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roglia cells and their derivatives. These cells, it is now
believed, are all epiblastic in origin; the doctrine of a

F16. 929.—Reproduction of a Photogram from a Perpendicular Corti-
cal Section through the Summit of the Gyrus of an Adult Dog, Just
in Front of the Sulcus Cruciatus Close to the Falx. Staining by
the method of Nissl. 1= cortical layer free from cells; 2, sub-
divisible into a narrower external and a broader internal zone, but
in no way homolegical with TI. of Fig. 928. On the other hand, 2 in
Fig. 928 corresponds to 3 in Fig. 930; 3 in Fig. 928 corresponds to 4
in Fig. 930; (4 +5) = layer of medullated fibres corresponding to
5--61n Fig. 928, and also to 5--6in Fig, 930. That is, 4 in Fig. 928
corresponds to 5 in Fig. 930, while 5 in Fig. 928 = 6 _in Fig. 930.
(After F. Nissl, Miineh. med. Wochenschr., Bd. xlv., 1898, 8, 1027,
Fig. 4.)

mesoblastic neuroglia has been given up. In the earlier
stages of development the cells lining the cavities of the

R R e

F16. 930.—Reproduction of a Photogram of a Perpendicular Section
through the Cerebral Cortex of a Mole, 1 mm. in Front gf the Crucial
suture Close to the Falx. Staining by the method of Nissl. 1= ex-
ternal layer free from cells; 2, characteristic type of cell arrange-
ment in all cortical areas connected with the olfactorius, especially
in the lobus pyriformis: 3 (=2 of Fig. 928, except the thin cell
layer adjoining the cell-free layer, which reminds one still of 2 of
Fig. 929); 4 (=3 of Fig. 929); 5 (=4 of Fig. 9); 6 (=5 of Fig.
925). (ATter F. Nissl, Muneh. med. Wochenschr., Bd. xlv., 1898,
8. 1027, Fig. 5.)

342

central nervous system extend through the whole wall
of the neural tube, the peripheral processes being drawn
out into long pillars or columns. Later, some of the
cells become removed from the central canal; the cell
bodies assuming positions at various distances from the

F16. 931.—Golgi’s Endocellular Network. (Taken from A. Van Ge-
huchten’s work.)

central canal somewhere between it and the periphery.
Those which remain in connection with the central canal
are known in adult life as ependyma cells, while those
the cell hodies of which are situated in the nerve sub-
stance are known as neuroglia cells. A further origin

F16. 932.—Golgi’s Endocellular Network. (Taken from A. Van Ge-
huchten’s work.)

of neuroglia cells. from germinal cells quite like those
which give rise to the neuroblasts and true nerve cells is
assumed by a number of authors. :

The ependyma cells have bodies which are cubical or
low columnar in shape and long peripheral processes

Fr¢. 933.—Examples of a Variety of Nerve-Cell Nuclei. (Affer Ramén
y Cajal, 8., " Textura del sistema nervioso,” Madrid, 1899, p. 134,
Fig. 43.)

which extend for a shorter or longer distance into the
gray and white substance. With ordinary nuclear stains
the cell body and its nucleus near the cavity of the ven-
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tricles are well seen, but the processes are difficult to
make out. In order to demonstrate the latter, the
method of Golgi should be employed. With the silver
impregnation long strands with
short, prickly processes on the sur
face can be distinguished.

Neuroglia cells as seen in prepa-
rations stained by ordinary nuclear
dyes are small cells with deeply
staining nucleus and surrounded by
very little protoplasm (Fig. 934).
The cell often appears to be the
centre of a radiating system of proc-
esses or fibrils. These appearances
in freshly teased and stained prep-
arations were carefully investigated
by Deiters, and they have since
been spoken of as the “spider cells
of Deiters.” The most careful of
the earlier investigations was made
by Golgi in 1871. He studied neu-
roglia chiefly by means of teased
preparations and sections, and pic-
tured the glia cells as small ele-
ments from which numerous rigid
glistening fibres radiated out into
the nerve substance. He believed
that these fibres did not branch
and that they formed no anasto-
moses. The processes of the glia
cells in the gray substance are, ac-
cording to Golgi, more delicate and
less rigid than those in the white
substance. The histogenetic posi-
tion of the glia cells was not under-
Fi6. 334 Neuroglia stood, however, by Golgi at the time

Cells, (After Ramén of his earlier work. Although he

Y aal S e recognized that the glia fibres differ

p. 188, Fig. 58)) ' materially from ordinary connec-

tive-tissue fibres, still he believed
them to be connective-tissue elements.

