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division of the neuraxis are sl 1ken when

with the corresponding element
of life. Casual observations on man s
chan , though they are well demonstrated only
spinal cord. Hodge found in a man of ninet
years a diminished number of Purkinje cells in the cere-
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bellar cortex, and in the spinal ganglia the cell bodies
and nuclei were shrunken, the nucleoli absent from all
but a few celis, and the cytoplasm was loaded with pi
ment. The coarse changesin old age appear, therefore
in the cell bodies and their parts—while the finer chang
will be brought out when the alterations in the cytopls
“~1h age are described. We should further expect in
oe a loss of physiological connections between the
rones, but this has not been demonstrated.
Chas n the Cytoplasm of the Cell Bodies durii
Growth — l"h(- stuc of Marinesco? and Biervliet *
show that in : e cell bodies of the efferent group
in the ventral s of » spinal cord the “stainable
substance ” o ; is fully formed at birth —the
< cytoplasm being correspondingly
This does not mean that this stain-
al !h* st .1:-@1 ce med in all these cells at this time,
but only that those neurones which have first devel-
oped have al "n-lni\ attained this diffe tiation. The
process repeats f as the neuroblasts, with longer
latent p 2, .‘ll.lxll\ mna)w . The neurone in its
first embryor 8 by the Nissl method so
as to reveal a faint b:un, ting evenly distributed in the
toplasm. As the element grows, the blue tint
denser at the periphery of the cell body.
, stained intensely, appear, @ ese,
'L“M\m!l_\ in size, also form a wider band
which s toward the nuclens. As the featur
of the m cell becon more evident the diffuse
1 i appears, as t h the constituent capa-
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The same is tr
in the cell body
of well- ‘ked masses is charac
yment and i nal powe
the optic nerves
was able to hasten the forma
in the stimulated animals
hould be interpreted is not
perfectly clear: 1n1r if we consider it as due to exercise,
then the unmedullated fibres must, in spi f statements
to the contrary, have been capable of being exercised
even before they acquired their sheaths. Beyond this
experiment there are no data on the effect of activity on
the growth processes in the central nervous tem. In
this connection we recall that the encephalon has at-
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tained very nearly its full weight at seven j , that is,
at a time before any formal school training has begun.
If this is granted, then the subsequent func tional powe
which the child may attain are correlated with a ver
small addition of substance to the encephalon. Th
seeming par x disappears, I think, when the very
small volume of the cell bodies in the central system is
considered (27.2 gm.), and when it is reme mbered how
a very slight additional weight of material could be so
disposed as to add greatly to the physiological complex-
ity of the system.

Judging by every-day experience, it appears that
favorable growth conditions have their effect more in
prolonging the growth changes that have once been in-
itiated than in hastening prematurely the onset of any
given set of 111:1' s, and that when growth is hinder
3 in the individual a “ prematureness,

> mig rht call precocity, if it did not tend to be-
come pe rmanent in spite of increasing age, and thus in
later ye show itself in its real form as an arrest of
development.
. GrRowTH OF THE CEREBRAL CoRTEX.—Despite the
at interest which attaches to char in the cerebral
ortex, our information is very imperfect. In one local-
ity in the white rat, on the lateral aspect of the hemi-
sphere at the level of the optic chiasma, the thickness of
the cell layer increased as follows between birth and
maturity:

