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2 THE SPINAL CORD.

tute rather a multiplicity of smaller columns, each of which varies in
its destination, and consequently in its longitudinal extent. We may
correctly presume that—taking as the longest course pursued by these
medullated tracts that of fibres arising from the grey cortex of the
cerebrum, and passing down the whole length of the cord to terminate
in the motor cells for the lower extremities in the lumbar region—we
have between these and the shortest every intermediate length of
medullated fibre, interrupted by the ganglionic masses to which it is
destined. The shortest fibres will probably be a series of fibres running
as longitudinal commissures between the neighbouring spinal segments
alluded to: these occur in the anterior and posterior columns of
the cord.

We have spoken of the fibres as being “interrupted” by the grey
matter, by which we must understand the important fact, that at such
points a functional connection is established between the nerve fibres
and the nerve cells which abound in the grey matter at these points of
interruption, and from which cells a fresh start of fibres is made into
other realms.

With respect to the bilateral symmetry of these two halves of the
cerebro-spinal axis, it must be also stated that although at a first glance
the various parts constituting the brain, medulla, and spinal cord,
would appear to exactly reproduce such symmetry of arrangement,
vet in the former, a lateral asymmetry is detected by a more careful
consideration of its cortical envelope, the convolutionary surface of
which varies very considerably in either hemisphere as regards
arrangement and complevity of gyri, and superficial area of grey
matter. This bilateral asymmetry apparently conforms to the extreme
differentiation in structure, accompanying the more independent fune-
tional activity of the cerebral hemispheres, and histological research
teaches us still more forcibly how infinite become the possibilities for
this hemispheric differentiation.

‘We must likewise attend to the reversal of conditions in the case of
the white and grey matter constituting the large cranial ganglionic
structures and the spinal cord respectively. In the latter—the spinal
cord—the grey matter is central, and is invested externally by the white
nerve fibre ; in the former, as the cerebral hemispheres and cere-
bellum, the white medulla is central, and invested externally by an
envelope of grey cortex. We need only state here that the last is
the type assumed by those ganglionic levels which form the starting-
point of fibres for centric destinations : the first is the type assumed
for the reception of such centric diffusions. Wherever centric fibres
terminate in this radiate manner, there the grey cortex assumes a sort
of cuter capsular investment and the medullated fasciculi its centric
core. We shall find this appertain to the radiating fibres received by
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the ecerebrum, the cerebellum, the thalamus, quadrigeminal
bodies, the geniculate, and the inferior olivary, in particular ;
and, in almost all alike, we shall find even to the cerebral hemi-
spheres, a zonular layer of medullated fibres bounding the grey
capsular investment.

To revert to the lower or subordinate levels, or the spinal axis, we
learn to familiarise ourselves with the disposition and longitudinal
direction of its various columns and ganglionic centres, by studying a
series of sections taken in different planes and at various levels, For
our present purpose, however, it is but necessary to acquaint ourselves
with the appearance of its parts as seen in transverse section. In such
a section carried through the lwmbar enlargement of the cord, we see
the irregularly crescentic masses of grey matter disposed on either side
and connected across the median line by the anterior and posterior
commissures, between which lies the minute orifice of the central
canal. The anterior cornu or horn is at this site thick, broad, and
bulbous; the posterior horn, as in other regions, is longer and narrower,
directed towards the groove on the outer surface of the cord, which
separates the lateral from the posterior columns, and where it receives
the lateral section of the fibres of the posterior roots. Somewhat
expanded at its extremity, the posterior cornu is obliquely truncated
from within outwards, and capped at this site by a translucent sub-
stance, the substantia gelatinosa of Rolando; the expanded
part so capped, and forming the greater part of the posterior horn,
being called the eaput. The connection between it and the anterior
horn and median grey is called the eervix or neek of the horn.
Whilst the lateral segment of the posterior roots passes into the caput
cornu, the median-lying fasciculi arch inwards around the gelatinous
substance and ascend in the outermost zones of the posterior column
to enter the horn at a higher level, whilst others bend downwards into
the grey tract. Just anterior to these arched flbres, where they enter
the cornu, and on either inner side of the neck of the horn, is found in
the upper lumbar region an insignificant cluster of nerve cells, which
at higher levels becomne an important feature, the vesicular column
of Lockhart Clarke,

In transverse sections the cells of this column look inflated and
spherical ; they are really fusiform, as seen in longitudinal sections.*
Commencing above the third lumbar nerve, this formation extends up
to the ninth dorsal, and in still higher regions are found, occasionally
distinctly clustered, similar cells which appear as the representatives
?f the same formation. Dr. Ross traces this formation as reappearing
in the lower end of the medulla oblongata, where he considers it to be

* 5 - . a
These cells !mw been spoken of as ** bipolar,” but this is an error, since few of
the elements fail to show several processes,












LATERAL COLUMNS AND TRACTS. 7

.Postero-Lateral Columns cannot, like the postero-median, be
regarded as largely a continuous tract throughout the spinal cord. A
great part of their bulk is constituted by the inner division of the
posterior nerve-roots which, curving round the caput cornu, run
obliquely upwards or downwards, or directly outwards, to enter the
grey matter of the horn; and also, in part, by a system of short,
vertical, commissional fibres passing betwixt different levels of the
grey matter throughout the whole extent of the cord. Higher up in
the medulla we shall find that this column terminates in the cuneate
nucleus.

Direct Cerebellar Tract.—A somewhat flattened fasciculus form-
ing the marginal zone of the lateral columns, from the end of the
dorsal region upwards, lies upon the outer side of the lateral or
crossed pyramidal tract; its fibres arise from the posterior
vesicular column of Clarke, which, as we have seen above, com-
mences at the level of the third lumbar nerve. It gradually angments
in size, and eventually terminates in the cerebellum, passing up to it
along the vestiform tract of the inferior peduncle. At its origin,
and high in the cervical region also, the lateral pyramidal tract
becomes superficial behind, so as to separate it from the posterior cornu.

Antero-lateral Ascending Tract (Gowers).—A column of fibres
extending up through the whole length of the cord (occasionally the
seat of ascending degenerative changes) has been described by Dr.
(Gowers as situated in front of the crossed pyramidal and direct cere-
bellar tracts. The tract is regarded as a sensory tract originating
from root fibres of the sensory nerves decussating across the posterior
commissure.* Arising in the lumbar region where it lies across the
lateral columns on a level with the posterior commissure, it becomes
placed, higher up in the cord, more superficial. Here, in transverse
section, 1t forms a comma-shaped tract, its head lying betwixt the
crossed pyramidal and direct cerebellar tracts, whilst its attenuated
tail extends along the outer border of the cord, almost as far as the
anterior median fissure. It can be traced up into the medulla in
front of the direct cerebellar tract, but where the latter unites with
the restiform body, its further course is not definitely ascertained.
Some authorities (Bechterew, Bruce, and Tooth) suggest its termination
in the lateral nuclei; others (Hadden and Sherrington) trace it into
the restiform tract,

Anterior Radieular Zone and Lateral Limiting Layer.—
These may be considered together as constituting, like many of the
fibres of the posterior radicular zone, a series of short commissural
fibres uniting the grey matter at different levels. In the case of the

- P 3 N " 5 ¥ 5 w - B
) Dingnosis of Diseases of the Spinal Cord, First Ed., 1879 ; and Diseases of the
Nervous System, vol. i., page 122 (Gowers). . -









10 THE MEDULLA OBLONGATA,

raphé.  Formerly covered by the ala cinerea, which represents
the nucleus of the vagus, the fasciculi teretes pass upwards as white
columns, strongly contrasting with the grey of the vagus nucleus;
and, as they take this course, they lie superjacent to the hypoglossal
nuclei. These eminences, therefore, map out the course of the hypo-
glossal nuclei, but must not be identified with that nerve, as they
belong to a wholly distinct system.  Whilst the white columns of the
eminentie teretes become wider and more pronounced upwards, the
ala cinerea disappears between them and a more external eminence—
the acoustic tubercle—so that transverse sections exhibit on either
side of the median raphé from within outwards the eminentise
teretes, the tuberculum acousticum, and lastly the pestiform
columns.

At this plane the central grey matter is consequently unfolded
outwards—a strongly marked concavity directed backwards, still
characterises this region of the wverntricle ; but this proeess of unfold-
ing proceeds at higher levels, until on a plane with the strise
acoustieae, the floor of the ventricle is almost flattened out, pre-
senting only a gentle depression at the middle line. As this process
of unfolding of the central grey matter proceeds, the restiform tract
diverges more and more from the mesial line ; whilst simultaneously
the central grey substance, notably in the region of the hypoglossal
nucleus, becomes shallower, and the nucleus itself nearer the surface.

Superficially viewed in the fresh medulla one readily sees between
the diverging restiform columns a large central V, divided midway
by the vertical raphé and separated from the plump acoustic tubercles
on either side by a well-marked depression, into which the upper
wedge-shaped apex of the ala cinerea plunges and loses itself. The
anterior border of the grey substance mow loses its abrupt pro-
minences, and assumes a gentle sinuous course across the medulla
from one solitary fasciculus to the other—the several wave-like
summits representing the site of the hypoglossal and the vago-
accessory nuclei (fig. 3).

Having so far followed the disposition of the central grey matter,
from just below the opening-up of the central canal to the level of the
strise medullares of the acoustic nerve, the student should now direct
his attention to a cross-section of medullated fibres of a notable
crescentic configuration, and encircling on its outer side a coarsely
reticulated region largely made up of deep stained connective tissue.
These conspicuous structures lie laterally disposed near the margin,
on either side, in all sections of the medulla up to the emergence
of the trifacial nerve : the dark-stained reticulum is the representative
of the substantia gelatinosa of the posterior cornu. The medul-
lated crescent is the ascending root of the fifth nerve, representing












14 THE MEDULLA OBLONGATA.

this lateral column of the medulla: one, which is the richer in cells, |
is elongated and directed from without inwards, approaching the
margin of the lateral column, lying parallel with the roots of the
lateral mixed nerves, between the sulbstantia gelatinose behind, and
the olivary and its fillet in front.

Further inwards in this lateral column, and ecarried backwards
parallel with the lateral mixed roots, is a second smaller group of cells
more closely clustered than the former ; not traversed, as these are, by
dense fasciculi of arcuate fibres passing to the olivary body. The
former called the nucleus of the lateral column by Stilling and
Clarke, might be more conveniently termed the exfernal, and the
second cluster the internal, nucleus of the lateral column ; or following
Dr. Ross, the anterior and posterior nucleus.

They almost certainly represent motor cell-groups of the anterior
cornua of the spinal cord, severed from the rest of the central grey
matter by the decussation of the pyramids across to the lateral
columns, and the interposition of the mass of the inferior olivary
body. By Dr. Ross they are regarded as detached from the antero-
lateral and postero-lateral group of cells in the anterior cornu by the
cleavage effected by the arcuate fasciculi of the medulla, whilst those
main groups are still found as the motor: nuclei in the central grey
matter of the medulla.

Intercalated between the lateral columns of the medulla and the
anterior or median, is the inferior olivary body, extending throughout
the region we have been studying, but terminating at the level of the
lowermost fibres of the pons. FProminent on the superficial aspect of
the medulla, between the pyramids and the lateral and restiform
tracts, it looks like a small almond-shaped body, which upon trans-
verse section reveals a grey nucleus, imbedded in a medullated invest-
ment of longitudinal fibres—the so-called fillet or olivary faseciculus.
The grey nucleus is in the form of a plicated capsule of many folds,
constituted of numerous cells imbedded in grey matter, and open
towards its inner side. The investing medulla of longitudinal fibres
passes inwards and forms a central core for this grey capsule, the
fibres of which then spread out into its various, convolutionary plica-
tions to terminate in the cells here distributed : the remaining fibres,
which do not so turn inwards to the grey capsule, pass downwards
into the lower regions of the medulla and cord. We have already
alluded to the dense intertwining and connections of the cerebellar
arcuate fasciculi within these olivary bodies.

In the lower planes below the calamus, our sections exhibit the
olivary capsule open in front at its hilus, the anterior line of plica-
tions being shorter than the posterior: and here, bordering upon this
opening in the capsule, is an elongated belt of grey matter, containing
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cells similar to those in the olivary body—this is the internal
aceessory olive. Sections taken midway through the inferior olive
show us two such bodies ; the one, as before, situated in the anterior
column, separated from the olivary body by the root fibres of the
hypoglossal, and greatly segmented by the passage of a rich system of
arcuate fibres to the raphé: the other, in the lateral column just
behind the hilus, like a concave lens with its concavity towards the
olivary capsule—this latter is the external aecessory olive.* In
histological structure both resemble the larger olivary body, and by
Meynert they are regarded as continuous with its capsule.

The most external arcuate fasciculi entering the restiform tract come
to it by way of the anterior pyramid and olivary body, partly in front
of and partly behind (and so encircling) the former, and forming a
thick stratum of fibres over the external aspect of the olivary body—
its stratum zonale : and lastly, covering in like manner, the ascend-
ing root of the fifth nerve to end in the restiform tract. A similar
investment of the upper olivary body exists, as we shall see later on ;
this- in the lower mammals is uncovered by the fibres of the pons,
which do not conceal them, as in man, and constitute the so-called
corpus trapezoides. The zonular layer passing over the anterior
aspect of the anterior pyramids is aptly referred to by Meynert as a
small anterior pons.

This inferior half of the medulla, with which we have for the present
concerned ourselves, contains the nucleus of origin and emergent root
fibres of but one purely motor nerve—the hypoglossal —but of four of
the mixed lateral system, viz., the spinal-accessory, vagus, glosso-
pharyngeal, and (the ascending root of) the trifacial or fifth, At the
anterior mesial prominence of grey matter in these planes, we find the
nuclei of the hypoglossal, which, prior to the opening up of the central
canal, are arranged in a double cluster usually termed the internal
and external convolute of the hypoglossal, owing to the loop-like
arrangement of the centiic and peripheric fibres connected with
them. The external also lies at a posterior plane to the internal.
The cells are large and multicaudate, forming the most conspicuous
cell-groupings in the whole sectional area of the medulla: they
measure 60 x x 20 w, The centric connections of these nuclei
consist of certain straight fibres of the median raphé, which run back-
wards as far as the central grey matter, and then arching outwards,
form spirals around the front and outer border of each nucleus, and
are connected with its large cells: thence, similarly curving around
the inner border to pass obliquely outwards, are the peripheric fasciculi
—the root-fibres of the hypoglossal. These emerge from between the

A F e i 3 £l 1
: r['h:_ab bodies are also known as the “external and internal parolivary
roclies,






SENSORY NUCLEUS, 177

The sensory nucleus or posterior nucleus for these three mixed
nerves is a somewhat compact formation of nerve cells, clustered
within the lateral angle of the central grey substance at the lower
planes of this region, where it forms the Vago-accessory nucleus. A
little difficulty may be experienced in distinguishing between the
nucleus of origin for the three nerves, if we do not attend to the fact
that so long as arcuate fibres are seen distributed to the solitary
funiculus from the raphé, we are in the region of origin of the spinal
accessory and below the vagal nucleus ; the latter centre can also be
differentiated into two groups, an external and iafernal nuclews, de-
scribed by Lockhart Clarke, a similar arrangement prevailing for the
glosso-pharyngeal centres. From the apex of this grey prominence,
which represents a sensory column of origin for these nerves, pass
outwards the main root fibres—the spinal accessory between the
olivary bodies and gelatinous substance ; the vagus and glosso-pharyn-
geal through the latter, and traversing in their course the ascending
roots of the fifth nerve ere they emerge at the surface. Immediately
outside the origin of this root, at the posterior or sensory nuclei, is
the conspicuous cross-section of the solitary faseieulus, which
really rvepresents an asecending root for the same mixed lateral
system. We have seen that a dense arcuate system passes into it from
the median raphé (centric fibres) below the origin of the vagus; we
may also just as readily trace fibres issuing from this ascending root to
join the emergent roots of the accessory, vagus, and glosso-pharyngeal
nerves. The posterior sensory nucleus is regarded by Dr. Ross as
the representative of the vesicular columns of Clarke in the
spinal cord from their relative position, connections, character of the
cells, and their distribution.

- A fourth root easily traced in the region of the vagus, is one
which, emerging from the raphé, traverses the front of the hypoglossal
nucleus, and, following the curve of the grey substance anteriorly,
enters the vagus nerve. In traversing the gelatinous substance also,
the vagus and glosso-pharyngeus both derive fibres from the former
ere they issue from the medulla ; this is the fifth root of origin for
these nerves. Another small fasciculus has been described by Clarke
as passing from the faseieulus teres into the vagus.

The Upper Half.—Passing now to the wupper half of the medulla,
which upon its ventricular aspect is, like the lower half, triangular
in outline, its base being mapped out by the acoustic strim and its
lateral boundaries formed by the superior cerebellar peduncles, con-
verging to the quadrigeminal bodies, we meet first with fwo motor
nerves closely associated in their origin, and arising, as do the motor
cranial nerves generally, from an anterior or median position on

either side of the raphé ; and one purely sensory merve, which takes
2
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t]]mugli a great part of their extent with the accessory body—the
inferior olivary; so in this wpper triangular division we find a
very similarly constituted structure—the superior olivary body—
occupying a vertical plane corresponding very nearly to that of the
two motor nerves—the sixth and seventh.

Transverse sections across the levels of emergence of these latter
nerves exhibit a notable change in the distribution of the various
structures in front ; the inferior olivary bodies have disappeared ; the
pyramids still maintaining their integrity as independent, compact
columns, are now concealed beneath the most anterior fibres of the
middle cerebellar peduncle (pons), which enclose them between their
transversely disposed fasciculi, as a more superficial and a deep series
of fibres; whilst laterally the brachia of the pons diverge to the
cerebellum, and further back the restiforin and internal divisions of
the inferior cerebellar peduncles in like manner pass to their dis-
tribution. On a level with the striie medullares an intermediate
transitional stage is apparent ; and, as we pass to higher planes, the
inferior olivary body loses its outward ineclination, its long axis
becoming disposed antero-posteriorly and immediately behind the
two pyramids. Thus a lateral constriction occurs which gives the
medulla here from before backwards an apparent but not absolute
increased depth. This antero-posterior depth appears still more
exaggerated by the lower loops of the pons capping the pyramids in
front, which have just been caught at this plane and divided. In
such sections the nucleus of the lateral column is still well seen
between the diminished olivary body and the ascending root of the
Jifth nerve, whilst immediately posterior to the inferior olives is a
group of large fusiform and multicaudate cells, the former in connec-
tion with the arcuate system here, the latter in apparent connection
with fasciculi which pass backwards to the median or motor
column of grey matter. ,

Still somewhat higher, the inferior olive ceases, or may present
its upper extremity as a single minute plication ; and, in this region,
we find the nucleus of the lateral column compressed into a long
narrow tract by the interposition between it and the ascending root
of the fifth nerve of a very notable large nucleus of almost spherical
outline, and, by the disposition of its enclosing fibres, severed appar-
ently into a series of convolutes of large multicaudate cells. This is
the anterior or inferior nucleus of the facial nerve, and from
it a somewhat wide belt of sparsely scattered fasciculi pass back to
ascend, as we shall see later on, as the genu of the facial nerve,
whilst the compressed nucleus of the lateral columns sends in-
distinctly marked fibres towards the median grey, The superior
olivary does not as yet present itself; in this plane we may study
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the various nuclei of origin of the auditory nerve. Following the grey
matter of the floor of the ventricle outwards from the median promi-
nence (which here is remarkably shallow), we find it progressively
increases in depth to its extreme lateral limits, where the lateral or
sensory projection is a notable feature, and the largze internal
ﬂ,‘uditﬂ[’f nucleus is seen. Iﬂlﬂlediatﬁiy outside this sEnsory nucleus
is the tessellated area characterising the inner division of the inferior
cerebellar peduncle ; followed still further outwards by the transverse
section of the crescent-like restiform tract. To the inner side of the
restiform tract the conspicuous ascending root of the jfifth nerve is
applied.

The whole of the structures above noted—the grey floor with its
lateral prominence, the inner peduncular tract, and the restiform
column—are embraced superficially by a zonular investment of fibres
issuing from the region of the raphé ; in fact, the striec medullares,
which, reinforced further on by others emerging from the restiform
tract, constitute the posterior root of the auditory nerve.

On the other hand, these same structures above enumerated, are
embraced from within by the anterior auditory root, which runs
chiefly between the restiform tract and the ascending root of the
fifth, although many of its fasciculi traverse the structure of the
latter. The student should remark here that the fifth ascending
root serves always to distinguish to him the emergent roots of the
Sfacial from those of the auditory ; the facial lying to the inner, and
the auditory to the outer side of this root.

We should, therefore, regard the auditory nerve as possessing two
roots of origin—(1) anterior, also called the internal, deep or vesti-
bular root, whose peripheral destination is the semi-circular canals ;
and (2) the posterior, also called the external, superficial or cochlear
root, which in its turn ends in the cochlea,

Posterior Root.—The fibres from this source enter the anterior
or accessory auditory nucleus, which forms so prominent a feature as
it lies upon the deep root of the auditory nerve, and, as suggested by
Bruce, might much more justly be termed the auditory ganglion.

From this centre they form connections with the following
structures (—

(x) Through the striz acousticz with the formatio retieularis.

(b) With external and internal acoustic nuclei of same side.

{¢) With the flocculus,

(¢d) With superior olive of the same and opposite sides by the medium of the
trapezoid body,

Anterior Root.—The vestibular root, continuous with the so-
called ascending root of the auditory nerve, arises in part from the
cuneate nucleus, in part from the large cells of the external acoustic
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dimensions of the pons are greatly reduced with the diminished supply
of fibres reaching the medulla from the crusta. The lemniscus or
fillet lies in these planes to the inner side of the superior olive,
forming the pale-stained area of truncated triangular outline next
the raphé, the base traversed by the most posterior fasciculi of the
pons and trapezoid formation. Into the fillet at higher planes, fibres
of the upper olive pass to be connected with the central grey of the
lower quadrigeminal body, the testes ; functionally these fibres should
be regarded as centrifugal, since they have been found by Flechsig
to degenerate downwnards to the superior olive.

A cerebellar connection is established between these bodies and the
roof nuclei (nuclei tecti) of the middle lobe of the cerebellum ; whilst
other fibres pass back from them also to the nucleus of the sixth and
of the auditory nerve, as well as to the lateral columns of the spinal
cord. Motor impulses, therefore, emanate from this body to the sixth
nerve nucleus, which, being connected by decussating fibres with the
nucleus of the opposite motor oculi, subserve the conjugate deviating
movements of the eyeballs. In like manner, motor impulses to the
lateral columns of the cord explain the associated movements of the
head to the same side.

The quadrigeminal bodies, on the other hand, which are connected
with the optic tracts, transmit stimuli thence emanating, to the
superior olivary bodies through the medium of the fillet, and so to the
oculo-motor apparatus of the sixth and third nerves.

We have already seen that the posterior columns of the cord resolve
themselves through the intermediation of their clavate and cuneate
nuclei into the restiform tract of the cerebellar peduncle. They also
by the anterior sensory decussation of a portion of their arcuate
fasciculi pass upwards on either side of the median raphé as the fillet,
and thence to the quadrigeminal bodies. This portion of the fillet,
it will be observed, is a centripetal or sensory tract, so that the
fillet really contains systems of ascending and descending fibres, as
is indicated also by the results of lesions affecting the tract,

At the level of origin of the sixth and seventh cranial nerves, the
central grey forming the floor of the ventricle is, as we have seen.
extended laterally, shallow from before backwards, and bounded on
either side by the restiform tracts: as we ascend to a higher plane
we find the superior cerebellar peduncle on each side, which, in their
descent, restrict the lateral extension of the ventricle and its in vesting
grey substance, This occurs in such sections as are carried through
the emergent roots of the fifth nerve. If we now follow the ventricle
towards its upper angle, we find with the convergence of the superior
peduncles towards the quadrigeminal bodies, the following changes
in the dispesition of the central grey :—First, the ventricle becomes



24 THE MEDULLA OBLONGATA.

narrower ; the prominent lips of the grey matter become more
pronounced, from the increase in the thickness of this formation ;
and at the same time the ventricle is roofed over posteriorly by the
anterior medullary velum. The nuclei of the fifth pair alone
of all the cranial nerves characterise this plane,

Higher still, we come upon the root fibres of the fourth nerve
which decussate across the aqueduct posteriorly. The central
grey here forms two notable protruding lips on either side of the
mesial line, converting the aqueduct into a Y-shaped figure. Progres-
sive thickening of the central grey substance occurs as we carry
our sections through the posterior and anterior quadrigeminal bodies ;
the aqueduct restricted in size is completely surrounded thereby,
and suffers minor alterations in its outline until it opens up into
the central cavity of the third ventriclee From the level of the
crossing of the fourth nerve upwards, the Y-shaped grey exhibits
the beak of the Y interposed between the two notable bundles of the
posterior longitudinal faseieulus, behind which we may con-
tinuously follow an anterior or motor column of grey matter, containing
nerve cells, and externally a lateral or sensory column, such as charac-
terised the cranial nerve origins in the lower half of the medulla.
Betwixt these planes and the upper roots of the facial nerve lie the
emergent fasciculi of the fifth nerve, which, in accordance with its
mixed motor and sensorial function, also assumes a lateral site of
origin. We will now take these upper cranial nerves seriatim.

The fifth or frigeminal has the nucleus of origin for its metor root
within the motor area of the pons somewhat similar in position to the
nuclei of the lateral division, which at lower levels sent fasciculi to
the mixed system of nerves—the so-called nucleus ambiguus. It,
however, lies considerably behind this nucleus of the facial—the
anterior facial nucleus—and cannot be mistaken for it, since it does
not present the same convoluted structure ; and, moreover, is not in
the mid planes of section of the upper olive, although the upper end
of this structure is still seen. Its centric fibres pass to it from the
median raphé where they decussate.

The origin of the sensory root of this nerve is far more extensive.
We have throughout the whole of the medulla followed up in our
sections the aseending root of the trigeminal, noting how in
the lower planes of the medulla the vagus and glosso-pharyngeal, and
higher up, the facial, traversed its cross-section near their points of
emergence, and now find it lying between the motor nucleus and
the restiform tract in the sensory area of the pons, throwing forwards
its root fibres to emerge between the transverse fasciculi of the pons.
Below, this ascending root appears to end in the tubercle of Rolando,
and so would seem to have a close connection with the ¢gaput eornu
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posterioris. A median root is described as Driginajc.ing fr.c-m_ a
nueleus at the level of emergence of the sensory root, in contiguity
with the ascending root and the motor nucleus. On t.;he lateral
margin of the central grey around the aqueduct, as high as the
anterior quadrigeminal body, or nates, we find the cross-section of
the descending root of the fifth nerve with very characteristic spherical
or vesicular cells lying in the central grey upon the inner side of
the Toot fasciculi. Both cells and descending fasciculi become more
conspicuous at lower levels, and the latter extend to the level of the
exit of the sensory root, where they join it to emerge from the pons.
Internal to this descending root is a series of deeply pigmented nerve
cells, forming the substantia ferrugines, which is seen through the
avey floor of the ventricle at the site named the locus cceruleus.
From these cells, according to Meynert, pass root fibres to the
opposite trigeminal root (semsory trunk), which in their course
surround and traverse the posterior longitudinal faseiculus,
decussate at the posterior extremity of the raphé, and thence, following
out the anterior margin of the central grey, arch into the opposite
sensory root. Associated with these lutter fibres are described others
which issue from the median raphé posteriorly, and after decussation
terminate in the sensory root likewise. Lastly, a cerebellar root
1s described by some authorities.

In the motor column of the central grey, lying immediately behind
the posterior longitudinal fasciculus, on either side of the median line
and beneath the nates, is a well-defined grouping of cells, which,
however, usually presents an apparent segmentation into distinect
clusters. These nerve cells, commencing as high up as the posterior
commissure, are at first somewhat scattered, but assume a more
compact form as they run backwards towards the upper half of the
testes, in which region they appear lodged in a hollow of the posterior
wall of the longitudinal fasciculus. This nuclear column represents
the origin common to the oculo-motor (third) and the trochlearis
(fourth) nerves; the upper, scattered, segmented portion is the nucleus
of the third more especially ; the lower compact segment lying at the
junction of the two quadrigeminal bodies is the nucleus of the fourth
nerve. Both are believed to receive their centric fibres through the
median raphé, those of the third nerve decussating ere they reach
their nucleus.

The segmentation of the nucleus of the motor oculi nerve has been
variously described by different authorities: we follow here more

strictly the account given by Bruce,* which certainly accords most

*“On the Segmentation of the Nucleus of the Third Cranial Nerve,” Alex,

Bruce, Proc. Roy. Soc. Edin., 1889, Illustrations of the Nerve Tracts of the Mid
and Hind Braie, Alex, Bruce, 1892,
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bodies, and cortex cerebri. It is important that the student
understand that the termination of the fibres upwards occurs in grey
masses placed at different relative levels, answering to the position of
the hind-brain, the mid-brain, the inter-brain, and the fore-brain :
and he should gain a clear conception of each individual tract, so far
as at present known, to its terminus in a grey centre. To return to
the mesencephalon, the hind and inner portion of the erura forms,
as we said, the tegmentum, and on this structure rest the quadri-
geminal bodies and thalami ; on the other hand, if we follow the crusta
upwards, as exposed at the base, we find that each crusta diverges
more and more until it meets the embracing optie tracts, which
at this part of the base define the boundary between mesencephalon
behind and thalamencephalon in front. At this point each erusta
plunges deeply into the brain, disappearing between thalamus and
lenticular nucleus, and passes up as a compressed medullated tract
between the basal ganglia, emerging above their level as a wide-spread
fan of fibres to the hemispheres. In this course, where they form a
divisional wall between the large ganglia, they constitute what is called
the internal eapsule, the formation of which merits careful study.
If we imagine the crusta as seen from the base pass up unchanged
in direction into the internal capsule, we shall then perceive that the
latter wounld take a direction sloping obliquely upwards and outwards,
presenting two surfaces—a lower, looking downwards, outwards, and
backwards, roofing over the lenticular nucleus, and corresponding and
continuous with the superficial surface of the crusta as far as the pons ;
and an upper surface, upon which the thalamus rests, corresponding to
the deeper portion which lies adjacent to the tegmentum. It would
also present two free borders—the internal or mesial, and the external
or posterior. In the further expansion of this belt of fibres, the inner
or mesial suffers displacement through the intrusion in mesial planes
of the head of the eaudate nucleus, whereby the anterior portion
of the capsular fibres is thrust outwards, forming a sharp bend or
‘“knee ” with the posterior division. Thus we observe that the internal
capsule is a stratum of fibres with a coneavity looking downwards and
outwards, arching as a roof over the lenticular nucleus, and forming a.
medullated bed, upon the anterior segment of which rests the caudate
nucleus, and upon the posterior margin of which rests the thalamus.
If now we examine these ganglionic masses from above, as seen
within the lateral ventricles, it is evident that the long axis of each
is similarly disposed—i.e., from the mesial line obliquely backwards
and outwards ; that the outermost of these masses, the two caudate
nuclei, have their large pyriform head directed anteriorly, whilst their
attenlftn,ted tail-like process appears pressed outwards by the narrow
anterior pole of the wedge-shaped thalami. In like manner the latter,,
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which have their broad extremity hindmost, are also pressed out-
wards behind by the intervening quadrigeminal and geniculate
bodies. These three important structures—the corpora quadri-
gemina, thalami, and caudate nuclei—which represent the three

Giyruae fornleatus.

Corpus callosum (Cornn anklctm

Eeptum luclduin. Caput nuclel eandatl

Columnane fornicls Capsuls interna

{smterior L b)-
Capsuln exteris.

