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nerves. But we bave still to study an important question : i.e., 
the identity of tb~ 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 tbe entire cerebro
spinal axis 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 tbat nerve-cells are united by 
an intricate net-work of extremely delicate nerve-fibrils. If, 
on the other hand, tbe cell·body, its dendrites, and its axon 
are alone medullated and glia- or neurile.mma- covered, tbc 
connection 11:ith the vascular system being established by non
medullated fibrils, I am in accord with Golgi, who denies the 
existence of any connection through nervous structures between 
neurons. 

Tbat Golgi's view prevails is suggested-provided my own 
view tbat :fibrils are plasma-channels is accepted-by tbe fol
lowing lines by Professor Foster: "The larger part of the gray 
matter consists, besides a neuroglia supporting the nervous 
elements, of nerve-filaments running in various directions and 
forming, not a. plexus properly so called, but an interla.cement 
of extreme complexity." If the italicized words "nerve-fila
ments" are converted, in accordance with my view, into neu
roglia-fibrils, the rest of tbe quotation will lead us to the solu
tion of the question: "These filaments are, on the one hand, 
ibe 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, tbe latter arising apparently 
eitber from the division of axis-cylinders and nerve-fibers pass
ing into or out of tbe gray matter or from tbe continued brancli
ing of the nerve-cells." 

The solution, it seems to me, líes in tbe fact tbat non
medullated fibrils exist at ali, and th!\t these range from fairly 
wide axi.s·cylinders down to fibrils of extreme tenuity, sorne of 
whicb, at least, appear to originate from dendrites. Indeed, 
this indicdes that these non-medullated fibrils ( of neuroglia, 
as stated by Berkley) represent the continuation of the main, 
or apical, dendrite ( or dendrites, for tbere are often more than 
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one) . Since these neuroglia-fibers are deprived of myelin, they 
cannot serve as sources of nervous energy, and merely repre
sent, therefore, delicate channels through which blood-plasma, 
obtained by them directly or indirectly from a s~called "~r
minal" capillary, finds its way to the apical, or mam, de~dnte. 
The conclusion which this imposes seems to me self·ev1dent: 
A neuron is an autonomous organ as a source of nervous energy, 
and is supplied with blood-plasma through non-medullate~ neu
roglia-fibrils, which are continuous with the external covenng of 

its apical dendrites. 
Are Apáthy's fibrils, which, in the leech and earthworm, 

were found by him to penetrate the cell-bodies of neurons, the 
neuroglia-fibrils just studied? Gerlach, Haller, and others have 
also referred to the existence of delicate nervous net·works 
connected with the cells. The mere transformation of these 
fibrils into plasma-cliannels has enabled me, we have just seen, 
to link them with all the other elements of the function 
studied. In other words, I simply converted the :fibrils into 
neuro<1lia blood-channels and found them to satisfy the require
ments0 of the latter. Apáthy found that a neuro-:fibril passed 
out of "a process of a nerve-cell" : there is 1.l.o fibr~l other tb~n 
the neuroglia-fiber that is continuous with the apical d~ndnte 
that this neuro·fibril could represent. The neuro-füml was 
found by Apáthy to be composed of "elementary fib~il~": we 
have seen that this is precisely the arrangement withm the 
:neuroglia-fibers. He states that in their course "elementary 
fibrillre are being given off at short intervals, until finally the 
neuro-fibril itself may be reduced to a single elementary fibril": 
I have quoted the statement of Professor Foster's that, as 
regards the "fibrils of extreme tenuity,"-those we founcl to 
act as neuroglia neurilemma,-they arose "apparent~y from 
the division of axis-cylinders." Finally, the neuro-:fibnls, after 
íreely anastomosing in the cell-body (having entered by way 
of the dendrite), are stated "to take their exit -by wa~ ?f the 
axon." This seems to me to indicate clearly, in add1ti~n to 
the evidence adduced in the foregoing pages, that Apathy's 
neuro-fibrils and the various net·works thought to be composed 
of nerve-fibers by Gerlach, Golgi, B. II~ler, a~1d others repres~nt 
the one and same system of 11eurogl1a-fibrils, some of whtch 
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c;tain myelin and blood-plasma and may, therefore, be con
si ered as nerves, while others onJ.y contain plasma and 
therefore, blood-channels. are, 