TABLE XIIL—WHITE RAT—THIC F CELL LAYER OF CORTEX
IN MILL

of ratin gra

ata -
cortex are contradictory, some observe iming that it
actually becomes thinner with age. For this reason we
omit a L] s n of tln\]muu and T s to the dete i
tion of the increase in the medullated fibres,
investigators have four
The neral course of the development of the fibre
systems of the human cerebral cortex is d ribed in the
followi ing way by Kaes and we here quote from a sum-
is observations given by Miss Thompson.®
i tlnn one (mql one-quarter years,
i h\n the
subsequent history y is ‘\hwl on his own investi i
The first group of fibres to become medullate
cortical projection fibres. At birth these appear raying
out Lﬂmn st as far as the cortex. At about four months
the first of the cortical association
At about
mnn[h: the first of the intracortical fibres begin to be
medullated in those regions which are most advanced.
The description nt the tmrlu:r development can
accurately assi : , partly because
regions of the cortex dnulup o much more rapidly
than others, and partly because Kaes examined no brains
between the ages of one and one-quarter and eighteen
years. A general description of the course of events
can, however, be easily derived from a comparison of the
different stages of advancement within the same brain.
The first cortical fibres which develop shortly after the
fibree propri® are a few scattered. fibres running parallel
to the layer of the fibree proprie on its e border.
Gradually these latter increase in number, spread for a
short ¢ toward the surface of the cortex and as-
sume a stratified appearance. These form the beginning
of the “outer association layer” of Kaes. Before the
formation of the outer association layer is completed two
other sets of fibres appear; one of these surrounds the
Vor. I1.—21

outer limit of the projection fibres, which by this time
have unuplct(-(l their normal growth into the cortex.
This is the Baillarger or Ge nnari layer. It marks the
ectal border of the outer association lu er, but is com-
1:Jf fibres of larger cthhn than the remainder of
_The second set of fibres which appears at

ronal layer, at the ectal border of the

and immediately 2ath the pia. It also is com-

posed of fibr l- libre. The stage of develop-
ment just d = aracteristic of the advanced
portions of the» cortex in a child of one and one-quarter
years. -Its distinctive features are, in brief, a partly
formed outer association layer, consisting of some strati-
fied fibres lying next the fibre proprize, and the Baillarger
layer at its ectal border. At this stage these two por-
tions of the outer association layer are separated by a
region free from medullated fibres. On its ectal side
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As development continues, the layer formed by the
outer association fibres spreads gradually toward the
Baillarger layer until it reaches the latter. At the same
time the Baillarger and zonal layers grow broader and
richer in fibres. The next stage is . marked by the ap-
pearance of the inner Baillarger layer. and of the
i s of the II. and ITI. Meynert layers. The inner Bail

r layer -1ppcms as a narrower line of
> fibres of e outer as tion layer, just

ental to IhL outer

The fibres in the I ‘unl 101. \E(-\HU'T layers are the
finest of the cortex. The first of these me medul-
lated are those lying nearest the outer lmlllarkmr layer.
From the region of its first appearance, this layer (IL
and ITT. Meynert layers) gradually extends ectad, and this
process continues until these fibres meet those of the
zonal layer. The final s e in the development of the
cortex is the addition of a secondary system of coarse
fibres to those which have been already described. The
fibres of this secondary system are first seen in the outer
association layer. Shortly afterward fibres of the same
sort are found scattered through the I1. and ITI. Meynert
layers. At first these appear singly, but later are organ-
ized into a stratum which Kaes identifies with “Bech-
terew’s streak.” Still later, similar fibres appear in the
Baillarger layer, and in the most highly developed cortex
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known they appear as a secondary system of coarse |
enerally distributed through its entire thickne |
v few regions of the cortex reach this highest stage,
however, even in the fully grown adult. The period
from yvouth (eighteen years) to maturity is in general
characterized by the gradual appearance of the fine fibres
in the I1. and II1. Meynert layer nd the formation of
the secondary fibre system of coarse fibre but in the
fully g ‘n cerebrum there are regions which do not
reach > stage at which the fibres of the IL. and
I11. Meyner rers become medullated.

The centr: 1i exhibit the most highly developed
fibre systems. The addition of new medullated fibres
mayv continue, according to Kaes, up to the fiftieth year
of life, though this limit must certainly be subject to
wide individual variations.