Corpus slrintun. [aland of Rell

- Mucleus lentiformis

Biria teruniunhs. T

Unpatin interns
h.;-.b,urhrr 1imbk

Thalapiis op

Thalamus optlos.
Carpus geud

Fualviuar.
Candate nucl
Eippmlﬂjﬁl-
Trachiuni conjunc-
tivam antleum.
I'Ld'l.lll-lﬁ'i‘ll-‘-’-* mhl'l.
ad coTpaTR (Calear AV
quadrige-
mins.
ad meduallar

cerebeli \ oblongatets.

il pom e

Fuulieulns cuncactus
Funleulus gracills

Fig, 7.—Horizontal section through hemispheres, the right at a deeper
level than the left.

divisions jof the mesencephalon,: diencephalon, and partly of the
prosencephalon, as before indicated, rest upon and émbrace the
tegmental and erustal divisions of the cerebral peduncle,
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On the other hand, the outer division of the striate body—the
lenticular nucleus—has its base directed forwards and outwards
parallel with the insula, whilst its wedge-shaped apex is directed
backwards and inwards towards the base—its upper surface, convex
from before backwards, being adapted to the concavity of the internal
capsule. The general relationships of the internal capsule are well
seen in horizontal sections carried across the hemisphere at succes-
sively higher levels. Near the base it forms a quadrilateral section
directed from within outwards and separating the tegmentum from
the lenticular nucleus, having immediately behind it the locus
niger, and parallel ‘with it in front the anterior commissure as it
passes outwards through the lenticular nucleus. It will be recalled
that the erust, ere it disappeared into the depths of the Lhemisphere at
the base, was bounded by the broad optic tracts: these are destined to
terminate in the external geniculate body, and at a slightly
higher plane these bodies appear immediately behind the extremity of
the internal capsule as seen in transverse section. At a higher level,
however, above the anterior, and through the plane of the middle
commissure, the anterior portion is bent outwards, forming an
obtuse angle or “knee,” so that a horizontal section through boti
hemispheres at this level represents both internal capsules as an
X-shaped figure with two anterior and two posterior segments (fig. 7).
In the lateral angle of this X the wedge of the lenticular nuecleus
insinuates itself ; between the anterior segments of the X the nuclei
caudati appear; whilst the posterior segments inelude the optic
thalami. At the central junction of these limbs, we find the fornix
cut across.

Lastly, turning our attention again to the base of the brain, we see
that the divergence of the peduncles, as they ascend, leaves between
them in the middle line, first, the posterior perforated space —
a bridge-like extension of grey substance at the angle between both
peduncles, perforated by numerous vessels which enter the base of the
thalamus at this point; and from which white fibres emerge and
course round the upper margin of the pons—the teenia pontis. In
front of the perforated space are two rounded bodies—the corpora
albieantia—round which the pillars of the fornix turn ; and from
these bodies a thin grey lamella stretches forwards as far as the optic
-commissure, forming the floor of the third ventricle : from its floor a
hollow tube—the infundibulum— descends, to which is attached the
pituitary body.

Having thus far defined the limits of erusta and internal capsule,
we can the move clearly appreciate the course and distribution of their
fibres. Since the crusta represents the continuation upwards of the
pyramidal tract of the cord, it must receive a considerable rein-
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The student must bear in mind that the crust of the peduncle
contains a very large system of fibres, and that the tracts above
described by no means represent the whole series. Thus each crusta
includes, not alone tracts of the pyramidal fibres, but the sensory
tracts of the cords—fibres to the thalamus and caudate nucleus, &e,
The tracts we have now traced have no comnection with the basal
ganglia : they pass between the lenticular nucleus, thalamus, and
candate nucleus uninlerruptediy to their cortical termini, Thus, as we
have seen, the pyramidal tract extends uninterruptedly between the
cortex of the eentral gyri and their immediate neighbourhood, and
the motor cells of the anterior eornua of the cord at different levels
throughout its course: and this pertains both to the motor or pyramidal
and to the sensory tracts. It is obvious that the body and lower
extremities have the least specialised movements, just as the arm and
hand and the muscles of articulate speech are excessively specialised ;
and, that whereas the accessory group of fibres which supply the latter
chiefly have to deal with very complex and specialisad co-ordinations,
the muscles being very numerous, but relatively very small in size : the
fundamental group which supply the large muscles of the limbs, and
especially of the lower extremity, have to deal with simple massive
movements, the musculature being correspondingly bulky and less
specialised. We see, therefore, that the accessory group, arising from
the cortex at the lower end of the central gyri, pass chiefly to the
spinal levels of the face, mouth, and hands, whilst the greater bulk of
the fundamental group arising at the upper end of the central gyri
extend as far as the lumbar enlargement for the musculature of the
legs. Hence the former constitute comparatively short loops, and
supply many though small muscles ; the latter constitute very lengthy
loops, and supply the [largest muscles of the frame. The latter
originate in the largest nerve cells discoverable, the former or
accessory in cells of greatly reduced dimensions. The fibres of the
sensory columns of the cord, according to Meynert, undergo a decussa-
tion upon a level with the decussation of the crossed pyramidal fibres
by arching forwards around the central grey column, and after decus-
sation passing up on the outer side of the anterior pyramid to the
hinder third of the internal capsule, when they suddenly turn back,
and are distributed to the oceipital and temporo-sphenoidal lobes.
As before stated, they have no connection with the thalamus or
lenticular nucleus. So far for the direct sensory and motor fasciculi
f:t" the crusta and internal capsule. The internal capsule, however,
includes several other systems of fibres, of which the following are the
more readily followed out ;—

(@) Fibres to the cortex from the outer surface of the optic
thalamus,

3
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Such an arrangement is represented by the external capsule and i'ts
continuation at the base, where it is termed the ansa peduncularis
of Giratioldt or substantia innominata of Reil ; and a portion of
which crossing the crusta to its inner side is named the collar,
fillet, or loop of the erus. .

This important formation of the ansa ped uncularis consists of four
systems of fibres, according to the statement of Meynert. TI:.u%}r
arise from the under surface of the lenticular nucleus, from a ganglion
lying in this position, and from the cortex of the sylvian ﬁhssure,
upper and temporal margin of the insula. The capsular portion of
the ansa has no organic connection with the base of the lenticular
wedge over which it spreads, so that it can be readily separated,
and the latter enucleated by the handle of the scalpel. Its fibres,
which arise from the cortex of the insula and upper margin of
the sylvian fissure, necessarily pass to it through the eclaustral
formation : and then, forming the compact lamella of the external
capsule, converge to the fasciculi at the base of the lenticular nucleus,
which we veferred to as the ansa. At this point it is crossed
superficially by the anterior commissure, which has to be removed to
.expose it in its entirety. The deepest layer of the ansa peduncularis
takes its origin from fibres issuing at the base of the lenticular nucleus
—from those concentric lamelle, the lamin@ medullares. The
fasciculus completely crosses the crusta parallel to, and immediately
in front of, the optic tracts, and passing to the inner or median’
border of the crusta, forms the innermost series of fibres, here destined
to pass back along the raphé to the central grey substance, where
they terminate after decussation in the nuecleus of origin of the
oculo-motor and trochlear nerves within the nates. The second
layer originating in fibres from the cortex of the upper margin of the
sylvian fissure, the temporal lobe and the cortex of the insula, is
interrupted in an elongated ganglion at the base of the lenticular
nucleus. From this ganglion fresh fibres proceed at first parallel to
the course of the rest of the ansa, but then suddenly bending back-
wards and upwards, pursue their further course just within the grey
substance of the third ventricle, forming the well-marked bundle of
medullated fibres known as the posterior longitudinal faseiculus,
which may possibly be traced down into the spinal cord as the most
posterior of the fibres of the anterior column in front of the grey
commissure of the cord.

The third layer of the ansa arises from the sylvian fossa and
the cortex of the temporal lobe, runs parallel to the above-mentioned
fasciculi at the base of the lenticular nucleus; and then turning
upwards into the thalamus, forms a brush-like radiation of its fibres
far back into the interior, constituting the so-called inferior pedunecle
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raphé of the pons (fig. 5, F). In its further course it is traced
downwards as the most external zone of the lateral columns of the
spinal cord in front of the direct cerebellar column. Whilst
the lemniscus in this part of its course gradually encloses the several
other tegmental structures, including the red nucleus, the fibres given
off from the latter after decussating at the median raphé pass to the
outer side of the tegment in its further course, and eventually escape
from the embrace of the lemniscus about the level of the upper trans-
verse fibres of the pons, and, becoming superficial, pass downwards
to the cerebellum as its superior peduncles, We must now follow
the fasciculi of the mesencephalon in transverse sections taken
across the upper and lower pairs of quadrigeminal bodies.

In such sections passing through the region of the nates, five
structures which demand examination are exposed to view ; these
are in order from behind forwards—(1) The nates; (2) the central
grey substance; (3) the tegmentum ; (4) the substantia nigra; (5)
the crusta.

¢1) The Nates (Superior Bigeminal Body).—The ganglionic strue-
ture presents four distinet strata—(a) Outer grey or cortical layer of
Forel. (b) Longitudinal fasciculi from the external geniculate body.
(c) Bundles of fasciculi passing outwards on all sides from the central
grey substance in delicate radiations into the substance of the ganglion.
(d) The stratum of the lemniscus, embracing the grey substance, and
through which the radiating fibres last named have to pass ontwards.
To appreciate correctly the structure of these gunglia, we must imagine
a coronal fan of fibres from the cerebral cortex converging in the
direction of the external geniculate bodies into the substance of the
cortical layer of the nates; passing back to the median raphé behind
the aqueduct, and decussating here with a similar fasciculus from the
opposite hemisphere ; thence arching around the central grey as the
lemniscus already described. The coronal fasciculus constitutes the
superior brachium of the nates; and, prior to the decussation, it
terminates in the ganglionic cells of the nates. From these cells arise
the fibres which decussate, and pass as the lemniscus downwards into
the spinal cord. We have, therefore, the two ganglia of the nates,
so to speak, enclosed between the upper and lower arms of a decus-
sating medulla with an internode of ganglionic cells on the centric
side of the decussation ; and the lower arms or stratum lemnisei
enclosing in like manner the central grey, and supporting as a girdle
the mass of tegmentum lying in front of the latter. The upper arm
or brachium passes in part direct to the cortex beneath the pulvinar
of the thalamus, and thence through the posterior division of the
internal capsule ; and in part, passes into the external geniculate
body behind and covering the former. This decussating system of
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careful study of sections carried through this region in three different
planes is requisite—viz, horizontal, longitudinal, and vertical-trans-
verse; but a preliminary study of their more obvious external
conformation 1s necessary ere a more minute inquiry is instituted.
The reader should refer here to the illustration (fig. 7) given on p. 30.

The optic thalami are somewhat oval, wedge-shaped bodies, broadest
behind, where they diverge from each other so as to expose the
quadrigeminal bodies; and narrowed anteriorly where they approach
the middle line. They are limited externally by the stria terminalis
(cornea), which is also the upper and outer boundary of the thalamen-
cephalon—immediately external to which is the caudate nucleus and
its attenuated tail. In front, the thalamus presents a notable
prominence, the anterior tuberecle; behind, it projects back as
the pulvinapr, and forms in the descending horn of the lateral
ventricle the anterior wall or roof of the cornu. Mesially, the
thalami are bounded by the peduncles of the pineal body; and
the vertical median grey walls of the third ventricle do not, as might
be conjectured, represent the median aspect of the thalami, but must
be carefully distinguished therefrom. In fact, the mesial aspect of
these grey masses is here completely concealed beneath the grey
matter of the third ventricle, which is identical and continuous with
the central grey substance of the cerebro-spinal tube throughout its
length. To the thalami, however, belong the middle and posterior
commissures which cross the ventricle, and which are really decus-
sating medullated tracts of the thalami.

Whilst the inner face of the thalami covered by the central grey
substance is perpendicular, the outer presents a kind of obliquely
sloping roof resting upon the fasciculi of the internal capsule; and
hence the vertical transverse section of the thalamus is likewise
somewhat wedge-shaped in configuration. Then again, it must be re-
membered that the thalami in lower vertebrates— birds and reptiles—
arve very evident projections on the upper surface of the peduncles not
included within the hemisphere at all; and that in man, although
they appear thus to project within the ventricles and to be included
within the more extended hemisphere, they, in reality, are outside the
hemisphere of which the fornix constitutes the median boundary.

We have spoken of the thalamus as a somewhat wedge-shaped mass,
as seen in transverse vertical sections. In similar sections through
both thalami, they conjointly appear like the transverse-section of a
boat, keel downwards, in which the arched side rests as on a couch
in the concavity of the internal capsule, whilst in the hollow of the
keel the thalamus is separated from the capsule by a region known
as the sub-thalamic region, in which a sharply-defined, biconvex,
lens-shaped body is situated, to which we shall refer later on as the
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peduncle, already alluded to as the third layer of the ansa pedun-
cularis, connected with the cortex of the temporal lobe, passes from
beneath the lenticular nucleus up into the thalamus, ex panding also in
brush-like manner chiefly along its internal portion, and forming the
inner boundary of the thalaraus. It also decussates at the middle
and posterior commissure to pass down as tegmental fasciculi of the
CIrus.

Both these peduncular expansions are interrupted by the nerve cells
in the grey intercalated layers of the thalamus ere they decussate at
the commissures. The superior peduncle takes a still more com-
plicated course ; its centric connection is with the cortex of the
gyrus fornicatus—appearing first in the two fimbri® or posterior
pillars of the fornix arising from the cornu Ammonis ; and ascending
as the body of the fornix connected by the transverse fibres of the
lyra upon the thalamus, it arches forwards at the front end of this
body, and thence passes downwards as the two deseending pillars of
the fornix. These latter pass back to the corpora albicautia, around
which they form a distinet loop, and again turn upwards as the
ascending pillars or bundles of Vieq D’Azyr to terminate within
and around the anterior tubercle of the thalamus. Whilst forming
this loop around the corpus albieans, a portion of its fibres is
interrupted by nerve cells within this body, and a fasciculus starts
from this site and passes directly backwards into the tegmentum.

Whilst the frontal, insular, and median cortex is thus connected by
the thalamie peduncles to the anterior end of the ganglia, the posterior
or hinder half of the thalamus receives along its outer margin coronal
radiations from the occipital and mid-regions of the hemisphere.
These fasciculi radiate from the upper and outer border of the thala-
mus to corresponding regions of the brain opposite them ; the middle
section spreading towards the mid-regions ; and the posterior arching
backwards towards the occipital pole. These latter, as they pass
outwards and backwards to the occiput, are associated with similar
radiations proceeding in like direction from the geniculate bodies and
the brachia of the nates and testes. This system of fibres arches
around the outer wall of the posterior cornu of the ventricle, and has
long been known as the optic radiations of Gratiolet. In their course
they are brought into close association with the sensory fibres of the
cord destined for the occipital and temporal lobes; and, as we have
previously seen (fig. 7, §), ocenpying the outer fourth of the crusta.
This peduncular sensory tract, it must be remembered, has no con-
nection with the optic thalamus, but runs directly into the occipital
and temporal regions of the cortex. The coronal radiations which
enter this outer border of the thalamus, pass through its structure
as arched fascicult towards the median line—i.c., across the long axis
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Posterior Commissure.—We have already traced the anterior
and inferior peduncles of the thalamus as far as their decussation
in the posterior commissure, and it would seem extremely probable
that the fasciculus retroflerus undergoes partial decussation through
the medium of this commissure also. Near the mesial line, we can
readily trace these decussating fibres of the posterior commissure in
their further course passing downwards into the tegmentum, where
they bend backwards to pass into the medulla and spinal cord ; whilst
prolonged from the posterior commissure backwards is also seen the
cross-section of the medullated fibres of the corpora quadrigemina.

In these vertical longitudinal sections taken near the mesial plane,
we therefore see three systems of decussating fasciculi erossing at the
middle line, and forming peripheric extensions from a series of gang-
lionic bodies, viz.:—The fascieulus retroflexus, the mass of the
posterior eommissure, and the quadrigeminal fasciculi called the
lemnisei or fillets of the nates and testes.

Corpora Geniculata.—Beneath the pulvinar of the thalamus
in man we see a small club-shaped body about the size of a coffee-bean,
directly continuous with the optic tract anteriorly, and by a notable
border separating mesencephalon from thalamencephalon, connected
with the upper guadrigeminal body or nates. This small ganglion,
for ganglionic it is in nature, is the outer geniculate body, and
lies in the course of the arm of the nates or superior brackium, with
which it is intimately connected, as it proceeds to the cortex of the
oceipital lobe. TUpon wvertical longitudinal section it is found to
possess a peculiar plicated arrangement of a medullated and a grey
lamina, exhibiting alternating layers of grey and white substance.

Internal to this body, that is, nearer the mesial plane, lies another
small structure of spindle-shaped outline, immediately beneath the
upper and between it and the lower brachium ; it is directed towards
the nates by one of its pointed extremities., This structure is the
inner geniculate body. Both geniculate bodies are connected with
the corpora quadrigemina on the one hand, and with the cortex of
the occipital lobe along with the other centric fasciculi of the
brachia. In a vertical section we find an extensive portion of
the optic tract directly continuous with this plicated outer geniculate
ganglion, and hence also with the wnates. An inner segment
of the optic tract, but much more limited in extent, passes into
the internal geniculate and thence to the nates also; no fibres
from the optic nerve are believed to pass by this tract to the testes.

The remaining connections of the optic tract are the optic thalamus
(to the stratum zonale and radiating fasciculi previously described);
and the basal optic ganglion, a small body of grey matter lying beside
the fuber cimereum immediately covered by the optic commissure.



CONFIGURATION OF CEREBRAL HEMISPHERES. 49

The ganglia of origin of the optic nerves, therefore, are the upper
quadrigeminal, the outer and inner geniculate bodies, the optic
thalamus, and the basal optic ganglion: the centric or coronal
extensions arising in these ganglia pass by means of the posterior
section of the internal capsule as the optic radiations of Gratiolet to
the cortex of the occipital and (?) temporo-sphenoidal lobes.

PROSENCEPHALON OR FORE-BRAIN.

Configuration.—We have already seen that divergence of the
brain-stem in the crura cerebri to reach either hemisphere, entails
also the more and more complete severance of the various ganglionic
masses at the base with which it is brought into connection: and
that from the bilateral fusion of the mesencephalon, we pass forward
to the divergent masses of the thalami (diencephalon), and thence to
the still further severed corpora striata, constituting the ganglia of the
fore-brain (prosencephalon). We have seen how these more divergent
masses are braced together by sling-like loops of medulla, such as
the ansa lenticularis, and united mesially by the anterior and other
commissural tracts. The ganglia of the prosencephalon form the most
anterior mass of grey matter surrounding the peduncular extensions,
and are so disposed as to constitute two incompletely-severed masses of
grey substance, whose configuration shadows forth the form assumed by
the hemispheric envelope moulded around them. The flexure of the
fore-brain, whereby this hemispheric arc reproduces the contour of
these ganglionic structures, has its site at the fissure of Sylvius; and,
in feetal brains, ere the further differentiation of the cortex into its
varied longitudinal and transverse fissures has proceeded, we see
readily how the hemispheres are, so to speak, moulded after the form
of their subjacent ganglia. The axis of this flexure if constituted by
the most external of these ganglionic masses, the so-called lenticular
nucleus, wedge-shaped in form, its base directed forwards and out-
wards, covered by the cortex of the insula—its apex downwards and
inwards towards the crus cerebri. Around this wedge-shaped axis, the
ganglionic and hemispheric arcs are severally formed—the ganglionie,
in the form of the caudate nucleus : the hemispheric, beginning at the
orbital aspect of the frontal, sweeps round the fronto-parietal to the
tip of the temporo-sphenoidal lobe. The more flattened aspeet of the
region of the insula, therefore, bears the impress of the base of this
lenticular axis of revolution, whilst the more spheroidal contour of
the hemisphere conforms to the curvature of the caudate body.

Upon this constructive principle largely depends the di\:ergeucu
observed in the primitive contour of the cerebrum in various animals
and in man. Although identical in the nature of their histological

!
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constituents, these two ganglionic masses differ widely, not alone in
their rough contour, but in their quantitative relationships: in certain
brains, the caudate nucleus assumes a mass far out of all proportion to
the lenticular; whilst in man, the former is dwarfed, and the latter
ussumes a relatively important réle. The greater magnitude assumed
by this lenticular axis of revolution, the greater the scope for the
unfolding of the hemispheric arc, and the more important the develop-
mental features assumed by the regions of the insula and sylvian
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Fig. 8.—Section throngh hemispheres (vertical transverse) through

» plane of middle commissure.
N.e, Tail of candate nuclens. C.m, Middle commissure.
C.e, Corpus callosum. C.e, External capsule.
F, Fornix and choroid plexus. €1, Clanstrum.
C.i, Internal capsule. 1, 2, 3, Three segments of lenticular
T'.0, Optic thalamus. nuclens.

fossa. On the other hand, the smaller lenticular body, and the larger
proportionate development of the caudate bespeak a brain of simple
configuration, more spherical, less complex in convolutionary arrange-
ment, and of more uniform symmetry throughout.

In thus indicating their impress in the configuration of the cerebral
vault, these striate ganglia differ widely from the diencephalic
ganglia previously considered, the thalami optiei; in fact, these
latter bodies, so far from having any portion of the cerebral hemi-
sphere moulded to their form, are themselves wholly outside the
cerebral envelope in their mesial position. Thus, the adult brain
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witnesses to the genetic relationship of the cerebral hemispheres, and
the related striate ganglia ; the whole mass in front constituting the
fore-brain or prosencephalon in advance of the thalamence-
phalon.

We have spoken of these basal ganglia as incompletely severed
masses of grey matter, a statement at once verified by vertical
sections taken in anterior planes through these bodies. In such
anterior planes, the medullated interval elsewhere separating these
bodies is bridged by numerous broad bands of grey substance which
are but extensions from one to the other ganglion ; whilst, at the base,
complete fusion occurs between the two, the head of the caudate
nucleus merging into the frontal extension of the lenticular, becom-
ing so superficial at the base as to be merely covered over by the
orbital medulla and the grey matter of the anterior perforated space
with which it becomes continuous.

Caudate Nucleus.—The innermost or intraventricular nucleus of
the ganglion of the fore-brain, and the only portion superficially seen
within the lateral ventricles, is of pyriform shape, with a long
attenuated tail-like process extending into the temporal lobe. In
this course, as before explained, it is bent upon itself, its axis of
revolution being the lenticular body. The head of the ganglion
fusing at the base with the lenticular, arches forwards and inwards
towards the septum lueidum, and, lying on the inner aspect of the
internal capsule, embraces, in this first part of its course, an important
medullated fasciculus, which connects the cortex of the frontal lobe
with the anterior extrvemity of the optic thalamus, the so-called
anterior thalamie pedunecle. In its further course, it ascends
above the level of the lenticular, and lies upon the internal capsule ;.
1ts tail-like extension resting, opposite the thalamus, upon the hemi-
spheric fibres which pass beneath it, to form the capsular investment
of the thalamus (stratum zonale). Still further back, the tail arches
doewnwards into the descending horn of the ventricle, and can be
traced upon the roof of the latter as far forwards as its anterior
extremity, where it terminates in a somewhat bulbous end, having
immediately in front of it a mass of grey matter, termed the
amygdala. It will be seen from this description that the bulbous
extremity of the tail extends almost as far forwards as the head of the
caudate nucleus, and thus describes an almost complete loop around
the internal capsule and thalamus, hence termed the ‘““surcingle.”
The whole course of this loop can be well demonstrated by vertical
longitudinal sections of the hemisphere; whilst vertical transverse
sections anywhere between the amygdala and posterior end of thalamus
reveal the upper and lower segments of the surcingle, as isolated grey
masses above and below the thalamus. Each of these prosencephalic
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ganglia has a surface perfectly free, that is, devoid of medullated
attachments—and other aspects, which present the termini of centric
and peripheric strands. Thus, the ventricular aspect of the caudate,
together with the base of the lenticular wedge (insular aspect),
are alike smooth and devoid of medullated connections ; whilst the
opposed surfaces, separated by the intervening capsular fibres, as well
as the basal or inferior aspect of the lenticular nucleus, are the
surfaces for the termination and departure of the numerous medul-
lated connections of this with distant regions. Since the lenticular
body lies beneath the internal capsule, its temporal extremity is
separated for some distance by that formation from the temporal
extremity or cauda of the intraventricular nucleus. Posteriorly,
however, they approach each other, and bridges of grey matter connect
them, separated by medulla, They are also separated here by the
centric extension (brachium) from the external geniculate body ; and,
finally, along the root of the descending cornu these two temporal
extremities fuse together, forming the lower segment of the surcingle.

The constitution of the surcingle, therefore, is different in its upper
and lower arc, being purely an extension of the immermost nucleus
above ; but formed out of the fused temporal extremities of both
prosencephalic nuclei below. It cannot fail to impress the student
that the ganglionic structures and their extensions, so far described,
encircle in a series of loop-like formations the medullated core which
passes from the spinal cord and medulla upwards as peduncles and
capsule to the cerebral hemispheres.

First, there is the mesencephalon, the gquadrigeminal bodies, each
throwing downward its loop-like fillet or lemniseus; and throwing
upwards its centric arm in the form of the brachia. At a higher level,
the thalamencephalon shows us the optic thalamus astride the posterior
edge of the internal capsule, arching backwards around it to form the
roof of the descending horn of the lateral ventricle ; whilst its centric
extensions pass upwards to the cortex from its outer surface beneath the
tail of the caudate. Then still higher we get the arc of the caudate body
astride the anterior edge of the internal capsule with its long tail-like
loop also passing down the roof of the descending cornu in conjunction
with that of the lenticular: whilst still further outwards is the mass
of the internal capsule becoming free as coronal radiations to the
various parts of the hemisphere. For descriptive purposes it is
convenient to distinguish between upper or ventricular, and
lower, cornual or temporal are of the surcingle: the caudal
extremity, the body of the caudate nucleus, and its caput directed
towards the base: whilst we also speak of its ventricular and

capsular aspects.
In like manner the lenticular nucleus has its frontal, its temporal,
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name of lenticular is justified upon inspection of its outer or insular
aspect. This ecan only be done by freeing it of its medullated connec-
tions—an operation readily effected either by dissection or the brush,
the ganglia being held beneath water, whilst the medullated invest-
ments are dissected off or brushed away. In this manner it is easy
to isolate the two ganglia of the prosencephalon attached to each other,
for the purpose of recognising their fundumental configuration,

The lenticular, then, appears to be a distinctly lens-shaped body,
especially if looked at from above, where a section of the internal
capsule at the foot of the corona radiata separates it from the
caudate nucleus within. It will then also be apparent that the
caudate, applied at first to the inner side of the internal capsule and
lenticular, mounts higher and higher so as to lie with its attenuated
tail upon the former and above the latter. The smooth lens.shaped
exterior of this structure is overlaid by a medullated investment—the
external capsule, loosely applied to it, occasionally the site of hawmor-
rhage, which breaking into the intervening tract, separates it from the
surface of the lenticular.

External to this capsule comes the claustrum, and, lastly, the
medulla and cortex of the insula or island of Reil. Upon section
this ganglioniec body shows a well-defined triple segmentation—dis-
tinguished by the grey aspect of the outer, and the increasing pallor
and tawny pigmented aspect of the moere internal segments; the inner-
most and largest which is notably pale and pigmented being designated
the globus pallidus (fig. 8). These three divisions are not merely
distinguished by their difference in colour, but are separated by well-
marked dissepiments called lamins medullares, which, as thin
medullated partitions, descend from the internal capsule down to
the basal aspect of the brain, lying concentrically to the insular:
aspect of the ganglion : two and sometimes three such dissepiments
exist. The medullated fibres forming these dissepiments, and arising:
from the internal capsule, bend inwards at different points to form
radial fibres, all directed towards the peduncular end of the wedge ;
a certain proportion, however, completely traverse the lenticular as.
lamin® medullares ; and, escaping at the base of the ganglion, pursue
their course towards the crusta, as a sort of capsular sling, covering
the base of the lenticular and forming one layer of the so-called ansa
lenticularis already referred to. Since each segment is traversed not
only by fibres originating in the cells of its territory, but also
receives those passing into it from an outer segment and its medullary
lamina, it follows that the narrow or peduncular end of the wedge
becomes constituted by a closely packed system of medullated fibres
where they enter the crus cerebri; and it is this preponderance of
fibre over grey matter which gives to the inner segment (globus
pallidus) its characteristic pallor.
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THE ENCEPHALON AS A WHOLE.

Comparative and Embryological.—The earliest indication of a
brain in the vertebrate series consists in a slight bulb-like dilatation at
the end of the neural tube. This is all that ever occurs in the lowest
form of vertebrate animals—the amphioxus or laneelet, which
therefore presents as a permanent structure the earliest, but transitory,
phase of development, through which all higher vertebrata pass, even
to man himself. A step higher, the lamprey exhibits a large pyriform
dilatation of the neural tube, and retains for a long period this rudimen-
tary form, which, however, in comparison with its spinal system, bears
to it scarcely a higher proportionate size than do the cephalic ganglia
of insects to their ventral ganglia. :

Still higher in the vertebrate series, in fishes and amphibia, w
find that this bulb-like distension of the neural axis becomes very
early transformed by transverse constrictions of the former elongated
bulb, into a series of five pairs of vesicles, which lie in linear series,
one behind the other, and which are reproduced in every form of
vertebrate, higher in the series, at a certain stage of its developmental
history. These five vesicles represent what in higher animals become
respectively the fore-brain or cerebrum, the twixt-brain, the
mid-brain, the hind-brain, and the after-brain.

These several parts in fishes and amphibia represent elements of the
higher vertebrate brain, which remain permanent in them, but subject
to most diverse modifications in structural complexity and in relative
preponderance of one or other segment. The fully developed brain in
fishes presents great variety in the relative size of the individual lobes.
In the first place, the early differentiation between the vesicle of the
twixt-brain and mid-brain becomes obscured in most fishes, so that the
fully formed organ shows us but four gangliated swellings, lying one
behind the other in series, and representing (1) the cerebral hemi-
spheres; (2) the optic lobes; (3) the cerebellum; (4) the medulla.

The two former, as seen in the brain of the perch, are disposed in
pairs, whilst in front of the cerebral hemispheres we see yet two small
bulbous swellings, from which arise the olfactory nerves, and which
are called, therefore, the olfactory ganglia. These ganglia are
absent in the Shark, Skate, Whiting, &c., and are replaced by an
elongated peduncle capped at the extremity by the ganglia as in man.

The cerebral hemispheres in fishes ave usually smaller than the
optic lobes—e.g., in the Whiting, Carp, Pike, Perch ; but in the Shark,
the Skate, the Lepidosiren, and others, they very greatly exceed these
lobes in their dimensions. Behind the cerebral hemispheres appear
the optic lobes, which in the fish, it must be remembered, represent
the thalamencephalon (thalamus and third ventricle) as well as the
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mesencephalon (or in man what corresponds to the corpora quadri-
gemina). Thus, if we turn to the brain of the perch, we see in front
the two small olfactory lobes, followed by a large pair of cerebral
hemispheres, and these in their turn by the still larger pair of optic
ganglia, with a small tubercle projecting in front between them and
the cerebrum. This latter body is the pineal g]a,nd, indicating the
neighbourhood of the thalamencephalon, with which it is connected.
At the base the same structures are seen in front ; but the optic lobes
present two peculiar lobulated bodies called hypoaria or the lobi
inferiores, whose significance is unknown: they are peculiar to fishes,
From the centre projects the pituitary body, whilst the optic nerves
are seen to originate from the base of this ganglion, and cross (without
decussation of fibres) to the opposite sides. In inseets these optic
lobes represent the chief part of their cephalic ganglia.

Behind the optic lobes comes a single tongue-like lobe—the cere-
bellum—the size of which apparently bears a direct relation to the
power and muscular activity of the fish. Thus the rapacious shark
has an enormous cerebellum, whilst in the more sluggish fish, it is
relatively small ; in osseous fishes it is usually considerably below the
size of the optic lobes. The last division of the brain is the medulla,
lying immediately behind and beneath the cerebellum, mapped off
from the spinal cord by its somewhat larger size, and the origin of
numerous important nerves,

In amphibia, the brain presents a smaller cerebellum than in
fishes, corresponding with their more torpid habit.

The reptilian brain differs from that of fishes, chiefly in the
smaller relative size of the optic and olfactory lobes and cerebellum—
the latter being often a mere delicate transverse band across the upper
part of the medulla; and in the relatively large size of the cerebral
hemispheres, which partly overlap the optic lobes and exhibit a
distinet striate body. The cerebellum.is especially large in the
crocodile. The hemispheres are connected as in fishes by an anterior
commissure.