. Under these circumstances, are the above·mentioned in
vestigators not justified in considering th,e net-works referred 
~ as nervous struct~res? . They would be justified in doing so, 
did all the_ neurogha-:fibrils contain myelin; but it is the M
sence of thrs compound in the fibrils that serve as channels for 
plasma be~ween blood-vessels and the apical dendrites of the 
n<mron_ which seems to me to neutralize their view. Were there 
any _ev1dence that a medullated fiber of any kind connects any 
porhon of the cell with another structure capable of converting 
che_mical energy into nervous energy, tbe question would re
mam_ ~ open one; but such is not the case; the absence of 
myelm m. the neuroglia-fibrila connecting the neuron with the 
sou~ce of 1ts bl?od·supply seems to point distinctly to the need 
of 1~s absolute 1solation, not only to avoid the promiscuous dis
pers1on of_ the nervous energy it is able to produce, but also 
to ?nable 1t to store tbis energy and to direct it in the physio
logrcal paths. 

The _presence of the non-medullated fibers among the 
cerebro-spmal nervous element.s becomes evident when the 
structural difference between the gray matter and th h"t 

tt · • e w 1 e 
ma er 1s m~rpreted from the standpoint of my view. "Owing 
to the relative abundance of white refractive medulla" says 
Professor Foster, . "~he white matter possesses in fresh speci
mens a ,~haracterrshc opaque white color; hence the name." 
· · • . In transverse sections of the cord nearly the whole of 
tbe whrte ~atter ~ppears, under the_ microscope, to be com
posed of mmute crrcles, the transverse sections of the longi
tudinally-disposed fibers." . . . ''The gray matter fro 
~he relative scantiness of medulla, has no such opaque-whitenes: 
lS much more translucent, and, in fresh specimens has a gray 
or rather pinkish-gray color, the reddish tint bein; 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 :epresent the starting-point of the neuroglia non
medullary fibnls needs hardly to be emphasized. They are now 
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termed "terminal," but their appearance as such is readily 
accounted f or by the fact that here, as in the cord, they are 
said to be imbedded in neuroglia, whereas, in reality, the latter, 
composed, as it is, of a mass of diminutive fibrils, is directly 
affixed to tbe vessel, acting precisely as would a multitude of 
minute 8ubdivisions of the vessel itself. Each fibril (in which 
the blood·stream is so slender tbat it only appears "pinkish" 
through its translucent covering) is, in fact, a composite coun
terpart of the ependymal fibril and other neuroglia structu~es 
to which I have referred. In other words., each neuroglta
fibril is affixed to the wall of the vessel either directly or thr<iugh 
the intermediary of a neurogliarcell, and therefrom extends to 
the main, or apical, dendrite, <ir dendrites, of some neuron. In 
addition, however, this enables me to conclude tbat a neuron 
receives its nutrition and its üXidizing suhstance direcbly from 
the geneml circulation, and that the blood which enters by way 
of the apical dendrites is distrwuted to the free dendrites and 
to the cell-body. 

A question suggests itself in this connection, however, viz. : 
How does the blood in tbe collaterals return to the main den
drite to find its way with the latter's blood into the cell-body? 
This appears to me to find its explanation in the following 
( already quoted) sentence, in which Berkley describes the cell
body: "Around the body of the cell we find an insulating mass 
of fiuid contained in the pericellular lymph-sac, and as a capsule 
to the sac there appears a slight condensation of the tissue at 
this point, that would take the place of a retaining membrane." 
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 a thin layer of 
myelin nearly to their tennination." That this myelin must, 
as elsewhere, be supported by the neuroglia covering and in 
contact with it is evident: a feature which relegates the plasma 
toward the center, though in contact with the myelin. If wc 
now recall the fact tbat fibrils bave also been discemed even 
in these delicate collaterals, it becomes a quest1on whether the:v 
serve to transmit plasma, centrifugally or centripetally. As 
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Berkley'~ experiments have shown tbat they become the seat 
of swellmgs under tbe influence of poisons, there must be no 
escape íor fluids through their walls; indeed, gemmulation 
would become impossible were the centrif ugal pressure neces
sary counteracted by the escape of the plasma into lymph
spaces. That the blood returns toward the cell-body and 
through sorne of the central fibrils is therefore probable. Un
der these condition~ I can submit, as a working proposition, 
th~t the plas_ma whzch enters the collaterals is returned to the 
apical dendrzte, and to the cell-body with the blood of the latter. 
The blood of the cell-body then passes out through the axan. 

