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On the other hand, every practitioner is aware of the
dangers of hyperpyrexia. This also finds its normal explanation
in the terminal conclusion that:—

8. Excess of fever (above 105° F.) is due to excessive exci-
tation of the immunizing conter and @ corresponding overpro-
duction of defensive bodies. This condition exposes the red
corpuscles and the endothelial cells to proteolytic destruction
(hemolysis and autolysis) along with the pathogenic substances
or bacteria*®

CoxoLupiNg REMARKS.—Such are the facts which have led

me to believe that the human organism is supplied with an auto-
protective mechanism. Its functions, I may add, harmonize
with the views of the modern biochemist who has found that in-
creased metabolism is a characteristic of the febrile process;
they also coincide with the observations of the bacteriologist
that, while most pathogenic bacteria thrive at the normal tem-
perature of the hody, they promptly die when it is raised several
degrees. 'They account for the teaching of clinical experience
that a higher mortality occurs in apyretic cases than among
those in which the febrile process had been active. They explain
the harmful influence of hyperpyrexia, since excessive immuniz-
ing activity means proteolytic destructions of the blood-cells
(hemolysis) and even of . tissue-cells (autolysis) besides the
pathogenic agents themselves.

In the practical field, personal experience sustained by that
of many colleagues who have carefully studied my doctrines has
shown clearly that these embody the lever through which we
can overcome infections. We need only analyze the beneficial
action of vaccine therapy, of antitoxin, of drugs such as mer-
cury, the iodides, and other so-called “qlteratives,” to recognize
that their tendency, in therapeutic (non-toxic) doses, is to raise
the temperature—PROOF THAT THE IMMUNIZING PROCESS IS
ACTIVE.

Yet, as is well known, the autoprotective resources of the
body do mot depend only upon the germicidal and autotoxic
constituents of the blood-plasma. Indeed, they could not be
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57 The placing of animals in the heated chamber to determine the {nfluence
of high temperatures on the corpuscles Is a useless and misleading experi-
ment, since the proteclytic ferment, the active agent in the process, is not

increased.—S.
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may, therefore, be said to contain two functional centers, each
supplied with its net-work of fibers or threads.

Heidenhain is stated by Gulland to have found that “the
granules are arranged radially to the astrosphere, with the
smallest granules next the sphere, the largest at the periphery.”
This is exemplified with especial clearness in Figs. 10 and 16,
and if the threads, or fibers, are traced from the center of the
astrosphere, the gradual increase in size of granules as the
periphery of the cell is approached is clearly indicated. Hei-
denhain also concluded, a feature fully confirmed by Gulland,
that “there are never any granules within the astrosphere it-
self” It thus becomes evident that, while the nucleus is an
autonomous structure, the same may be said of the astrosphere.
In other words, a leucocyte seems to be supplied with two in-
dividual, though doubtless correlated, functional systems: (1)
the nucleus per sé, which contains a net-work of fibrils and
granules; (2) the astrosphere, which represents the center of
the cellular net-work of granule-laden fibrils.

As may be seen, in the numerous cells represented in
Gulland’s plate, which cells have been drawn by him with the
utmost care and fidelity to microscopic appearances, the fibers
in the nucleus divide the latter into several irregular areas,
while the radiating net-work of which the astrosphere is the
center forms relatively regular spaces. The fibers in both
structures Tun to their external boundaries, however, precisely
as if they were attached to the external limiting membranes of
each. And yet the nucleus alone seems to be supplied with
such a membrane, while the urface of the cell is mot. A
prominent feature of these cells is the fact that their proto-
plasmic exterior is absolutely bare.

After a study of the characteristics of the granules, Gul-
land_ writes: “The granules of leucocytes are therefore not
products of the metabolic activity of the cell imbedded in a
structureless protoplasm, as was hitherto supposed, but represent
an altered condition of the microsomes [the granules]. They
always form part of the cytomitoma [the net-work of fibers]
and are therefore plasmatic, and not paraplastic. They are
probably concerned with amaboid movement, and they and the
rest of the mitoma are more visible the more active the cell.”
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Granules, as the plate distinctly shows, are plentiful within the
nucleus, and in the cellular substance likewise; in fact, in the
latter they are crowded around the centrosphere, the deepest
portion of the cell.

