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rilemma. Indeed, the similarit)'( even ex.tends tOBt:;?] :lul?if er—
of the dendritic central canal into fibrils, fo}' m. Si-'l-j,ated
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i i cter heath 18 )
dedrits aro sl BBt by f the i
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we find an insulating mass o T
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e this point that would take the

N f the ti at
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terminates where the first of the 'gemm.ulaa are tgro:::l olfjik :‘r"ise
the ascending portion of the primordial ptoces ;he A
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nerves. But we have still to study an important question: i.e.,
the identity of the intermediary fibrils of neuroglia—important
in the sense that it has a certain bearing upon the concordance
between the older views of Gerlach and the modern observa-
tions and conclusions of Golgi. Indeed, if the entire cerebro-
spinal axig is made up (as far as true nervous elements go) of
these medullated glia-covered nerve-fibers and dendrites, we
may well conclude with Gerlach that nerve-cells are united by
an intricate net-work of extremely delicate nerve-fibrils, If,
on the other hand, the cell-hody, its dendrites, and its axon
are alone medullated and glia- or neurilemma- covered, the
connection with the vascular system being established by non-
medullated fibrils, T am in accord with Golgi, who denies the
existence of any connection through nervous structures between
neurons,
That Golgi’s view prevails is suggested—provided my own
view that fibrils are plasma-channels is accepted—by the fol-
lowing lines by Professor Foster: “The larger part of the gray
matter consists, besides a neuroglia supporting the nervous
elements, of nervefilaments running in various directions and
forming, not a plexus properly so called, but an interlacement
of extreme complexity.” If the italicized words “nerve-fila-
ments” are converted, in accordance with my view, into neu-
roglia-fibrils, the rest of the quotation will lead us to the solu-
tion of the question: “These filaments are, on the one hand,
ihe fine medullated fibers spoken of above as being recognized
with difficulty, and, on the other hand, non-medullated filaments
ranging from fairly wide and conspicuous naked axis-cylinders
down to fibrils of extreme tenuity, the latter arising apparently
either from the division of axis-cylinders and nerve-fibers pass-
ing into or out-of the gray matter or from the continued branch-
ing of the nerve-cells.”

The solution, it seems to me, lies in the fact that non-
medullated fibrils exist at all, and that these range from fairly
wide azis-cylinders down to fibrils of extreme tenuity, some of
which, at least, appear to originate from dendrites. Indeed,
this indicates that these non-medullated fibrils (of neuroglia,
as stated by Berkley) represent the continuation of the main,
or apical, dendrite (or dendrites, for there are often more than
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contain myelin and blood-plasma and may, therefore, be con-
sidered as nerves, while others ondy contain plasma and are,
therefore, blood-channels,

Under these circumstances, are the above-mentioned in-
vestigators not justified in considering the met-works referred
to as nervous structures? They would be justified in doing so,
did all the neuroglia-fibrils contain myelin; but it is the ab-
sence of this compound in the fibrils that serve as channels for
plasma between blood-vessels and the apical dendrites of the
neuron which seems to me to neutralize their view. Were there
any evidence that a medullated fiber of any kind connects any
portion of the cell with another structure capable of converting
chemical energy into nervous emergy, the question would re-
main an open one; but such is not the case; the ahsence of
myelin in the neuroglia-fibrils connecting the neuron with the
source of its blood-supply seems to point distinctly to the need
of its absolute isolation, not only to avoid the promiscuous dis-
persion of the mervous energy it is able to produce, but also
to enable it to store this energy and to direct it in the physio-
logical paths.

The presence of the non-medullated fibers among the
cerebro-spinal nervous elements becomes evident when the
structural difference between the gray matter and the white
matter is interpreted from the standpoint of my view. “Owing
to the relative abundance of white refractive medulla,” says
Professor Foster, “the white matter possesses in fresh speci-
mens a characteristic opaque white color; hence the name.”