In birds, the cerebral hemispheres exhibit a great developmental
advance. They are very large, and cover more or less completely the
optic lobes. The cerebrum contains a distinet cavity, corresponding
to the lateral ventricles, and communicating with the hollow
peduncle of a small olfactory lobe in front. From the floor is
developed a gangliated mass—the corpus striatum., The optic
lobes (corpora bigemina) ave two smooth, rounded, egg-like bodies, just
appavent from beneath and behind the hemispheres ; widely separated,
but communicating through a hollow passage which also leads into a
channel between the third and fourth ventricles. From below we see
the optic nerves arise and distinctly decussate across the middle line.
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hemispherie vesicle gain in thickness, its cavity becomes of course
more and more encroached upon ; yet, for a long period during uterine
life, the growth of this vesicle is so rapid that its cavity is of great
size ; this cavity forms therefore a relatively capacious ventricle—the
lateral ventricle. In the outer and lower wall of the hemispheres
thickening proceeds to the extent of forming a large ganglionic mass,
the corpora striata or ganglia of the fore-brain. These ganglia, it
is to be noted, are not directly derived from the primal neural tube,
but from an offshoot of the latter—the hemispheric vesicle. The
posterior moiety of the first cerebral vesicle in like manner exhibits a
thickening of its walls, which form the ganglionic mass of the optic
thalami, connected behind by the posterior commissure, just above which
a small median projection forms—the pineal gland : its floor upon the
other hand, sends downwards a conical projection—the nfundibulum,
which, later on, unites with the hypophysis cerebri or pituitary
body, immediately over the pharynx or extreme end of the alimentary
canal. The funnel-shaped extension of the third ventricle is by some
regarded as the representative of the neuro-enteric canal, which
establishes connection directly between the cerebral and caudal
extremities of the alimentary canal and the central canal of the
cerebro-spinal system. The upper part or roof of the thalamen-
cephalon becomes thinned out into a mere lamella of pia mater,
covering the third ventricle as the velum interpositum.

The second cerebral vesicle or mid-brain exhibits no such
budding oftf of secondary parts as does the primary vesicle ; its upper
hemisphere becoming thickened, ultimately forms the quadrigeminal
bodies : its lower hemisphere or floor in like manner develops into the
erura cerebri or cerebral pedumcles: whilst the central cavity thus
encroached upon becomes eventually reduced to an exceedingly narrow
channel, continuous in front with the third ventricle, and behind with
the hollow of the third cerebral vesicle—this channel is the sylvian
aqueduct or iter a tertio ad quartum ventriculum. The ganglia of the
mesencephalon or corpora quadrigemina are not completely differen-
tiated until the sixth or seventh month of intra-uterine life. At the
sixth month, a vertical groove severs the vesicle into lateral pairs; at
the seventh month, a transverse groove separates the upper pair or
nates from the lower pair or festes.

The third cerebral vesicle or hind-brain becomes differentiated
into two segments—an upper, immediately behind the corpora quadri-
gemina, from which is derived the cerebellum, pons, and upper part of
the fourth ventricle ; and a lower, forming the lower half of the fourth
ventricle and medulla oblongata. The roof of this lower segment
thins away to such a degree that, like the velum interpositom, it also
becomes a mere membrane closing in the ventricle at this site. The
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upper segment is termed from the cerebellum the hind-brain or
epencephalon, the lower segment the after-brain or meten-
cephalon.

The Cranial Flexures.—At a very early date, the first cerebral
vesicle begins to curve downwards around the extreme end of the
notochord, until, from being in a line with the latter and longitudinal
axis of the embryo, it becomes placed vertically at right angles to this
axis. An angle or bend thus occurs between it and the middle vesicle,
which, in its turn, becomes most prominent and in a line with the
notochord. A second bend in consequence of this flexure also occurs
between the middle and the posterior vesicle, or that portion of it
which becomes the cerebellum; a third takes place between the
latter and the hinder half of this vesicle, which becomes the medulla
oblongata ; and yet another between this region and the commence-
ment of the Spinal Cord. These cranial flexures, which eceur between
the first cerebral vesicle and its derivatives, the Quadrigeminal bodies,
the Cerebellum, the Medulla oblongata, and the Cord, are stated by
Tiedemann to take place about the seventh week.

In the further process of development the cerebral hemispheres
or prosencephalon enlarge wholly out of all proportion to the hinder
parts of the neural tube, so that the guadrigeminal bodies which
hitherto, as in animals, have had a relatively large bulk compared with
the cerebrum, become now placed quite in the shade beside the rapid
advance made by the cerebral hemispheres. They extend upwards and
backwards, covering and concealing the thalamus by the third month,
the corpora quadrigemina by the sizth month, and the cerebellum by
the seventi month of intra-uterine life, Long prior to these last
changes—in fact, about the fourth month, a slight depression appearing
on the outer aspect of each hemisphere midway between its anterior
and posterior extremity, indicates the position of the sylvian fossa ;
and were a horizontal section of the hemisphere carried through this
depression we should find the walls of the vesicle within much thick-
ened at this point, the thickened mass protruding into the central
cavity as the rudimentary striate ganglia. This fossa, which is
seen early in all mammalian brains, becomes the insula, island of
Reil, or central lobe, whilst the cortical structure, thickening
around it, forms a distinct fissure, the sylvian fissure, whose upper
and lower margins encroach upon and cover the “island” from view.
Up to the fifth month, however, the fissure of Sylvius remains patent,
exposing the island to view. The fissures of Rolando often appear
about the end of the fifth month, whilst together with the fissures of
the frontal lobe, they are prominent objects on the surface of the
hemisphere at the termination of the sixth month of uterine existence.
About the same time also appears the internal parieto-oceipital fissure
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on the inner aspect of the hemisphere, mapping off the occipital from
the parietal lobe on its median aspect. This fissure in its descent
meets the hippocampal fissure at the point where its posterior exten-
sion forms the so-called calcarine fissure,

THE CEREBRAL CORTEX.

The fundamental divisions of the encephalon, or brain, in mammals
are identical with those existing in the whole vertébrate series of
skulled animals (Craniota). The early history of embryonal existence
is alike for all—each animal higher in the scale, even the highest—man,
reproducing at an early period of embryonic development, as a tran-
sient condition, the features permanently stamped in those of a lower
grade. The infinite degree of complexity ultimately obtained by the
mammal’s brain is prefigured by the forms assumed in the lower classes
of vertebrata, and depends, for the most part, upon the preponderance
of certain divisions of -the encephalic mass over others, and also upon
the growing complexity of individual parts, either as the result of
increasing differentiation of existing structures or the addition of
supplemental parts in the form of gangliated masses orfibrous tracts.
In the mammal's brain we find the first condition exemplified in the
complicated convolutionary surfaces of the cerebrum ; in its division
into lobes and lobules; in the wondrous complex structure of its
cortex. We find the second exemplified by certain ganglionic out-
growths from the original brain-vesicles, and along its fibrous traects in
the large striate and thalamic ganglia, in the lenticular body, the optic
basal ganglion, the corpora geniculata, and others; and yet again in
the extreme development of the callosal and other connecting systems
of the brain-mass. The endless diversity of richly-convoluted brains
in mammals introduces no feeling but that of confusion to the mind of
one who has not studied the cerebrum in its various forms as pre-
sented by the whole range of mammalian animals ; in fact, a compara-
‘tive investigation can alone teach the student the significance of its
complicated mantle, and help him towards recognising homologous
parts in the series.

Great advance has been made towards this end by the labours of
(ratiolet, Ecker, Turner, Broca, Huxley, who, amongst other valuable
‘results, have introduced a definite nomenclature which reduces to
precise terms, universally intelligible, the statements of different
workers in this department. Another field of enquiry has added
‘rich results in the same direction—the physiological. From that
epoch in the historical development of Nervous Physiology when
it was discovered that the cerebral cortex was excitable to electric
stimuli, with patient toil have questions been putand answers received
by this method of research, and a mapping out of the complicated
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the other hand, the origin for the outgoing currents of the same, plays
a supreme réle in the nervous hierarchy, and to it all other centres of
arey matter are subordinate. In the human brain, the cortex is con-
tinuous all over the hemispheres, dipping into the various sulei between
its convolutions, and terminating at the median constricting ring
through which the brain-stem of the peduncles and the great com-
missural tract of the corpus callosum pass,

The distribution of the surface into intricate convolutionary folds,
such as occur in man, is at the outset somewhat perplexing to the
student. Far better is it in his case to study the brain of some of the
lower animals, which present a smooth non-convoluted surface, and
gradually extend his enquiries to the convoluted brain of higher
animals, and, lastly, of man. Beginning thus with the simpler forms
of life, he is better able to appreciate in the wonderful architecture of
even these simple brains the profound intricacy of the nervous centres
-of man : he meets with fewer obstacles at the outset to discourage his
attempts, and he lays the foundation for a comparative knowledge of
the brain, which will be of inestimable value to him in his subsequent
studies.

We shall adopt this plan in the following study of the cortex
cerebri, and commencing with the brain of a small Rodent, which is a
smooth-brained animal, take the Rat as our illustration.

Histological Elements.—In the first place, what are the elemen-
tary constituents of the cortex? This is a necessary question to
«dispose of, ere we pass to their local distribution, regional preponder-
- ance of certain elements to the exclusion of others, and their relation-
ships to underlying tracts of medulla, The elementary constituents of
the cortex are

(@) Nerve cells.

(b) Medullated and non-medullated nerve fibres.

(¢) Connective meshwork of ¢ neuroglia cell and fibre.”
() Blood-vaseular supply.

(¢) Lymphatic supply.

(a) Nerve Cells.

Minute Structure.—The nerve cell, in contradistinetion to the
merve unit, or neuron, is an irregular mass of protoplasm, in a large
proportion of instances approaching a more or less spheroidal contour,
but frequently elongated, fusiform, triradiate or multipolar. TIts
contour is dependent upon the site and number of its branches, and
thus a bipolar cell will assume a spindle form, whilst a multipolar
cell will partake of an ameeboid contour. Whatever the form of cell,
however, certain constant characteristics are displayed in all alike in
common with the cells of all animal tissues. The nerve cell invariably
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for all those mysterious changes which result in division of the cell
and reproduction.

Ayers has identified the centrosome in the nerve cell of the electric
lobe of the Torpedo, and has noted the frequent presence of two, or
even three, nuclei. He also clearly traces the division of such nerve
cells in the Torpedo brain—although the usual teaching has been that
after the third month of feetal life the neuroblasts no longer increase
in number but in size only (His), and that the appearance of axons
and dendrons is final for all further cell division.*

Nucleus.—As before stated, the nucleus is a constant feature of all
nerve cells; usually spherical or oval in contour, sharp edged from
its possession of a limiting membrane, it contains within it a ground-
substanee or karyolymph pervaded by an extremely fine thread-like
reticulum—the linin reticulum, with minute granules along its course,
and continuous with the nucleus membrane and the cytoreticulum of
the cell. But, beyond this, a much coarser structure readily stained
by certain dyes, and which varies much both in amount and in appear.
ance at different periods of the cell life, is a still more prominent
feature. This latter material may form an irregular meshwork or
accumulate in large granule masses, and is peculiarly characterised by
staining of an intense depth with basic aniline dyes. From the latter
feature it is called * Chromatin,” and must be carefully distinguished
from the *“chromophilic” granules of the cytoplasm. Within the
nucleus is usually found a spherical body stained deeply by plasma
dyes, and, so, reacting like the cytoplasm : this is the so-called
“ nucleolus.”

Dendrites and Thorns,—The dendrites of the cortical nerve cells
are beset in most cases, if not in all, by delicate thorn-like projections,
each tipped with a minute bulb, which, together with the stalk, is
stained deep black by the silver-chrome and mercury methods of Golgi
and Cox. They resemble the gland-bearing hairs of the vegetable
kingdom rather than true spines, thorns (épines), and commence where
the first branchings of the main dendron oceur. They give the den-
drites a rough, hispid appearance, which at once serves to distinguish
the protoplasmic processes from the smooth contoured axon, the latter
being always devoid of such projections, These thorns or gemmules,
as they have also been termed, vary considerably in length at different
sites along the dendrite—Hill states from 1 m to 8 or 10 p; the
““ longest being found in the granules of the olfactory bulb.”

The function assigned to these thorns has been that of affording
multiple points of contact for the nerve fibril, naked axons, and
terminal arborisations, which pass athwart the dendrites. On the

" Morphol. Labor. Univ,- Missouri, Columbia, March, 1896,
t ¢ Note on Thorns,” Brain, vol, xx., p. 133.
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other hand, the theory held by Hill is expressed by him in these
words :—* The thorn is really the cell end of an unstainable nerve
filament surrounded by a film of staining cell plaswm.”* If this
position be confirmed, the whole doctrine of conduction of nervous
currents by contact falls to the ground and the continwity doctrine of
Gerlach would, with certain modifications, be re-established.

Chemieal Constitution.—The linin network of the nucleus and
the cytoreticulum are identical in constitution, and, as Wilson indi-
cates, this identity is well established by the fact that the spindles of
the mitotic figure in certain rare cases may arise within the nucleus,
as where we have an intra-nuclear centrosome. This achrowmatic
network has, of course, a chemical constitution entirely differing from
the chromatic network or chromatin masses, as indicated by staining
reactions. The minute granules along this network stain readily with
acid aniline dyes, such as acid fuchsin, eosin, rubin, and Congo red ;
granules so reacting are termed Oxychromatin granules. On the
other hand, the granules and masses of chromatin are termed Basi-
chromatin since they stain vigorously with basic aniline dyes—viz.,
methyl green, saffranin, Bismarck brown. The Basichromatin or
Chromatin of biologists is now almost definitely ascertained to be
identical with the Nueleins (Miescher) complex organic compounds
of nucleic acid and albumen, in which the proportion of nucleic acid
may vary very greatly.

It has been ascertained by direct experiment that mixtures of
nucleic acid and albumen when treated by methyl green and acid
fuchsin take up a green, bluish-violet, or red coloration according to
the amount of Nucleic acid present—the basic dye always predominating
with the larger amount of nucleic acid (Malfatts). The deeper staining
of the basichromatin, therefore, indicates the presence of larger pro-
portions of nucleic acid; and this seems to be indicated in certain
pathological states of the cell nucleus as in hydrophobia, also in
certain physiological phases of the cell life—as in the case with the
chromosomes just prior to and during mitosis, and again with the
nucleus of the spermatozoon, which, judging from the intensity of the
reaction, must be nearly pure nucleic acid.

Nucleic acid is remarkable for the large amount of phosphorus
combined with it—pure nucleic acid having over 9 per cent. of
phosphorus and no sulphur ; whilst the nucleins found in cell nuclei
vary in their amount of phosphorus from 32 to 9-6 per cent. In fact,
we have in the percentage of phosphorus the means for estimating
the purity of nucleic acid in basichromatin. The chromatin network
embraces also many granules identical with the oxychromatin granules
of the achromatic network ; and, since every phase of coloration

* ¢ The Chrome-Silver Method,” Brain, 1896 ; also loc. cif. vol., xx.
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from basic to acid reaction occurs in these granules when treated with
differential dyes, it 13 believed that the chromatin is -:hrecﬂ}r con-
vertible into oxychromatin by the loss of its greater proportion of
phosphorus—in other words, a lower member of the nuclein series
results ( Wilson).* All late researches seem to point to the fact that in
the growth of the chromatin masses, and in the loss of their staining
capacity for basic dyes, we have evidence of the taking up of albu-
minous material and the giving up of phosphorus, and that this occurs
during periods of great constructive activity of the cytoplasm : whilst,
with the diminution in size of the chromosomes and their more intense
staining, such synthetic metabolism is at its lowest ebb.

It is of great interest to note that the nuecleins which play so
important a part in the economy of the nerve cell (as well, indeed, as
in all cells of both vegetable and animal tissues) have as their decom-
position products the highly nitrogenised compounds called the xanthin
bodies—rviz., adenin, guanin, xanthin, and hypoxanthin, and which, as
illustrated by the following table, are the direct precursors of urie acid
which probably represents the total result of nuclein decomposition :—

Adenin, : . - e . . : C:H Ny
Guanin, - . . . . . . CyHzNz0
Hypoxanthin, - : - - - = C;HN,O
Xanthin, : . . - : . : CsH,N,Oq
Uric acid, . g . . - s S C;H N, Og

Physiological and Pathological.—As yet, we are far from
being able to give a decisive opinion upon the physiological signifi-
cance of the cytoreticulum and the chromatophil granules of Nissl.
Authorities are much at variance on this point, and the results of
experimental research are frequently of a conflicting nature. It may
not be premature, however, to give here the more important and
seemingly conclusive results obtained. In the first place, the granules
of Nissl, or so-called “Tigroids,” may be regarded as representing
Fleming’s inter-filar mass: the unstained, achromatic substance
corresponding to his filar mass. In the next place, these granules
form no part of the conducting mechanism of the neuron—they play a
more passive rile. Whether they be nutritive material, as Lugaro
suggests, or whether (as we opine) they in some manner intensify the
nervous discharge along the conducting strands, they take no direct
part in the conveyance of the nerve impulse, which almost certainly
is the attribute of the achromatic or filar network (cytoreticulum).
Although, as it were, superadded to the true anatomical conducting
mechanism of the neuron, they by no means act like the lifeless bodies
which are so often found in the cell protoplasm generally; on the
contrary, they are peculiarly sensitive in their reaction to various

* ¢The Cell in Development and Inheritance,” Columbia Univ. Biol. Series, iv.
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agencies, although Lugaro would maintain that they bear a direct
relationship to the size of the cell rather than that they vary with its
functional conditions. A great mass of evidence is, however, now
forthcoming to show that these granules, both during certain physio-
logical phases of cell life and as the result of experimental irritation,
traumatism, or pathological change, undergo very notable and exten-
sive alteration.

Chromatolysis.—The most familiar change observed consists in a
peculiar diffusion of the chromophil granules, which, instead of lying
closely around the neighbourhood of the nucleus as in pyknomorphic
cells, are scattered peripherally, the granules being more widely
severed, whilst the nucleus is often displaced towards the periphery of
the cell. Ocecasionally, a clear zone surrounds the nucleus still
central in position ; or, again, the granules may be generally diffused
and broken down into a fine pulverulent condition, giving the
cytoplasm a punctuated aspect. In other instances the granules may
not be so much altered in form as displaced outwards, and surrounding
an unstained vitreous, homogeneous looking substance.* Chromato-
lysis may be a purely functional change—the granules may again
resume their former size, position, and staining reaction ; on the other
hand, it may be the precursor of complete loss of normal structure and
break down of the neuron.

Fatigue.—Attempts have been made by electrical excitation of
the nervous system of the frog, the dog, and cat (Hodges) to ascertain
the effect of fatigue thus induced on the cells of the spinal ganglia;
and Fish has examined the nerve cells after execution of a criminal by
electricity, in which 1740 volts had been passed, and in which he
found notable vacuolation of nerve cells. In a second case, however,
as well as in animals killed by the electric current, he quite failed to
find similar changes. All such attempts are too coarse to teach us
anything with regard to normal physiological processes; and the
appearances resulting can only be classed with pathological results,
such as would ensue where chemical, thermal, or mechaniecal irritants

were employed. Normal fatigue has been, however, studied in the

ganglia and brain of the honey bee, the sparrow, and pigeon (Hodges).
In such phases the nucleus lost its network or reticulated aspect,
decreased in size, and became crenated in contour. The cytoplasm
usually shrinks considerably, does not stain so readily, and loses its
affinity for oxygen: occasionally vacuolation occurred. The normal
condition was only wvery slowly restored after prolonged rest, five
hours’ stimulation requiring twenty-four hours’ repose for complete
repair. Gustav Mann describes the same results, affirms that there is

* Dr. Adolf Meyer has described several types of chromatolysis cecurring in
degenerative diseases of the neuron. dAmerican Journ. of Insanity, vol. liv., No. 2.
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a diffusion of chromatin within the nucleus, and that cell, nucleus, and
nucleoli all alike increase in size in states of activity of the neuron.
The chromophil granules in the cytoplasm show slight increase during
funetional activity, and diminution in amount and diffusion only with
extreme fatigue (Lugaro).

Lesion.—If by section, ligature, compression, chemical or thermal
irritation the axon be destroyed, beyond the changes which are well-
known to result in the peripheral segment and muscle to which it is
supplied, we find the motor cells subject to a chromatolysis, such as
has been already deseribed—viz., primary increased size of cell,
scattering and diminution of chromophilic granules from the centre
outwards, wandering of the nucleus to the periphery without any
change in its integrity, and, eventually, a lessening of the size of the
cell. Such changes have been established by the observations of
Nissl, Marinesco, Lugaro, and v. Gehuchten within 40 hours after
lesion ; and repair does not set in for two or three weeks, nor is the
normal re-established for about three months.

In such cases no change occurs in the cytoreticulum ; the achromatic
constituent remains intact, whilst the complete repair undergone
proves that no genuine degeneration has taken place, but that the
process is one of simple deranged function. A much more rapid
chromatolysis, followed by destruction of the cell, however, occurs, in
the case of the spinal ganglion cells, in section of the peripheral nerves
(Marinesco) ; a fact explained by their severance from all trophic
influence.

Configuration.—Recent research into the general morphology
and intimate histological structure of the nerve cell has so far enlarged
the boundaries of our knowledge, that it becomes essential to start with
a definite terminology which includes no ambiguous terms for the com-
plicated apparatus presented as the modern conception of a nerve cell.

The body of the cell, including all its contents, we shall denominate
the eell or neurocyte ; the protoplasmic body of the cell, in contra-
distinction to the nucleus, may be termed the neurosome or
cytoplasm. If the cell is provided with protoplasmic processes, we
speak of the main trunk as the dendron, and the finer arborisations,
as the dendrites. If one of these occupy a polar position whilst the
others arise from the base or sides, as in the pyramidal cells of the
cortex, we should designate the former as apical or primary
dendrons, and the others as lateral, basal, or secondary dendrons.
The dendron, be it remembered, is not an essential part of the cell,
since many nerve cells have no dendron. The axis-cylinder may be
much more conveniently termed the axon, which may be naked
_{nun—medullated} or medullated, and such branches as arise along
its course, as collaterals. The distal termination of an axon or
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uppermost pole ; in fact, its distinguishing featuﬁra is this great irregu-
larity in form. These cells peculiarly characterise the second layer
of the cortex, and may be well seen in the great limbic lobe of the
Pig or of the Sheep. To see its more notable development, we must
turn to the lower arc of the limbic lobe in the Rat or Rabbit, or what
corresponds to the gyrus hippocampi. Here, within the area limited
by the limbic suleus (Plate i, A.1.c.), are seen dense clumps of th_ese
irregularly-shaped nerve cells closely appressed, usually measuring
18 & x 10 w in size, with a nucleus of 9 xin diameter. An important
character borne by these irregular elements is the relatively large size
of the nucleus, as compared with the protoplasm of the cell; this
feature, seen in these elements in the rodent, in the sheep, the pig,
and other mammals, is also seen in the cortex of man.* In osmatic
mammals, it forms, as we shall see, a special cortical type, and we
are struck further by the dense meshwork of ramifications which arise
from its outermost branches. The angular cell may be recognised at
other levels, but it is here (gyrus hippocampi) that its richest develop-
ment oceurs.

Amongst these angular cells are scattered globose or shot-like cells
—the *(Cellule polygonale” of Cajal, which, as seen by the silver-
chromate method, and especially by the modified Cox’s process, are
apparently identical with the sensory cells of Golgi. These cells throw
off numerous protoplasmic processes, which are rough and thorny, like
the dendrons of the pyramidal cells, and which divide and subdivide
as they spread outwards from the cell. Moreover, from each cell
arises an extremely delicate naked axis-cylinder or neuron, which
throws off along a complicated course numerous offshoots or delicate
collaterals, which conjointly form a complex system of curves around
the cell or stretch into distant parts of the cortex, either upwards,
downwards, or horizontally in its peripheral zone (fig. 9).

(2) The granule cell is a small element, averaging 10 # x 8 4 in
size, and many not larger than 9 u, and with a nucleus of 4 x to 5 #in
diameter. Slightly conical in form, with relatively large nucleus, the
delicate protoplasm extends into several extremely fine processes: an
apical process being also often present. This element forms an im-
portant constituent of sensory realms of the brain, and may be seen as
a densely grouped formation in what we have elsewhere described as
the modified upper limbic type in the rodent i (Plate vi.). In
the histological study of the cortex, these two varieties of cell—the
angular and the granule—are so diverse in forms, and their regional

* “The Cortical Lamination of the Motor Area of the Brain,” Proc. Royal Sec.,
No, 185,

T ““The Comparative Structure of the Brain in Rodents,” Philosoph, Trans.,
part ii., 1882, p. 709,
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Pyramidal is a name appropriate only to those cells which have
undergone the corrugating effects of chrome, other hardening reagents,
or desiccation. In the fresh state they are wholly different in con-
figuration from those seen in hardened specimens. On the other hand,
Meynert is far too exclusive in stating that their true form is that of
a spindle; in fact, they are very variable in form, often plump and
rounded off at their base, lengthened out and attenuated at their apex.
The pyriform contour is very general—minute angular projections of
protoplasm on all sides mapping out the origin of delicate processes.
Occasionally they are elongated and truly fusiform, especially in
certain definite regions of the cortex; and yet others occur where the
body of the cell is larger above than below, its lower end being in fact
attenuated, so that the cell has the contour of an inverted ovoid.
Where they approach the pyramidal form it is usually one of a very
irregular triangle, with sides irregularly broken by numerous denta-
tions caused by the processes distributed therefrom. From the summit
of the cell arises the apex proeess, or primary dendron, directed
radially to the surface of the cortex, whilst on either side from the
basal aspect—the secondary—fairly stout branches diverge—not at
right angles, but forming an obtuse angle (of about 120° very uniformly)
with the long axis of the cell. It appears to us that these stout lateral
branches (which, with the apical, form by far the most prominent
extensions of the cell) explain its triangular or pyramidal form upon
shrinking in chrome fluids. The apex process, or main dendron, passes
upwards towards the outermost layer of the cortex, to which it nsually,
but not invariably, extends; small branches arise from thickened axils
along its course, and, eventually, the main branch divides and sub-
divides into a large number of branches forming a rich plume within
the first cortical layer. These dendrites appear to terminate imme-
diately beneath the pia, or sweep horizontally beneath the latter for
varying distances. The most important feature revealed by the silver-
chrome method as regards this apex process and its dendritic plumule,
is the fact that the branches are apparently terminal, and are clothed
throughout their course by minute thorn-like appendages, each sur-
mounted by a minute bulb or bead-like head, in the intervals between
which lie the axons or axis-cylinder processes and the terminal arbor-
isations formed by the latter (Plate xiii., fig. 2). Cajal* terms the
primary dendron the trunk (#ige) as being the earliest evolved of the
protoplasmic processes. These bodies, therefore, throw off three sets
of protoplasmic fibres:—

(a) The apical dendrons, which are by far the most conspicuous,
and always radiate to the surface of the cortex ;

* See on this point—Cajal, * Sur la Structure de I'Ecorce Cérébrale,” La Cellule,
18901, tome vii., p. 135. Also the author on * The Structure of the First Layer of

the Cortex,” Hdin, Med, Journ., June, 1897,
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as other processes beyond the apical and basal extend laterally. So
likewise we shall see the reverse change undergone by the cell in the
dissolutions of disease.

The cell has, in the normal state, no eell-wall ; but the appearance
of such is readily induced by reagents and disease. In fresh speci-
mens obtained from frozen brain, the cell is seen to consist of a
delicate protoplasm, which appears to be directly continuous with its
various processes; nor can any trace of the fibrillated structure of
the cell-contents described by Max Schultze be detected unless,
indeed, reagents be employed. Then we obtain, as by Nissl’s method
of staining, evidence of a complicated structure, to which we have
previously referred (see p. 67).

The lower pole of the cell is usually pigmented as a normal
condition, just as is the case with the multipolar cells of the spinal
cord. A large round or oval nucleus enclosing a nucleolus is always
present in these cells. Each cell throws off what may be termed
primary and secondary protoplasmic branches—the former the
apical extension; the latter including all other processes except
the axon, whether coarse or delicate fibres. The division usually
adopted by Continental writers is into centripetal (apical and
lateral secondary processes) and centrifugal (axis-cylinder or
axon).

The apex process or primary dendron, formed by the gradual
attenuation of the cell, passes straight up through the superjacent
layer of cells, throwing off in its course several collateral protoplasmic
processes, which usually run obliquely upwards and outwards from the
trunk and lose themselves in the neighbourhood around ; whilst, as in
the pyramidal cell above described, the main trunk, on entering the
peripheral zone, furnishes a rich dendritic plume to that layer, the
fibres of which similarly present a fine hispid appearance from minute
projecting spines. Since in the motor cortex these nerve elements
are aggregated into groups or clusters (Plate v.), these apical pro-
cesses, closely approximated, often run in sheaves through the more
superficial layers. A basal protoplasmie process often arises in
like manner from a gradual attenuation of the opposite pole, as in
fusiform cells, and large lateral branches may strike out from -this
extended pole. The basal process usually, however, continues down-
wards for some distance, when it gains a thin investing sheath of
medulla, which gradually thickens upon it, converting it into a true
medullated nerve fibre. Hence this process is termed the axon or
axis-cylinder process. Upon this Meynert remarks—* It is the
more rarely seen because, being the process which enters the medulla,
its direction is dependent upon the angles formed by the fasciculi of
the latter, which by no means form a straight line with the apical
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processes of the pyramid.”#* This obliquity of position, therefore,
necessitates its being cut off in sections on a plane with the radiating
apical processes. This statement, however, no longer remains true for
the new methods of preparation, since the wealth of structure and
comparative thickness of sections examined in silver-chrome prepara-
tions admit of the axon being readily seen in most cells (fig. 10).

The secondary or lateral processes which radiate from the cell
on all sides, unlike the primary, divide and subdivide almost im-
mediately after their origin, and interlace in the intricate webwork of
nerve and connective fibre around the cell. Schaffer has recently
indicated that these secondary processes are readily distinguished
from the axons by Nissl’s method of staining ; spindle-shaped chromo-
phil bodies stained by methylene blue are grouped around these
secondary processes, but the axon is devoid of such bodies.t We are
apt to overlook the extreme complexity of structure in vertical sections
of the cortex, and should compare with such sections others carried
across the long axis of the cell (obtained by placing the cortex surface
downwards on the freezing microtome, and cutting down to the level
of these cell groups). Such sections show us one or two cells as the
centre of an area to which their branches are distributed ; their finest
ramifications erossing and recrossing, but nof inosculating, with those
from adjacent cell territories. The termination of such branches is
regarded as absolutely free—i.e., no true meshwork by re-union of the
branches of one cell with the other is supposed to occur ; at least, such
is the appearance presented by sections prepared by the Golgi and Cox
methods of examination.

We have observed as many as eighteen main processes diverge from
a single cell in such sections ; in vertical sections the average number
seen s about seven, but as many as fifteen have been observed. When
it is remembered that no single section can show (as the teazing
methods, however, do) the actual number of branches in any single
cell, the above statements will indicate the wealth of communicating
branches which these * motor units ” possess.

The axon, as before stated, arises directly from the gradual attenua-
tion of the lower pole, or it may arise indirectly from a basal dendron.
It passes downwards towards the medulla, throwing off at right angles
along this course some six to ten extremely fine collateral branches
(Cajal), which end in delicate terminal ramifications around. The
axon still maintains the same uniform dimensions, and, entering the
medulla, it either bends at right angles to continue its further course
or bifurcates into two divisions running in opposite directions.

When we come to examine what appear to be the corresponding

* The Brain of Mammals, Stricker’s Handbook, p. 387,
+ Neurologisches Centralblatt, Dec. 15, 1893,
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and ave grouped together in well-marked clusters. In the rodent
(rat, rabbit) the type of cell approaches that found in the sheep
and pig.