If the granules are plasmatic, i.e., formed by substances
derived from the plasma, how does the latter reach the minute
areas in which the granules are formed? Channels seem to me
absolutely necessary for the passage of the blood-plasma, its
alkaline phosphates, and other plasmatic salts from which the
granules are formed,

The prevailing view that the threads (mitoma) are con-
cerned with the ameehoid movements of leucocytes, as also in-
ferred by Gulland, is by no means, it seems to me, incompatible
with the possibility of their being plasma-channels, or efferent
canaliculi. Indeed, their elasticity does not eliminate the pos-
sibility of their heing tubular, while their extension and re-
traction may, as in the sweat-glands, afford the mechanical
elements of an expulsive process. “It is certainly interesting
to note that, the more active the cells of this series become,”
writes Gulland, referring to the acidophile (phagoeytic) leuco-
cytes, “the more visible become their mitoma and the micro-
somes which form part of it. The lymphocytes in which no
mitoma can be seen are practically non-ameeboid. The hyaline
cells in which it is not very evident move but sluggishly. The
oxyphile cells, with a well-marked mitoma and microsomes,
move more rapidly, and the eosinophile cells, whose mitoma
and microsomes are the most visible of all, move most rapidly.”
Again, he says: “It is certain that the length of thread Iying
between the microsomes varies immensely in different parts of
the cell, and the short threads are usually the more deeply
stained ; so that it looks as though they were contracted and
therefore thickened. On the other hand, the microsomes at the
periphery are, generally speaking, the largest, and there can be
no doubt that it is the circumference of the cell which moves
most and moves farthest.” As regards the basophile leucocytes,
he states that, “as far as one can judge from fixed specimens,
the larger basophile cells seem to have more power of move-
ment than the smaller ones”—a feature easily accounted for,
. since they are not bactericidal, as are the acidophile leucocytes.
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Tt seems probable, however, that in both acidophile and baso-
phile cells the fibers take part in the mechanism through which
the plasma, while contraction, thickening, etc.,

they travel in
lsion process, are present

i.c., the elements of a suction or expu
to suggest the identity of the mechanism to which they owe
their powers of locomotion.

Basophile leucocytes are not phagocytic; they do rot,
therefore, ingest foreign substances as do the latter, e, by in-
globing them. They must, therefore, be provided with a dif-
ferent mechanism for this purpose. If, in accord with my view,
the mitoma represents a system of centrifugal canaliculi, it
cannot serve for this purpose. Indeed, the external agencies
penetrate the cell to the nucleus itself. Thus, W. R. Stokes and
A. Wegefarth,* alluding to the researches of Bail,*’ say: “After
injecting virulent staphylococei into the pleural cavity of rab-
bits he found that the leucocytes underwent a characteristic
change. They formed round, empty bodies, containing several
vacuoles in the nucleus.”

How did the virulent staphylococei reach the nucleus’s
vacuoles? Metchnikoff’s plate (opposite page 692 in this vol-
ume) will assist us in elucidating this question. It mot only

Alustrates what this distinguished zodlogist sought to
chanism of ingestion,
“inglob-

foreibly
show, but likewise, it seems to me, a me
differing somewhat from the recognized “ingulfing” or
through which phagocytes take up germs, small

An example of this mode of appropriating vari-
substances is illustrated in Fig. 5,
from various directions, info

ing” process
particles, ete.
ous plasmatic or foreign

which shows bacteria penetrating,
the cell-wall, while Fig. 16 shows the bacteria within the peri-
nuclear vacuole. As all the cells in Metchnikoff’s plate are
phagocyte , the mechanism of ingestion to which 1 refer is
not only that of basophiles, but is obviously a feature of all
leucocytes.

The fact must be emphasized that I say
vacuole, and not “nuclear” vacuole, for, if this and the other
germ-laden cells just referred to are carefully examined, it will
become evident that the bacteria lie in a pocket contiguous to,
Bulletin of Johns Hopkins Hospital,

®W. R. Stokes and A. Wegefarth:

Dec,, 1897.
 Bail: Berliner klin. Wochenschrift, Oct. 11, 1807,
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lasma. Such being the case, if the fibers or “thregds” m;;au:}?é
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the usual solution in that it colors the cellular elements that
take it a dark gray or black. This also shows that it is not only
with the mitoma of basophile leucocytes that the staining char-
acteristics of nerve-fibrils—i.e., plasma-containing channels—
coincide, but also with that of eosinophile cells, Even Apithy’s
fibrils are recalled by the effects of corresponding stains, for
Senn writes,"* referring to the minute anatomy of the leuco-
cyte: “The reticulated structure is well shown by staining with
chloride of gold, which staing the protoplasmie strings, but not
the interstitial substance.” It seems quite evident, therefore,
that the mitoma, ie., the intracelllar and intranuclear net-
works of fibers in mature leucocytes, are canaliculi for blood-
plasma,