Flechsi has shown that the cortico-petal pre
fibres first became medullated in the T ions of the cortex,
which mediate sensations, and thus by following the proc-
ess in these fibres, the sensorimotor areas of the cortex
can be mapped out. Their demarcation occurs within
the first three months after birth. The intervening por-
tions of the cortex form the ¢ iatic res of Flech-
sie and develop 1 I rimotor region
about the cen fissure Passow3 has been able to
show that the a: ation fibres are at maturity best de-
veloped in the more ventral portion which contains the
(discharging) pyramidal cells controlling the movements
of the low nd. and face. In the child at one
and one- ter vears this layer is equally deve 1
through the lengt yri, that is, there is no di Ter-
entiation between the cell groups controlli the leg and
the proximal portions of the arm and those which con-
trol the distal portions of the arm, and from this we infer
that the cortical control of the finer muscle
movements increases for some time after that for the
coarser movements has been completed.

Henry Herbert Donaldson
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BRAIN, HISTOLOGY OF.—MEeTrnOoDS.—Thenerve tis-
sues of the brain may be udied fresh or in frozen sec-
tion, by maceration and isolation, or after hardening by
various methods.
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Fresh Tissues.—Nervous tissues from animals can be
obtained immediately after death. In human beings a
certain number of hours practically always elapse be-
fore the material can be removed from the body. Cer-
tain post-mortem alterations occur early, particularly in
the most labile constituents of the nerve-cell protoplasm.
3ut for ordinary histological purposes tissue obtained
from the central or peripheral nervous system within
twelve hours after death, provided the body has been
kept cool, is sufficiently fresh for minute microscopic
examination. For many studies, too, tissue removed as
late as twenty-four hours after death, prov ded the body
has been kept cool, is quite satisfa y, though one
should be sceptical in such tissue in drawing conclusior
from the condition of certain of the microscopic pictur
for example, those of the Nissl bodies, and the so-called
fibrillary structures.

In examining fresh tissues either teas particl
sections made by the double knife of Valentine may be
employed. The teasing method is particularly applica-
ble to the study of the peripheral nerves. These may be
observed in an indifferent fluid like physiological salt
solution or blood serum, or after the addition of s
reagent (acetic a osmic acid, caustic potash). C-
tions of entirely fresh tissue made with the double knife
of Valentine are very fragile, besides being extremely
difficult to prepare. They may be e mined in physi
logical salt solution, care being taken that the coyer
slip is not pres upon. Ehrlich’s method of staining
fresh masses of tissue will be referred to later.

Maceration and Isolation.—For the isolation of histo-
lozical elements, especially in the central nervous system,
the use of some macerating fluid is desirable. A large
number of these have been employed, but only the more
important ones need be mentioned. Osmic-acid solutions
(one-tenth of one per cent.) work well, any fatty struc-

including of course the myeline sheaths, being
ed of a dark color. Miiller’s fluid and dilute chromic
acid solutions (one-one-hundredth of one per cen
one-hundredths of one per cent.) are useful u ting
reagents provided the fluids are not all ywed to act too
long. "issues macerated in these solutions should be
1 1 and examined at the end of twenty-four hours.
Ranvier’s alcohol (thirty-three and one-third per cent.
yields very good results.

The tissues intended for maceration should be divided
into small pieces before being placed in the mace ating
fluid. At the end of the period of maceration gentle
shakine in a test tube often facilitates the isolation of
elements. A pipette may be used for transferring minute
particles suspended in the fluid to the microsc
for examination. Coarser particles may be teased upon
the slide or squeezed between the cover slip and the
slide.

The fluid used for maceration may be
mounting medium r the microscopic observi:
as a rule it is better to render the tissues somewhat i
parent. For this purpose dilute solutions of acetic acid
(one per cent.), saturated aqueous solution of potassium
acetate, diluted glycerin, or salty glycerin may be used.

