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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 center and a corresponding overpro
duction of defensive bodies. This condition exposes the red 
corpuscles and the endothelial cells to proteolytic destruction 
(hremolysis and autolysis) along with the pathogenic substances 

or bacteria. 87 

CoNCLCDISG REMARKS.-Such are the facts which have led 
me to believe that tbe human organism is supplied with an auto
protective mechanism. Its íunctions, I may add, harmonize 
with the views of the modern biocbemist who has found that in
crea~ed metabolism is a cbaracteristic of the febrile process; 
they also coincide with tbe observations of the bacteriologist 
that, wliile most pathogenic bacteria thrive at the normal tem
perature of the body, they promptly die when it is raised several 
degrees. They account for the teaching of clinical experience 
that a bigher mortality occurs in apyretic cases than among 
those in which the íebrile process bad been active. They explain 
the barmful influence of hyperpyrexia, since excessive immuniz
ing activity means proteolytic destructions of the blood-cells 
(hremolysis) and even of tissue-cells ( autolysis) besides the 

pathogenic agents themselvcs. 
In the practical field, personal experience sustained by that 

oí manJ coHeagucs 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 "alteratives," to recognize 
that their tendency, in therapeutic ( non-toxic) doses, is to raise 
the terr¡perature-PR00F THAT TITE IMMUNIZING PROCESS IS 

ACTIVE. 
Yet, as is well known, the autoprotectiYe resources of tbe 

body do not depend only upon the germicidal and autotoxic 
constituents of tbe blood-plasma. Indeed, they could not be 

ll'I The placlng of anlmals In the heated chamber to determine the lnfluence 
of high temperatures on the corpuscles Is a useless and mlsleadlng experl
ment, slnce the proteolytlc ferment, the active agent in the process, Is not 

lncreascd.-S. 
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carried out without the potent co-o erati 
the importance of which in imm ~ h on of the phagocytes, 
through the genius of Metchniko¡1 y as been revealed to us 

. To obtain an idea of the relations of h . . 
with these deíensive cells h Id t e IDternal secrebons 

th 
. ' we s ou have at l t . 

. eir relations with the ductless land eas. an idea. of 
vital process is sustained . th g s, the manner ID which the 
leucocyte fulfüls . th· ID e~, and the role each type of 

. m is connect10n I kn f 
wh1ch these features are st d' d d ow o no work in 
the whole framework of th u ie an must, therefore, build up 
ascertain the nature of the e proce:_s, and thus try, at least, to 
process as I have described c?:~ec ion betwe~n the immunizing 
functions of the phagoc :. i ID the foregomg pages and the 

J~es. 

THE LEUCOCYTE IN ITS RELATION 
FCXCTIOXS "ND S TO NUTRITION, ORGANIC . ' = DfifUNITY. 

Before inquiring into the h si 1 . . 
of the various varieties f 1 -~ y o og1cal funct1ons of each 
was deemed advisable t o twdu e corpuscles, or leucocytes, it 
f 1 ° s u Y the cell as · icu arly the functional attribute . . a un1t, and par-
tures: ( 1) the nuclear and 11 sl of its_ maID component struc
the granules. ce u ar rebculum. or mitoma; (2) 
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astrosphere shown in Fipo71on of the cell, of a small bodv the 
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r.o Ilowell: Lo1• c1·t 
38 G L . · . . Gulland: Journal of Physlology 1 , vo . xix, 1896. 
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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 lG, 
and if the threade, 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 "tbere 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 systerns : (1) 
the nucleus per st, which contains a net-work of fibrils and 
granules; ( 2) the astrosphere, which represents tbe center oí 
the cellular net-work of granule-laden fibrils. 

As may be seen. in the numerous cells represented in 
Gulland's plate, whicb cells have been drawn by him with the 
utmost car<: and fidelity to microscopic appearances, the fibers 
in tbe nucleus di,ide the latter into several irregular areas, 
while the radiating net-work of which the astrosphere is the 
cente1 forms relatively regular spaces. The fibers in both 
structures run to their external boundaries, however, precisely 
as if they were attached to the external limiting membranes of 
eacb. Aml yet the nucleus alone seems to be supplied with 
such a membrane, while the surface of the cell is not. 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 tbe cell imbedded in a 
structureless protoplasm, as was hitherto suppo$ed, 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 
µrobably concerned wilh amreboid movement, and they and the 
rest of the mitoma are more visible the more active the cell." 
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Granules, as the p!ate 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. 