FuxorioNar, MECHANISM oOF THE LEUCOCYTE—I have
expressed the view that the nuclear canaliculi open into a
vacuole which surrounds the nucleus (see Fig. 14 in Gulland’s
plate) and that the outer wall of this vacuole acts as terminal
for some of the canaliculi of the cell-substance. Although, as
suggested by Fig. 11, the canalicular orifices that open into
the vacuole from both directions may ‘correspond (the nueclear
orifices being in that case opposite the cellular openings), such
is by no means always the case. Indeed, in Fig. 16, for exam-
ple, but two or three of the external canaliculi seem to be con-
nected with the vacuole, while this cavity serves as terminal for
all the intranuclear channels—if such they are.

Is the connection between this vacuole and the exterior of
the cell direct or indirect: i.e., through separate channels lead-
ing direcily to the exterior or to those connected with the astro-
sphere’s system? That the communication is independent of
the latter is emphasized by the presence of granules in the
path of all canaliculi, as shown in Gulland’s plate. A contin-
uous function depending upon an inflow of plasma would ob-
viously be in constant danger of arrest were the granular chan-
nels centripetal pathways. Again, in all leucocytes, acidophiles
as well as basophiles, the nucleus stains in the same manner,
the granules alone, as we have seen, showing variations in this

particular. The same may be said of the reticulum, for we

have seen, by the staining reactions, that the compounds com-

‘' Senn: “‘Principles of Surgery," 3d ed., 1901,




640 INTERNAL SECRETIONS AND THE LEUCOCYTES,

re bathed in oxidizing substance, i.e.,
formity of nuclear and cellular fluids in

the canaliculi suggests the presence of a very common mech-
anism—one, indeed, which must serve to eliminate its contents,
judging from the fact already mentioned, that the intracellular
granules increase in size outwardly, the largest granules being
at or mear the surface. A common centrifugal canalicular
system again suggests the presence of a system common to all
Jeucocytes, whether phagoceytic or not, for the introduction (not
necessarily of particles or other discernible agencies) of more or
Jess liquid or viscid bodies required by the cell for its own nutri-
tion, or connected with its own physiological functions: i.e., the
elaboration of granules. The canaliculi serving only for the cen-
trifugal elimination of the latter, the centripetal paths must

penetrate to the vacuoles befween the canaliculi, or “threads,”

as already explained, and as ghown in Metchnikoff’s plate,

Fig. 5. We are evidently not dealing here with mere inclusion
or pseudopodial flowing around the germs, for the latter may
be seen to penetrate the cell between the granules, and, judg-
ing from Figs. 13, 14, 15, and 16, directly into the Periuuc‘lear
vacuole itself.

Is the cell supplied with centripetal canaliculi n addition -
to the centrifugal system which I believe to be represented
by the reticulum? The fact that micro-organisms can pene-
trate directly into the vacuole between the external layer of
one to suggest that such is the case, but the

granules is not al
manner in which the leucocyte takes up stains likewise does
bsorption of the dye by the

co0. As can readily be seen, the a

cell occurs without involving any alteration of its shape which
can at all be associated with the process. That the absorption
cannot occur through the visible canaliculi: i.e., those that take
stain Lecause they constantly contain fluid, is rendered very
probable by the presence of the granules, which must entirely
close their external orifices. It must oceur, therefore, through
paths presenting some analogy to the pores of certain sponges,
which allow the surrounding water to pass into the interior of
the sponge, so long as it does mot carry any harmful products
along with it (Metchnikoff). And yet the fact that guch a sys-
tem of channels does not exist is shown by the promiscuous

posing the granules a
adrenoxidase. This uni

FUNCTIONAL MECHANISM OF LEUCOCYTES. G—“.

gézzctl(tylns. taken. by bacteria in penetrating into the cell, In
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imp;}rt 1et cogvmtmn that this digestive function must playpan
ant role in the mutual relations of '
. i these lowly
isms. Many rhizopoda and infusoria li : ‘ e
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;rato(r 1;:11 ofh B. Hofer* on digestion in amehw. This investi-
as shown that “the more the food is altered in the in-
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