A very important advance in our knowledge of glia
followed upon the application of the silver chromate
method. In preparations thus made the glia cells appear
as small black masses from which radiate out into the
nervous tissue great numbers of delicate black processes
(Fig. 935). These for the most part are unbranched,
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FiG. 935.—Glia Cells as Impregnated in Silver-Chromate Preparations.
(After Ramoén y Cajal, 8., * Textura del sistema nervioso,” Madrid,
1899, p. 175, Fig. 48.)

and do not form anastomoses. While, as a rule, they
appear to radiate out in all directions from the periphery
of the cell, in other instances the processes project from
the two extremities of the cell or even from one extrem-
ity only. TFrom the peculiar appearances presented by
the radiating processes the name astrocyte has been used
as a designation for the cell of Deiters or Golgi to dis-
tinguish it from the ependyma cell. Kolliker, who has
riven very exact descriptions of neuroglia, divides the
astrocytes into two principal groups: first, those with long

F1G. 936.—Neuroglia Fibrils as Demonstrated by Weigert's Neuroglia
ffét?ti.u.mg(a)fter Weigert, C., " Der menschliche Neuroglia,” Frank-
ort, 189-.

branches (Langstrahler); and second, those with short
branches (Kurzstrahler). The cells with short branches
are more abundant in the gray substance and are charac-
terized chiefly by the brevity and delicacy of their radi-
ating processes, Their processes show a marked ten-
dency to varicose swelling in Golgi preparations. They
are much more difficult to impregnate with the silver
chromate method and often assume a brownish rather
than a black color.

The glia ‘cells with long processes occur in different
parts of the gray and white substance. They are the

typical glia cells which were studied by Deiters and
I G

olgi.
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Through the u f o in special methods introduced
by Mallory, Weigert, ¢ Beneke, appearances are ob-
tained which have led many to the conclusion that the

] ia fibres are not really processes of the neu-
but are fibrils which upon or which run
through the cells. Ran was one of the first to pro-
mulgate the view that the suppor Lm o tissue of the cen-
tral nervous stem presents a sin relation of cel
and fibres to that met with in ordinary connec tive tissue.
He asserted that the so-called Deiters’ cell as ordinarily
deseribed is an artefact, believing
demonstrate that Ihu fibres looked upon as p1
ap]urvm]\ proceed from the protoplasm ut f}y
out from the latter as a centre lity
attached to it. Ranvier'smethod was very simplnfz
ssociated with thirty-three-and-one-third-per-cent.
alcohol and afterward stained with picrocarmine
e isolation preparatiorn he convinced himse
o-called cell ]\r- cesses are not actual prolongations
of thu protoplasmic body. but represent definite ly differ-
entiated fibres which go through the cell body or simply
pass overit. Though they from the cell body
as a central point, still the fi are clinically and mor-
y different from the cell bodies.
¢ 1bject are the most extensive.
The uvuloﬂ-lm fibrils by his mwllu bd stain of a de p blue
color and are exquis itely differentiated «(F' TR
the so-called astrocytes or site cells Weigert finds
that blue-stained neuroglia fibrils run l.”'('f tly through
the protoplasm of the cells, the nuclei of f the cells being
entirely independent of the fibrils. Weigert feels sure
that the fibrils stained by his method do not represent a
new. hitherto unknown, structural element, but are
jdentical with what have been described as the ]u"w(:
of Deiters’ cells. The fibrils are not chemically identical
with the protoplasm, but are composed of an entirely
different substance. Nor does this chemical difference
between fibres and cell protoplasm appearat any distance
from the cell body in the so-called proc s of the glia
cells, but the differentiation can be made out in the cell
body. It is even quite close to the nucleus of the cell.
Accordingly, Weigert believes that most of the so-called
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processes of the cells are in reality not
processes, but fibres running through the
cells and more or less independent of
them. In the embr y be re-
rded as actual process , but in the
adult the differentiation is always de
monstrable, feigert’s muﬂmd shows

that the fibres are mor g
or they m i . 3
are never tuous. hey are
t C i demon-
them. »  always
ly presenting varicosities or
"he) in thick-
from extreme ly fi ibres on the
vits of microscopic visil y to fibres

¢ thick. '\\'r-' ert hxs never be
> to observe div of his fibres nor
1d he make out in any case the exist-

ence of anastomoses

ment of the various histo-
( s in the different pa of
the brain can best be studied by examin-
ing a series of sections taken at different

. somite.

Myelencephale 11
I. 2. Pars dorsalis.
. Mesencephalon.