Hardened Tissues.—The three fluids most frequently
employed at present for the hardening of nerve tissues
are- (1) Miller’s fiuid, (2) aleohol, and (3) form

Miiller's Fluid. This r reagent con
potassium bichromate, 2.5; sodium sulphate, 1; distilled
water, 100. If desired the sodium sulphate may be
omitted, simple sclutions of bichromate of potash appear-
ine to act as well as the fluid prepared according to the
orizinal formula. Miuller’s fluid should be changed fre-
guently during the hardening process. Hardening in
this fluid requires from several weeks to several months
at the ordinary temperature, though if the tissues be
kept in the fluid in a thermostat at the body temperature
the process may be much shortened. In summer the
fluid is particularly prone to become contaminated with
growths of fungi. This may be prevented by the addi-
tion of a small guantity of camphor. After Miiller’s
fluid hardening, the tissues are best prepared for em-
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bedding by dehydration in alcohol. as a rule without
previous washing out in water. Tissues hardened in
Mauller’s fluid stain well in carmine and with Weigert’s
mveline stain. They are not suitable, however, for the

ication of finer histological methods, such as that of

This reagent should be employed when the

1 procedure is to be applied, small pieces of

left in ninety-five-per-cent. alcohol for

(see Nissl’s method). Alcohol hard-

ening is also desirable if Weigert’s fibrin stain or Gram’s

method of staining bacteria is to be utilized. The per-

iphery” of bits of tissue hardened in strong alcohol is

likely to undergo marked contraction and distortion.

The blood at the periphery of such tissue is also much

altered. Artefacts in various parts of the tissue may
result from the action of the alcohol.

Formol. At present solutions of this substance are
much employed in neurological technique since tissues
fixed in them can be stained by several different methods.
Formol, or formalin, is a forty-per-cent. agueous solution
of formaldehvde. As a rule, ten-per-cent. solutions of
formol are used for hardening piec of the central ner-
vous system. This corresponds to a four-per-cent. aque
ous solution of the gaseous formaldehyde. The whole
brain may be hardened more or less satisfactorily in such
a solution, but it is better, as a rule, to more or less sub-
divide the organ. Formol does not contract the tissues
hardened in it, but fixes them rapidly in their original
form. thus differing markedly from many other harden-
ing fluids. The fluid has a characteristic odor and giv
off irritating fumes. Injury to the eyes must be care
fully avoided when using it, and it is also well to k
the hands as much out of the fluid as possible, as some-
times a troublesome form of dermatitis is set up by it.
After hardening in formalin for a few days the tissue is
ready for further manipulation. If Weigert’s myeline
stain is to be employed the tissue may be wced in Mil-
ler’s fluid or his chromie acid mordant. The latter also
suffices for the application of Weigert’s neuroglia stain
Formalin tissues can also be used for studies by Marchi’s
method : the ordinary Marchi procedure is gone through
with after the formalin hardening. Tissues prepared in
formalin do not warp so much as those simply hardened
in Muller’s fluid. Very good. Nissl preparations can also
be made from formalin fissues provided they have been
gotten fresh and cut into small pieces. The results are
not equal, however, to those obtained after fixation in
alcohol or sublimate. Marini’s modification of the for-
malin hardening is especially recommended when it is

xamine tissue by several different methods.

Th estigator recommends a fluid consisting of five
per cent. formol with one-tenth of one per cent. chromic
acid .in ninety per cent. alcohol. Large pic of the
ue put into this fluid for twenty-four hours are then
removed and divided into small pieces. The latter are
placed in more of the fluid freshly prepar which is
char i every day for from three to five days. The
blocks of tissue are then fastened upon cork (without any
other preparation), and kept in ninety-per-cent. alcohol
or in a one-per-cent. solution of chromic acid in ninety-
per-cent. alcohol. S i for staining with methylene
blue or thionin are placed in ninety-per-cent. alcohol;
those for Weigert’s myeline stain in Miller’s fluid or in a
three-per-cent. solution of potassium bichromate, while
sections to which Weigert’s method for studying neurog-
lia is to be applied are placed in a solution of chromogen.

When the material to be studied is not limited in
amount it is preferable to use at leasi three hardening
fluids: (1) alcohol for Nissl’s method; (2) formol for
Weigert's myeline stain, for Marchi’s and for Golgi’s
methods; and (3) Weigert’s formol-chrome-alum mordant
for the neuroglia stain.