One may readily perceive the remarkable resemblanee between these
cells and those of the anterior cornu of the cord in chrome-hardened
preparations, but still closer appear their affinities in structural
arrangements when teazed-out specimens of brain and cord are com-
pared. The inference that these cells are specialised elements
rests on this resemblance, on their exceptionally large size and
abrupt commencement, and the peculiar elustered groupings assumed
in a region which has been shown by Ferrier to possess motor
endowments (see p. 121). Meynert, on the other hand, who fails to
recognise these larger cells,* draws a parallel between the whole
of the pyramidal cells of the third layer and the motor cells of
the cord. His statement is as follows :—“ If we remember that the
anterior roots of the spinal cord, at their origin in the anterior cornua,
are connected with elements which, through the slenderness of their
bodies, the gradual transition of these bodies into the protoplasm of
the processes, and the greater number and size of the latter, are
sharply differentiated from the cells in which the posterior roots
originate in the interspinal ganglia, these being tumid and provided
with few and attenuated processes, an aflinity in point of form is at
once seen between the pyramids of the cortex and the former, which is
common also to the cells of origin of all motor cerebral nerves, and
permits an analogy to be drawn in regard to the significance of the
pyramids of the cortex.” T

(8) Pyramids of Cornu.—The great pyramidal cells of the cornu
Ammonis in close approximation to the fimbria are peculiar in several
respects. From their superior or apical pole arises a very thick
dendron, which almost immediately breaks up into a coarse dendritic
arborisation—stunted, and in nowise resembling the finer dendritic
plumules of the pyramids of the cerebral cortex. Again, the collaterals
arising from the axons of these cells pursue a notably recurrent course,
passing by their cells to ramify eventually over the dendrites of the
smaller pyramidal cells of the cornu. These smaller pyramids, on the
other hand, more closely resemble those of the cortex cerebri; they
are usually pyriform or spindle-shaped, or, far less frequently, pyra-
midal in contour (Plate vii., fig. 2),

() Cells of Purkinje.—The flask-like cells of the cerebellar
cortex were never satisfactorily displayed in chrome preparations by
the older methods of staining vlribh carmine, hsematoxylin, &e., the

#See the diagram of the five-layer type in Meynert’s Psychiatry, and also in
Sydenham Society’s Trans. of his monograph, fig, 234.
+ Brain of Mammals, p. 357.
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lately shown by Martinotti to have the usual distribution of branches
reversed. As frequently spindle-shaped as triangular and throwing
off protoplasmic processes both ascending and descending, the axon,
on the other hand, arising often from a coarse apical dendron, ascends
to the peripheral zone. Here it breaks into two or three branches
which take a horizontal course, and subdivide in a very extensive
terminal ramification in this the lowermost region of the outer cortical
layer. Cajal describes a similar arrangement of certain such ascending
axons immediately beneath the second layer (fig. 12).

(5) Cells of the Peripheral Zone.—These nervous elements, to
which great importance has lately been assigned by Cajal and others,
are either fusiform or stellate ; the former being bipolar and throwing
off from either pole a horizontally disposed protoplasmic process which
eventually thins off into several genuine axons, disposed parallel to
the surface ; whilst exceedingly delicate collaterals arise from these
to ramify upwards in the peripheral zone. In like manner, the
stellate cells are multipolar, yet their branches are disposed along
horizontal planes, and throw upwards collaterals in the same manner,
all of which have the aspect of delicate axons. Here, then, it will be
observed we have cells provided with no genuine dendritic expansions,
the protoplasmic processes being directly continuous with the axons
arising therefrom ; moreover, the cells never trespass beyond the
boundary of the cortical zone in which they lie.

(6) Mitral Cells of the Olfactory Bulb.—Another very peculiar
type of cell is illustrated by the so-called “mitre” cell. This element
is triangular, or more swollen or globose in contour, giving origin to
lateral ramifying processes, and to a stout dendrom, which, arising
from its superficial aspect, passes downwards to an olfactory glomerulus,
and breaks up within it into a rich terminal plexus of branches. An
axon also arises from the deeper aspect of the cell to become continuous
with an olfactory nerve fibre (Plate iv., fig. 2).

(7) The Inflated or Irregularly Globose Cell.—The nerve cell
to which the epithet inflated has been given has not been, so far as
we are aware, described amongst the constituents of the cerebral
cortex by any former writers on the subject. We first drew attention
to it as a specialised cell, forming a distinct layer of the cortex, in a
Memoir on the Comparative Structure of the Brain in Rodents (1882),
and subsequent examinations fully confirm the description then given,
The brain of the mole, rat, or rabbit is especially suitable for demon-
strating the presence of this element. The cell which occupies the
position of the small “pyramidal” and angular bodies of the second
layer is no longer of pyramidal form, but swollen, inflated, globose, or
flask-shaped, and, moreover, of far greater size. The average dimensions
attained by it are 37 w x 32 y, with a nucleus of 13 x; some are more
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(2) The Naked or Non-Medullated Fibres, the protoplasmie
processes of Deiters, form an important constituent of the cortex,
From what has already been stated respecting the mode of branching
of the nerve cells, it will be apparent that the protoplasmic extensions
occur in complicated meshworks throughout the cortex. The apical
process and lateral extensions pass by subdivision into an intricate
meshwork of fibrils: the basal process becomes invested lower down
with a protecting layer of medulla. This is the process to which,
properly, should be restricted the term axis-cylinder process ; and,
for all other extensions of the cell protoplasm, the term non-
medullated fibre or protoplasmic process should be applied.
Since, however, recent research has demonstrated the fundamental
distinction betwixt the protoplasmic. processes and the axis-cylinder
(the former being invested by spiny projections, and becoming
more and more attenuated as they subdivide; the latter invariably
smoother, and retaining a uniform diameter in spite of numerous
collaterals which emerge from it) it would be well to adopt the terms
of Dendron and Axon as applicable to these two. Eventually the
axon may terminate as a rich arborisation around other cells. Such
processes are very variable in size; but, at their origin from the
various cells of the cortex, they range between 1 x and 6 & in
diameter: the lateral processes in particular become rapidly attenuated
by subdivision, but yet may be occasionally traced over very lengthy
tracts: the apex processes, running to the uppermost layer of the
cortex, may often be traced to their termination here.

These fibres exhibit, under certain conditions of examination, a
linear longitudinal marking, which has been described as *fibrilla-
tion” by certain authorities (Max Schultze,* Landois and Stirling 7) :
the homogeneous nature of the non-medullated fibre and axis-cylinder
has, on the other hand, been maintained by Kolliker,] Waldeyer,§ and
others. Since those who support the view of the fibrillation of the
axis-cylinder regard the fibre as a componnd of the ultimate fibrils
already described, separated by a small quantity of interfibrillar sub-
stance, and believe them to be continuous through the ganglion cell in
what they describe as a well-marked fibrillation of its interior, the
question of the homogeneity or of the fibrillated constitution of the
axis-cylinder becomes of fundamental importance in neurology. Such
fibrils would be regarded as isolated tracts of conduction throughout
their length, the nerve fibre itself being a far more complex structure
than what it was once regarded as being, and the cell itself would

* Stricker's Human and Comparative Histology, Syd. Soe., p. 158.
+ Text-Book of Human Physiology, vol. ii., p. 768.

+ Gewebelehre, 5th Aufl,, 1867, p. 244.

§ Zeitschrifi filr Rationelle Medicin, Band xx., 1863.
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outer portion of the keratin sheath, are numerous transverse and
oblique dissepiments, also of a horny nature, supporting the myelin
(Lantermann). At the annular constrictions, there exists a certain
amount of cementing material, which, when the fibres are treated with
gilver nitrate, becomes darkened, and appears as a small cross at
these nodal points along the fibres. The silver penetrating at these
nodes stains also the axis-cylinder to a very limited extent, producing
Fromann’s lines. It is at this site that nutritive fluids gain access
to the axis-cylinder, which otherwise could not be reached through
the keratin sheath and medulla. Here also staining reagents gain
admission, and colour the axis; and the myelin, after imbibition of
fluid by the fibre, exudes at these constricting rings, pressed out by
the swollen axis-cylinder in the form of droplets, easily recognised
by their spherical form and double contour.

The medullated fibre of the central nervous system, however,
possesses, as we have already remarked, no sheath of Schwann; it is
consequently devoid of the constrictions or nodes of Ranvier, has no
interannular segments, no nuclei along its length, nor does it exhibit
any signs of Ranvier's cross on treatment by silver nitrate. The
constitution of these centric medullated fibres, therefore, leads to a
more perishable nature. They are far less resistant than those of the
peripheral nerves, break up more readily into myelin spheres, or
become extensively varicose. Hence, also, we find it diflicult to stain
such medullated fibres in fresh brain. The protoplasmic extensions
take up aniline dye readily, becoming stained of a deep blue-black ;
but, where the medullated sheath intervenes, the reagent fails to
penetrate except along a short length just beyond the first appearance
of the sheath. This want of permeability is compensated for, as
before stated, in peripheral fibres by the presence of the constrictions
of Ranvier.

To stain the axis-eylinder throughout its length in these centric fibres,
we must first displace the myelin.* This can be effected by prolonged
immersion of the section in water, and subsequent staining with
aniline blue-black. Twelve hours' immersion usually suffices to
remove the whole of the medulla around the axis-eylinders; and the
latter are then seen as slightly wavy, swollen bands, often strap-shaped,
and occasionally contorted, from the alteration undergone by aqueous
immersion. They all run from the cortex downwards into the core of
the medulla, to which they converge in large numbers—deeply stained ;
and forming a striking contrast to the unstained aspect of merve

* In the very minute medullated fibres of the cortex we have an exception to
this rule—the axis-cylinder staining fairly well without displacement of its
investing myelin sheath: a result due undoubtedly to the small calibre of the latter
allowing a certain amount of permeability.
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elements at this site in sections which have been prepared in the usual
manner. But although such axis-cylinders present difliculties in
staining along their lengtl, they are well seen in sections across their
axis : such cross-sections appearing, especially in the lowest layers of
the cortex (spindle-cell layer), as a central dark axis (often slightly
drawn out into a short filament), surrounded by a sheath of white
medulla retaining its circular outline—the myelin having been
apparently *‘fixed ” by the osmium treatment. The medulla in these
cases is not perfectly homogeneous, but has undergone a change which
gives it a frosted vitreous aspect, with a very slightly granular appear-
ance, the diameter of the fibre being from three to four times that of
the axis-cylinder.* Large medullated fibres oceur at this site, in
section, measuring 13 u across, with an axis-cylinder of 4 u; but
extremely minute fibres are seen intermingled with these larger forms
also, if the field be carefully searched. As we shall see later on,
certain morbid conditions of the cerebral cortex modify to a con-
siderable extent the character of this investing medulla.

(b) Blood-vessels of the Cortex—(1) Arteries.—These vessels,
as they dip into the cortex, vary in dimensions from 4 & to 12 .
They possess the three tunics which are recognisable to the naked
eye in large arteries elsewhere, the tunica adventitia, media, and
inttma ; but, as in these larger vessels microscopic examination
reveals the fact that each of these tunics is separable into several
differently-constituted layers, so the larger cortical blood-vessels
exhibit in the innermost coat a double layer—an elastic and an
endothelial layer.

The intima, or lining membrane of the artery, in the fresh state
appears as a structureless membranous tube, with numerous oval nueclei,
well seen in carmine-stained preparations, scattered over its surface.
These nuclear elements are disposed longitudinally, i.e., in the direction
of the vessel’s length. The action of a solution of silver nitrate (+ per
cent.) reveals the fact that this tunie is not a homogeneous tube, but
that it is constituted of large squamous endothelial cells, which look
like polygonal flattened scales, united to each other at their margin
by a cementing material, which is mapped out in black lines by its
reduction of the silver salt. Moreover, it is then seen that the oval
carmine-stained elements are nuclei of these flattened cells. The
inner elastie tunie is, in the smallest vessels, a structureless mem-
brane, seen as a bright wavy division between the endothelial and
musc}llur' coabt in transverse sections of the vessel ; in the larger
arteries it is a distinectly fenestrated membrane, the representative

"It must be horne in mind that there exists a certain definite relationship

betwixt diameter of axis-cylinder and medullated sheath : the larger axis-cylinder
always having a larger sheath and vice ver«d,
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of Henle's fenestrated and elastic lamin®, which can be stripped
off in shreds from great arterial trunks like the carotid and axillary
‘when they tend to curl at the edge and roll themselves up. It
forms an important line of demarcation between the innermost and
the muscular layer.

The tuniea muscularis or media consists of smooth or unstriped
muscular fibre with oval or strap-shaped nuclei. Such fibres being
arranged transversely to the long axis of the vessel, or, rather, coiling
spirally around it, appear at right angles to the longitudinally-disposed
nuclei of the ¢ntima. Where this tunic is well developed, a longitudinal
section of the vessel will often show these muscle fibres arranged in
series along the margin of the tube, their nucleus, also divided
transversely, giving them the aspect of round nucleated cells. The
limiting wall externally is also often thrown into slight wavy ontline
from the projection of these muscular fibres. In transverse sections
of the small arteries one or two such muscle cells surround the
open lumen. The muscular element does not enter largely into the
constitution of the cortical blood-vessels. These vessels, like those
of the cranial cavity generally, as well as those of the vertebral canal,
have much thinner tunies than vessels of corresponding calibre else-
where from this poverty in muscular elements and adventitial tunic
(Sharpey). |

The tunica adventitia, which in the larger arteries is a connective
sheath directly continuous with the pia mater (intima pia), becomes in
the smaller vessels an extremely delicate membranous investment,
faintly striated or structureless, upon which are found connective
corpuscles, the nueclei of which are round or somewhat oval. A
membranous nucleated tunica adventitia, similar to the above, can be
readily observed in larger capillaries of the hyaloid membrane of the
frog (Fberth*). The corpuscles in this adventitial sheath form a very
delicate protoplasmic structure, of fusiform or stellate outline, shrink-
ing notably with hardening reagents and desiccation of fresh brain, so
as to bring their nucleus much more prominently into view : in fact,
mounted specimens usually show the nuclei only along the course of
the adventitial coat. As we shall see later on, these nuclei are prone
to extreme’ degrées of proliferation. Closely applied to the tunica
media, as a rule, this adventitial sheath is in certain conditions widely
separated from the vessel's wall in ampullar dilatations, and at all
times leaves a space between it and the middle coat in the angle
formed by the bifurcation of the vessel. The latter, with its sheath,
traverses channels in the cortical substance which form a wall limiting
the distension of the vessel. This limiting channel has no definite
endothelial lining, so far as can be discovered by the silver treatment ;

* See Stricker’s Human and Compurative Histology, vol. i., p. 287, fig. 53.
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more evident it becomes that the supposed free nuclei are invested by
protoplasm, and, in fact, are likewise nucleated cells. These two cell
elements differ much as regards their relationships and also their
dimensions,

(1) The smaller of the two kinds of cell vary from 6 u to 9 u in
diameter ; have a spheroidal nucleus, surrounded by an extremely
delicate protoplasmic investment, which,. as before intimated, is
shrunken, often beyond recognition, in hardened specimens. The
nucleus is, proportionately to the cell itself, very large, and invariably
staing of an intense depth of colour with aniline blue-black. These
elements appear disposed in three definite situations—(1) irregularly
in the neuroglia framework ; (2) in regular series around the nerve
cells ; (3) in more or less regular succession along the course of the
blood-vessels (capillary and arteriole).

(2) The larger cellular elements of the neuroglia are usually 13 u in
diameter, and supplied with a relatively larger mass of protoplasm as
compared with the nucleus. They are distinguished from the former
not alone by this greater size and the preponderance of cell over
nucleus ; but also by their frequent flask-like configuration, as seen
in sitw, and the presence of a wvery faintly stained nucleus, or even
sometimes two or three nuclei, observed within them. If these
elements are teazed out from the surrounding matrix, they are seen
to possess numerous extremely delicate radiating processes ; not only
the nucleus, but the cell and its extensions are likewise tinted by the
aniline dye; not uniformly, however, for the nucleus is always of a
slightly deeper tint, but neither cell nucleus nor processes betray
anything like the vigour of staining shown by the former element
deseribed. The nerve cell, its processes, and the enclosed nucleus
had, as we said, a special affinity for this staining reagent, a fact,
which indicates very conclusively the non-nervous character of these
larger elements of the neuroglia. In healthy brain, at least in the
human subject, we find these elements chiefly in the outermost layer
of the cortex and the central cone of the medulla, but their delicacy,
tenuity of branches, very faint staining, and poor differentiation are not
favourable to their immediate detection. In certain morbid conditions
of the cortex, as we shall see later on, these elements become a most
notable and important feature, undergoing excessive proliferation, and
betraying their morbid activity by the intensity of colouring which
they acquire,

If now we appeal to the silver-chrome methods of preparation,
the appearvances are very dissimilar. Two forms of cell obtrusively
present themselves in both the white and grey matter of the brain ;
the one with a poorly defined cell body, obscured by much deposit of
silver, throwing off on all sides short, shaggy, protoplasmic processes,
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(¢) Transitional forms with vascular processes, short dendritic
branches, from which are given off long delicate fibrils like those of
the stellate cell, and often distinetly moniliform,

As stated elsewhere, we regard all spider-cells as destined to pass
through the three stages—the embryonic moniliform, the fully
developed spider-cell or “lymph-connective” stage, and, lastly, the
stellate cell; whilst in normal devolution the lymph-connective or
spider-cell passes back into the fibre state of the stellate cell, losing
its active functional manifestations, and assuming, therefore, the purely
mechanical »dle of a support for the blood-vessels and medullated nerve
fibres in its vicinity.* This study of the constituent histological
elements of the cortex prepares us for the consideration of the
lymphatic system of the brain, and the ultimate relationships of
Nerve cell to the Blood and Lymph channels,

(d) Lymphatic System of the Brain.—To Obersteiner is due
the credit of first definitely indicating the existence and relationships
of these lymph channels.t Their existence since then has been re-
peatedly denied, but the evidence hitherto brought forward against
Obersteiner’s views is most inconeclusive in all respects, and in most
cases apparently based upon incomplete methods of examination.
This is not the place to enter on debateable ground; but we are
compelled, owing to thelsupreme importance of the subject as affecting
the physiology and pathology of the brain, to state the results of our
own investigations, which were made the subject of a special memoir
in 1877.%

All hardened sections of brain exhibit along the course of their
blood-vessels a distinet and more or less wide interval between the
vascular walls and the brain-substance; in faet, the brain cortex is
channelled throughout, in such a manner, that the vessels when con-
tracted are enclosed within a channel of much greater calibre. The
disparity betwixt the diameter of vessel and brain-channel will be
affected undoubtedly by corrugating reagents; and hence, we never
fail to find these channels disproportionately large in brain which has
been subject to extremes of hardening by chromic acid, &e.; but
recession of the brain-substance may occur from many other causes
acting during life — notably extreme atrophic degeneration; and
then, in like manner, such channels will appear inordinately large,
however skilfully the brain be prepared. These channels are known

# e Strneture of the First or Outermost Layer of the Cerebral Cortex,” Edin.
Med. Journ., June, 1897.

+ ¢ Uber einige Lymphraiime im Gehirne” (Sitzb, d. K. Akad. d. Wissensch.,
Jan. Heft, 1870).

+ ¢ The Relationships of the Nerve Cells of the Cortex to the Lymphatic System
of the Brain,” Proc. Koy. Soc., No. 182, 1877.
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complete series of such nucleated cells around it, still more frequently
will they follow out a segment only of its circular outline ; occasionally
none may be seen—an exception due probably to displacement during
section-cutting or further wmanipulation. Upon closer observation,
however, it becomes apparent that in the immediate neighbourhood of
every large nerve cell there is a minute arteriole or capillary, not
indicated so often by a well-differentiated contour (for these minute
vessels are usually most difficult to follow) as by the direction of its
nucleated cells. Thus, the fusiform nuclei of the intima, alternately
placed on opposite sides of the capillary, will lead to the discovery of
the outline of the vessel faintly indicated in a graceful curve or spiral
in close approximation to the nerve cell ; but the presence of the deep-
stained nuclei of the adventitial cells taking the same course, plainly
indicates the direction of these ultimate nutrient channels. It is
these adventitial elements which give us the clue to tracing the
obscurely marked capillary, and when this is followed out, the eye
becomes accustomed to trace without any difficulty the vascular loop
around the nerve cell. .

Around a segment of the pericellular sac, mapped out by adven-
titial elements, we then see a delicate tubular loop, evidently con-
tinuous with the neighbouring arteriole, and to the sides of which
the pericellular sac appears to be attached, the nerve cell itself
being, as it were, suspended within the latter. It would appear
as if the general perivascular channels at their ultimate ramifica-
tions around the arterio-capillary plexuses were enlarged here and
there laterally along the vessel by the growth of an element included
within it which becomes the nerve cell, and which does not come in
contact with the neuroglia matrix except through the medium of its
processes, which, passing through the pericellular sac, permeate the
neuroglia in every direction. It would appear also from examina-
tion of specially prepared sections, that the adventitial elements are
not entirely limited to the vascular loop, but may line the interior of
these sacs—not as a regularly applied endothelial layer, but as loosely
distributed and branching cells. In like manner, similar cells may be
found free within the cavity of the sac between its wall and the nerve
cell, resembling in all particulars lymph corpuscles.

Beyond the system of perivascular channels, adventitial lymph
space, and pericellular sac, we have a lymph-eonnective system
which plays an important »dle in the pathology of the brain. This
system is constituted by the larger connective element referred to
above—the delicate branching masses of protoplasm supplied usually
with one, sometimes with two, or even three large nuclei. These
elements, when more closely examined, are found, as already indi-
cated, to have a definite and constant relationship to the cortical
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of this system of spider cells, as we shall for the future call these
elements of the “lymph-connective system.”* Meynert long since
drew attention to their frequent presence as associated with congestion
and degeneration of the lymphatic glands of the head and neck, and
we have assured ourselves of the frequent association of this morbid
development in tuberculosis, and in several affections of the cortex and
its membranes which lead to obstruction of the perivascular lymph
channels.t The morbid changes undergone by this lymph-connective
system and the effects of its morbid activity will be more fully dealt
with when treating of the pathology of the cortex.f For the present

we shall summarise the above statements as follows :—The lymphatic
system of the brain consists—

(1) In the first place, of a distensible lymphatic sheath, loosely applied
around the arterioles and venules, containing numerous nucleated
cells in its texture—the adventitial lymph sheath, the whole being
included within a non-distensible channel of the brain-substance, devoid
of endothelial lining—perivascular channel of His.

(2) In the second place, of a continuation of the cellular elements of

this sheath, loosely applied to the arterio-capillary plexuses, still
contained within a perivascular channel, which now exhibit along the
capillary loop sac-like dilatations—the pericellular sacs, within which
the nerve cell lies, surrounded by plasma.

* It may prove of interest to give here references to some few of the articles
bearing directly upon phagocytosis :—‘* Poisonous and Defensive Albumoses,” by
Dr. Hankin in Brit. Med, Jowrn., May, 1890, p. 126. ** Lectures on Phagoeytosis
and Immunity,” by Sims Woodhead, Lancef, Jan. and Feb., 1892, * Discussion
on Phagocytosis and Immunity,” Birit. Med. Jowrn., Feb. and Mar., 1892,
“ Ptomaines and Animal Alkaloids,” Brit. Med. Jouwrn., Nov., 1892, *“The
Spider (so-called Scavenger) Cell of the Brain,” by Edwin Goodall in Journal
of Pathology, Feb., 1894, **The Spider or Phagocyte Cells of Senile Insanity,
General Paralysiz, and Alcoholic Insanity,” by Alfred Campbell, Journ. Mental
Sc., Oct., 1894.

+ We have elsewhere alluded to the comparative significance of these elements as
follows :—* In man they appear in scanty numbers ; in the Barbary ape, they
hecome more frequent ; in the cat and ocelot, they are still more abundant ; in the
pig and sheep so profusely scatteéred are they that they form a most characteristic
stratum immediately below the pia mater, and the meshwork formed by their
fibres is dense and coarse, binding the blood-vessels to the cortex and rendering the
pia mater strongly adherent. We find these corpuscles in human brain which
has undergone senile degeneration—in other diseases attended by reduction in
functional activity, and in vascular affections resulting in retrogressive changes
and a reversion to a low type of structure.”—*¢ Comparative Structure of the
Cortex Cerebri.” Trans. Royal Soc., part i., 1880,

+ See in this connection a suggestive article by Dr. Shaw on Aprosexia in
Children—a condition where adenoid growths (post pharyngeal) obstruct the flow
of lymph from the frontal lobe, which naturally escapes through the lymphatics
of the ethmoid plate.—Practitioner, July, 1890,
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A brief description of the peculiarities of these cortical belts of nerve
cells will be all that is needful for our present purpose.

(1) Upper Limbic Type.—The cortical lamination here referred to
is illustrated in Platei. The area it covers is represented in figs. 1-3, + .

It is essentially a four-laminated type ; its first or superficial layer
being a light grey belt of delicate neuroglin matrix, with connective
elements and their fine prolongations supporting the extremely de-
licate subdivisions of the apical processes of nerve cells in the
subjacent layers. This layer we term the ¢ peripheral cortical
zone” (Plate i.). Next to this succeeds a layer of small pyramidal
cells, which, down to the confines of the third layer, remain equable
in size throughout; in all respects these elements bear close re-
semblance to the upper half of the third layer in higher animals,
They differ from the human cortex (l) in not, as in the latter,
rapidly increasing in size with their depth, and (2) in following
immediately upon the peripheral cortical zone with no intervening
belt of small oval and angular cells, such as characterises the second
layer in man. A few bifurcate cells in sparse detached clumps octur
on the outermost confines of this layer, probably rudimentary elements
of the second layer of man, Beyond the layer of small pyramidal cells
is a pale belt containing the largest cells of the cortex—a pale poorly-
celled zone demarcating them from the superimposed layer of pyra-
midal cells. These elements are, however, distinguished from the
latter not alone by their great size, but by their distribution into
confluent groups or clusters, which, as we shall see later on, is a special
character of the large nerve cells of the motor cortex. Their apex pro-
cess extends right through the pyramidal series into the peripheral
zone. We cannot now stop to inquire into their many striking features.
Beneath these large cells is a series of fusiform elements similar in all
respects to those found in higher mammals. This type of cortex,
therefore, is constituted by

(1) A peripheral cortical zone. (3) Ganglionic layer.
(2) Small pyramidal layer. (4) Spindle cell layer,

(2) Modified Upper Limbie Type.—This form of cortex, like the
last is also a four-laminated type. Near the posterior extremity of the
corpus callosum (Plate x., fig. 1), the upper limbic arc exhibits the in-
tercalation of a series of granule cells between the small pyramidal
and the large ganglionic cells; but, as we proceed farther back, this
belt of granule cells deepens, and, approaching the surface, eventually
entirely displaces the small pyramids, and becomes in their place the
second layer in this region. The granule-like aspect is due to the
relatively large nucleus, as compared with the investing protoplasm :
they form a belt of densely crowded elements. The cortex, therefore,
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have thicker dendrons with stunted dendritic arborisations, but also
their axons are continuous with the fibres of the fimbria, not with
those of the alveus as is the case with the smaller pyramids ; at the
same time these axons originate the recurrent collaterals ulready alluded
to, which pass through the lacunar layer to ramify over the primary
dendrites of the smaller pyramids. A further distinction is established
by the fact that the axons of the granules of the fascia dentata (moss
fibres) are brought into close relationships with the dendrons of these
giant cells alone and not with those of the smaller cells.

Polymorphic Cells.—The irregular and fusiform cells beneath the
pyramidal layer constitute the * polymorphic layer” of Cajal—the old
“stratum moleculare” of Kupfler. Formerly classed as simple spindle-
shaped cells recent authorities describe certain notable features as
presented by them. They may be divided into three groups—all the
cells of which are dendritic—these dendrites ramifying amongst the
protoplasmic processes and the collaterals from the axons of the
pyramids. These groups are characterised as having—

(1) Ascending and recurrent axons ;
(2) Horizontal and plexiform axons ;
(3) Deep spindle cells with ramifying axons,

In the first group of ascending and recurrent axons this process
ascends through the radiate stratum, throwing off oceasional collaterals
in this course, some of which pass up into the lacunar and peripheral
layers, whilst the main axon curves downwards again and, passing
into the pyramidal layer, forms a rich terminal plexus of fibres around
these cells. In the second group, the axon passes off’ horizontally and
divides into numerous branches after the manner of Golgi's sensory
cells. From these originate collaterals, which ascend to the pyramidal
layer and surround its cells with a plexus of branches mingling with
the similar plexus from the recurrent axons.

In the third group, the cells are spindle shaped ; they have long
been recognised in the neighbourhood of the alveus, but only recent
research has revealed the fact that they possess axons which ramify
extensively in this stratum and ascend upwards to a higher level.

Besides these three, Cajal describes a cell which gives off an
ascending axon terminating by ramification in the lacunar and
peripheral layers, but having no recurrent branch. We need scarcely
include here certain cells, as Cajal does, which, together with others
in the stratum radiatum, are adwittedly similar in type to the pyra-
midal cell, and are really dislocated cells not special to these layers,
any more than we should speak of those cells found in the lowermost
stratum of the peripheral layer which are really elements dislocated
from the cells of the second layer of the cerebral cortex, and which
are also seen in the region of the fascia dentata,
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becomes continuous with a medullated fibre of the olfactory tract, for
distribution to the cerebral cortex. In this course through the granule
layer, the axon throws downwards several vertical collaterals, which
ramify in the molecular layer (Van Gehuchten and Martin).

Layer of Granules and Medullated Fibres.—This, the deepest ]a.yie:r
of the grey matter of the bulb, is of considerable thickness, and is
formed by granules similar in form to those of the cerebellar gr:m}ule
layer, but separated into compact groups by the passage of fasciculi of
medullated fibres. According to Cajal and others they differ morpho-
logically from the granules of the rust-coloured layer of the cerebellum ;
these possess a distinct axis-cylinder, while those of the olfactory bulb
are devoid of such.® These spherical or angular cells throw off two
processes ; one, downwards to the mitre layer, where it ends in a
terminal plume in close contiguity to the lateral dendrons of the
mitral cells ; the other, far less conspicuous, passes inwards to ramify
amongst the granule groups at a deeper site. The terminal dendrites
of the peripheral plume are thickly beset with minute spiny projections
along their course, like the similar formations along the terminal
plumules of the pyramidal cells of the cerebral cortex. The peripheral
dendron is always present; the central dendron may be insignificant
or altogether wanting (Pedro Ramon). Golgi has, moreover, described
large sized stellate cells sparsely scattered in the granule layer, which,
besides protoplasmic processes, possess an axon which (according to
Cajal) always ends in a rich arborisation within the molecular layer of
the bulb. The medullated fibres found in this deepest layer of the
bulb consist very largely of the axons derived from the mitre and
small fusiform cells; but also embrace medullated fibres which pass
from the brain to the bulb (centrifugal), and end in free ramifications
in the granule layer. .

The Retina.—The nerve elements of the retina consist of a super-
ficial layer—the well-known rods and cones ; of an outer and inner
granule layer, separated by outer and inner plexiform relational
fields ; and of an innermost layer of ganglionic cells and optic nerve
fibres. The rods and cones of the superficial layer are morphologically.
continuous with the elements of the outer granule layer, but are
usually, for convenience, described separately. The inner granule
layer differs essentially from the outer not alone in the conformation
of its constituent elements—the granule cells, but in the presence of
two other nerve elements—the horizontal cells and retinal spongio-
blasts : whilst the outer granule layer is a comparatively simple

* This opinion, which has given rise to the doctrine of ““amacrine cells,” or

nerve cells without axis-cylinders, appears to us to be satisfactorily confuted by
Dr. Hill, who has discovered the axon and figured it. See “ Notes on Granules,”
by Alex Hill, Brain, vol. xx., p. 125.

8



114 LAMINATION OF CEREBRAL CORTEX.

structure—the inner is much more complex and may be subdivided
into three layers :—

(a) Superficial horizontal cells ;
() Bipolar granule cell ;

(¢) Spongioblasts of the deepest stratum.