IL. 1. Pons. . 2. Cerebellum.

. Isthmus.
III. 1. Pedunculi cerebri. II1. 2. Brachia conjunctiva,
vel. med. ant.
Mesendephalor
IV. 1. Peduncali cerebri IV. 2. Corpora quadrigemina.
V. Diene:
V. 1. Pars mammillaris hypothalami.

VI. Tulr‘m ephalc
V1. 1. Pars optica hypothalami v I

levels and made in various directions. It will be most con-
venient in this article to study a series of frontal sections
passing from the spinal extremity of the brain forward.
In describing these sections the nomenclature used will
be that of the B. N. A.* Of the three primary cerebral

* Those who are accustomed to the terms employed by Professor
Wilder will find the equivalents of the terms of the Basle Commission
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vesicle i i rise to the forebrain or telenceph-
alon and the interbrain or diencephalon, the second to
the mid in or mese nulu 1lon, and the th
rhombencephalon. The of

shown in the accompany 3 (]
¢ Perhat will be
found mc¢ sat ctory. ¢ - His of

these

ipsi T -ncephalon - n i in the

|||Ll\
rum and the Ihum‘. 1e rhombenc ph-

in "lm inc 2 mye hn(v'\hu, on, the meten-
5 § 1 i '}

hombence 'wi: ali. Themy
rresponds to the me lll”.i n’llcrh!nul the
vhalon to the ponsand ce rebrum

Suleus cinguli (pars subfromtalis.

an Section throt cetal Human Brain of the Thi
or His, Areh. 1. . Physiol.,
ne as in Fig. 938 (vide :‘ryr ).

isdivisible into the mesencephalon and prosence

The mesencephalon incluc the pedunculi rebri
the corpora quadrigemina. The prosencephalon is di
ible into the :ncephalon or interbrain and the te
cephalon or e 1bre The diencephalon includes the
pars mamillaris hy poths i and the thalamencephalon,
1!u thalamencephalon in turn in ding the thalamus,
the metathalamus, and the epithalamus. The
cephalon includes the hemisphsrium and the pars optica
hypothalami. The hemisphsrium is made up of the pal-
lium, the corpus striatum, and the rhi ephalon. These
relations are presented below in tabular form:

the fissura medi-
ana ventralis, the
COMIMISSUTT D ETe-

tralis alba (Ca),

aining

& centra

the two
171 the half
of the cord shown,
the gray sub-~
stance is seen to
be completely sur-
rounded by the
white substance.
The white sub-
stance s
the thr
the funiculus ven-
in front,
lus later
side, and Fic. se Section
7 18 dor- gh the Cervies of the Medulla
saliz behind. The :
funict
lisinel

CLCULUS ceT

-Z'r_i»fffﬂ- c:
lis proprius or ven- lus L E or direct cerebellar
tral ground bun- ok : s L. 2 B S o
dle ( Fg), and the

e funiculus
teralis includes
the fe ulus spi- vH, nmmt field
no-ct llaris dor- : culus sulco-mar-
so-lateralis or di- is ; 20, do ot fibre.
bellar
ThL f«m X

(Afterbrain). |

Hindbrain). r

Mesencephalon IV, (Midbrain).

Rhombencephalon X.-XXI.
(Rautenhirn).

| En=
! ‘ cepha]on

Diencephalon | ! (Brmm-

(Interbrain).

5 | Cerebrum [
| Prosencephalon f ¥
V.and VL

|

‘ ]
Telencephalon | (Forebrain).

(Endbrain).

will be necessary, in o1« to make cles S

of all. to begin with a section of the spinal cord in the
c-:’-r\'imx} 1-:-‘rinu

i -(*he nmtil:' transverse section

the spinal cord it will

vy to lnmhl- H:u main features of the & section

and to connect th with the 1a s met with in sections

higher up. In this section (Fig. 940) on one-half of

|11= g-:.::rd is shown. In the middle line in front is seen

fessor Wilder's article entitled ** Neural Terms—International
and National” Journ. Comp. Neurol., Granville, vol. vi. (1896}, pp.
216-352.

lateral pyramidal tract (PyS), the fasciculus Lissaueri (L),
the fasciculus lateralis limitans or lateral limiting layer
(SG@), the faseciculus lateralis proprius or lateral ﬂ'rmlnd
bundle (GS8Z ). The funiculus dorsalis includes the
Fasciculus gracilis or Goll’s fasciculus (¢S) and the jfas-
ciculus cuneatus or Burdach's fasciculus (B). Goll’s fas-
ciculus is sep ed from Burdach’s fasciculus by the
septum paramedianum. 'The region of Schultze’s comma
in the dorsal funiculus is designated as SC

The gray matter is divisible in this region into a ven-
tral and a dorsal column. The columna ventralis (Coa),
often spoken of as the ventral horn or anterior horn, con-
tains the motor the columna dorsalis (Cop), often
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called the dorsal horn or posterior horn, contains a large

number of small cells, probably sensory. The entering
dorsal root, radix dorsalis
(Rp), and the issuing
tral root, radiz ventralis
(Ra). are shown. The lat-
eral horn is not well illus-
trated in the schematic fig-
ure.