“In transverse sections of the cord nearly the whole of
the white matter appears, under the_microscope, to be com-
posed of minute circles, the transverse sections of the longi-
tudinally-disposed fibers.” “The gray matter, from
the relative scantiness of medulla, has no such opaque-whiteness,
is much more translucent, and, in fresh specimens, has a gray
or rather pinkish-gray color, the reddish tint being due to the
presence partly of pigment and partly of blood, for the blood-
vessels are much more abundant in the gray matter than in
the white.” That in the cerebral cortex, for instance, these
vessels should represent the starting-point of the neuroglia non-
medullary fibrils needs hardly to be emphasized. They are now
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termed “terminal,” but their appearance as such is readily
accounted for by the fact that here, as iL:L the (ford, they are
said to be imbedded in neuroglia, whereas,. in real'lty, jche }atter,
composed, as it is, of a mass of diminutive fibrils, is .dlrlectl_}fr
affized to the vessel, acting precisely as would a I_nUIt‘ltuA(e.ol

minute subdivisions of the vessel itself. Each fibril E‘m wl_uc’t:
the blood-stream is so slender that it only appears .pmklsh

through its translucent covering) is, in fact, a com'pomte coun-
terpart of the ependymal fibril and other neuroglia structmtes
to which I have referred. In other WOTdS5. each new'ogha;
fibril is affiwed to the wall of the vessel either directly or through
the intermediary of a neuroglia-cell, a.nd therefrom extends Ito
the main, or apical, dendrite, or dendrites, of some neuron. 1In
addition, however, this enables me to conclude thzf,t a neulron
receives its nutrition and its oxidizing .s-ubstm‘we directly fr c')m
the general circulation, and that the blood which enters by way

of the apical dendrites is distributed to the free dendrites and -

ell-body. o
3 thf& c;;lllestiog suggests itself in this connection, howevgr, viz.:
How does the blood in the collaterals return_ to the main dEI'l;
drite to find its way with the latter’s bloo?l m!,o the cell-bo.@;
This appears to me to find its explanation in t‘he follmmlllg
(already quoted) sentence, in which Berkley desicnbes Ithe cell-
body: “Around the body of the cell we find an insulating ma;ss
of i%uid contained in the pericellular Iymph-s.ac, and as a.eapsu‘i
to the sac there appears a slight condensataon‘ c_Jf the tissue B
this point, that would take the place of a refaining 1"1'7,.:3111‘-batfm:ﬂ.Y
The retaining membrane is doubtless the neuroglia covering
of the collateral, as it is of the entire cell; underneath, there-
fore, is the lymph-sac—which I consider as a plasma-sac. But
we have seen that Flechsig and Berkley’s researches .have shown
that these “fine branches are furnished with 8 thin .layer of
myelin nearly to their termination.” That. this m:vehn mus?t,
as elsewhere, be supported by the neuroglia covering and in
contact with it is evident: a feature which relegates ’Fhe plasma
toward the center, though in contact with the myehn. If we
now recall the fact that fibrils have also been discerned even
in these delicate collaterals, it becomes a question }rlletlier they
serve to transmit plasma, centrifugally or centripetally. As
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Berkley’s experiments have shown that they become the seat
of swellings under the influence of poisons, there must be no
escape for fluids through their walls; indeed, gemmulation
would become impossible were the centrifugal pressure neces-
sary counteracted by the escape of the plasma into lymph-
spaces. That the blood returns toward the cell-body and
through some of the central fibrils is therefore probable. TUn-
der these conditions I can submit, as a working proposition,
that the plasma which enters the collaterals is returned to the
apical dendrite, and to the cell-body with the blood of the latter.
The blood of the cell-body then passes out through the azon.
How does the blood leave the axon of the neuron in the
substance of the brain and cord? This question plainly re-
solves itself into the following: How does the blood reach the
veing from the axon? “The perivascular lymphaties
are especially found in connection with the vessels of the brain”
says Gray™; “these vessels are inclosed in a sheath which acts
as a lymphatic channel, through which the lymph is carried to
the subarachnoid and subdural spaces, from which it is returned
to the general circulation” This familiar fact would be un-
explainable after the views I have advanced concerning the
circulation of arterial blood were the return of blood to the
veins not the purpose of the lymphatic sheaths, for the same
authority states that lymphatic vessels “have not at present
[1901] been demonstrated in the dura mater or the substance
of the brain.” Again, when we consider that perineural, as
well as perivascular, spaces exist, we are brought to realize that
by linking the axon of a neuron to a venule, with a lymphatic
Space as intermediary, we have the elements of a mechanism
which not only utilizes structures that are known to be present
in the cerebro-spinal axis, but which also satisfy the needs of
the function. Finally, if an axon is itself buried (up to the
neck of its bulbous terminals) in a perineural sheath, which in
turn communicates with a vein through stomata, as is the case
in nerves, the blood of the axon is provided with a clear path
to the general blood-stream.
That the blood of the neuron is eliminated as it is in other