1f the granules are J)lasmatic, i.e., fonned by substances 
derived from the plasma, how does the latter reach the minute 
areas in which the granules are formed? Channels scem to me 
absolutely necessary for the passage of the blood-plasma, its 
alkaline phosphates, and other plasmatic salts from which the 
granules are formed. 

Tbe prerailing view that the threads (mitoma) are con
cerned with the amceboid movements of leucocytes, as alEO in
ferred by Gulland, is by no mcans, it seems to me, incompatible 
with the possibility oí their being plasma-channels, or efferent 
canaliculi. Indeed, their elasticity does not eliminate the pos
sibility of their being 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," 
,uites Gulland, referring to the acidophile (phagocytic) leuco
cytes, "the more visible become their mitoma and the micro
sornes which form part of it. The lymphocytes in which no 
mitoma can be seen are practically non-amceboid. The hyaline 
cells in wlúch 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 lying 
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 tliickened. 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 speeimens, 
the larger basopl1ile cells seem to have more power of move
ment tlian the_ smaller ones"-a feature easily accounted for, 
since they are not bactericida!, as are the acidophile leucocytes. 
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. hat in both acidophile and baso-
It seems probable, howe,er, ! . th mechanism through which 
phile cells the fibers take par hl?l e traction thickening, etc., 

• th !asma w I e con , 
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particles, etc_- An fexa~p e s:bsta~sces is illustrated in Fig. 5, 
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the cell-wall, wh1le ] ig. 1 11 . Metchnikoff's plate are 
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nuclear vacuo e. . . í in estion to which I refer is 
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become evident that the bacteria ie m a 

f rth. Bulletin o • w. R. Stokes and A. Wege a . f Jobns. Jlopkins Hospital, 
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but not forming part of, the nucleus itself. I would not say, 
thereíore, with Bail, "vacuoles in the nucleus," but vacuoles 
around the nucleus. Indeed, Gulland refers to Heidenhain as 
considering that "the nucleus lies free in the inter.filar spaces, 
and is not organically connected with the cell-substance." This 
is quite in accord with my view, and it seems to me that it 
represents the cavity into which bodies ingested by leucocytes 
normally arrive, though smaller vacuoles are likewise present 
in the cytoplasm. 

The actual presence of this perinuclear vacuole from 
which canaliculi would start appears to me indicated in several 
of the figures in the annexed Gulland's plate. Fig. 8, for in
stance, stained with iron-hrematoxylin, shows that the nucleus 
is surrounded by an irregular limiting material of sorne kind; 
but if we compare the outline of this limiting substance with 
that of all the succeeding cells, an interesting feature asserts 
itself, viz. : its thickness is extremely variable. Although 12 
may be said to be moderately regular, the others, in the fol
lowing sequence: 11, 10, 13, 8, 9, and 14, are increasingly irreg
ular. If, now, this irregularity itself is scrutinized, a significant 
fact is revealed: i.e., the bulges, or projections, in the limiting 
structure are all at the expense of the nucleus. I n Fig. 9, for 
instanee, just above a clover-like figure near the center of the 
cell (probabJy the astrosphere), the markecl bulging shows every 
eYidence of having been íonned by a substance which had com
pressed the nuclear substance inwardly. The stages of this 
compression are exemplified in )Ietchnikoff's plate, by Figs. 16 
and 13, successively. In the former a single mass of liquid and 
germs is seen to have indented the center of the nucleus on 
one side, wbile in the second figure tluee ca,·ities are shown 
which have distorted it. (The nucleus is indicated by an n.) 
In both, howeYer, the compression l1as exceedecl the normal 
boundaries of the limiting strudure, and centriíugal bulging 
has occurred at the expense of the perinuclear protoplasm or 
cytoplasm. So markecl l1as this become in Fig. 14 that the 
nucleus is not discernible. 