Lastly, the inner plexiform or relational field is one of very great
complexity, embracing, as it does, the ramifying branches of the
bipolar granule cells, the dendrites of the ganglionic series, and the
branches of the retinal spongioblasts,

Retinal Kods.—The rods are eylindrical bodies, fine in mammals and
nocturnal birds (in man 50 x to 60 u long by 2 w thick, according to
Max Schultze) ; but of large size in Batrachia, diurnal birds and fishes
(Cajal), consisting of an inner segment or body, and an outer segment
perfectly cylindrical and unpointed. Unlike the cones they are not
attached directly to the body of the granule cell of the next layer, but
through the medium of a peripheral process extending from the latter ;
so that the granule cells of the rods resemble a bipolar ganglion cell,
of which the finer or centric process extends to the outer plexiform
layer. Here this process ends in a small spherical swelling embraced
by the dendritic peripheral branch of the cells of the deeper granule
layer. The rod fibres are always finer than the cone fibres.

Retinal Cones.—The cone, always shorter than the rod, consists of a
flask-shaped body or inner segment, about 6 wx in thickness, terminated
in a pointed conical extremity ; and an outer segment, which is more
strongly refractile than the inner segment. Schultze has described a
longitudinal striation of the outer segment of both rods and cones in
fishes, amphibia, and mammals, including man ; and likewise a similar
striation of the inner segments in man and mammals. The body is
distinctly continuous with the granule cell of the cone—an ovoid body
with large nucleus, from which a centric process descends to the outer
reticulated or plexiform layer, where it ends in a conical swelling with
a few lateral free fibres. In reptiles the rods are absent, the cones
alone being found. It is interesting to note that Krause has shown
that the rods and cones both persist after section of the optic nerves,
their appearance suggesting no degenerative change. The external
limiting membrane forms a natural boundary between the rods and
cones and their subjacent granule cells.

Outer Plexiform Layer.—In this layer the protoplasmic branchings
from the peripheral ends of the bipolar cells take part—some inter-
lacing with the termini of the centric branch of the cone cell ; others
receiving between them the spherical globules of the centric branch of
the rods. Ramifying fibres extend also into this layer from the
horizontal cells of the subjacent stratum.

e s i
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Inner Granule Layer.—Three subdivisions are described by Cajal—
(a) horizontal cells; (b) bipolar granules; (c) retinal spongioblasts.
The former consist of small and large horizontally disposed nerve
cells, of which the large-sized are the most internal ; both throw off
numerous protoplasmic processes and a long axon ; the axon from the
smaller and more superficial cell is very fine, giving origin to several
short ramifying collaterals. In the deeper cells this axon is much
larger, and terminates, after a lengthened course, in a rich arborisation
in connection with the spherules of the rods (Cajal). These ramifica-
tions add, therefore, very materially to the plexiform meshwork of the
third layer. The bipolar cells of this layer are fusiform in contour,
give off from their peripheral pole a tuft of protoplasmic branches,
which spread laterally into the outer plexiform layer ; whilst the fine
centric branch descends to different levels of the inner plexiform layer,
ending in a plume of free branches in close relationship to the ascend-
ing dendrites of the ganglionic cells, Cajal specially distinguishes
these bipolar cells into such as have a peripheral ascending plume of
branches, and those with a flattened plume : the former being dis-
tributed to the spherules of the rods ; the latter to the branches of the
cones, The terminal arborisations of the centric or descending branch
of these bipolar cells meet the dendrites of the ganglionic cells at
different levels of the inner plexiform layer, thus dividing it into five
or more strata.

Letinal Spongroblasts.—These cells are remarkable in the fact that
they possess no axon. They are disposed in the lowermost stratum of
the inner granule layer, in immediate contact with the inner plexiform
layer and all their processes are directed centrally. Schifer doubts
their nervous nature. *

Inner Plexiform Layer.—We have, therefore, immediately beneath
the inner granule layer, a very rich relational field, in which three
distinet retinal elements are brought into immediate apposition, viz. :—

(2) Bipolar granule elements; (b) Retinal spongioblasts ;
(¢) Ganglionic cells,

This elaborate system of fibres is known as the inner plexiform layer.

(ranglionic Cells.—These cells, like those of other parts of the
nervous centres, vary much in size, from 15 g to 30 & in diameter in
the fresh state; they are flask-shaped or ovoid in contour, usually
devoid of pigment, and possess a large nucleus with a prominent
nucleolus. They give origin to a peripheral and centric process—the
former directed into the depths of the inner plexiform layer, as a
dendritic arborisation, extending laterally in the horizontal plaﬁﬂ as
far as one or other of the five stratifications of this layer, where they

* “The Nerve Cell considered as the Basis of Neurology,” Brain, 1893, p. 138,
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blend with the corresponding terminal fibres of the retinal spongio-
blasts and the bipolar granule elements. The centric process is reall y
its axon, which becomes continuous, as an optic nerve fibre, with the
deepest layer as it courses towards the optic nerve,

Cajal divides these ganglionic cells into three series: those whose
dendrites are restricted to one stratification only ; those distributed to
two or more; and those which observe no such law of stratification,
but are equally distributed throughout the whole depth of this plexi-
form layer (*cellules unistratifiées, multistratifiées, et diffuses s B
far, therefore, from the optic nerve fibres being in direct continuity
with the special visual elements of the retina—the rods and cones—
we find, according to the researches of Cajal, Van Gehuchten, and
others, that there are two breaks in this course : the first, betwixt the
dendrites of the ganglionic cells and the bipolar elements ; the next,
betwixt the peripheral offshoots of the latter and the termini of the
centric branches of the rods and cones respectively. This is in accord
with the results of physiological and pathological teaching, for we
know that section of the optic nerve fibres entails fatty degeneration
of the ganglion cells of the retina (Arause), whilst the rods and cones
escape intact ; moreover, in blindness from optic nerve atrophy and in
glaucoma from intraocular pressure the ganglion cells suffer in like
manner.

The Cerebellar Cortex— Lamination.—The cerebellar cortex may
be regarded as two-laminated, a superficial or external, commonly
termed ¢ the molecular layer,” and an internal or granule layer;
whilst upon the confines of both is a series of voluminous cells
peculiar to the cerebellar structure, termed the “cells of Purkinje.”
The leaflets or foliola of the cerebellum are mostly disposed trans-
versely to the antero-posterior axis of the brain, and sections may be
taken either in the direction of the plane of these lamelle—i.e.,
frontal sections, or across their plane antero-posteriorly — i.e.,
sagittal sections. The microscopic appearance is very diflerent in
these two cases. In the antero-posterior or sagittal section, the
dendritic expansions of the dells of Purkinje attain their maximum
development and are displayed to the greatest advantage, whilst the
nerve cells peculiar to the superficial layer, with their neuraxons, are
also seen following the same plane. In frontal sections, on the other
hand, the cells of Purkinje are seen as it were in profile, their dendritic
branchings, insignificant and flattened laterally, would indicate a
somewhat fan-shaped conformation in the direction of the sagittal
plane. At the same time, we lose the characteristic branchings of the
nerve cells peculiar to the molecular layer, and, in lieu thereof, we see
a horizontal striation of this layer, due to bifurcation of the axons of
the granule cells of the deeper layer, and which, being cut across in
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sagittal sections, appear simply as innumerable dots scattered through-
out the field at this level.

Superficial Layer of Cortex.—The external layer immediately beneath
the pia has, in the embryo, a structure quite peculiar to itself, of
which, however, all trace is lost in later life; it forms a peripheral
zone (not as yet encroached upon by the dendrons of the cells of
Purkinje) and consists, according to Cajal, of—

(1) A superficial series of granule-like cells placed vertically to the
surface ;

(2) A deeper layer of horizontally disposed bipolar cells lying next
to the molecular layer.

In the fully developed cortex, however, the elements demanding
attention are :—(a) The intrinsic nerve cells or elements peculiar to
this layer ; (b) the dendrons and collaterals of the cells of Purkinje,
together with the nerve fibres extending from underlying structures ;
{c) non-nervous or connective elements.

(@) Nerve Cells of the Superficial Layer.—These are irregular,
stellate, or polyhedral cells, most numerous in the deeper realm of this
layer, having their long axis disposed antero-posteriorly—i.e., in the
plane of the dendrons of the cells of Purkinje. Numerous long
protoplasmic processes are given off by these cells ; but, in particular,
a fine and greatly elongated axon, which also courses along the plane
of these same dendrons. Along this course, which is more or less
parallel to the surface of the cortex, vertical offshoots or collaterals
descend to the cells of Purkinje, and, becoming coarser near these cells,
split up into a terminal ramification, which forms a basket-work*
embracing the body of the latter as far as the commencement of its
axon. Contracted over the lower pole of the cell, this basket-work
extends brush-like a short distance along the neuraxon, where it is
still devoid of a medullary sheath. Itis remarkable how this terminal
basket-work escapes staining in aniline preparations, where the cells
of Purkinje are yet admirably displayed. The cell with enclosing
basket-work is named by Kélliker a “ basket cell ” (Korbzellen). _

Close to the pial surface of the cortex a few stellate cells, much
smaller, are found ; their protoplasmic processes are richly developed,
and the axon, which runs antero-posteriorly, ramifies extensively, but
its destination is unknown.

(b) Cells of Purkinje.—These flask-shaped cells, so characteristic of
the cerebellar cortex, throw off from their upper or outer pole a single
or double dendron (in the latter case, giving the cell a somewhat
horned appearance), from which arises a luxuriant arborisation by
frequent dichotomous division as far as the surface of the cortex.
These dendrites neither anastomose with each other nor with the

* Endkoerben, Faserkorbe, Faserpinsel of Kolliker,
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neighbouring cells; they are strictly terminal and often turn back
upon themselves, The dendritic system is spread out along the
antero-posterior plane, and the branches are, moreover, thickly studded
with minute thorny processes like the corresponding projections
(épines) upon merve cells in other regions (Van Gehuchten, Cajal,
fietzius). From the lower or internal pole of the cell descends the
neuraxon, which, passing through the granule layer of the cerebellum
(becoming medullated in this course), enters the central medullated
core of the lamina, probably passing out of the cerebellum to distant
centres. Shortly after its origin the axon throws off some two or
three delicate collaterals, which, passing upwards into the peripheral
layer, end by a terminal ramification in contact with the lower
dendrites of the neighbouring cells of Purkinje; thus, according
to Cajal, they ensure a certain degree of functional solidarity.

Besides the structures just described the molecular layer displays in
frontal sections (i.e., sections taken along the course of the lamine) a
distinct striation due to fibres running at all depths parallel to the
surface, which, on close examination, are seen to arise in all eases from
the T-shaped bifurcation of numerous vertical fibres passing upwards
into this layer from the stratum of granules below. These delicate
fibres, which are really the axons of the granules of the cerebellum, give
off no collaterals, pass horizontally through the dendritic expansions
of the cells of Purkinje, and thus bring the granule layer into intimate
connection with those arborisations. They are stated by Cajal to end
after a lengthened course in a free and varicose thickening near the
white matter of the lamina. If we refer to frontal sections as the
“ plane of lamination,” and to the sagittal sections across a lamina as
the * plane of arborisation,” 1.e., of the dendrites of Purkinje, then it
may be stated that the cells of Purkinje are brought into intimate
functional relationship along the plane of arborisation by the axons of
the cells of the peripheral layer, and the basket-work resulting from
their collaterals; whilst they are bound in functional relationship
along the laminar plane by the parallel T-shaped axons arising from
‘the granules of the second layer ; and at the same time their functional
‘co-operation may be established by the recurrent collaterals arising
from their axons, and ramifying in the proximity of the lower dendrites
of the neighbouring cells of Purkinje.

A further relationship, however, is established between the cells of
Purkinje and certain coarse fibres (‘ fibres grimpantes ” of Cajal) which
ascend from the central medulla through the granule layer, and form
a dense plexus upon the primary and secondary dendrites of these
‘cells, just as the nerve cells of the peripheral layer form the basket-
work enveloping the body of the cell. The peripheral origin of these

fibres is unknown.
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(¢) Non-nervous or Connective Elements.—These are of two kinds :—

(1) A large irregularly shaped dendritic cell, lying in close proximity
to the cells of Purkinje, which throws off, in the granule layer, a
number of thick short processes and several long vertical branches.
The latter pass upwards into the peripheral layer, each fibre ending
immediately beneath the pia in a small triangular or conical thicken-
ing ; these fibres have long been known as the fibres of Bergmann,

(2) Deeper in the granule layer and extending into the medullated
centres are numerous stellate cells in no wise differing from the
stellate glia cells common to the nervous centres at large.

Granule Layer of the Cortex.—Beneath the peripheral layer is a
compact stratum of small, nearly spherical nerve cells, possessing very
little protoplasm, and throwing off on all sides some few short pro-
cesses, which end in miniature arborisations around the bodies of the
neighbouring granules. From the cell body or one of its processes
arises an extremely delicate axon, which passes vertically upwards,
and, at varying levels in the outer zone, bifurcates into the T-shaped
fibres which have already been alluded to in this stratum of the cortex,

Golgi and Cajal also describe large stellate cells as occurring sparsely
in the granule layer, with extensive protoplasmic processes spreading
in all directions—often far into the peripheral layer, and with an
axon which, passing downwards into the granule layer, ramifies to an
extraordinary extent amongst these granules, ending, according to
Cajal, by free varicose extremities. :

Moss Fibres of the Cerebellum.—In the granule layer certain notable
fibres, first described by Cajal as moss fibres, appear ; they ascend
from the medulla as coarse medullated fibres which, on entering the
granule layer, split up and ramify extensively among the granules,
presenting here and there along their course peculiar rough knotty
thickenings or moss-like growth, and do not extend beyond the granule
layer. These fibres are presumed to bring the granules of the cere-
bellum into relationship with distant nerve centres, and are suggested
as the possible central nerve termini of the cerebellar tract (Cajal),

Our review of the foregoing types of cortical lamination in the
mammalian brain prepares the way for certain deductions which have
an important bearing upon the physiclogy and pathology of the
cerebrum. In the first place, let us note that the simpler forms of
cortex ave confined to the lower margin of the cortical envelope,
where it folds round the cerebral peduncle at the base—the eornu
Ammonis, the lower limbie lobe (* outer olfactory type"),
and also the olfactory area of Gratiolet,

The more complex form of cortex, however, spreads over the
upper limbic are and the whole of the extra limbic region of
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the hemisphere. It is these more complex forms of cortex which
congern us chiefly ; they comprise in man the extensive areas at the
vertex and the whole convoluted surface of the hemispheres, as seen
from above. Now, in studying the small brain of the rodent and
higher animals, we find structural modifications in the cortex of this
region, which appear to foreshadow the divergences observed in man.
Thus, if we examine successively the cortex at different points from
within outwards in a vertical section through the hemisphere, passing
through the Sylvian depression, we find that—

(a) The first layer of the cortex is deepest at the sagittal border,
and steadily diminishes in depth as we proceed outwards towards the
limbic fissure ;

(b) The second layer of small pyramidal cells increases rapidly in
depth and in wealth of cell-structure in a reverse direction—i.e., from
within outwards ; :

(c) The ganglionic series of cells (which assume thick clustered
nests in the upper limbic arc and over the vertex bordering on the
sagittal fissure), gradually loses its confluent tendency and becomes
spread out in isolated units (‘‘solitary type”) as we approach the
limbic fissure externally. On the other hand, if we examine similarly
a vertical section taken through the posterior moiety of the upper
limbie arc (Plate vi.) we find that—

(d) The intercalated series of granule cells increases in richness of
elements and depth of formation as we proceed outwards to the lateral
aspects of the hemispheres, and backwards to the occipital pole ; and
reaching the limbic fissure terminates abruptly, whilst the other layers
pass on uninterruptedly. If we now examine vertical sections of the
hemisphere in the antero-posterior plane, we find that—

(¢) The outer layer (peripheral zone) progressively diminishes in
depth from the frontal to the oceipital pole ;

(f) The small pyramidal cells of the second layer diminish in size
in the same direction ;

(¢) The granule or angular cells intercalated in the five-laminated
cortex increase in richness conspicuously towards the occipital pole ;

(%) Lastly, the ganglionic series, which near the frontal pole forms
a deep layer rich in cell elements, thins out considerably backwards
into a laminar or ‘‘solitary” formation ; but, at the extreme occipital
pole, these cells again form a somewhat deep belt with granule cells
superimposed.

The obvious deductions to be made from the foregoing are that
certain elements preponderate in certain fixed areas of the cortex,
and that the development of certain layers appears to exclude that of
another series. Thus the frontal pole and frontal extremity of the
upper limbic arc are especially characterised by the preponderance of
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the ganglionic series, which accumulates here i:n .rir:l:}‘clustared
groups ; towards the Sylvian border this element is insignificant, and
it is the small pyramidal layer which here prevails. Towards the
occipital pole mesially (“modified upper limbic type ”) the granule
cell attains like importance from its notable wealth of elements and
its more or less complete exclusion of the small pyramidal series; whilst
outside this formation, in the extra limbic cortex, the intercalated
granule belt is a notable feature, accompanying a corresponding
impoverishment of the small pyramidal and ganglionic series.

A certain relationship also would seem to exist between the depth
of the first layer or peripheral zone and the ganglionic series of cells;
since it notably diminishes in depth as these elements thin out into
the solitary type of arrangement, and this despite the marked increase
in the small pyramidal series above., This mutual dependence seems
to us explained by the fact that the apical processes of these large
elements pass up into, and terminate in, this peripheral zone, so that
any regional difference in the depth of the outer layer will be dependent
on the greater or less development of these ganglionic cells. It must
be borne in mind, however, that the average depth of the first layer
increases in lower mammals and becomes shallower as we rise to the
more highly organised brains—a fact which does not militate, as might
at first appear, against the preceding conclusion. In the lower
mammals, the absolute and relative increase in the depth of this outer
layer probably means a large preponderance of the connective over
the nervous element.*

Regional Distribution of the Ganglionie Cell.—Attention
was first directed to the peculiarly clustered arrangement of these cells
in the cortex of man and the higher apes by Professor Betz,¥ who
denominated them * giant pyramids,” and suggested their probable
motor signification from their form, arrangement, and connections.
Subsequent research appears fully to confirm the conclusion arrived at
by Betz] and it becomes, therefore, important to indicate the regional

distribution of these elements. We find that this series of cells in man

* See upon this point, Meynert, “ Brain of Mammals,” Syd. Soe., p. 383 ; also,
EBrain, vol. i., p. 358,

t ¢ Anatomischer Nachweis zweier Gehirncentra,” Prof. Betz, Centralblatt I d,
Med. Wissenach., Aug., 1884,

T It is true that Meynert would dispose of the assumed significance of these cells
on the ground that their large size depends on the distance which thejr apical
process has to traverse in reaching the outer layer, and their gradual increase in
dimensions being, as he states, proportionate to this distance. The ‘* gradual
increase in size” alluded to proves to us that Meynert has failed to identify the

elements referred to—probably mistaking for them the larger pyramids ; and finally

3 i
“his argument falls to the ground when it is seen that the seco

; ‘ g nd layer of the
““modified lower limbic type® contains larger elements than any of its subjacent
layers.
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and the higher mammals (Pig, Sheep, Dog, Cat, Ape, and Man) assumes
in separate regions of the cortex a different arrangement, which we have
termed the clustered or nested and the laminar or solitary
arrangement *—the former showing these large cells aggregated into
distinet oval clusters stationed at intervals apart—the latter ap-
proaching the arrangement of these cells universally met with at the
base of a suleus, viz. :—solitary cells, stationed like sentinels wide
apart, showing no tendency to grouping beyond two or three at most in
certain exceptional areas. In lower mammals (Rabbit and Rat), these
discrete or distant clusters do not appear ; but what we take to be the
homologue of this series forms confluent groups—the nested ar-
rangement being scarcely indicated, and a deep and dense formation
replacing the latter. As already observed, however, these confluent
- groups thin out, in certain regions, into linear file, assuming the
laminar or solitary arrangement. The cells of this series in these
lowly-organised brains are peculiar in their extremely elongate pyra-
midal or fusiform contour, and approach in this respect the form of the
larger pyramids in the human cortex rather than the configuration of
the motor cell. As we pass from the confluent groups of elongated
elements in the Rodent to the more specialised areas of higher
mammals, we find that—

(1) The cells become less elongate, more swollen, and irregular in
contour ;

(2) Their groupings become more and more discrete ;

(3) The individual groups grow larger in size ;

(4) The clustered arrangement occupies a wider range of cortex.

In Plates i. and v. this series of cells is richly represented ; they are
densely congregated towards the margin of the hemisphere, and thence,
continued to the limbic fissure; occupy the whole area embraced by
Nos. 7 and 9 in Ferrier'’s work.t Further back, however, this layer
diminishes in depth and in wealth of cells, except at the exposed
margin of the hemisphere, where it still remains a rich formation ;
beyond the margin and over the extralimbic region, as far as the
limbic fissure, the cells rapidly thin out into a simple linear series, and
the five-laminated cortex appears. Still further back the series, in like
‘manner, thins out into a mere insignificant formation—yet always most
richly developed along the sagittal margin of the hemisphere.

Plate v., fig. 1, represents the arrangement of the ganglionic series
in the pig, the regional distribution of which is almost identical in
formation with that of the sheep. For both these animals,
it may be stated that a jfive-laminated cortex, with clustered cell-
groups, spreads over the anterior half of the upper limbic are (which

* i« Comparative Structure of Cortex Cerebri,” Trans. Roy. Soc., part 1., 1880.
Functions of the Brain, second edition, p. 259, fig. 78.
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“(1) The limbic fissure. (4) The superior parietal sulcus.
(2) The infra-parietal sulcus. (5) The inter-parietal suleus,
(d) The crucial sulcus. (6) The olfactory sulecus.

(7) The fissure of Rolando.”

Contrasts between the Brain of Man and of Lower Mam-
mals.—When we contrast the cortex of the human brain and of the
ape with that of the mammalian series below these types, certain
strongly-marked resemblances in intimate structure, as well as equally
notable divergences, present themselves. 'With respect first to the
resemblances, it is to be noted that the various types of cortical
lamination described in the lower mammals are reproduced in the
brain of the ape and man ; and that the several layers maintain the
same relative position throughout their depth, except where in certain
cases, a layer is wanting, or a new layer is interposed. Again, the
individual elements constituting these layers—the granule cell, the
angular cell, the spindle, the pyramidal element—although differing
somewhat in dimensions and general contour, are yet sufficiently alike
for their identification apart from their mere position in the cortex.

In the next place, the lower limbic margin of the cortical envelope
always presents the simpler forms of cortex ; while, towards the vertex
and mesially both towards frontal and occipital poles, the more complex
forms of cortex prevail. Another striking resemblance occurs in the
distribution of these laminar types—that characterised by the granule
cell predominating towards the oceipital pole; that of the five-
laminated type being especially developed towards the frontal pole:
with this there is associated finally the gradual diminution in size of
the one element towards the temporal and occipital lobe, and the
increased dimensions and richness of formation of the other element in
the same direction, These are some of the more striking resemblances
presented between the cortex cerebri of man and that of the lower
mammals,

As to the divergences presented by these structures, we are early
struck by the fact that the abruptness of transition from one to
another type of cortex, seen, e.g., in the rodent, is not a feature in the
human brain ; in fact, transition-realms invariably intervene betwixt
different types of lamination. The one fades into the other form so
aradually that a line of demarcation can rarely be drawn. Thus, the
five-laminated cortex characterising the *“motor area” of the human
brain affords no abrupt transition into the six-laminated cortex lying
external and posterior to it ; a mixed type intervenes, to which we
have applied the term of * transition-realm.”

In the second place, the cells which we have ventured to term
“« motor ” in the fourth layer of the human cortex, differ from what we
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have regarded as the homologous series in lower mammals, in being
restricted as a typical formation to a comparatively limited area of the
cortex—that of the rodent, e.g., being spread over a far wider propor-
tionate area of the hemisphere. This concentration of these cell-
groups is best seen in carnivora, where, as already shown, they crowd
around the crucial sulcus, especially at the angle of the sigmoid gyrus.
They exhibit the tendency in a less marked degree in the higher apes,
whilst in man they are concentrated in three or four districts occupy-
ing, as before stated, but a comparatively limited area. A still more
notable distinetion between the higher and lower forms of brain
presented by this formation, is the nested arrangement observed by
Betz in the human brain. This segregation is complete, the groups
being large and far apart. As we descend the scale, however, the
more do we observe the tendency for such groups to become confluent,
and the series to be disposed as an equable stratum.

Lamination of the Motor Area in Man.—That region of the
cortex which has been shown in animals to be electrically excitable,
and which upon stimulation calls forth responsive movements, has
been termed the * motor area.,” It is, as we have just seen, charac-
terised by a highly specialised structural arrangement. It is all the
more essential that its structure in man should be clearly defined
here, since it has been the subject of dispute between such writers as
Meynert, Betz, Baillarger, Mierzejewski, and others, some authorities
speaking of it as a five-laminated and others as a siz-laminated type.
At the outset, therefore, it is well to define our own view of the case,
which is briefly as follows :—The cortex #ypical of motor areas is a
five-laminated formation, and the more absolutely the granule-
cell formation (which, when intercalated, gives us the six-laminated
type) is excluded, the more highly specialised become those groups of
enormous nerve cells which go by the name of the ‘ nests” of Betz.
Where, therefore, these cell-clusters are best represented, there we
find a five-laminated, nof a six-laminated, cortex ; in other words, at
these sites the granule-cell layer no longer exists. Such a specialised
cortex is not spread uniformly over a large convolutionary surface at
the vertex—any such notion would be very far from correct ; but it
occupies very irregular, limited, and unequal areas along the course of
the ascending frontal and the junctions between it and the frontal
gyri, as well as the ¢ paracentral lobule.” These positions we shall
more clearly define later on.

Su:.:h‘ irregularly-disposed areas are severed from each other by a
transitional form of lamination, whereby these districts gradually
merge info the six-laminated cortex surrounding them. This highly-
specialised cortical formation is constituted as follows — -

First Layer.—An extremely delicate pale zone limits the cortex
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externally ; it presents all the features already described as peculiar
to the cortical neuroglia (see p. 94). The outer surface, upon which
the intima pia rests, presents numerous flattened cells, from which
excessively delicate processes pass downwards into this layer. These
cellular elements are often found, detached from fresh sections, float-
ing in the medium around ; they form, in fact, a kind of epithelial
limiting layer, extremely delicate and translucent. This first layer,
or peripheral zone, exhibits a pellucid homogeneous matrix (becoming
finely molecular with reagents) and three structural constituents—(a)
non-nervous, () nervous, (¢) vascular,

(@) The non-nervous constitwents are not numerous, are widely dis-
persed, and belong to the two categories of the perivascular or
adventitial elements and the elements of the lymph-connective system
already referred to (p. 94). The former measure 6 x to 9 1 in diameter,
possess a spheroidal nucleus, stain well, and are seen disposed along
the course of the blood-vessels. The latter often measure 13 & in
diameter, possess one and occasionally two or three nuclei, are spher-
oidal, flask-shaped, or irregular in contour, stain uniformly and very
faintly, and throw off numerous excessively delicate processes, which
in healthy fresh cortex can only be distinguished with difficulty.

(b) The nervous constituents embrace a series of medullated, non-
medullated nerve fibres, and nerve cells peculiar to this layer.

The medullated nerve fibres course along the outer division of this
zonular layer, in a horizontal direction, lying parallel to the pial surface
of the cortex ; many of these are observed to pass downwards into the
deeper layers of the grey matter. In certain regions, this medullated
tract or tangential belt, so characteristic of the first cortical layer, lies
at a somewhat deeper level near the second layer of cells. In most
small mammals these fibres take also an antero-posterior direction,
The non-medullated nerve fibres are of two kinds, viz.,, protoplasmic
processes or dendrons from the nnderlying cells (p. 128); and terminal
distribution of axons from the cells peculiar to this layer, and also
from those of subjacent tracts.

The nerve cells, very sparse in number, are chiefly limited to the
lower two-thirds of the peripheral zone. Three kinds of nerve cells
are described by Cajal :—the polygonal or stellate, with numerous
protoplasmic processes, but with one axon only, which, arising from
the body of the cell, ramifies very extensively in all directions in this
zone, terminating in fine, varicose and free fibrils; long fusiform,
bipolar cells disposed antero-posteriorly, and, from either pole, giving
origin to an exceedingly long protoplasmic process, which along its
course throws off from time to time collateral branches upwards to
the pial surface. The peculiar feature, however, in these cells is the
plurality of their axons ; each main protoplasmic branch appears con-
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They exhibit numerous delicate processes, radiating from the base
and sides; but a distinct apical process or frequently a bi-corned
apex passes up radially to the surface of the cortex and undergoes
rapid subdivision. In the cortex at the vertex in a rat and rabbit
this second layer is practically absent ; although it may be traced
as small, scattered, appressed groupings of cells on the lateral aspects
of the brain. To see these cells to advantage in such brains we must
examine the lower arc of the limbic lobe. The same may be said
for the sheep; but, in the pig, this layer is a fairly notable one
throughout, reaching a thickness of 138 w. In the cat, dog, and man
the depth attained may be 279 p.

Third Layer.—Subjacent to the above lies a deep belt of nerve
cells, the elements of which are characterised by their more or less
elongated or pyramidal contour, and by the tendency to gradual
increase in their size as they lie deeper in the cortex. The summit of
these cells is elongated into a long delicate apex process, which passes
radially upwards towards the peripheral zone. The opposite pole
of the cell is irregularly dentated by the extension of numerous
delicate processes, which are thrown off from the cell in all directions
around : none of these processes turn upwards and pursue the course
of the apex process. The dimensions of these cells in the outermost
zone average 12 p x 8 u; those of the deeper regions of this layer
22 w up to even 41 u in length, and 23 u in shorter diameter. Each
cell possesses a large nucleus and a distinet nucleolus. Small pyramidal
cells, however, no larger than those at the commencement of this layer,
occur even at the deepest part, side by side with the largest.

Fourth Layer.—This layer presents us with the highly charac-
teristic nerve element which we have already dealt with under the
name of “motor cell.” These great elements are found modified in
different cortical realms as follows :—

(a) In the highest regions of the motor area (summit of central gyri
and paracentral lobule) they are not only of gigantic size, as compared
with other nerve cells around, but they form here the large clusters
recognised by Betz. :

(b) In the lowest regions of the motor area (lower end of central and
junction with third frontal gyrus) they become small in size, even less
than the superjacent elements of the third layer, but still retain their
clustered disposition.

(¢) Towards every sulcus these cells, be they large or small, lose
their groupings, and at the base of the sulcus they always assume the
drawn-out single file, spoken of as the ‘solitary ” type of arrangement.

(d) Lastly, as this laminar type passes into that of the sensory
realms, these cells have superimposed on them a layer of granule
cells, but still retain a somewhat clustered disposition so characterising

S
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with Dr. Henry Clark, are given.* | The arrangement and distribution
were strangely uniform in all these cases (see figs. 16 and 17). Variations
in the extent of these areas, of course, presented themselves, but not to
such an extent as to vitiate the general result arrived at, viz., that
such cell-clusters were grouped into several distinct areas, very clearly
and definitely interrupted by the transitional type of cortex. The
variations in the extent of such.areas are no more than might be
anticipated from the developmental variations indicated by the form
of the central and neighbouringsgyri. The upper end of the ascending
frontal and its junction with the upper frontal gvrus are, as is well
known, very variable in form and complexity, and such variations are,
in our opinion, closely related to the more or less rich development of
the specialised cortex under consideration. - Reference to the scheme
shows us that the ascending frontal gyrus may, in general, for con-
venience of description-be tonsidered as consisting of two segments—
an upper, comprising two-thirds its lemgth, into which run the
superior and middle frontal ; and a lower, comprising the remaining
third, continuous with the inferior frontal in front, and with the
ascending parietal behind,

Taking first the upper two- thlrds, we find that the upper end has

Fig. 17.—Left ascending frontal and parietal gyri, with the attached frontal
convolutions, as seen at the vertex.