Ilow does the blood leave the axon of the neuron in the 
subs~ce of_ the brain and cord? This question plainly re
solves 1tself mto the following: Ilow <loes the blood reach the 
veins fr~m the axon? "The perivascular lymphatics . . . 
are especially found in connection with the vessels of the brain" 
says GrayG4

; "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 th~ general circulation." This familiar fact would be un
e~plarn~ble after the views I have advanced concerning the 
ci~culabon of arterial blood were the retum of blood to the 
vems ~ot the purpose of the lymphatic shcaths, for the same 
authonty states that lymphatic vessels ''have not at present 
[1901] been demonstrated in the dura mater or the substance 
of the bra~n." Again, when we consider that perineural, as 
well_ as _perivascular, spaces exist, we are brought to realize that 
by lmkrn~ the axon of a neuron to a venule, with a lymphatic 
space as rntermediary, we have the elements of a mechanism 
~vhich not only utilizes structures that are known to be present 
m the cerebro-spinal axis, but which also satisfy the needs of 
the func_tion. Finally, if an a.1:on is itself buried ( up to the 
neck of 1ts bulbous terminals) in a perineural sheath which in 
!urn communicates with a vein through stomata, as is the case 
m 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 

.. Gray: Loe. Nt. 
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nervous structures-11ia the axon-is evident; but do lympb
spaces connected with veins actually receive tbis blood? Re
ferring to tbe effects of acute alcobolic poisoning upon tbe 
veins, Berkley says: "Cbanges in the coats of tbese vessels are 
similar to those in tbe arterial system, but aggregations of 
dying polynuclear corpuscles are more frequent, and are by far 
the most striking feature botb of their 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 
lumen of the vessel ( especially the smaller ones). Within the 
lumen are collections of white corpuscles filling the interior, 
and numbers are seen penetrating the walls. So vast are the 
collections in the perivenous spaces that the whole cavity is 
occasionally filled, and backward pressure from the plugs and 
compression of the vessel from the outside have attained such 
a height that in a number of instances tbe vessel's walls bavc 
ruptured and red corpuscles are intermingled with the white 
and fill the space completely." These features are well illus
trated in the annexed photographs. The center of Fig. 8 shows 
"polynuclear leucocytes in the perivascl\lar space of a small 
intermediary vessel compressing its walls," while Fig. 9 shows 
"1eucocytes in the blood in a cross-section of a large vein." The 
fact that the leucocytes are found in the "perivenous spaces" 
and ''within the lumen of the vessel," coupled with the ob
servation that they are "seen penetrating the walls," so clearly 
point to the process involved that the íollowing conclusion 
imposes itself: The blood ( we have seen that even red corpus
eles are present) of the a.xon evidently finds its way into a lymph
space connected with a vein, thence to the general circulation. 

Still, there is a feature of the whole process wbich requires 
elucidation. Why should the veins, which, of course, coro· 
municate witb channels through wbich the blood can be freely 
evacuated, become engorged under the influence of the adrenal 
stimulation induced by alcohol? Engorgement of the arteries, 
tbeir capillaries, the neuroglia cbannels, and the dendrites is 
a normal consequence of adrenal stimulation ; but, the veins 
being outlets, such is not the case with the venous engorge
ment. This anomaly is accounted for by the now generally 
admitted fact that the vessels of the cerebral substance per se 
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are not supplied with vasomotor nerves. ''Vascular nerves may 
be found without trouble or difficulty in muscles, glands, etc., 
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 sorne other con
trolling mechanism takes their place. I have most carefully 
looked f or them in man y 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 researehes 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 toxremias, 
mental and nervous diseases, for it indicates that any marked 
rise of blood-pressure due to toxics, drugs, etc., causes vascular 
engorgement of the vascular clzannels 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 blood
pressure is high, owing to a large vasoconstriction in the ab
dominal víscera, more blood must necessarily pass to the brain, 
ancl when, again, the pressure falls, through the opening of the 
splanchnic 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 ~ound and the interpretation of the 
data available is exact,-my conccption of the neuron's inherent 
functions coincides with sorne of the main conclusions reached 
by Deiters, Gerlach, Golgi, Forel, and Caja~. In outlining 
their conclusions, however, I will only refer to those which are 
directly connected with my views, as a general review would take 
up too much spacc. 
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Deiters (1855) affirmed the prevailing theory-undemon· 
strated at the time-that the nerve-cell was supplied with two 
kinds of processes, the protoplasmic and the nervous, the latter 
constituting the nerve-fiber. Gerlach confirmed the views oí 
Deiters, and showed that the protoplasmic processes subdivided 
into a fine reticulum, which, he thought, anastomosed with that 
of other cells. Golgi then demonstrated that, besides the two 
kinds of processes described by Deiters, there were given off 
collateral processes which, with the nerve-process, or axis
cylinder, constituted the only truly nervous structures of the 
cell, the other processes and the cell-body being purely nutri
tional. The subdivisions of the protoplasmic processes or anas· 
tomoses were not, in bis opinion, continuations of those oí 
other nerve-cells, either by continuity or through nervous net
works, t1.ough sorne of the protoplasmic extensions were 
conneded with neuroglia-fibers and blood-vessels. Forel con
tended that the entire cell and its processes were simulta
neously functional and nutritional. Ramón y Cajal concluded 
that net·works of nervous fibrils did not unite the collateral 
processes, and, fuese being absolutely free, there could be no 
continuity of nervous substance between them, contiguity of 
their extremities alone prevailing. 