5 Gray: Loc. eif.
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nervous structures—via the axon—is evident; but do lymph-
spaces connected With veins actually receive this blood? Re-
ferring to the effects of acute alcoholic poisoning upon the
veins, Berkley says: «(Changes in the coats of these vessels are
gimilar fo those in the arterial system, but aggregations of
dying polynuclear corpuscles are more frequent, and are by far
the most striking feature both of fheir contents and surround-
ings. These aggregations, which may vary from three or four
to a dozen or more, are located both within and without the
Jumen of the vessel (especially the smaller ones). Within the
Jumen are collections of white corpuscles filling the interior,
and numbers are seen penet-ratin-g the walls, So vast are the
collections in the perivenous Spaces that the whole cavity is
occasionally filled, and backward pressure from the pluge and
compression of the vessel from the outside have attained such
a height that in a number of instances the vessel’s walls have
ruptured and red corpuscles are intermingled with the white
and fill the space completely.” These features are well illus-
trated in the annexed photographe. The center of Fig. 8 ghows
“polynuclear leucocytes in the perivascular space of a small
intermediary vessel compressing its walls,” while Fig. 9 shows
«encocytes in the blood in a cross-section of a large vein.” The
gt . fact that the leucocytes are found in the “perivenous spaces”
(i and “within the lumen of the vessel,” coupled with the ob-
It 3;‘“;4@ gervation that they are “geen penetrating the walls,” so clearly
| -”W;m point to the process involved that the following conclusion
1 imposes iteelf: The blood (we have seen that even red corpus-
|t - cles are present) of the axon widendly finds its way info @ lymph-
11— space connected with o vein, thence to the general circulation.
Still, there is a feature of the whole process which requires
cducidation. Why should the wveins, which, of course, cOmM-
municate with channels through which the blood can be freely
evacuated, become engorged under the influence of the adrenal
ctimulation induced by aleohol? Engorgement of the arteries,
their capillaries, the neuroglia channels, and the dendrites i8
a mormal consequence of adrenal stimulation ; but, the veins
being outlets, such is not the case with the venous engorge-
ment. This anomaly 18 qccounted for by the now generally et
admitted fact that the veasels of the cerebral substance per $¢ | E;TE; FJYTES IN THE PERIVASC
VRS, 85 8 e e i o
HORIG PDISDNINLGT.‘ ?geﬁlsijTB ek

[Johns Hopkins Hospital Reports |
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are not supplied with vasomotor nerves. “Vascular nerves may
be found without trouble or difficulty in muscles, glands, ete.,
by the silver and other stains,” writes Berkley, “but in the sub-
stance of the encephalon they are never to be seen with similar
staining methods; hence it is fairly reasonable to suppose that
they are not present in this location and that some other con-
trolling mechanism takes their place. I have most carefully
looked for them in many brains, both human and of the lower
animals, but have never seen the slightest trace of their pres-
ence within the nervous structures. . . . Tuke and An-
driezen, who made researches in the same field, have also failed
to find them.” As I will have occasion to show, this is an
extremely important factor in the pathology of all toxamias,
mental and nervous diseases, for it indicates that any marked
rise of blood-pressure due to tovics, drugs, etc., causes vascular
engorgement. of the vascular channels of the brain-substance
simultaneously with the engorgement of the peripheral capil-
laries of the other parts of the organism.

Under these conditions contraction of the central vascular
trunks through excessive adrenal activity causes not only con-
gestion of the surface, but also of the brain. Strikingly con-
firmatory of this fact are the following statements of Professor
Foster’s: “It is argued that, in the absence of vasomotor nerves
of their own, the cerebral vessels are wholly, so to speak, in
the hands of the general motor system ; so that when the hlood-
pressure is high, owing to a large vasoconstriction in the ah-
dominal viscera, more blood must necessarily pass to the brain,
and when, again, the pressure falls, through the opening of the
splanchnie flood-gates, less blood necessarily flows along the
cerebral vessels.” . . . “Again it has been observed that
certain drugs have an effect on the volume of the brain quite
incommensurate with their effect on the vasomotor system.”