' A-D, First group of ganglionic cells. M-N, Barren area.
E-G, Second % N-0, Fourth group of ganglionic cells.
H-K, Third 5 5 R, Region of large elongate cells.

a somewhat broad attachment to the upper frontal. The lower end
receives the middle frontal usually as a narrower-folded convolution,
whilst between either junction a sinuous knee-like bend of ‘the convo-
lution exists. The broad upper extremm}' continuous with the upper
frontal is the site of two important clustered groups (A-D and E-G) ;
the plump lobule intervening between both upper frontals is the site

# ¢ The Cortical Lamination of the Motor Area of_the Brain,” by Bevan Lewis
and Henry Clarke, Proc. Roy. Soc., No. 185, 1878,
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of two other similar groups (H-K); lastly, the extreme posterior end
of the middle frontal gyrus shows similar cell groupings (N-O), the
areas of which extend into those of the ascending frontal at their lines
of attachment. '

The upper group (A-D) presents by far the larger cells and the more
perfect and dense clusters. = Such clusters occupy especially the parietal
aspect of the convolution, which is adjacent to the ascending parietal
convolution. They appear, therefore, in the cortex forming the wall
of the Rolandic fissure, and creep up towards the summit, where they
rapidly thin out and disappear.

The second group (E-G), connected with the lower attachment of the
upper frontal, is entirely restricted to the frontal aspect of this gyrus,
and does not overleap the confines of the vertex and spread into the
Rolandic fissure, except at its most inferior part.

The third group (H-K) forms a large area, covering the parietal or
Rolandic wall of its knee-like lobule (upper two-thirds), and spreads over
the summit of the convolution at this site. Between it and the fourth
group occurs a narrow territory wholly devoid of this formation ;
transitional cortex extending until we reach the latter group.

At the junction of the middle frontal (N-0).—This group, as before
stated, becomes continuous with that of the middle frontal; it alse
begins with the fissure of Rolando and sweeps over the vertex.

The fifth and sizth groups (P) are indicated approximately on the
scheme, but appear subject to considerable variations in extent,

To the foregoing groups must be added a further area, occupying the
posterior two-thirds of the lobule on the inner or mesial aspect of the
central gyri, lying in front of the fissure of Rolando and above the
gyrus fornicatus, usually termed the paracentral lobule. Some enor-
mous cells are found in the groupings of this area.

Transition-Realms of Motor Cortex,—It will be observed that,
in the above enumeration of specialised areas, we have by no means
covered the ground assigned to the motor area by Prof Ferrier: the
lower end of the ascending frontal, the whole of the ascending parietal,
as well as the postero-parietal lobule have been omitted, In fact,
these latter regions do not exhibit the specialised cortex referred to,
but are covered by cortex transitional in its character between the
former and what we find existing in sensory realms. If, for instance,
the upper extremity of the ascending parietal be subjected to examina-
tion, we find that its interior aspect, dipping down into the Rolandic
fissure, also possesses large ganglionic cells similar to those in the
motor area in advance of this site. The nests or clusters, however,
are not only thinly scattered, but contain few cells, and the latter
diminish rapidly in size at lower levels along this convolution ; it is
only at the upper extremity of the gyrus that large cells are found,



I132 LAMINATION OF CEREBRAL CORTEX.

Throughout by far the greater extent of this convolution, the cells of
this layer are exact representatives of those found in the ascending
frontal, but are greatly diminished in size, and although often arranged
in clustered groups, the groups are poor in elements and sparse.

The major distinction between the transitional and specialised motor
cortex is in the presence of a gradually increasing belt of small
pyramidal or angular cells, which are almost identical with those of
the second layer, and which here insinuate themselves between the
largest cells of the third layer and the sparse nests of the ganglionic
cells, Thus, with the fading-off of this rich clustered formation, we
get the intercalation of an entirely new layer of elements, which grows
in importance as we approach sensory realms, Now the whole ascend-
ing parietal, postero-parietal, and lower end of the ascending frontal
divisions, partake of this six-laminated type of cortex ; and, moreover,
as we approach the margin of the brain-mantle—i.e., the lower end of
the central gyri—the ‘“motor” cells become smaller and yet smaller,
forming eventually insignificant clusters of minute elements. Roughly
stating the case, we may say that the fissure of Rolando in the upper
two-thirds of its extent, separates the typical motor cortex from the
transitional cortex; whilst, in like manner, the interparietal fissure
is the boundary between the transitional and the typical sensory cortex
below and posterior to it

It will be apparent from the foregoing chapter on the histological
structure of the cortex cerebri that its many varieties of type depend,
for the most part, upon the operation of one or more of the following
circumstances. There may be—

(1) Inverse development of superimposed layers—such, for in-
stance, as was noted in the rodent's brain, where the third layer of
cells invariably became shallower with increasing richness of the
second layer of angular elements and vice versd. As the one formation
tends to die out, the other tends to increase in thickness and density.

(2) Substitutional stratification may oceur—i.e., a layer of
cells may have other elements mixed with it, and gradually pre-
ponderating to the exclusion of its own cells, and then a change
in type may occur; e.g., the granule cells may gradually intermingle
with the angular elements, and excluding them entirely, form a deep
belt in their place, or vice versd.

(3) Intercalation of new layers, as in the appearance of a six-
laminated type, where the angular elements gradually insinuate
themselves between the third layer of pyramidal cells and the sub-
jacent ganglionic series. Or, again, an altered type ot cortex may
proceed from— .

(4) An unusual development of the elements of a certain layer, as
when the angular element of the second layer develops into the large
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original memoir,* we find numerous exceptions to his rule, that the
smaller element is always higher in the cortex, and, given a section
of brain examined by the fresh methods, such exceptions become very
numerous indeed. That the general tendency to this larger size with
their deeper position i¢ maintained, we of course allow ; what we
dispute is the explanation afforded, which leaves out of consideration
the numerous exceptional small elements referred to.

In the next place, were this explanation held tenable for this form
of cortex, the formation described by us as the modified lower
limbic eortex of the rodent would entirely confute snch a principle,
since here we have a series of very large cells, the largest by far
in the whole depth, here lying quite superficial as the second layer
in the cortex,

What then is the more probable explanation of this increase in size
of the cell? If we carefully note a section of fresh brain, we find
that although the majority of the pyramidal cells steadily enlarge at
greater depths—the ganglionic cell-clusters, but a very short remove
from the largest pyramidal cells, represent an enormous leap in
‘dimensions. Plates i. and v. represent conclusively what we have
here stated : the outlines of the cells are represented at their respec-
tive levels as sketched by the camera lucida, and it is seen that
the upper elements measure but 18z x 11 &, being quite superficial
in the series of small pyramids; that the lowest of the series include
elements measuring but 36 » x 23 u, although at a depth of 116 »
beneath the former: whilst a little higher we find numerous cells
measuring 18 » x 13 4 in size—i.e., very slightly larger than those of
the superficial series, although 953 » beneath them. When, however,
we pass from the largest pyramidal to the ganglionic cells lying only
209 » lower down, we come suddenly upon huge elements measuring
from 84 4 to 97 u in length, by 36 4 to 46 » in breadth. The increase
in dimensions, therefore, is so sudden as to be out of all proportion
to the greater depth of this layer. Is there, then, no constant rela-
tion between the size of the cell and other conditions to which it is
exposed, which may give us the required explanation ?

This we believe to be the case: we find as a constant accompaniment
of increasing bulk, much more complex relationships with surrounding
cell-districts—in other words, the larger the cell, the greater the number
of its branches. But the older the nerve cell, the longer time has it
had for the establishment of organised relationships around; and
hence it follows that the older cell is also the larger element. In fact,
it appears to us that the size of the nerve eell is chiefly dependent
upon its age and the multiplicity of its surrounding connections.
There is, however, another factor which must be allowed much weight

* © The Brain of Mammals,” Syd. Sec. Trans.
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ment of the motor cell-groups in the anterior cornu of the spinal cord, *
His statement is to the effect that the Younger cells are in close
contiguity to the blood-vessels : that as growth proceeds, they are thrust
further aside, so that the larger and older cells lie midway between
parallel vessels. No one familiar with the structure and disposition of
the cortical elements of the brain will fail to see the force of this sugges-
tion. These small pyramidal elements which we meet with constantly
side by side with the older cells, are found often with very few lateral
branchings, and the apex-process thins out rapidly and is lost to view
at a short distance from the cell, notably contrasting in this respect
with the older elements, whose apex-process can be traced up into the
first layer or peripheral zone. It is important to note this fact—new
elements are being continually formed, which for some time have
no connection with the grey meshwork of the outer zone of the cortex.
These extensions from the apex or centric pole of these young cells
continue to thrust themselves further outwards, and are brought
into apposition by delicate lateral offshoots, with nerve-fibre plexuses
around. . ; :

- Can we suggest the significance borne by the nucleus in the
autonomy of the nerve cell? The results of physiological experimen-
tation by Ferrier, Hitzig, Horsley, and Beevor, and clinical investi-
gations, especially those of Hughlings-Jackson, appear concl usively to
indicate the anterior or fronto-parietal realms of the cerebrum as
especially motor; and the occipital and temporo-sphenoidal lobes as
especially sensory, in their endowments ; and it is, to say the least,
highly suggestive that the large pyramidal and ganglionic cells
peculiarly characterise the former, just as the smaller elements and
densely aggregated granule cells characterise the latter—that, in fact,
as we pass from motor to sensory realms, so we find the nerve cells
progressively diminishing in bulk and the granule cell progressively
preponderating in number. Dr. Hughlings-Jackson long since sug-
gested the representation of small muscles by small cells, requiring as
they would, in their almost ceaseless lively activity, rapid and frequent,
though short, discharges of energy; in fact, he regards such small
elements as necessarily of unstable equilibrium. His words ave as
follows :—

‘I have suggested that the size and shape of cells, as well as their nearness to
the tumour, or other source of irritation, will have to do with their becoming
unstable ; other things equal, the same quantity of matter in many small cells will
present a vastly greater surface to the contact of nutrient material than the same
quantity in one large cell. T have also suggested that small muscles, or, more
properly, movements which require little energy for the displacements they have
to effect (those of the face and of the hands in touch, for example), are represented
by small cells. Such movements are rapidly changing during many of the

* Diseases of the Nervous System, vol, ii., p. 26, 1881,
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operations they serve in—writing, for example—and require repetitions of short
liberations of energy, and necessitate quick recuperation of the cells concerned,
Movements of the upper arm are, in comparison, little changing, and require

persistent steady liberation of energy.” *

When, however, we consider the assumed sensory element of the
cortex—the minute angular and granular cells—we must not lose sight
of a remarkable distinction between them and the assumed motor
unit, and that is, the great proportionate preponderance of the nucleus
to the cell itself in the former. That the nucleus does exert scme
mysterious influence over the nutritive and funetional activity
of the cell has long been surmised ; and the results of our histological
inquiry indicate that nuclear degeneration within the nerve cell is
peculiarly associated with certain states of mental and motorial insta-
bility. We have long been accustomed to regard it as related more
definitely to the funetional activity of the cell, and less directly
related to the nutritive activity of the cell. In other words, the
cell is subject to a constant supply of nutritive plasma—it gradually
assumes a state of nutritive instability, and will necessarily discharge
its accumulated energy in accordance with the simple law of nutri-
tive rhythm-—the resulting stable equilibrium is succeeded by a
measurable period ere the potential energising of the cell has once
more brought it up to its former state of instability. Were this all
that occurs, the process of storage and liberation of energy
would be a simpler rhythmic process than the more compounded
rhythm which actually pertains to mental operations.

If, however, we regard the nucleus as affecting the functional activity
of the cell, as in fact, restraining or inhibiting its discharge, as a
kind of imperium in imperio exercising a controlling influence upon
the perturbations which reach the cell from sensory surfaces: then the
presence of a healthy nucleus would become an all-important feature
in the cell-life—a feature of the utmost significance to us in our patho-
logical enquiries. What really does oceur when these nuclei are
especially affected by morbid processes, we shall refer to more particu-
larly in our chapter on the epileptic neuroses. The view we have here
taken of the significance of the nucleus would lead to the conclusion
that when, from its degeneration or morbid state, it fails to inhibit the
cell, these nerve elements would be subject to a rapid running-down
on trivial excitation, and in servile obedience to the law of nutritional
rhythm ; in fact, we should here find an explanation of morbid insta-
bility such as, e.g., in motor realms results in convulsive states, and
in the substrata of mental operations in varied psychical states and
reductions in consciousness.

A *::ﬂn Temporary Paralysis after Epileptiform and Epileptic Seizures,” Brain,
vol. iii., footnote to p. 436.



I 33 LAMINATION OF CEREBRAL CORTEX.

It is these considerations which induce us to regard the dispropor-
tionately large nucleus of these small angular elements of the second
layer of the cortex as being of some significance. Subject as such
minute cells are to a rapid accumulation of energy, we might presume
that some restraint must be established to prevent their reckless
liberation of energy, and, hence, we believe such restraining capacity
to be afforded by the very large nucleus. In the next place, we
have every reason for believing that this superficial belt of angular
cells is in direct functional connection with the subjacent cells of large
size, and that their morbid instability would, therefore, affect these
larger units, which, from the small size of their nucleus, would be more
subject to the law of nutritional rhythm in their discharge of energy.
As indicated by Dr. Ross, and also in the preceding note by Dr.
Hughlings-Jackson, the large cell would present a far smaller area
in contact with nutrient material than the same amount of protoplasm
broken up into numerous minute elements ; and hence, such large cells
would labour under nutritive disadvantages—would be reservoirs for
the slow accumulation and storage of energy, which, when liberated,
would again result in a tardy re-instatement of nutritive instability.

Electrical Excitability of the Cortex,—Fritsch and Hitzig were
the first to demonstrate, in the year 1870, the excitability of the cortex
in animals to the galvanic current ; and three years later Prof. Ferrier
prosecuted with the faradaic current his first investigations into the
functions of the cerebral hemispheres. The method of stimulation
employed by Ferrier was, to use his own description, “ The application
of the electrodes of the secondary spiral of Du Bois-Reymond's induc-
tion coil, connected with a cell of the mean electro-motive power of
one Daniell. The resistance in the primary coil was such as to give
a maximum current of 1'9 absolute unit, as estimated for me by
my colleague, Professor Adams. The induced current generated in
the secondary coil at 8 cm. distance from the primary spiral was of a
strength sufficient to cause a pungent, but quite bearable, sensation
when the electrodes were placed on the tip of the tongue.”* We can
but briefly summarise here some of the more important facts elicited
by these experimental methods respecting the reaction of the cortex to
electric stimuli.

Latent Period of Stimulation and Summation of Stimuli.
Tt is from these phenomena we infer that the cortical areas found to
be excitable are really centres, in the proper acceptation of the term.
Tt must be remembered that a ganglionic centrum is an elaborative
strueture, and that stimuli applied to it meet with delay ere the result-
ing response be elicited. The excitation of a centre is therefore accom-
panied by the time element seen in nerve stimulation in a marked

* Functions of the Brain, 2nd edition, p. 223.
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‘degree, and this is very appreciable in the stimulation of the so-called

psycho-motor centres of the cortex. This is well hrnught out on
contrasting the effects of a carefully-regulated current applied to t_.he
cortex of this realm, with the effects of the same current as applied
to the medullated strands immediately beneath, by first excising the
overlying cortex. In the first place, we find (after, of course, abstracting
the time requirved for transmission down spinal cord and motor nerves
and the latent period of the muscle) that the retardation is 0:045 of
a second, and in the latter place, 0:03 of a second (Franck and Pitres).
So, also, if very feeble stimuli be applied to the cortical centres their
summation occurs, so that no contraction takes place until several
stimuli Lave been delivered. Of the many interesting facts revealed
by the researches of Schifer and Horsley, Franck and Pitres, relative
to the effect of electric stimuli on motor centres, the more 1mportant
may be stated as follows :—

(1) In the same animal the number of stimuli per second requisite
to produce a continuous contraction is always the same for cortex,
motor nerve, and muscle.

(2) A continuous contraction does not occur on stimulating a
motor centre, until the rate of stimuli reaches 46 per second ; below
this, single contraction occurs for each shock or thereabouts.

(3) The econtractile rhythm of musecle, whether it be cortex,
corona radiata, or spinal cord that is stimulated, has been shown to
follow this rule :—

Rhythm of stimulus below 10 per second = museular rhythm identical.

Rhythm of stimulus at above 10 per second = muscular rhythm constant
and independent (Schdfer and Horsley).

Rhythm of stimulus about 46 per second = continuous muscular contraction
(Franck and Pitres).

(4) The museular curve of cortical stimulation is less sudden in its
rise and more sustained than the curve shown in subcortical stimula-
tion, and all voluntary muscular contractions show a similar rate of
undulation in the muscular curve.

Modifying Cireumstances.—The excitability of the cortical areas
is subject to great variation., Thus, different animals vary in the
intensity of stimulus required to produce the adaptive movement ;
and the same animal will vary from time to time as regards this
susceptibility, according to the conditions in which it is placed.
Severe hamorrhage greatly reduces or even abolishes, whilst
moderate loss of blood exalts, the excitability of these parts
(Munk, Hitzig). Prolonged exposure and stimulation rapidly
exhaust, whilst apnceea, and the deep narcosis of chloroform,
ether, chloral, and morphia abolish it (Schiff’), so that all animals
completely anwsthetised fail to reveal such excitability. So if the
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cortex be in a state of inflammatory irritation, its excitability
can be readily aroused by even mechanical stimuli, which in health
have no such effect. In new-born puppies, Soltmann obtained early
response to stimulus, of the corona radiata, whilst it was not until the
tenth day that he was able to obtain such ‘response by stimulation
of the motor cortex.

Funetional Equivalence.—Some authorities have inclined to the
belief that a process of funectional compensation occurs when
injury, disease, or experiment has removed a motor centre : that either
the opposite sound hemisphere, or even some other portion of the same
hemisphere, may assume the functions of the area destroyed. It is
undoubtedly true that centres bilaterally associated and least inde-
pendent recover soonest from a lesion of one centre, and are least
affected in the issue, as is indicated in the history of all cases of
ordinary hemiplegia ; but this can scarcely explain what we meet
with in experiments on dogs. Here it has been shown that if the
motor centres of one hemisphere be destroyed, the resulting hemiplegia
is soon recovered from, and if this were due to the substitutional
activity of the other hemisphere, ablation of the centres in the latter
would presumably paralyse both sides. This, however, is not the
case ; for, as Carville and Duret clearly proved, the reinstated power
of the limb first paralysed is not affected by the second operation,
The explanation is, therefore, not one of functional substitution by
another region, but is really due to the more automatic character
of the movements in these animals ; in other words, these movements
are far more dependent upon the activity of lower centres and are less
represented in psycho-motor or cortical realms. In man and the
monkey such movements are brought more under the control of the
volitional centres—they are removed, as it were, to a higher plane of
activity, are less automatic, more independent, and their removal by
disease or injury is followed by absolute paralysis of the opposite
members,

Phenomena of Electric Stimulation of Cortex.—Frofessor
Ferrier gives preference to the faradie stimulation of the cortex,
rather than the galvanie, since the first requisite is a stimulus of a
certain duration, and not the momentary effect of the opening and
closing of a galvanic circuit ; the latter also has the further objection
of inducing electrolytic decomposition of the brain-surface if its action
be long sustained, If the intensity of current be greater than necessary,
diffused stimulation occurs, so that neighbouring areas are aroused
into consentaneous activity.

Extra polar conduction has also been proved to occur by Carville
and Duret, as seen in contractions of a frog’s gastrocnemius, the sciatic
nerve of which rested on the occiput of a brain, the motor area of
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PART Il.—CLINICAL SECTION,

General Contents.—States of Depression —States of Exaltation —Fulminating
Psychoses—States of Mental Enfeeblement—Recurrent Insanity—Epileptic
Insanity—General Paralysis of the Insane—Alcoholic Insanity—Insanity at
the Periods of Pnberty and Adolescence— At the Puerperal Period—At the
Climacteric Epoch—Senile Insanity.

STATES OF DEPRESSION.

Contents,—Mental Depression Defined—Decline of Object-Consciousness—Rise of
Subject-Consciousness—Muscular Element of Thought—Failure in the Rela-
tional Element of Mind-—Sense of Environmental Resistance—Reductions to
Antomatic Levels—Sense of Effort—Restricted Volition—Enfeebled Repre-
sentativeness—Transformations of Identity—The Physiological Aspect—Defec-
tive Circnlation—Nutritional Impairment—Explosive Neuroses—Hunger of the
Brain-Cell—Painful and Pleasurable Mental States—Reaction-Time in Melan-
cholia—Degrees of Mental Depression—Clinical Varieties of Melancholia—
Simple Melancholia—Delusional Melancholia—Hypochondriacal Melancholia—
Melancholia Agitans—States of Mental Stupor—Stupor and Hypnotism—Acute
Dementia.

PaixruL mental states are of course normal under certain conditions
in health and sanity. As in the intellectual sphere it is but human
to err, so in the emotional sphere i1t is but human to suffer, and
to feel acutely : hence it is not the intensity of mental pain (although
this is often far greater than in healthy states similarly aroused) that
characterises this phase of disease, for if the anguish be the outcome of
commensurately painful circumstances, we regard it as but a natural
reaction. It is in the fact that the emotional storm is out of all
proportion to any exciting cause, that we recognise the departure from
the standard of health. It is essential, therefore, that we carefully in-
quire into theantecedent circumstances of our patient’s disorder, so as to
determine whether there are adequate causes to account for the distress
apparent—if so, there is but normal physiological reaction, and cerebral
function cannot be regarded as deranged. If, however, the mental
pain is the result of trivial exciting agencies, if moral or physical
agencies arouse emotional states out of all proportion to what would
occur in the healthy mind, then we infer that the grey cortex of the
brain is so far disordered as to functionate abnormally, and we speak
of the result as pathological depression. It is clear, therefore, that
our chief difficulty in distinguishing normal from abnormal states of
depression depends on our correct estimate of the correspondence
of emotional states and their excitants, due allowance being made for
special peculiarities of temperament. We cannot apply the same rule
to a callous, unemotional nature as to one refined and sensitive.
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In our search for adequate causes we do not confine our attention
to the patient's environment ; we must look for possible moral agencies,
such as shock, disappointment, domestic affliction, together with
physical agencies, such as injury, disease, privation, or, again, overstrain
of mind, or vicious habits of life—in all alike, the real causes are
centric, and consist in a disordered function—the incapacity of reacting
commensurately in the conditions in which the organism is placed—
in physiological terms it is a “disproportionately excessive” reaction.
“The melancholia which precedes insanity is distinguished from the
mental pain experienced by healthy persons by its excessive degree,
by its more than ordinary protraction, by its becoming more and more
independent of external influence, and by the other accessory affections
which accompany it” (Griesinger).® By one thoughtful writer it has
been suggested that melancholia might be spoken of as a homologous,
while mania and monomania might be termed heterologous affections. ¥
This, of course, would imply a quantitative and qualitative distinetion ;
but, since emotional and intellectual states may be disordered quali-
tatively as well as quantitatively, the parallel is scarcely applicable.
Emotional disturbances as the result of disease differ from the normal
reactions of health, not only in volume but also in nature : as Herbert
Spencer indicates, the correspondence may vary in two directions,
quantitatively and qualitatively, in degree as well as in kind.

With respect to the non-relational feelings—the appetites, pains,
&c.—Herbert Spencer says :—* Their great indefiniteness of limitation
and accompanying want of cohesion forbid unions of them, either
simultaneous or successive. Obviously, the emotions are characterised
by a like want of combining power. A confused and changing chaos
is produced by any of them which coexist.”j This very want of
relativity, this dissociability and absence of a tendency to form strong
coherent groups, at once account for the comparative difficulty of
estimating the degree of mental alienation in melancholia, as contrasted
with states of delusion, where we are dealing with definitely measurable
factors.

Simple pathological depression is ushered in by that failure in
object-consciousness which invariably inaugurates a corresponding
rise in subject-consciousness ; and which, we have reason to infer,
implies a diminished functional activity in those realms of the cerebrum
correlated thereto. The patient exhibits a growing indifference to his
former pursuits and pleasures: the ordinary duties of life and business
become irksome and devoid of interest : especially do all forms of
mental exertion cause ennui and distaste—the attention cannot as

* Mental Diseases, p. 210.

t Psychological Medicine, Bucknill & Tuke, 3rd edit., p. 440,
FPrinciples of Psychology, vol. i., p. 177.
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formerly be directed without undue effort, and so reading becomes
laborious and thought sluggish and monotonous. The environment
fails to call up pleasurable associations—a dreariness and gloom
pervade the outside world, since it is interpreted in terms of the
predominant feeling. All aspects of object-consciousness alike indi-
cate the mnegative state. There is a want of vigour in the
representation of the environment, and feelings aroused thereby are
at a low ebb,

Corresponding to this there is a rise in subject-consciousness,
shown in the prevalence of painful mental states—the predominance
of gloomy emotions. This is the positive aspect of the patient’s
mental state, and this aspect is the one which chiefly obtrudes itself
upon our notice. It is characterised especially by an all-prevailing
gloom, varying in degree from mild depression up to acutely painful
mental states. The subject may complain of vague anxiety—a feeling
of some impending evil—an indefinite prevision of coming sorrow,
which gives its own colouring to objective existences: he retires from
social converse, which but adds to his irritation and mental distress,
gives himself up to introspective states, in which he dwells upon
the present contents of his mind, broods over his morbid feelings,
and falls into long reveries, the subject-matter of which partakes of
the same gloomy colouring. He is hyper-sensitive over trifles, irritable
and impatient, or his querulous humour may alternate with sullen
silence and obstinacy. Even in this reticence and retirement from
social responsibilities, this growing apathy to all around or feeling
amounting to dislike or direct hostility, we recognise the origin of
that subjectivity, that egoistic state which, in more advanced affections
of the mind, conjures up delusions of encroachment and persecution.

In every case of mental depression we have this duplex state to
study—the negative affection of object-consciousness, and the positive
affection of subject-consciousness,

(Griesinger also asserts that forms of mental depression are due to
states of cerebral irritation and mental excitation ; but he apparently
fails to recognise the duplex nature of the phenomena in neglecting
the distinction between the two realms which comprise the totality of
consciousness. Thus he says:—

¢ Tn employing the term, *states of mental depression,’ we do not wish to be
understood as implying that the nature of these states or conditions consists in
inaction and weakness, or in the suppression of the mental or cerebral phenomena
which accompany them. We have much more cause to assume that very violent
states of irritation of the brain and excitation in the mental processes are here very
often the cause; but the general result of these (mental and cerebral) processes
is depression, or a painful state of mind. It is sufficient to recall the analogy to
physical pain ; and to those who imagine they make things better by substituting
¢ gerebral torpor’ and ¢ cerebral irritation’ for ‘depression’ and °exaltation,’
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odour, taste, or the pure sensations appreciated by the specialised
senses of sight, hearing, taste, or smell ; again, the loss may pertain
chiefly to the statical or primary attributes of the perception—
those of size, position, form. A wvigorous perception of these primary
or space attributes of body is dependent largely upon our * sizth” or
muscular sense. If, therefore, this sense undergo any diminution,
so will the space attributes of body become less vividly conceived—
the cognition ts but feebly produced. The sense of sight is pre-eminently
interwoven with the muscular mechanism involved in our perception
of objects : and, since the retinal field can only receive the impress of
these dynamic attributes of body by means of a musculature, which
rotates the eyeball and so disposes the visual axis suitably, the know-
ledge of such movements, comprising figure, bulk, and position in
space, becomes inextricably blended with these dynamic attributes.
There is little doubt that the refinal impressions are, in states of
melancholic depression, but feebly produced ; but whether the muscular
element of perception is first or simultaneously affected, is an enquiry
of special interest. And here we must distinguish between that portion
-of the muscular element which enters into our higher intellectual con-
cepts, and that grosser factor of the large musculature of the limbs,
de., which subserves the purpose of locomotion and coarse movements.
The sense of muscular contractions which forms the basis of the prim-
ordial ideas of form, size, position, lapses eventually in consciousness
as a pure sense of muscular contraction. With the larger musculature
this 18 not so : it is essential that the movements of the limbs, their
contraction, and tension should be exquisitely registered centrally, as
thereby alone can we gain an idea of their position in space apart
from the sense of sight, and appreciate the relative weight of objects
and the resistance offered by them, The unrestrained action of
these muscles signalises to our minds the absence of external resist-
ance, and the rise in the muscular sense which accompanies any
resistance opposed is the direct measure of such resistance. Similarly,
with the * muscularity of thought,” which in the normal state is
of free and easy play, the rise into consciousness of its primordial
muscular element means effort, and at once suggests to the mind
the same notion of resistance in the environment. It is obvious,
we think, that the muscular element is the first to decline: for
cases of intense grief, as from a sudden mental shock, are associated
with a notable contraction of this sphere, and space dimensions are
altered and contracted. This feature is one of importance, since it
clearly points to the decline of the more relational elements of

the perceptive process.

The_relations of bulk, configuration, and position are recogmsable only by the
intellectual operations of the mind, and it is this intellectual element which is
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earliest enfeebled. This follows, therefore, the inverse order n't‘ the Evulut-ian
of psychical powers. Muscular sense, which appears much 1511.\?1- in the ev.ulutmn
of the nervous system than do the general or the specialised E..E-nsu,tmns of
sight, hearing, &ec., is in morbid states the first to mccun::b. The {nfunt learns
to appreciate the colour of an object long before he has received the visual percep-
tion of its form, bulk, and position : he learns to recognise sounds ere the dll‘ﬂctll:.ll]
whence they proceed establishes the organised series of reflected chm:.tges in certain
nuelei of the medulla, which enables him to turn the head and localise the source

of such sounds.

Just as in the infant we trace the sensuous element of mind as
preceding in evolution the relational element, so, in dissolutions of
the nervous system in the insane, the inverse order is followed, and
the relational decline before the sensuous or “ primordial” sensations :
and, since a relation can best be defined as a state of consciousness
“ holding together other states of consciousness” (Herbert Spencer), so
individual conscious states become dissociated or unrelated. The loss
of such relational element implies a certain degree of intellectual
torpor ; but, as we shall have reason to see, the sense of volitional
freedom, which is probably an abstract product of the muscular sense,
must in like manner decline. Our vigorous perception of the outside
world depends largely upon vivid states of consciousness : our realisa-
tion of such related states by muscular sense and its derivatives may
be compared to a mental grasp of the environment: and, in direct
proportion to the vigour of such grasp, does our power over the envi-
ronment predominate, and the pesistance of the latter diminish. In
states attended by decline of the muscular or relation element of
mind, therefore, external resistance must be pari passu intensified, and
the apparent energy and freedom of the will restricted.

Let us analyse this component of ideation more thoroughly, and we
shall find that not only is every perception evolved from a series of com-
plex related states of consciousness, but that every concrete perception or
idea is attended by certain vivid primary states of consciousness and other
secondary component impressions which fail to rise into conseiousness,
or are more or less revivable or representative. Now such unconscious
components of an idea which we take, so to speak, for granted—these
lapsed states of consciousness, although they form an integral com-
ponent of the perception or ideal representation, are chiefly of mus-
cular origin. If, in every conception of a sphere, the roll of the
eyeball on its axis were induced, the objective origin of the perception
of its form would be evident: but, although such actual muscular
movements do not occur, yet the musculatures productive of such
movements have their centres innervated by each such perception,
Still, such innervation as a direct muscular state or sense of muscular
tension and movement fails, in health, to rise into consciousness—an
automatic play calls up vivid representation of form and figure without
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any consciousness of muscular action or strain. As before stated, the
frequent repetitions of the muscular act essential to the knowledge of
figure, position, &ec., have eventually resulted in a lapse of the same
muscular action in conseiousness.