The identity of the mitoma as a system of eanaliculi sug
gests itAelf in another way. I have shown that the axis
cylinders of nerves, neuroglia fibrils, etc., contained blood-
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plasma. Such being the case, if the fibers or "threads" in leuco
cytes are likewiEe plasma channels, they must stain, as do the 
former, when treated to various dyes. We have seen (pagea 
541 to 543) that methylene-blue dissolved in salt solution and 
injected into the vessels of a living animal colored the axis
cylinders blue, according to Ehrlich, and that this investigator 
defined the conditions of nerve-structure essential to the 
methylene-blue reaction as "oxygen saturation and alkalinity'' 
-the very attributes of blood-plasma. Referring to the vari
ous stains used by him, Gulland says: "In examining the baeo
phile cells I used almost entirely various methylene-blue solu
tions," and, later on: ''The basophile cells of the dog's 
intestinal villi, when fixed with absolute alcohol and stained with 
alcoholic methylene-blue, give exactly the same results, as to 
mitoma and granules, as other basophiles." Evidently, as re
gards the methylene-blue stain, nerve-fibrils and mitoma (my 
canaliculi) are similar. Again, besides the plate reproduced 
here, Gulland presents two colored plates, in which the char
acteristic affinity of each cell for stains appears; the six basophile 
leucocytes stained with methylene-blue (normal) distinctly show 
that structures which stain most deeply are the chromatic, i.e., 
the nuclear mitoma; then, more faintly, the cellular mitoma. 
It seems clear that, as regards methylene-blue stain at least, the 
conditions are eimilar to those of nerves as far as the mitoma

or canaliculi-are concerned. 
The same correspondence exists between nerve-fibrils and 

the mi toma when hrematoxylin is used. We have seen ( page 
536) that, according to McCarthy, the rods that project radially 
:from the axis-cylinder "stain with carmine and hrematoxylin, 
which do not stain the myelin." The.íact that the axis-cylinder 
takes hrematoxylin hardly needs to be emphasized, its use in 
histological laboratories when nervous structures are studied 
being second only to picrocarmine for general staining. A 
beautiful example of hrematoxylin-stained human cerebro
spinal and sciatic nerves is to be found in Clarkson's "Histol
ogy," page 204, for instance. All the eosinophile leucocytes 
shown in the annexed plate, in which the nuclear and the peri
nuclear granules and rnitoma are so clearly defined, were stained 
with lleidenhain's iron-hrematoxylin, wbich only differs from 
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posing the granules are bathed in oxidizing substance, i.e., 
adrenoxidase. This uniforroity of nuclear and cellular :fiuids in 
the canaliculi suggests the presence of a very common mech
anism--one, indeed, which must serve to elirni11,(1.te its contents, 
judging írom the fact already mentioned, that the intracellular 
granules increase in size outwardly, the largest granules being 
at or near the surface. A common centrifugal canalicular 
system again suggests the presence of a system common to all 
leucoeytes, whether phagocytic or not, for the introduction ( not 
necessarily of particles or other discernible agencies) of more or 
less 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 between the canaliculi, or "threaus," 
as already explained, and as shown in 1\1etchnikoff's plate, 
Fig. 5. We are evidently not dealing here with mere inclusion 
or pseudopodial :fiowing 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 perinuclear 

vacuole itself. · 
Is the cell supplied with centripetal canaliculi in addiiion 

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 
granules is not alone to suggest that such is the case, but the 
manner in whicb the leucocyte takes up stains likewise does 
so. As can readily be seen, the absorption of the dye by the 
cell occurs witbout involving any alteration of its shape wbich 
can at all be associated with the process. That the absorption 
cannot occur througb the visible canaliculi: i.e., those that take 
stain oecause they constantly contain fluid, is rendered very 
probable by the presence of the granules, which must entirely 
close their external orífices. It must occur, thereíore, through 
patbs presenting sorne 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 not carry any barmful products 
along with it (Metchnikoff). And yet the fact that such a sys
tem of channels iloes not exist is shown by the promiscuous 
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