If this testimony is sound and the interpretation of the
data available is exact,—my conception of the neuron’s inherent
functions coincides with some of the main conclusions reached
by Deiters, Gerlach, Golgi, Forel, and Cajal. In outlining
their conclusions, however, T will only refer to those which are
directly connected with my views, as a general review would take
up too much space.
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Deiters (1855) affirmed the prevailing theoray—un_demon-
strated at the time—that the nerve-cell was supplied with two
kinds of processes, the protoplasmic and the nervous, thfe latte;
constituting the nerve-fiber. Gerlach chﬁrmed the vzajw?dol
Deiters, and showed that the protoplasmic processes suh_ 1v1hett
into a fine reticulum, which, he thought, anastomosgd with t a
of other cells. Golgi then delnonstl:ated that, besides fthe tw;
kinds of processes described by Deiters, there were given 0
collateral processes which, with the nerve-process, or fa)il}?-
eylinder, constituted the only truly nervous _structure]s'o tri(i
cell, the other processes and the cell-body .bemg purely nu -
tional. The subdivisions of the protoplas‘nnc processes or an.-l‘.f
tomoses were not, in his opinion, continuations of those (;

* other nerve-cells, either by continuity or tl}rough nervous ne'-‘
works, though some of the protoplasmic extenmons1 were
connested with neuroglia-fibers and blood-vessels. Forg con-
tended that the entire cell and its processes Were mmulta.—l
neously functional and nutritional. Ramon ¥ Cajal conr:lude(1
that net-works of mervous fibrils did not unite the collatera
processes, and, these being absolutely free, there cou.ld Ihe n(;
continuity of nervous substance between them, contiguity o

ir extremities alone prevailing. \
thmle):;:(llml:aerdly em}?hasize the fact that Golgi.’s views 1a.re
strikingly confirmed by my own; il%deed, had this 'g;ea]; 115:
tologist converted the neuroglia-ﬁk?nls conne.cted wit ]cpo‘
vessels into blood-channels, our 1nterpretat‘1ons wou‘ld have
been similar, though reached from entire?y dlf‘fel:ent (]'ll'E‘Cti?ﬂE.'-.

And I must admit that I consider this s.trlkmg snmlarn;f_\i
apart from the single line of research to wh.lch I have de?-o. ‘eﬁ
all these pages,—i.c., the histological chemlst'ry of _the cireu-
lation of the nervous system and the manner in which nervous
energy is produced,—as a strong indorsement of my own 'c;:n-
ceptions. While Forel is fully sustained by my a_malyms W e;n
he asserts that all the parts of the neuron are mmultaneo.us (31
functional and nutritional, Golgi is likewise fully sustame} :
when he considers the collaterals and t.h:e axon z]ars the truly
nervous structures, the others being nutritional. Y} e ha'_re seen
that the dendrites connected with the neurog}ia'ﬁlmls E;I'E
really blood-channels. True, they are covered with gemmules
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and lined with myelin, a feature which shows that they serve
for the formation of nervous energy; yet this energy is not
utilized in these dendrites, hut by the collaterals, in addition
to that elaborated by their own myelin. Nor is the greater part
of the blood which courses through the main dendrites used
by them; it passes into the cell-body: a great center for the
production, we have seen, of nervous energy, which energy is
mainly utilized, not by the cell-body per se, but by the dendrites
and the axon through which the whole neuron’s blood is con-
tinuously passing.

Golgi’s observation that some of the protoplasmic proe-
esses were connected with neuroglia-fibers and blood-vessels
furnishes histological proof that my interpretation of the
manner in which the neuron is connected with the circulation
is based on solid premises. The prevailing ideas, however, as
to the nature of neuroglia normally suggested that his views
included a nervous net-work as intermediary between cells,
neuroglia~cells being likewise considered ag truly nervous
structures. Hence the affirmation of Cajal that collaterals
were totally independent of one another, especially if he gave
neuroglia-fibers and cells the credit of only being what they
are now generally thought to be: i, g “peculiar ground-
substance,” in which the “blood-vessels, the nerve-cells, and
nerve-fibers” are “imbedded.” The neuron is autonomous
functionally: i.e., as a nervous organ, each neuron is connected
with the circulation by its own neuroglia blood-channels. An
illustration of the continuity of neuroglia-fibers with the cere-
bral circulation is afforded by Berkley’s experiments with alco-
hol. “Besides the swellings in the course of the dendrons,”
says this author, “we must always be on the watch to exclude
certain processes of the support neuroglia-cells that traverse
long distances of the cortex and exhibit a pearl-string swelling
in the course of the fiber.”

Are nerve-cells contiguous, as thought by Cajal? Berkley
states that the great Spanish investigator writes “that the
ascending fibers of the cortex, which have a vertical or oblique
course through the medullary layers, have their points of con-
tact with the protoplasm of the dendritic structures in the
intervals between the short transverse processes (gemmula)