I need hardly emphasize the fact that Golgi's views are 
strikingly confirmed by my own; indeed, had this great his
tologist converted the neuroglia-fibrils connected with blood
vessels into blood-channels, our interpretations would have 
been similar, though reached from entirely different directions. 
And I must admit that I consider this striking similarity, 
apart from the single line of research to which I have dcvotcd 
ali these pages,-i.e., the bistological chemistry of thc ci rcu
lation of the nervous system and the manner in which nervous 
energy is produced,-as a strong indorsement of my own con
ceptions. While Forel is fully sustained by my analysis when 
he asserts that all the parts of the neuron are simultaneously 
functional and nutritional, Golgi is likewise fully sustained 
when he considers the collaterals and the axon as the truly 
nervous structures, the others being nutritional. We have seen 
that the dendrites connected with the neuroglia·fibrils are 
really blood-channels. True, they are covered with gemmulcs 
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and lined with myelin, a íeature which shows that they serve 
for the formation of nervous energy. yet this . t tT d • , energy 1s no 
u i izc m these dendrites, but by the collaterals, in addition 
to that elabora te~ by their own myelin. N or is the grea ter part 
of tlie blood wh1ch courses through the mam· dend ·t d b h • n es use 
y t e~; it passes into the cell-body: a great center for the 

pro_duct10~,. we have seen, of nervous energy, which energy is 
mamly uhhzed, not by the cell-body per se, but by the dendrite.s 
a~d the axon through which the whole neuron's blood is con
tmuously passing. 

Golgi's observation ~hat sorne of the protoplasmic proc-
esses were connected w1th neuroglia-fibers and blood· 1 f · h h' vesse s 
urms e~ ist?logical proof that my interpretation of the 

~anner m wluch the neuron is connected with the circulation 
is based on solid premises. The prevailing ideas however as 
!º the nature of neuroglia normally suggested that his views 
mclude~ a nervo~s ne!-work as intermediary between cells. 
neurogha-cells bemg likewise considered as t 1 ru y nervous 
structures. ~ence the affirmation of Cajal that collatcrals 
were to~lly mdependent of one another, especially if he gave 
neurogha-fibers and cells the credit of only being what they 
are now generally thought to be . i e a "peculi d sub ,, . . · · ·, ar groun . 

stance, m wh1ch the ''blood-vessels, the nerve·cells, and 
nerve~fibers" ~re "imbedded." The neuron i-s autonomous 
fu~chonall~: i.e., as a nervous organ, each neuron is connected 
~vith th~ circulation by its own neuroglia blood-channels. An 
illustr~tion of the continuity of ncuroglia-fibers with the cere
bral c~rcul~tion is afforded by Berkley's experimenta with alco
hol. ?3es1des the swellings in the course of the dendrons " 
says _th1s author, "we must always be on the wateh to excluáe 
certam_ processes of the support neuroglia·cells that traverse 
~ong d1stances of the cortex and exhibit a pearl-string swelling 
m the course of the fiber." 

Are nerve-cells contiguous, as thought by Cajal? Berkle 
states . that the great Spanish investigator writes "that th~ 
ascendmg fibers of the cortex, which have a vertical or oblique 
course ~hrough the medullary layers, have their points of con
!act w1th the protoplasm of the dendritic structures in the 
intervals between the short transverse processes (gemmulre) 