If, however, delay occur in the production of such relational states,
the statical attributes of body will be perceived only after conseious
effort ; even actual muscular movement and the tension so brought
about for the realisation of more vivid conception of form, configur-
ation, and bulk, will give that sense of strange effort which metes
out to us the resistance of the environment. Do actual muscular move-
ments occur in the deranged states with which we are now concerned,
and does conscious effort thus arise upon planes which are normally
devoid of such feelings? The melancholic exhibits to a notable degree
the effort which it causes him to think, reflect, or attend to what is said,
or to what he reads. It appears to us that the true explanation is
due to mental operations being reduced in level so far as to establish
conscious effort in lieu of the usual unconscious operations, or lapsed
states of consciousness which characterise all intellectual processes. The
restless movements of the intellectual eye (in the artist, poet, &c.), as
well as those of the state of maniacal excitement, bespeak in the former
case the exalted muscular element of thought, and in the latter a highly
reflex excitability ; but in the melancholic these musecles of relational
life are usually at rest, the eye is fixed, dull, heavy, sluggish in its
movements and painful in effort, the eyelids are drooped, the limbs
motionless. The only muscles in a state of tension are those which
subserve emaotional, and not relational life, viz., the small muscles of
expression,

Hence, the failing vigour of representative states aroused in simple
perception or ideation, issues in the sentiment of objective resistance.
The environment encroaches pari passu with the failure of that faculty
whereby the mind projects out of itself, so to speak, an environment,
or revives in idea impressions received from the environment. It is
the motor element of mind which is here at fault—the relational
element of thought, since it is the space attributes of bodies which
are involved. Now, since in the appreciation of these attributes of
body (form, bulk, &c.) the subject is active and the object passive, it
results that the motor constructive element of the idea is the one which
suffers. In other words, failure in the muscular element of thought
has as its results on the subjective side, enfeebled ideation and the
sense of objective resistance,

With respect to the sense of resistance from the environment, it
is of interest to note its artificial production in the reductions of
consciousness by the agency of anwmsthetics. To any one who has
been anmsthetised, and who recalls his experiences, say, with nitrous
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oxide, it must be obvious how the environment crowds in upon one
more and more, and how the ego, or personality enslaven by its power,
fnally feels that thought itself is succumbing to its resistless advance.

Restricted Volition.—As in the sphere of perception, so when
taking into account consciousness in its totality, we likewise find the
same failure in those complex muscular centres, which, in their adjust-
ment to the environment, issue in what we term conduct. All
volitional acts categorised under this head are the resultants of many
factors, or rather the result of the struggle between many contending
forces. A certain line of conduct or a certain action being determined
upon, presupposes the representation in consciousness of the several
possible lines of action. This, in other words, is equivalent to saying,
that various feeble motor excitations are represented in consciousness,
and that the stronger the aggregate of excitations in any special direc-
tion, the more does it tend to issue in action, Volitional actions are
hence preceded by nascent motor excitations. Such excitations
ave the basis of the act represented to the mind in ideas which more
or less vividly precede the act as realised.

In this conflict volition may be enfeebled as the result of failure of
those initiative emotions, desires, and sentiments which are in abey-
ance in states of depression ; or it may be convulsively restricted as the
result of two opposing antagonistic forces, as when such groups of
motor excitations divide the attention between them, and the mind
sways from one to the other in hesitation and doubt; or, again, such
motor excitation as forms the impulse to action cannot be definitely
and strongly represented, and this enfeeblement of muscular represen-
tativeness issues in apathy and inaction.

A clearer conception of the resultant phenomena may be gleaned by
contrasting the voluntary and the involuntary or automaticacts. Inthe
latter, the ideal movements have lapsed in consciousness—the stimulus,
whatever it be, is followed so rapidly by the appropriate reaction that
the nascent motor excitations do mof rise into consciousness. The
start of surprise, the suddenly assumed attitude of self-defence, the
mechauical movements employed in conveying food to the mouth, and
the masticatory actions following thereupon, as well as other complex
though automatic acts, have no initial motor antecedent represented
In our consciousness ; yet all these movements are exquisitely co-
ordinated and rapidly executed.

In the enfeeblement of motor representations preceding volitional
acts during states of depression, the actions themselves, if performed,
are sluggish, mechanical, and devoid of normal energy ; and herein
lies the distinction between healthy automatism and these abnormal
states, The distinction is more important than at first sicht may
be apparent, for upon it hinges the explanation of the automatic
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freedom of maniacal states, which implies, as we shall see further
on, a grave and more serious reduction. The apathy and sluggish
reaction of melancholia appear in part due to this want of vigorous
motor representation ; the true characteristic of a normal and vigorous
mind is the vivid realisation in consciousness of the action or line
of conduct to be pursued—the ideal recognition of all alternative
lines of conduct by the contrasting faculty, together with the repre-
sentations of similar actions previously performed, with the result as
affecting the organism,

In normal states, each group of the feelings which we class as desires
and sentiments rapidly tends to swell the aggregate of its own motor
excitations : so rapidly does this natural attraction of *like to like " go
on, that the contrasting faculty whereby the result is obtained appears
often to act with incalculable rapidity by a process which Spencer
calls ““automatic segregation.” This process is impaired in
states of depression, and becomes sluggish, feeble, and hesitating. Those
faint summations of ideal movements which are aroused as the incitants
to volitional acts may mutually antagonise each other ; and their very
want of vigour will of itself neutralise that distinctive quality which
enables the one group to preponderate and overcome the other in
action.

To employ a figurative illustration—thus do we witness in the surging tide
advancing upon a rocky shore, two waves diverging at an angle; the one, receiving
fresh impulses from minor wavelets which take the same course, swells into a rising
crest ; the other, receiving no additions, subsides exhausted. Or, two such waves
of different size advancing the one upon the other, the higher, representing the
aggregate swing of numerous undulations, overcomes and carries with it the surging
elements of the weaker. Or, again, to illustrate the feeble representations alluded
to, let us picture the uniform ripplets advancing by thousands on the surface ; from
want of co-operation, each maintains its own distance from the other, no great con-
trasting aggregate of movement is formed collecting to itself stray pulses of force,
and hence all alike come to the shore with similar insignificant results.

Want of vigorous representation, enfeebled contrasting faculty of
thought, antagonistic tendencies, or, lastly, recession or restriction of
those feelings which normally excite to voluntary reactions may one
or all take part in that restriction of the ego which we speak of asa
restrained volition.

Here, again, we have suggested to the mind that resistance of the
environment which inevitably results where subject-consciousness has
a diminished range. It may at first sight appear contradictory to
speak of a fall in object-consciousness and a rise in subject-conscious-
ness as issuing in a sense of resistance from the object-world, and a
atate of enfeebled subjectivity : this is, however, the case, since the less
definitely the mind conceives of external realities, the less vivid their
representations—the wider the margin for doubt, suspicion, and ideas
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of encroachment from without. We fail to grasp the environment :
we do not know it, in the sense of measuring our strength against 1t—
and hence we ﬁﬂ?‘ 2t

So again, the enfeeblement of subject-consciousness pertains only to
that *faint aggregate of conscious states which the vivid aggregate
tends to draw after them into being” (Spencer), viz., the ideas con-
nected with the outside world, and the representation of our reactions
upon the same—hence the faculties of ideation and volition are im-
paired. Far otherwise is it, however, with the more sentient element
of the self-consciousness—that mass of bodily sensations, visceral,
muscular, articular, cutaneous, and the feelings and emotions and
sentiments which in the aggregate constitute the sentient or passive
ego—it assumes a concentrated and exaggerated intensity, and this
is what we refer to as the rise of subject-consciousness as distinguished
from the decline of object-consciousness : a truly self-analytie state.

Failure of Personal Identity.—If, now, we attempt to trace
further the decadence of mind, in progressive forms of mental disease,
we arrive at a very notable stage, and one of profouud import, when
the failure of object-consciousness is so far advanced as to lead to
alterations in the patient’s notions of his relationship to the outer
world, and to a confusion in his own identity.* A considerable differ-
ence is observable in these cases of confused identity, but the more
important distinetion appears to exist between—

(a) Cases of transformed identity associated with general feelings of
regard or good-will to the outer world, and a universal sense of well-
being, or, at all events, a complete indifference to the environment ;
and—

(b) Cases where, with the transformation of the ego, the environ-
ment or non-ego is also transtormed in the patient’s mind into a
formidable, encroaching, and persecuting foe ; whilst all its manifesta-
tions usually tend to call up a sense of repugnance and hostility. The
ego may exist as a double personality, each independent of the
other, or the one swayed by the other, and utterly dissentient in their
nature. We need not here deal with these minor differences, but
rather consider the development of the latter class, where the identity
1s transformed and the non-ego is estimated in terms of the malign.
Tt is well, perhaps, at once to state, that these latter forms appear to
us to arise out of the various melancholic types of alienation, whilst the
former are educts of the more purely maniacal affections.

How does this mysterious transformation arise? The ego is consti-
tuted by the vast aggregate of sensations derived immediately from the
body, which are a complexus of all grades of sensory manifestation,

* See on this point especially Ribot, p. 107-110; also Griesinger’s Mental
Dhiseases, p. 51 ; ¢f. Spencer, Sully.
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from visual and other special senses to tactual and general sense, as
well as the far less definite organic or visceral sensations,

All those ingoing currents which arouse, more or less definitely, our
knowledge of the existence of a bedy, its limbs, musculature, and
viscera, conjointly aid in the elaboration of the ego or personal identity.
But the ego is far more than this. We must associate therewith those
representations of the same, and moreover the */faint aggregate,” as
Spencer terms it, of states aroused by presentative cognitions of the
outer kosmos.

Our sentiments, ideas, emotions, as well as our memory of presenta-
tive states, all alike go to form that complex elaboration—personal
identity, which is severed sharply from the “vivid aggregate” known
as the non-ego—the physical in contradistinetion to the physiological
environment. Now, since in all normal states, the internal order
bears a definite relationship to the ‘“outer order” of things, when
either of these is profoundly disturbed, the identity tends to suffer con-
siderably, as indicated by Sully. We are all acquainted with transient
confusion of identity, in those waking states when we fail to realise
the impressions suddenly received from the environment; and were
the latter completely and suddenly transformed, we should fail to restore
immediately the balance necessary to re-establish our own identity.
S0, when the internal mechanism is deranged, and the orderly
relationship of inner to outer kosmos is confused, ‘personal identity is
apt correspondingly to suffer. We have already seen how this may
oceur in the progressive failure of object consciousness.

The failure to appreciate external relationships, again, is associated
with that gathering gloom, that sense of outward resistance, fear, and
insecurity of the non-ego already alluded to. Impressions from the
outer world fail to arouse the normal representative states of cogni-
tion, but aid in the welling-up of the emotional life of the subject, and
it is from this latter source that falsifieations of sense arise.

As subject-consciousness becomes more and more pronounced with
failure of object-consciousness, all impressions alike, received from the
non-ego, become the pabulum for the growth of an all-pervading
egnism. The subject broods over his multiform and novel feelings—
morbid introspection and egoistic musings replace the healthy altruistic
feelings and sentiments : and, since the emotional life is itself in part
the origin of representative cognitions of the outer kosmos, so out of
this sowrce there now arise falsifications of the environment,

The pervading gloom, the sense of objective restriction, and the
emotional states so aroused, attract to themselves like groupings of
ideas—* attempts at explanation,” as Griesinger has it ; and this
state progressing, tends eventually to the establishment of a new
nexus of ideas correlated to impressions received from without, in
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tion of a new-got freedom entirely effuces the enmity of the non-ego
from the mind. |

Like all sudden and extensive transformations of mind, the change
thus delineated must be accompanied, as Griesinger has indicated, by
great emotional disturbance, “asthe results of the conflict between the
old and the new.” He says, referring to the new sensations and
instincts which become generated :—

¢ At first these stand opposed to the old 1 in the character of a foreign thou, often
exciting amazement and fear. Frequently their forcible entrance into the whole
sphere of the perception is felt as if it were the possession of the old I by an
obscure and irresistible power, and the fact of such forcible possession is expressed
by fantastic images. But this duplicity, this conflict of the old I against the new
inadequate groups of ideas, is always accompanied by painful opposing sensations,
by emotional states, and by violent emotions.” *

It will be seen that we differ from the above statement, in regarding
the emotional perturbation not as the outcome of the “conflict between
the old and the new ego,” since it appears more in accord with the
sequence of the phenomena to regard the morbid emotional storm of
this period as being the direct origin of the newly-generated identity.

Reductions such as ensue from nervous dissolutions alone, can scarcely
explain the phenomena with which we meet: we must, in addition,
suppose a process of re-integration to ensue.

The level to which the mental life is reduced is still one of active,
nascent, mental life,t and, like all such nascent life, is accompanied by
much emotional disturbance. Even in these morbid minds there is no
reason to suppose that the same process does not proceed which we
assume to occur in profound sleep, where the re-energising in lower
planes, while the individual is for the time unconscious, still proceeds,
and so mental potentialities are unconsciously acquired. So also in
the monomaniac, though the activities be those of lower planes, still
they indicate developmental activities, and those groups of sensa-
tions and ideas are conserved which are the fittest to survive : irrational
as may be the beliefs, inconsistent the new concepts with the actual
truth, still, as Hughlings-Jackson indicates, they are the best possible
in the patient’s state of reduction. ]

* it Mental Diseases,” Syd. Soc., p. 50,

+ Dr. Hughlings-Jackson has repeatedly insisted upon the negative and positive
results of epileptic seizures.

+ We are prone, by the loose phraseology of common life, to regard the subjec-
tive as a permanent possession—to speak of our mind as a something beyond the
simple active contents of the moment and as the accumulated psychical activity
of our total existence: as if thoughts could be bottled-up permanently and
unchangeably. It is the material substratum of thought—the organised nervous
plexuses—which represents the permanent and the potential revivabilities of former
experiences, as Herbert Spencer says :—‘‘ Just as the external nexus is that which
continues to exist amid transitory appearances, so the internal nexus is that which
continues to exist amid transitory ideas.”—Principles of Psychology, p. 485.



THE PHYSIOLOGICAL ASPECT. 155

As the tide of intellectual life retires, so does it well-up into emotional
states ; but such emotional wave must have its rebound, and this 1s
expressed in the re-integration which pervades the mental organism
with fresh ideas and concepts ; and when such groups acquire a certain
definite cohesion amongst themselves, we have the genesis of a
new identity.

It is only at an advanced stage of dissolution that this transfor-
mation of the ego can occur—we may safely assert that extensive
connections between distant nervous mechanisms must be deranged or
dissolved, ere that failure of association of ideas could occur which
always precedes this morbid change. Fresh connections probably
arise, through the newly-forced channels of the emotional wave, and
new centres of internal cohesion are begot and evolve the fresh
association of ideas of the transformed ego.

And here we might note what we shall later on deal with more
fully—viz., those transformations of the personality which characterise
certain critical or climacteric periods of life—notably that of puberty.
It can readily be conceived how powerfully the mental life is affected
by the re-integration of the new encroaching sensations into fresh
instincts, desires, impulses ; or, as at the menopause, by the ablation, so
to speak, of one of the strongest instincts of the nervous constitution,
the sexual. Can it be a matter of wonder that, at these eritical
periods, the risk to the mental integrity should be great or that,
in many subjects, permanent damage should ensue? So interwoven
are these instincts with the whole fabric of mind, that a complete
transformation of the sentiments and feelings follows, as the result
of such incorporation. Obscure longings and yearnings, imperfect, in-
definite perceptions, emotional surgings which have no obvious origin or
purpose, characterise a period of perturbation of the mental life, which
may readily lead to misdirected efforts or morbid impulse and disease.*

The Physiological Aspect.—In dealing with states of mental
depression, did we attempt anything like an artificial division of this
class of the vesani®, it would appear to us more important to lay
emphasis upon the morbid processes to which they are traced, when-
ever such processes can with justice be assumed. It is clear that the
symptomatic indications of the so-called varieties of melancholia point
not so much to a fundamental distinction in their essential nature as
to one in their mode of origin: they indicate quantitative as well
as qualitative variations in the nutritive functions of the nervous
centres, and, hence, are roughly divisible into groups, comprising
those which arise from direct disturbance of the blood-current, and
those which are induced in the nervous tissues primarily.

*See on this subject the section on the ‘‘ Insanities of the Period of Pubes-
cence.”
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T'wo groups stand strongly contrasted here: the one, in which a
defective cerebral circulation is the more prominent feature ; the
other, in which an acute nutritional anomaly of the nerve-centres
expresses itself in still more unmistakable symptoms, A further
group may be constituted by the various qualitative variations of
the blood-plasma—toxs@mia, &c.—a group conveniently placed
between the two former,

D’Abundo has recently affirmed that the toxic and bactericidal
action of the defibrinated blood-serum is much increased in all forms
of insanity, except in mental depression, in whicl, on the contrary, it
is lessened. His experiments demonstrated the fact that some 10 c.c.
of serum to the kilogramme of ‘blood kills rabbits by acute intoxica-
tion. It by no means follows, however, that mental symptoms due to
the products of auto-intoxication should bear any direct relationship
to the toxic effect on lower animals of the blood-serum injected.
The effect of certain poisons administered to rabbits upon the nerve
cell and its histological constituents has recently been carefully
studied by Nissl, very definite changes being induced in the nerve
cells of the spinal cord and brain by such agencies as aleohol, morphia,
strychnine, lead, phosphorus, and arsenic.*

It will at once be evident that this is a very arbitrary grouping, the
one condition being often associated with the other—nay, evolved out
of the other. Thus, defective circulation leads eventually to grave
nutritional anomalies, so that the symptoms of the first group may
pass into those of the third, although the usual result is not its passage
into the acute but into chronic forms of nutritional impairment.
Again, quantitative and qualitative variations of the blood, affecting
centric nutrition, may co-exist, whilst such nutritional disturbance of
the nerve-centres reacts again upon their blood supply. Yet this
inter-dependence of functionally related systems, although it renders
any sharp demarcation into separate groups impossible, does not
impair the practical value of a division into the three groups, since it
always holds good that we may clearly distinguish those affections in
which the prominent indication is that of simple depressed circulation,
from a state in which the vitiated quality of the blood chiefly
appeals to us, and, lastly, from those grave affections in which
acute and chronic nutritional anomalies are the chief factors con-
cerned,

States of defective circulation will comprise all the simpler forms of
melancholia characterised by lowered cerebral activity. Excitations
from the environment do not arouse the normal reaction; they are
sluggishly transmitted, slowly elaborated, and wholly fail to react
with due vigour or purposive result. The registry of all impressions

* Rivista Sper. di Freniatria, vol. xviii.
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or terror; and the reaction becomes expressive of such emotional
states—restless movement and agitated demeanour replacing the former
negative condition. All this indicates impaired nutrition of the nerve-
centres, owing to the defective supply of blood : the nerve cells, im-
poverished, exchange their normal functional irritability for an exag-
gerated abnormal explosiveness, and fitful irregular discharges
replace the rhythmic outflow of the nervous discharges which regulate
the subordinate centres and relational apparatus of animal life.

These nutritional anomalies reach their climax in the third group to
which I have referred, the explosive or fulminating psychoses.
These affections are characterised by the suddenness and explosive
nature of the nervous discharge, which relieves the pent-up and
accumulating energy of highly unstable centres. In lieu of the
equable rhythm of discharge and repair, corresponding to the wants
of the organism, and adapting it to its environment, there is dispro-
portionate accumulation of energy ; the centres are brought up to a
degree of high nutritional instability, and the least excitant, however
trivial, may, like the spark to the fulminate, issue in an explosion of
serious intensity. The nerve pulse is irregular, fitful, intermittent.

This group comprises certain varieties of so-called impulsive
insanity—the homicidal and suicidal—the subjects of epileptic
neuroses, and affections arising at the climacteric cycles.

The cortical expanse of the cerebral hemispheres is certainly
the site of the highly representative and re-representative opera-
tions : a defective circulation here results in a genuine starvation
of the nerve-elements. How does this starvation betray itself?
In replying to this enquiry let us briefly refer to the physioclogical
appetites for food, &c., and parallelise them with the case in point:
we shall then find that all animal appetites are dependent upon two
essential factors :—

(a) The reception of peripheral excitations by a centric register.

(6) The supply of blood to this centre.

Thus, the sense of hunger is the indication of a want of this due
excitation of the peripheral nerves of the gastric mucous membrane ;
and for its alleviation the centres must receive lmpressions so
created, But excitation of the peripheral ends of the vagus, produced
by any mechanical contact other than by the ingestion of aliment,
temporarily suffices to restore the nutritive equilibrium of the nerve-
centres. The rhythmic pulse of excitations thus transmitted to the
centrum calls up the increased vascular flux associated with all brain
functionising—and thus, these two agencies combine to raise the
nerve-elements into their normal physiological condition of satiety.
The reinstatement of molecular equilibrium in the centric nerve cells
depends not alone upon the transmission of the physiological stimuli,
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but also upon the collateral flow of blood to the part. So—as regards
the special senses—the abolition of the usual afferent impressions
begets a condition which is truly a pathological hunger. Strikingly is
this the case with the sense of hearing : depression of spirits is a well-
marked phenomenon in suddenly-induced deafness, partial or com-
plete. The depression so induced we regard as a genuine instance of
sensorial hunger—as the expression of starvation of the nerve cells,
thus deprived of the normal ingoing currents,

Sameness and monotony of sensory impressions produce identical
states : and the want of “a change” is nothing more than the ex-
pression of this physiological hunger of the nerve-centres.

On the other hand, the more highly representative the special sense
faculty is in its evolution—the less dependent 1s it in this respect upon
presentative excitations ; and thus the sense of sight, when similarly
affected, fails to indicate in the same notable degree a corresponding
depression of the emotions—idealising or centric initiation so com-
pletely supplementing the loss that the results are far different : yet, if
the sphere of such operations is in itself implicated, if the nervous
mechanisms initiating representative processes are starved out by
deficiency of blood, then there is begotten a corresponding hunger of the
brain-cell. For, cerebral activity in these realms being restricted, as
shown in the poverty of active ideation and thought, there is an arrest
of diffusion-currents provocative of the pleasurable emotional states
which always accompany healthy energising of these centres. Corre-
sponding, therefore, to the dreariness of thought in cognitive realms,
we have in the region of feeling such painful mental depression
as accords with what we should term the hunger of the brain eell.

Again, those ganglionic structures which are the regulative centres
for the organs of vegetative life, subserve the wants of the system
through the agency of an inscrutable law of nutritional rhyvthm,
differing for each organ concerned : yet, whether we cnnside;r the
ganglia connected with the visceral sensations, or those which receive
epi-peripheral excitations, as those of the special senses—i.e., whether
the physiological stimuli are continuously received, or have intervals
of some duration, or, as in the case of the heart, are equable and
periodic—in all cases alike, the excitation of such centres depends
mt}ch in ifs degree upon a due supply of blood to the part ; unless
this be the case, the centre, exhausted by discharge and not renovated
by due nutritional flux, must lose in its excitability,

I@“urther, this exhaustion means a weakening of that associative affinity
‘:i'fhlﬂh aruuf:ea correlative centres, and which is the physical basis of
ideal association. In like manner, the directive agency of such ex-
hausted m:.l.nt-res must be enfeebled, and the blending of impressions
and associated states into the “serial line of thought” (Spencer)
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must be correspondingly enfeebled. As we shall see further on,
this weaving of the crude material into forms of thought becomes a
greater and yet greater ¢ffort : “ ganglionic friction,” as Romanes
aptly terms it, becomes arrestive of the higher processes of thought,
and this resistance in the intellectual sphere is associated with a
diffusion towards the more purely emotional sphere,

Painful and Pleasurable Mental States.—Since these states
form so important an element in conditions of mental depression and
exaltation, it will repay us here to summarise briefly our views as to
their nature,

Mental pain has been defined as the result of under-action or over-
action—its antithesis, pleasure, finding a place midway between these
extremes ; as though, we might say figuratively, an ocean of sluggish
waters and of stormy billows lay on each side respectively, with a mid-
region of rippling sun-lit wavelets. We think this definition fails—
under-action certainly leads to apathy and torpor—over-action to all the
various grades of painful mental states ; yet, the essence of this mental
pain is surely not over-action, but pent-up aectivity. Mental pain
varies in degree from mild indefinite gloom up to extremes of anguish
and despair, in which restricted volition is replaced by agitated and
frenzied movement. Now, immediately the sphere of object-conscious-
ness declines in functional activity, the minus quantity of the one sphere
becomes the plus quantity of the other; which, in physiological terms,
implies that ingoing nervous currents which normally would arouse
appropriate reactions in the intellectual and motor realms, become
diffused in the realms of feeling and emotion: what is lost for per-
ception is gained in feeling. The restricted accumulation of energy
is surely at the basis of states of mental pain. If we allude to such
states as the result of under-action, the under-action is distinctly that
of the higher planes, whilst there is a corresponding suirplus of activity
aroused in the subordinate planes of feeling and emotion. The so-
called states of over-action, again, are similar conditions more definitely
expressed—the over-action being that of the recipient, afferent, or im-
pressive sphere, with a corresponding under-action of the efferent,
intellectual, and expressive sphere—in fact, all grades of mental pain
are dependent upon over-action on the impressive and restricted
activity on the expressive plane.

In normal states, ingoing currents, or impressions centrally initiated,
are translated into realms of motor activity or high intellectual phases;
in states of mental pain, such translation is restricted, and such
activities expend their energy in those diffused spreading discharges
which are the correlatives of emotional conditions.

We find pleasurable states invariably associated with the translation
of feeling into thought and action: we likewise find painful mental
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Fig. 18.—Reaction-Time Apparatus.

The above represents the apparatus as subsequently modified for obtaining a
protonged reaction-time. It will be noted that four graduated rods take the place of
a single rod ; that each rod is suspended by an electro-magnet tosecure silent release,
and that the six Bunsen cells (quart) supply the current for working the electric
signals, the upper series of magnets, and the electro-magnet for the clamp. The
simpler form of apparatus—devoid of the extra rods, battery, and foot-board—was
the instrument mainly used for the results given throughout this work.
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certain forms present themselves, having many features in common of
sufficient distinctive value to constitute them arbitrary varieties for
the purposes of systematic study: such so-called varieties, however,
it must be understood, are by no means other than purely artificial or
arbitrary divisions, which are nevertheless essential for the orderly
grouping before the mind’s eye of what otherwise would form but a
chaotic and confusing assemblage of facts,

It is thus we hear of a purely affective melancholia, in which the
emotional or affective sphere is chiefly at fault ; and of a delusional
melancholia, in which the intellectnal or ideational sphere suffers.

Whilst fully recognising the utility of such grouping—whereby we
keep in view the more notable affective implication in the one case,
and the more prominent intellectual perversion in the other—we must
insist that the student is here likely to fall into the serious error of
regarding such arbitrary divisions as the negation of a principle which
we regard as one of the greatest importance in our studies of insanity
—viz, the universality of implieation which characterises meutal
disease.

By this universality of implication we do not mean that all mental
faculties suffer alike in extent or degree—this would be obviously
absurd : but, that however prominent and obtrusive may be the
implication of any special faculty—however limited at first sight may
appear the derangement, further investigation shows that the mind in
its totality has suffered. The psychological aspect of mental depression
presented to the student in the foregoing remarks, will have prepared
him for the recognition of this fact of the universal implication of the
mental sphere in cases of morbid depression—as subject-consctousness
rises in intensity, so he has learnt to appreciate the wane of object-
consciousness. It matters not how mild the form of pathological
depression—how slight the degree of mental pain—object-conscious-
ness invariably presents this corresponding enfeeblement: but this
latter feature has to be carefully looked for, whilst the former is the
obtrusive and prominent indication of the derangement.*

We do not here allude to delusional perversions, but simply to those
minor grades of failing representativeness which we have already
traced in the sluggishness and poverty of ideation, its lessened vigour,
and the dubiety of mind respecting objective existences, which, later
on, culminates in delusions of suspicion, When we consider how, in
transient functional disturbances falling far short of pathological
depression, we find a gloomy emotional tone associated so frequently

with a morbid suspicion, bordering at times upon actual delusive
| inconsistent, irrational misjudgments of our fellow-men and

states

* These considerations sufficiently indicate the fallacies of implication to the
student’s mind of the term partinl as contrasted with generalised insanity.
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ponderance of the one or the other factor that we distinguish between abnormal
mental states.

Simple melancholia, therefore, really embraces those states of morbid
depression in which the painful emotional element of mind preponder-
ates to the exclusion of disorder of the more relational element ; or, to
be more exact, where the disordered feelings by their intensity and
obtrusiveness overshadow any slight intellectual disorder which may
be present. Definite delusional states, therefore, are evidently excluded
from our definition ; reason still asserts herself; there is no enfeeble-
ment of memory ; volitional control is not withdrawn. The cerebral
dissolutions which such states of melancholia imply tend certainly
towards a lower level, towards more complete dissolutions—and the
psychical expressions then vary with it to those of disordered reason,
memory, and will : yet, for purposes of clinical study, it is convenient,
although this tendency be obvious throughout the attack of insanity,
to fix the mind’s eye upon the affective disorder.

The subject may long have struggled against the gradually increasing
depression, and may have concealed his actual state from the notice
of relatives or associates—any undue reticence, absence of natural
buoyancy, or change in demeanour being usually explained away
upon any other grounds than those of mental implication: and thus
the barrier between simple functional disturbance and a genuine
pathological process is passed without notice. A universal gloom
pervades his mind, and a distaste for all previous avocations and
interests declares itself: exercise and all forms of recreation no longer
appeal to him, and a dull uniform level of indifference is engendered
towards the outside world. Life has lost its freshness—Nature pre-
sents him with no delights, and whatever there be of beauty or
happiness or gaiety around, but serves to emphasise his gloom as he
feels their want of kinship to his nature. With still greater emphasis
can he say with Nature’s poet::

““ But yet I know, where'er I go,
That there hath pass'd away a glory from the earth.”

Retiring into the solitude of his own self-consciousness, he broods
abstractedly over his alien state—fully cognisant of the nature of his
malady ; often dreading to reveal his condition to those most interested
in his welfare.

But though the object-world has lost for him its pleasurable
aspects, and thought and feeling with regard thereto are laboured,
restricted, and wanting in vigour—yet subjective states of introspec-
tion, of self-analytic activity are keenly dominant, and this self-
inflicted torture grows apace as sleep is lost, as defective appetite and
sedentary habits of life still further retard the processes of nutrition
and repair, and sap the foundations of his mental vigour.
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and self-reference that genuine hypochondriacal insanity differs from
the hypochondriacal stage of delusional insanity—i.c., of the pro-
gressive systematised insanities: in the latter, as we shall see later
on, the reference of the subject is invariably to the environment ; the
cause of all his misery is outside, and in lieu of the craving for
sympathy, a hostile feeling is rapidly engendered.

Occasionally, the morbid epigastric sensations induce unnatural
cravings, as is the case with hysteric subjects: we have known the case
of a female hypochondriac advanced in years, who, in this state, cleared
away gradually a square yard or more of plaster from a wall by con-
tinuously swallowing small fragments, ere the cause of the disap-
pearance of the plaster was detected. This same patient subsequently
took to pulling out the hair of her head and swallowing it ; by this
means, she had become on two occasions completely bald over the
scalp: ere she died, she manifested the still more revolting habit
of devouring excrement. Yet, this woman even declared she
had ne body, and would moan piteously for hours at her forlorn
condition.

Another aged hypochondriac would restlessly pace the rooms and
corridors of the asylum day by day, bleating like a goat in distressful
tones, a picture of abject misery. He had been fed for months together
twice daily, but his evening meal, purposely concealed on a scullery
shelf by the attendant who had discovered his weakness, he would
always secure and drink surreptitiously; yet he could never be
induced to take his other meals by a similar stratagem. In these
cases of chronic hypochondriacal melancholia in advanced age, dementia
progressively advances and no recovery is to be anticipated.

Suicidal tendencies are presumed by the friends to exist in all cases
of hypochondriacal melancholia, and we frequently hear of attempts at
strangling, hanging, drowning, or other measures in which we may
fairly conclude that a bona fide suicide was not the patient’s object, but
rather a morbid wish to attract attention to his case: in fact, these
subjects very rarely make such attempts within the walls of an asylum.
‘Occasionally, however, as the outcome of alcoholic intempérance, we
meet with a form of melancholic hypochondriasis, which, once recog-
nised, will not again be readily overlooked: it is one of hypochondriacal
delusions associated with extreme enfeeblement of the will, and des-
perate impulsive conduct is its invariable accompaniment (/. £, J. §.).
.Such cases are highly neurotic by heritage.

(d) Melancholia Agitans.—We have referred to delusional forms
of melancholia as a deeper reduction than the simple affective form :
now such cases of delusional insanity frequently exhibit acute symp-
toms*—i.e., restlessness, incessant movement, insufferable anguish, and

* Acute in the sense of intensity, not of duration.



