able to phagocytose particulate matter and to store foreign substances
brought to it in colloidal solution.

(a) The ultra-microscopical particles of the colloidal dye solution such as Lithium
carmine and tolidin blue, injected into the hody-cavity, gain access to and are stored by
tha cells within 1--3 hours after injection.

(h) On injecting the suspensions of any sterile materials such as India ink, pow-
dered carmine used as particulate matter, these are ingested within 24— 48 hows after
injection.

{c) Suspensions of living hacteria and colloidal solution of sericin introduced into
the hody-cavity are at first destroyed by leucocytes being broken into finer particles,
after which these penetrate into the cells within 24 — 48 hours after injection.

() If the foreign particles are of different nature and indigestible, they may remain
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for a long time in the cells which have ingested them, and on penetrating into the
nucleus, the cells gradually degenerzte during the pupal stage, and the particles are set
free and may be taken up again by other young cells. But if the particles are digestible
as are micro-organisms or sericin solution, they may be gradually destroyed within 23
days through intracellular digestion.

(5) The hidrogen-ion cocentration and the electric charge of the blood-tissue.

It seems reasonable to assume that the cells of Dhlood-tissue are negatively charged
hecause the iso-electric point of cytosome of the cell (PH 4.9 —5.3) is a little less than
the PH value of it (PH 5.0 —5.6).

According to the author’s experiments it is obvious that the colloidal particles which
are positively charged in the body-fluid are easily taken up by the blood-tissue cells.
In otherwords, either some of the acid stains which éasily change potentiality in the
body-fluid, or some of the basic stains in which no change in charge takes place in the
hody-fluid, are edsily ingested and stored up in the cytosome. On that account, it is
reasonably considered that the elective ability of intake of vital dyes is chiefly due to
the physical phenomenon. of electric adsorption and the adhesiveness of colloidal particles.

(6) Intracellular digestion of albuminoid granules.

The ultra-microscopical particles of the nitrogenous colloidal solution which come from
the food through the digestive organ, enter the cell hody in an invisible manner, aggre-
gate in the cytoplasm into larger particles (1.0—1.5/) and continue to increase in size
during the feeding stage. Later, the particles are gradually destroyed through intracel-
lular digestion in the moulting stage. The same phenomenon is regularly recapitulated
during the pupal stage, i, e, the much larger albuminoid spherules (2 10/¢) which
appear in proportion as histolysis of the larval tissues go forward gradually undergo
the identical change by means of intracellular digestion.

(7) Staining reactions of cytoplasmic inclusions and the physiclogical significance,

The cytoplasmic inclusions in blood-tissue cells which occur in the feeding stage of
larvae and in the pupal stage are rationably recognized to be an albuminous substance,
as indicated by positive Millon- and Fehling-reactions.

In following the evolution of these spherules, from basophile microsomes to acido-
phile cytoplasmic spherules: *at first, the cytoplasmic structure, being filled with micro-
somes and vacuoles, is finely alveolar in appearance and stains blue with Mallory's
triple stain modified by Heidenha'n, and dull pink with iron hematoxylin with eosin.
And according as nitrogenous colloidal particles which come from the food or the
reserved materials enter the cells, hasophile microsome  gradually undergo a change in
staining reactions, becoming redish-blue or red with Mallory’s stain and black with
iron-hematoxylin from they edge. As the acidphile area in the spherules gradually
increase in amount, they fuse with each other, ultimately transforming the entire spherule
into an acidophile spherical bhody. Meantime these acidophile spherulas gradually
continue to disappear during the moulting stage or pupal instar.

(8) Interrelations of physiological functions between the blood-tissuz and other organs.

When the metabolic activity of the blood-tissue cell is restricted by making use of
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the properties with which the cell is able to store up the colloidal suspensions of lithium
carmine which is harmless in the insect body, it has become clear that the development
of the fat cells and the silk-gland is checked to a certain extent, and the contents of
amino-acids and buffer activity of the body-fluid exceedingly decrease.

Furthermore, it is extremely obvious that the metabolism of the hlooditissue plays
an important role in both the appearance and the disolution of albuminoil granales
which appear in the fat cells at the beginning of each moulting stage and the prepupal
stage.

And because these albuminoid spheres produced in. the fat cells are considered as
representing a form which may possibly be more soluble, more readily available for
assimilation in tissue growth during the metamorphosis of the insect, it seems reasonable
to assumed that the blood-tissue in the silkworm plays undetermined part in inter-
mediary metabolism of albuminous substances which are connected rather with nutrition

than with excretion.