Sublimate solutions, Orth’s fluid, Erlitzki’s fluid,
Flemming’s mixture, Van Gehuchten’s fluid are all recom-
mended for special purposes. The formulz for these
fluids are to be found in the text books of histological
technique. (See also article: Histological Technique.)

Brain.

Embedding.—Three methods are ordinarily employed
for embedding neurological tissues: (1) embedding in
pith or gum; (2) celloidin embedding; and (3) parafiin
embedding.

Pith or zum embedding may be dispensed with. Nissl,
for his method S upon the avoidance of embedding
entirely. He s v fastens tl tissue to the

bck by a solution of g1 abic. He fears that cel-

din or paraffin embedding will interfere with the
structure of the protoplasm of the nerve cells. He is
here in error. Careful embedding in celloidin or paraf-
fin, especially the latter, preserves beautifully the struc-
ture of the protoplasm.

Celloidin embedding is carried out as follows: After
dehydration in absolute alcohol the tissues are left for
twenty-four hours in equal parts of absolute alcohol and
ether. They are then transferred to a very thin solution
of celloidin dissolved in alcohol and ether. Here they
remain until the thin fluid has penetrated the tissue.
Small blocks are sufficiently penetrated if they remain
for from two to five days. Large pieces, however, ¢
for example, a whole hemisphere of a baby’s brain, must
remain in a thin celloidin for a much longer time. The

es are next transferred to a solution of celloidin
which has the consistency of thick syrup. They need
twenty-four to forty-eight
hours : > ‘ ad idea that the longer
tissues stay in ick celloidin the better are the sec-
tions obtained. The reverse rather is true, especially
when we have to deal with large pieces. The ]'u-x'n_—tr:uic)h
by the thin celloidin sho 1ld, however, be complete

i celloidin may be allowed to stiffen very gr

1 evaporation of the alcohol and ether, anda b lock

it containing the tissue be fastened by means of cel-

loidin on a piece of cork or wood. Or it may be placed

, without previous stiffening of the celloidin, ona

\llowed to stand in the air for a few minutes until
the surface of the celloidin has , after which it
may be immersed in eighty-per-cent.

kept in eighty-per-cent. alcohol until

tioning is carried out. Instead of celloidin, photo
may be employed if desired: it is more transparent than
celloidin.

Celloidin embedding is to be preferred when large

i s of tissues are handled, when the’ tissue is friable,

the ining method to be employed is one
o considerable manipulation. It is always to be
when Weigert’s myeline stain is to be applied.

For embedding in paraffin small pieces should be
taken, thoroughly dehydrated in absolute alcohol (twenty-
four hours), cleared in xylol or chloroform, and. then
passed through equal parts of the clearing reagent and
soft paraffin, thence into melted paraffin (melting point of
52° C.) for two to eight hou raffin being changed
twice during this period. After complete penetration by
the paraffin, best in the thermostat kept at the melting
point of the substance, the piece of tissue is placed in 2
shallow dish and covered with paraffin. Thi
cooled with cold water until the paraffin stiffens, after
which the paraffin block, properly trimmed, can be
fastened on the platform of a microtome, when it is ready
for cutting.

In warm weather it may be ne sary to use a paraffin
of higher melting point (60° to 65° C.); in cool weather, a
paraffin of low melting point will be found useful (45° to
50° C.). If two kinds of paraffin, very soft and ve hard,
be kept in stock, it is easy, by mixing them in variable
proportions, to make a paraffin of any desired melting
point. i

Paraffin is to be preferred when very thin sections are
desired, or when staining #n fofo, before embedding, is
possible. It is especially useful, therefore, in the study
of the embryology of the nervous system, and also in the
investigation of the finest histological details of the nen-
ral elethents. It is one of the best methods which can be
used when Nissl’s method is to be applied.

A combination of the celloidin and paraffin methods
may sometimes be used with advantage. The tissue after
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