The more exact relations
at the level of the third cer-

cal nerve are shown in
Fig. 941. Thelegend will

nin the various parts
iently.

A little higher up, just
at the junction of the cer-
vieal spinal cord with the

¥ Fna ), medulla oblongata, the

Tsler relations of the gray mat-

o Db v '1-;b etk ter to the white matfer
?Ill'nm‘n Spin “'(-73?:1.11911515#5@-2;{; Cj}iirlg'ﬂ ;‘”DHE' rably. .In
Carmine. (After H. Obersteiner, : one can easily
** Anleitung tudium des make out that the gray
S - matter is more abundant
ana than at the lower level,

. 96-102.) that the dorsal horns of

e O e ow: gray matter are inclined

Ap, apex columnze dorsalis: Ca., much more lateralward
ventralis alba: Ce, instead of dorsalward,

GEEERLES 5 oo, comimeh winle the neck of gray

ra, cornu - b =

matter connecting the dor-

sal horn with the rest of

ay matter is very

and narrow. In the

region of the lateral horn

radix dorsalis; nixed up, corres
goimtinoms, Rotindi, Sid, mlew 1o the beginning
medianum dorsal Spd, septum formatio reticulari
intermedium dorsale; Til, tractus medulla oblongata.
intermedio lateralis. A tion taken through

one side of the central ner-

vous system of the new-born babe at the junction of the

cervical portion of the spinal cord with the medulla ob-

longata will show certain particulars not brought out in

previous sections (see Fig. 943). Here not all the

white matter is medullated. Thus, forexample, the fibres

of the pyramidal tract are not yet surrounded by myeline

sheaths. In the centre is seen the ca-

nalis centralis; ventral from it is a

white area corresponding to the non-

medullated dec tion of the pyramids

(decussatio pyramidum); dorsal from

Funieuli cuneati or Burdach’s nucleus. The white matter

surrounds the gray matter as before, and is again div
ible into the funiculus ventralis, the funiculus lateralis,

and the funiculus dorsalis. The funiculus ventralis in-

cludes the non-medullated pyramid and the partly
medullated fasciculus v -alis proprius. The funiculus

e

na (grise
ulus ventra

ressel ; formatio reticu
the decussatio pyramidum.

lateralis includes the partially medullated fasciculus ven-
tralis proprius, the well-medullated fasciculus spino-cer
bellaris dorso-lateralis. In the funiculus dorsalis are

the well-medullated fasciculus gracilis and the well-
medullated fasciculus cuneatus. Passing transversely
lateralward through the gray matter and through the

Fasciculus gracilis. Nucleus funiculi gracilis.

Fasciculus cuneatus.

the central canal is a mass of gray mat- Substantia gelatinosa.

ter and a median dorsal septum and
sulcus. The ventral part of the sec-
tion has been cut off so that the g
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F16. ¥44.—Transver Section through the Medulla Oblo
Pyramid =

Level of the Decuss

der Nervenlehre des M
11, Fig. 126 Cgv.

. continua

medulla of the

lus ventralis

(Vorde ¢

the Germans); FY

ciculi cerebro-sg

pyramidales unde

decussation ;

stantia gelatin

landi; NN 3

tremity ¢ ncleus

funiculi i 8

8.
Fv'

This corres to
the beginning of the

formatio reticularis.

A section from a sim-
ilar region in the
adult isshown in Fig.
944, In this figure
the decussation of the
pyramids is well
marked.

At a little higher
level (Fig. 945), the

| Level of the Mc

glossus. (After J. Henle, *

funiculus lateralis are seen the root fibres of the acce . and between it and the surface lie, instead of the fascic-
nerve (radix nervi accessorii). A 1 deal of white matter | ulus of Lissaner met with in the spinal cord, the descend-

mixed up with gray matter is v ing fibres of the spinal tract of the trigeminal nerve ({rac-

der

Aafl,
Braunschweig. 1879, 8.
213, Fig-127.) Fv’, Con-
tinuation in the Medulla
of the fasciculus ven-
tralis proprius of the
spinal cord ; Fpy, pyra-
mis (at uppermost level

pyrami-

a; Nec, nucleus
cuneati (Buar-

nucleus

gracilis (Golli).
decussatio lemnis
corum is not indicated
in the figure, though it
is to be seen at this level.

tus spinalis nerve iri-
geEmInt).

In a section at a
higher level (Fig.
946) the central ca-
nal has opened out
into the lower part
of the fourth ventri-

a1

B

5 S R - Sy 2

R

: 3 ol p b elow the stra-
matter of the ventral horn is not well relations of the gray : gl‘ fﬁ‘}" thc “1_1'1‘
shown. That of the dorsal horn (eol- matter to the white &%, ‘“mh‘:”teu;“ centrale
wmna dorsalis) is, however, well illus- ; : matter have become 5 R ; ‘I_ tu_lnu_(' (‘:’)11.‘9 Il(:]"\‘l
trated. It is directed, however, far still more complex. hypoglossi (24). Just
lateralward i;xi-tv-uir of ‘1)-1(-1{“"“‘(1 and I . 2 The fasciculus gra- F1G. 946.—Transverse Section through the Medulla Oblongats gion of the d"-"fﬂﬂ‘_] flf('ﬂl this nu-
is cam's; d by q‘ large r;u p f tlmcl 1t =3 cilis is almost entirely Distal Portion of the Fossa Rl-'-lfdﬂllu‘fw : dult I‘{m The Dees cleus is situated part
S ppe: & arge ass oI gelat- == S FREE = awn in on the left = Volters’ on the F <
- - 2 > 4 splaced - e = o he y 5
jnous substance (substaniia gelatinosa  Fasciculus spino-cere- replaced by the nu N : I A't = m})(._’i_eua A]a_];e
Rolands). Between the dorsal horn bellaris dorso-lateralis. cleus funiculi gracil- 3 E a long n n aty livare lemns cinerez (22). while
and the median line are two new masses - is, and the funiculus 3, py e 7 L = it }1;;'21’11-“3“:'12-}-;?1 r{]f.'ri:” L
edis 8 8 . 3 ‘ 5 i T4 g s 8, nucieus lateralis = B =
of gray matter not met with in the Canalis centralis 7 : ke cuneatus is much en 9, substantia c 10, fibree arcuatse L”Tcd‘l}, I‘]i"{_(ll a
spinal cord lower down; one very well F ; croached upon by the superficiales laterale ; »tus spinalis ; seen the upward con-
developed, occupying a large part of = : nucleus funiculi cu- i v 5.1 S tinuation of the nu-
e eoan Girmsr s e . ; : . neati. The region of e SR 17, nuclens funiculi cuneati; 1. tac:  clens funiculi gra-
the region of the funiculus gracilis, is ; S = tus solitarius; 19, nu : Ii; 21, dista qlis (19, 23): =
called the mnucleus funieuli gracilis or Fasciculus ventro-lateralis : the lateral funiculus part of fossa rhomboide: le cinerese: c funiculi gracilis cilis (19, = ); some
Goll's nucleus. Lateral from it, in the L i Decussatio pyramidum. is being converted R e substantia et i a: 28, d e ;ﬂir s of .{.he funl(‘%i
i 2 z largely into a mass : olaris alhe i Bt 5 c us gracilis are st1
ventral partof the fasciculus cuneatus,  yig. 943 —Transverse Section through One Side of Central Nervous System of New-Born i of ~ formatio reticu- S0 eolls of the mucleus ¢ e vt 5 D e Glons oli.  present (20). Still
a mass of gray matter is beginning to n of Pars Cervicalis Medullz Spinalis with the Medulla Oblongata, Show- < : varis inferior: 32, Taph ratum interolivare lemnisci on each side of it lateralward is
appear which higher up becomes very i N sorius. (Weigert-Pal preparation by Dr. John Hewetson, drawing by laris. The substantia varis inferior; 3=, raph 1 intero e le on each side . more lateralwa is
vr)l-mninouurqmi ; knnwh as the nwucle ol ) (Taken from ** The Nervous System and Its Constituent Neurones,” New gelatinosa R olandi
S E s the !

) On both sides of the raphe lie some scatte: mall cells; 33, cells of the nuclei ar-
Tork, D- Apploton & Co., 153} has increased in bulk, (30) and the substantia gelatinosa (27) belong to the nucleus ambiguus.

N. accessorius.

: it i - seen the upward con-
. . Some large cells which lie in the region between the dorsal accessory olive = .
o : > 2 tinuation of the fu-
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