MELANCHOLIA AGITANS. 177

every indication of an agonised state of mind—these forms of acute
melancholia are still deeper stages in reduction: they are in every
sense an approach to the maniacal reductions. By melancholia agitans,
we do not indiecate this acuteness or intensity of mental pain, for the
actual pain is often far more superficial in character than might at first
sight be appavent: but we denote by this term the prevalence of a
motor agitation, which, in like manner, approximates to the
maniacal states. Such forms of melancholia may bhe of short, but
usually are of prolonged, duration, even lasting over several years
they may form but a stage in any mental disturbance, or may charac-
terise the case throughout, to its termination in recovery, in dementia,
or in death. Dr. Fleury recognises the intensity of suicidal pro-
clivities, as well as the unfavourable prognosis of agitated melancholia
occurring at the climacteric in women ; he also draws attention to the
frequent association of such disturbance with drinking propensities.*
The patient is quiet only when asleep ; rocks her body to-and-fro, or
paces up and down the room incessantly ; the hands are in constant
movement, grasping the head, tearing the hair, rubbing the chest,
picking the skin until it bleeds, biting the nails, tearing or disarrang-
ing the clothing—or huddled in a corner, her face buried in her hands.
she sways to-and-fro, lamenting her fate in loud sobbing or ejaculations
sufficiently expressive of mentaul distress. . Almost invariably the
delusive ideas from which she suffers are prominent from the first—
her soul is eternally lost; she is cast out from God and the world ;
she is disgraced, or has brought ruin upon herself and family.
Hallucinations do not appear to prevail in this form—they may
have occurred as a prelude to this stage of reduction, and in their
recall may constitute material for delusive ideas. The hypochondriacal
forms which we have just studied may exhibit this state of motor
agitation at different periods of its course. Let us take as our illustra-
tion of this form of mental depression the following case, where, after
an onset of acute melancholic reductions and grave moral perversions,
the patient passed into this chronic stage of melancholia agitans :—

8. A. A,, aged 52, and married. The medical certificate runs as follows—
*“ Will not leave her bed, rocks herself about, moaning and repeating that she is
doomed to go to hell. Says she can see the flames of hell before her eyes : that it
is of no use eating or doing anything in the house, as she is hound to go to the bad
place.” Her daughter states that patient got out of bed to strike her, and said :
*“ I could tear you all to pieces: all my love is turned to hatred.” Here, then, we
have a case of acute melancholia, utterly unfitted for home treatment—tortured
by hallucinations of the senses, and delusions based thereupon: also by impulses
to *:.riolenca——“l could tear you all to pieces”; and grave moral perversion, as
indicated in her confession to her daughter—*“ All my love is turned to Imtrc'd."

* “ Clinical Notes on agitated Melancholia in Women,” by Dr. E. L. Fleury,
Journ. of Mental Science, July, 1895, p. 548,
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These impulses, if neglected, would just as readily issue in a suicidal act. They
indicate extreme instability of nerve-tissue, and the explosion must oceur in some
form of suicidal, homicidal, or generally destructive conduct. The patient had a
similar attack of three months' duration, some twenty years ago, occurring after
labour, She has had considerable anxiety caused her by a drunken husband, who
has squandered all his means, and lost much property. A brother of the patient
hanged himself.

The acuteness of the patient’s symptoms rapidly subsided after admission, but
she still remains the subject of continued melancholic agitation., She is mast
demonstrative in her conduct and obtrusive in expressing her mental ailments,
Her states of mental pain no longer well-up into explosive outburst—in impulses
towards self-destruction, &ec. ; but, on the other hand, obtain continuous relief
in motor agitation and querulous complainings. There is no pent-up energy
here as in the case ff. T.. it seeks and obtains relief in incessant garrulity,

There is here undoubtedly a frittering away of nerve-force from ill-
conditioned cortical areas; but there is a vast distinction between such
states and the genuine agony of mind apparent in acute melancholia. In
the former, one is more struck by the continuous self-analysis, incessant
introspection, and the fascination which the revelation of such states
to others seems to possess for such patients: by the voracious appetite
exhibited, and the maintenance of good bodily health, despite all this
apparent distress. This accounts, in fact, for the chronicity of the
case : for nearly four years this melancholic agitation has been main-
tained, and so far from exhaustion ensuing, the patient is well-
nourished and robust. In fact, the painful mental state is far less real
than one is inclined to imagine—the symptoms falsify the actual
state : her utterances are but formul® from frequent repetition.

We recall one patient, the subject of chronic mania, who would
meet one every day with a lugubrious expression, and the remark :—
“I'm going to be burnt to-day—I'm going to be burnt: they are
building a huge fire in the park, and they are going to roast me on it.”
When questioned, she would enter into minute details of a horrible
crime which she imagined she had committed, in which she had
poisoned fifteen children with corrosive sublimate : would describe
how she deceived the mothers: how she ‘watched the little brats
partake of the poisoned meal, and wriggle about in their agony.”
Then she would grin maliciously or shake with laughter, ending with
her accustomed formula—* I'm going to be burnt to-day.”

Such cases impress us with the superficial nature of what often
leoks at first like profound mental pain; we must remember the
peculiar cunning of the insane, who are always observant of the effect
which they produce on the mind of the observer, their fondness for
mimicry, extravagance, and distortion.
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of discharged centres, and find no parallel in states of stupor where the
dormant intellect is shown by sluggish motorial reaction, fixation, and
immobility.

We frequently observe, both in epilepsy and general paralysis,
instances of suddenly assumed stupor, often of long continuance and
not necessarily preceded by any obvious motor discharge or convulsion:
undoubtedly, in these cases, there has been discharge of unstable grey
matter from sensorial realms of the cortex,

Thus, a case of tabes dorsalis associated with mental symptoms has
shown us this feature; whilst a similar case of insanity in a tabetic
subject has, on the other hand, presented the post-convulsive stupor.

States of mental stupor may be variously induced thus—

(@) A mental shock, such as the sudden commotion caused by joyous
or painful news in a high-strung sensitive subject, may have the effect
of inducing such conditions of stupefaction : the acceptance of this fact
is sufficiently attested to by such conventional phrases as * transfixed
with horror;” “ petrified by the scene;” *dumb with terror;” &ec., &e.

(b) Nervous discharges from tracts of unstable cortex, as in
epilepsy and general paralysis, lead to mental stupor through exhaus-
tion of the centres so discharged : much here depends as to whether
the centres so discharged have few or many sensorial or psychical
correlatives.

(¢) Other influences leading to exhaustive expenditure of force—
exhaustive drains from the system—e.g., phthisis—the vicious habit
of masturbation.

- (d) Acute forms of insanity are prone to be followed by stupor.

(¢) Bromism, in like manner, whilst affecting the peripheral nerves,
reducing the excito-motor functions of the spinal cord, and inducing
torpor and sluggishness of secretions, leads to a loss of centric energy
resulting in stuporose states: and other toxzmiz have a like effect.

We must carefully distinguish these forms of stupor from the
stupidity induced through obstruction of the nasal passages described
as aproseria nasalis by Gay ; adenoid growths will here cause such
obstruction to the lymph flow from the cranium as to induce much
heaviness and stupidity, a vacant expression, a wandering gaze, a
thick pronunciation, an open mouth from imperfect respiration, and
dulness of hearing (Victor Lange).* The removal of such growths
often leads to a rapid and marvellous change in the mental life.

Cases of stuporose insanity may be studied with advantage in con-
nection with those exceedingly interesting conditions of hypnotism,
which the researches of Mr. Braid, Dr. Carpenter, and more recently
Heidenheim, Charcot, and Richer have revealed to us; and which
now assume a more intelligible form as the phenomena become investi-

* Centralblatt fiir Nervenheilkunde, Marz, 1893.
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here certain prevailing features in the state of stupor and hypnotism,
80 as to indicate more clearly any physiological or psychological relation-
ship existing amongst such groups of symptoms.

Mental stupor approximates more closely to the cataleptiform type of
hypnotism, rather than to the truly cataleptic type. The subject is
not, as in the latter state, accessible through the special or general
senses, and suggestion through these channels fails to elicit responsive
movements ; but, on the other hand, it does appear that the mind is
often the subject of dominant ideas imposed through external agency,
and that the cataleptiform positions which the body and limbs may be
made to assume, can be plausibly explained on the principle of sugges-
tion through the muscular sense.

Yet, the patient in these states of stupor is not asleep, nor does
massage or kneading resolve the rigid muscles which have assumed
the cataleptic state. Herein, then, we see how the subject approxi-
mates to, and how far he differs from, the hypnotised individual. It
must be added, that these clinical forms are by no means grouped
together as suggestive of identical pathological states—the patho-
genesis may be wholly distinct for each class.

The fixation of the limbs in artificially-imposed postures, would
seem to indicate a dominant notion of the necessity for preserving
such a posture, illustrating the obedience induced to external agencies
whereby the will is subjugated—the subject’s attention being reached
principally through his muscular sense.

The greater depth of reduction in these states of stupor is attested
by the fact, that suggestions by command fail to elicit such trains
of ideas and resulting movements as the hypnotised will present.
Closing the fists and advancing the arms of a hypnotised individual,
and placing him in an attitude of defence, will often bring about
fighting movements in reality (Cargenter); and muscular posturing
will elicit the associated mental states of which it is normally the
expression. This, of course, does not occur in cases of genuine stupor,
or the more profound reductions of ““acute dementia.”

We see, again, simple forms of hypnotism in which the sole muscular
anomaly consists in an inability to open the eyelids or the mouth :
parallel states of mental stupor present themselves in which the same
features prevail.

H. 8. L., aged twenty-six, a married woman, with two children ; the youngest,
an infant, aged nine weeks, was weaned upon the outbreak of mental symptoms
six weeks ago. No history of inherited insanity, neuroses, drink, or other
vice. The labour had been natural in all particulars. On admission, she had
a very vacuous expression: ‘‘stared round the room in a vacant manner: was
wholly inattentive to what was said, and very rarely spoke. When questioned
she usually remained silent, even though the query was repeated many times,
and efforts were made to rouse her attention ; or she repeated the concluding words
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subjection to the engrossing delusion, This concentration of the mind
upon one painful idea, which sways like an autocrat the whole organism,
has been figuratively alluded to as a “ crystallised delusion”—body and
mind are crystallised around one morbid idea. Such patients often
resist powerfully any attempts at feeding or other interference, and the
refusal of food is sometimes most persistent,

Then come sudden, fitful gleams of mind at times; a rapid, hurried
utterance, with as sudden a relapse into silence and self-absorption :
or a sudden, mad attempt at self-destruction—an impulse, the direct
result of the painful mental state. One should ever bear in mind this
suicidal tendency in stuporose melancholia ; it is a constant danger to
be feared, and all the more since the apparent stupor is more that of
bodily activity, and one is apt to forget that the mental state is often
one of intensely acute and painful strain, most liable to explosive acts
and impulses towards self-inflicted violence : all such suicidal attempts
in this disease are frantic and determined in the extreme.

The following is an instance of permanent mental enfeeblement
resulting from stuporose melancholia of long standing :—

H. T., short of stature, slight in build, and thin, was admitted at the age
of twenty-six. She is a married woman, of steady, temperate, industrious habits,
and was suffering from her first attack of maniacal excitement, the onset of which
occurred a week ago. No predisposing or exciting cause could be ascertained for
her attack.

Shortly after admission she became violently excited, and apparently ‘in great
terror and suspicion of all around. After a short remission of this excited stage,
she became depressed, apathetic, and torpid in appearance. She would stand or
sit in one position for hours, gazing vacantly before her—nor could she in any way
be roused from this abstracted state. The catamenia have not appeared since her
admission. Ten weeks after admission, her mental condition had so far improved
as to permit of her attending Church service and entertainments; her bodily
health also was considerably better. Shortly after this it is noted :—She is in a
state of profound reverie—mental state apparently one of painful tension: fixed
as though petrified to the seat or floor, her gaze is one indicative of intense self-
abstraction and the prevalence of some delusional idea which dominates her whole
life, and which now frequently issues, without any warning, in sudden, impulsive,
and most frantic attempts at self-destruction, by throwing herself violently on the
floor, or dashing her head against the wall. She would then lapse into a cata-
leptic state, in which her limbs might be made to assume any position for a
lengthened period—her aspect trance-like, her expression indicative of intense
and painful mental concentration : no vacuity, nor any appearance suggestive of
dementia. Five months after admission, the painful mental state had subsided,
but there was much stupor, with, however, occasional gleams of intelligence—
transient recognition of her surroundings. She could not be induced to employ
herself ; was found one morning in a fixed attitude in the centre of the laundry
wash-house, and on being questioned, said she was ‘‘at the Midland Station
awaiting the down train.” She was very pale and an@mic—there was amenorrheea.
She now takes iron and arsenic in mixture : subsequently altered to iron and aloes.

On June 6, 1883 —She cannot he persuaded to employ herself : still at times
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dementia, i.e., of destruction of function : much of this is truly due to
simple, though profound stupor—we can only judge of the amount of
actual destruction of function upon the patient's so-called recovery.
We find that this statement applies to all forms of dementia : all alike
are liable to a certain admixture of stuporose states, which appear to
emphasise the degree of abolition of mind—but which, dissipated by
rousing the patient, indicate to us no such profoundly inactive con-
dition as we should at first sight be inclined to predicate. In severe
cases of acute dementia no such rousing can be induced, and upon
restoration to more active function, the mind of the subject still fails
to recall much (if anything at all) that has taken place throughout the
attack.

The following is an interesting case of this primary dementia,
occurring in a young girl at the West Riding Asylum :—

A, J., who is now twenty-two years of age, was admitted seven years ago in
a state of partial stupor. She had been regarded as imbecile from birth. Had
never been able to read or write: although troublesome, she had not proved
vicious, dangerous to others or herself, or of destructive habits. Had not suffered
trom epilepsy., Her family history was free from insanity, apoplexy, epilepsy, and
phthisis. Patient had never injured her head. Quite recently it was recorded that
she had become silent, gloomy, stupid, standing about staring vacantly before her ;
her habits were degraded—required compulsory feeding. At times it was recorded
that she appeared in terror, and behaved as though she saw and heard imaginary
objects about her. Upon admission there was much stupor : she remained per-
feetly mute to all questions, and her conduct did not lead one to believe that she
appreciated either spoken or pantomimic language : a slight inarticulate cry alone
escaped her. Facial conformation of low type—expression heavy, torpid. She
showed a slight cataleptic fixity of the body and limbs at times : the limbs were
cold and bluish. She was quite helpless, of dirty habits, and had to be clothed
and fed.

The stupor rapidly passed off, and she was found to be a lively, good-humoured
girl, very childish and imbecile, however, but able to speak in broken utterances.
Became active, industrious, and cleanly : she was somewhat boisterous and excitable
in behaviour at times.

In August, 1882, it is noted :—She has become heavy, apathetic, apparently
demented ; is negligent in her habits, never speaks, and requires all her bodily
wants to be ministered to by others ; she slavers at the mouth, extremities are
cold and livid ; catamenia have not occurred for six weeks. Is led about readily
and exercised. :

On the 11th of September she suddenly spoke to some patients, calling them
by name, and remarked upon the beauty of some flowers near her. She then
relapsed into her former heavy, drowsy state, and so remained until the 2nd of
December, when she recovered her speech and mental powers as suddenly as they
were annulled, and immediately began working in the wards. She was, however,
flighty and excitable, and on the 9th of this month it is noted that she *“is
extremely excited and destructive, giving much trouble—is mischievous, dis-
orderly, and violent "—for which attack she was treated by 1 grain doses of
hyoscyamin, and also by bromide with Indian hemp.

During the year 1883, she had repeated attacks of stupor which were charac-
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terised by their sudden onset and rapid relief ; but, in all cases alike, a stage of

maniacal excitement followed upon the stupor. In these attacks of stupor she
stands about in a stooping attitude—motionless unless led ; does not resist ;
head droops, the face is expressionless, and saliva runs from the partially open
mouth ; the pupils are widely dilated, the arms hang helplessly, the hands and
feet are cold and livid. She has the aspect of one whose mental faculties are in
complete abeyance. She remains where she is placed, and no voluntary movement
is initiated —moves a step or two when pushed, and there remains motionless until
again moved by others. She never attempts to feed herself, nor does she resist the
efforts made to feed her, but swallows the bolus when introduced into her mouth :
she is wholly inattentive to the state of bowels and bladder. The subsequent
attack of excitement on return of partial consciousness was invariably of the same
character—loud, hilarious, boisterous merriment, mischievous propensities, and
occasional vicious conduct : she was also destructive of clothing, and wilfully
destroyed glass and ornaments. Upon the reinstatement of her former mental
health, she never could recall any experiences of her stage of stupor, although
frequently questioned upon this point. The last attack of the kind occurred on
the 15th of May, 1885, and her mental faculties did not clear up until the 20th of
November, a period of six months.

In such cases, we do not find the subject prone to sudden, wild
outbursts of maniacal or melancholic frenzy, such as we found pre-
vailed in stuporose melancholia—to active and desperate attempts at
self-destruction, followed by as sudden a lapse into the stuporose state.
The condition of mind is distinet in the two affections : in the one
(the melancholic) it is strained and ever prone to explosive outbursts,
in the other (the demented) oo feeble to initiate any such attempt.

The maniacal outbursts characterising the last case detailed, were
really upon the road towards a restitution of the normal state of
mental health : as the stupor lifts, so the maniacal reductions come to
the front, ere the subject is restored to her former self. And yet, not
to her former self, for a passage of her life, as we see, is completely
obliterated, and the mind is a blank to the events of each attack,

The apathetic passivity of such cases also contrasts strongly
with the resistance, and often violent struggling, offered by the subject
of melancholia cum stupore. The blank, stupid, idiotic stare, and the
utterly demented expression, are likewise very different from the aspect
presented by the latter affection, where mental tension is very evident
in the pained look, which sometimes is varied by gleams of transient
ecstasy. Cataleptic fixation of the limbs is a frequent, but by no
means invariable, accompaniment of acute dementia.

Some subjects of this disease are, according to Dr. Blandford, in
incessant movement : “ One girl used to snap her jaws together for
-:il.ays at a time, and then changed to wagging her head from side to
side.” These are the less profound instances of reduction.

The heart is feeble, and there is great torpor of circulation—the
hands and feet being cold and livid to an intense degree. Such
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STATES OF EXALTATION.

Contents. — Maniacal Reductions—Failure of Attention—Enfeebled Synthesis—
Transient Delusive States—Exalted Sense of Freedom—Impulsive Conduct—
Nocturnal Crises—Seclusion Fosters Hallucination—Sexual Illusions—Stadium
Melancholicum — Enfeebled Imagination —Bodily Symptoms— Periodicity of *
Maniacal Phenomena—Acute Delirious Mania.

Viewed from the clinical aspect, cases of mental depression chiefly
impress us with the prevailing feature of mental pain ; although, as
we already have seen, mental pain is by no means an essential element
in states of mental depression. The latter term to us connotes far
more than simple melancholic pain, since we regard all cases of simple
intellectual torpor, morbid apathy, and states of simple stupor (all of
which may be devoid of painful emotional states) as comprised under
the category of states of mental depression. In like manner, although
we may take the prevailing emotional tone, the exuberant flow of
thought, and the general objective indications of maniacal excitement
respectively, as characterising states of mental exaltation, we must
remember that any one of these indications may be variably pro-
nounced, or even suppressed. We should, therefore, carefully define
to our minds the connotations of these respective terms—exaltation
and depression ; and we shall then learn that the more arbitrary, nar-
row, and exclusive our definition, the less readily do we perceive that the
one is the converse of the other; and that the freer our definition
becomes, so as to embrace all mental operations within its limits, the
more readily do we find in the infinite varieties of hoth classes, states
in the one which are the exact antitheses of states in the other.

It is, however, of far greater interest to recognise, in the morbid
process which underlies these states of mental exaltation, that the
process of reduction is usually more sudden in its onset, more rapid in
its course, more intense, and the level reached always lower than that
of simple mental depression.

Mania is far more prevalent than other forms of insanity amongst
the less civilised races of mankind; thus the percentage of mania
amongst the Kaffir race is given at 67, and melancholia is distinctly
rare, and not acute (G'reenlees). In reference to this interesting fact
Dr. Greenlees writes :—* If we consider the theories of those who
maintain that while mania represents a loss of the lower developed
strata of the mental organism, melancholia indicates an absence of
the higher and latest developed strata, then this prevalence of mania
amongst natives of low developed brain-functions goes far to prove
this theory.”#*

* ¢ Tnsanity amongst the Natives of South Africa,” by T. Duncan Greenlees,
Journ. of Mental Science, vol. xli., p. 72.
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In states of mental exaltation, we also trace the same failure in
object consciousness, with the corresponding rise in subject conscious-
ness, which states of mental depression present, but how different are
the features of the two viewed in contrast.

Here we have in the welling-up of feeling, pleasurable emotions
in place of painful states; a general sense of well-being, exuberant
joy, excessive hilarity, an overflowing of the spirits in generous
impulses, an egoistic self-confidence—all strongly contrasting with the
grim foreboding of coming evil, the gloomy aspect of the present, the
sorrows of the past, the sense of the subject’s Lelplessness before an
encroaching and malign environment. So also in the rapid flow of
thought—disconnected, incoherent as it is—expressed in rapid utter-
ance, associated with restless movement, energetic pantomime, and a
sense of utter lawlessness (often issuing in reckless conduct), we have
a striking contrast to the sluggish ideation, enfeebled imagination,
apathy, paralysed energy, and restricted movement of the melancholie,

Yet, fundamentally distinet as these mental states would appear to
be, we have little doubt that the process of reduction is the same for
both ; but in maniacal states the dissolution is to a greater depth—
the difference is one of degree.

All maniacal conditions are pre-eminently distinguished by a failure
of attention or of the capacity for serial thought, and a rise of the
purely sensuous in place of the intellectual operations—in fact, the
latter are enfeebled, and the emotional elements are aroused ; and, as
before indicated in cases of depression, the intellectual sphere presents
the negative, and the sensuous the positive results of the reduction.*

Since seriality of thought requires high nervous pressure—a high-
tide of the nervous wave to force the ultimate ramifications of the
cerebral cortex—so here in mania we must recognise an ebb of this
cerebral tide, corresponding to the lowered plane of psychical activity ;
for the activity which we recognise in the excitement of lower levels
is one of disorderly ungoverned license, indicative of the removal of
the influence of higher controlling planes.

Of the three laws of association of ideas which regulate our normal
mental operations, the law of association by similarity embraces opera-

“Just as the sensitiveness of the retinal field declines progressively from one
acutely sensitive spot outwards, until impressions received upon the outermost
peripheral areas are more and more dimly perceived and eventually fade, and
just as we tend by concentrating our attentive gaze on a fixed point to limit the
field of conscious perception and to press out of consciousness those obscure faint
excitations of the outer field of vision : so with the mental field, as the serial line
of thought becomes restricted, as object-consciousness fails in vigour, so there
crowd into our conscious life those obscure and multitudinous impressions which

are always present, but are, for the most part, excluded from the immediate gaze
of the mind's eye.



Ig2 - STATES OF EXALTATION.

tions of a far more abstract nature than is the case with that of
association by contiguity, and the same may be said of the latter as
contrasted with the process of association by accident or incongruity.
It is the more abstract representative processes of association by
similarity which are first involved in maniacal reductions—the less
abstract presentative-representative processes not being so far involved.
This fact explains much of what we observe in the maniac’s conduct ;
his perceptions are crude, and his notion of the essential utility of objects
around him is frequently at fault—the result is often comical, but at
other times it is disastrous to himself or others. Thus we may see such
a subject trying to put his coat on by thrusting his legs into the sleeves,
mistaking the garb for a pair of trousers; here we observe that the
association by similarity suggests to his mind only imperfectly the
utility of the garment. In fantastic attempts at decoration, in the
wanton destruction of objects around, in the tearing-up of clothing and
bedding, in the swallowing of garbage, and in some of the most repulsive
tendencies of the maniacal, we must recognise the failure of conscious-
ness implied in the imperfect operation of association by similarity,
and not refer such acts, as is so often done, to sheer wilful mischief.
The imperfect operation of the same law is seen also in the remarkable
rhyming tendency presented by some, viz., that of stringing together,
in verse, numerous lines utterly devoid of sense, but in which a well-
regulated rhythm pervades the whole, and each line accurately rhymes
with its fellow. Numerous instances of the restricted operation of
this law will occur to any one familiar with the vagaries of the insane.

It is in this failure of the highly representative processes that we
must also learn to trace the early origin of those deluded states to
which mania and melancholia tend; for we may well see how by
their failure sense-presentations are not so likely to have their falsi-
fications corrected—an appeal to a higher tribunal is not permitted.
Transient delusions thus characterise the maniacal turmoil through-
out its history ; they are often but indications of a want of balance
established between contigunous groups by discharges from higher
controlling realms, leaving, so to speak, certain islets ‘ flooded ;" such
perversions are of a very recoverable nature. As contrasted with
the fixed perversions of monomania, Griesinger thus alludes to
them :—

“ But if these two forms in their extreme degree are so utterly distinct as
mutually to exclude the possibility of mistaking the one for the other, still
observation shows that in mania itself such delirious ideas of self-importance are
by no means unfrequent, which certainly ought not to be regarded in an onto-
logical sense as ‘ fragments of monomania,’ as phenomena of quite another affection
which in this case present themselves in a very simple form, but as the result of

the primary mental condition. . . . They (i.e., the delirious ideas) share in
the tumult and precipitancy which agitate the motory sphere of the soul-life;
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subject to a more automatic or instinetive level ; impressions
received from without are liable to issue in immediate action—mature
deliberation no longer characterises the mental operations, but a state
of exaggerated mental reflex ; in like manner, the animal passions and
instinctive desires, uncovered, as it were, gpring into life and show an
unregulated activity—impulsive conduet, therefore, is especially
prevalent in states of mental exaltation, and the maniac may be
destructive, violent, blindly impetuous, or dangerously homicidal, or
react to any of the grosser animal passions and instinctive desires by
which he is swayed. It is this instinetive level to which maniacal
reductions attain that characterises the features of mania as contrasted
with melancholia ; and, as will be stated later, the prevalent psychoses
of earliest childhood (prior to the evolution of higher grades of mental
activity) are peculiarly instinetive forms of derangement—mania, not
melancholia, and wholly devoid of delusional accompaniments.

Nocturnal Crises.—The insane are peculiarly liable to be affected
by those cyclical conditions which are recognised in the healthy in-
dividual, and thus the periods of waste and repair, embraced by the
day’s labour and the night's rest, are shown in their case also. The
phenomena of nocturnal crises, and the periodic character of their
excitement, are very notable and well-recognised facts. The daily
routine of work may be passed through in a quiet, orderly manner ;
obedient to the ““law of the room ” and the injunctions of the nurse,
tractable and reasonable in conduct, the insane may exhibit no outward
indication of mental anomaly until more closely examined ; yet,
invariably, as night approaches, they pass the hours in loud, boisterous
excitement, shouting, singing, incessantly chattering, replying to
imagined voices, restlessly wandering about, or beating the doors or
shutters of their room. During the day, the association with their
fellow-patients, application to their various duties, and the general
discipline of their immediate surroundings may have just sufficed to
engender that control over their conduct to which there is now no
incentive. The seclusion and quiet of their rooms, the release from all
imposed reserve, permit of that wane of object-consciousness which is
invariably followed by a rise of subject-consciousness. This nocturnal
crisis must be regarded as the outcome of those rhythmic changes,
which, in a normal state, should issue in sleep.

Such reductions, however, are but partial, spasmodie, and limited to
psychical processes only—whereas in sleep the whole excito-motor
apparatus is more or less deeply involved. In sleep, object-consciousness
quickly, even suddenly, succumbs; subject-consciousness goes more
slowly, and the more profound depths are not usually reached for an
hour, or even longer ; the reflex excitability of all the nervous centres
(spinal also) is reduced—the organic functions are lessened. In these






196 STATES OF EXALTATION,

in a case of alcoholism, where Jacksonian epilepsy (with other symp-
toms indicating focal lesion of the right hemisphere) existed—the
auditory hallucinations being restricted to the left side.*

In many, the hallucinatory phenomena are recognised by the patient
as having no real objective origin, and yet they will be fostered by the
fascination which they entail ; especially is this the case with sexual
illusions, which are frequent in the female sex, and which, it is pro-
bable, are very largely entertained and fostered. Cases occur where
the nocturnal reductions having been recovered from, the patient is
filled with remorse or shame, or accuses certain individuals of eriminal
conduct, accompanied by threats of retribution and violence ; each
night the phenomena reeur, attended by erotic excitement, and each
returning morning they form the incentive to indignant protest or
violent conduct.

To many again, the reductions entailing rambling, disconnected
thought and garrulity, are in themselves a source of pleasure—easily
controlled when the patient is brought into association.

The exhaustion which often follows such nights of excitement and,
possibly, the accumulation of decomposition and waste products in the
blood, induce in many prolonged sleep throughout the day.

Mania.—The incubative period of mania is but a record, in most
cases, of a very gradual declension in mental vigour, not perhaps at
all apparent to the friends, but sufficiently evident to the subject
himself. Intellectual operations become more laborious than usual,
thought is sluggish and tends to wander (attention being fugacious);
strange and unusual lapses of memory occur—the patient is *“absent”
and forgetful. All mental operations are not only difficult and
tedious, but are followed by weariness and ennui, and a gloom over-
spreads the mind, for which there is often no obvious cause. At night
the subject is restless, obtains but little sleep, and awakes unrefreshed,
with gloomy forebodings, and a disinclination for all forms of exertion ;
in fact, a frittering away of nervous energy has brought him into the
first stage of his malady—that of simple melancholic depression, to
which all the foregoing remarks we have made with respect to simple
melancholia apply. This,the first stage of his reductions, is the stadium
melancholicum which precedes all forms of mental disease. It is
not implied by this that the subject necessarily exhibits such a stage
in all cases —although, undoubtedly, many cases cited of sudden onset
of excitement without previous warning, are instances of a defective
observation on the part of others. The absolutely sudden onset
of maniacal symptoms does occur at times, as in instances of epileptie
insanity from sudden and severe discharges: nor is there any prima
facie reason for supposing that such serious and sudden reductions

* Toulouse, loc. cit.
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we find what savours of imaginative vigour, but all such gleams are
superficial, transient, and accidental ; the strangest combinations of
ideas must necessarily prevail at times, and produce this apparent
imaginative turn—and the unexpected scintillations of wit which
characterise certain maniacal subjects. Like the child, his imagina-
tion is feeble and inchoate, and, like the child, too, his flimsy fancy
wanders aimlessly, and replaces the truly synthetic, creative opera-
tions of the imaginative faculty. Judgment may be perverted upon
certain points, but is just as frequently unaffected ; in fact, the mental
faculties exhibit only such derangement as would occur from the
excessive activity of the maniacal process—a transient confusion or
partial suspension due to the rapid flow of ideas. By this we do not
mean that the subject of mania does not suffer from delusions. Delu-
sions are a constant feature in maniacal excitement; but they are
extremely transient, rapidly varying in their nature, and changing
with the ever-changing mood; their superficiality declares itself
in their continuous displacement by fresh delusive ideas, for they do
not remain permanent, as in the false conceptions of so-called mono-
mania. Their origin can be attributed only to the confusion and
tumult of ideas occurring with the emotional background of exaggerated
well-being and unnatural egoism ; in fact, on the prevailing tone of the
moment seems to depend the character of the false belief entertained.
The following case illustrates what we have just said :—

G. R. L., aged twenty-one, single, by occupation a dyer. A young man of
moderate height, muscular, pale, and an®mic, with an icteric tinge of skin: a
very retreating forehead. ILast year he had suffered for some five months from a
gimilar attack to his present seizure. An uncle of patient’s was depressed, but no
further clue to heredity was obtainable. He had suffered from convulsions during
dentition, but his health had proved satisfactory up to his first attack of mania.
He had been somewhat intemperate in his habits. He was in a state of continuous
maniacal excitement, shouting aloud, singing, laughing, and gesticulating franti-
cally. At first he did not sleep well, and was noisy through the night ; chloral
was given with good results. Through the day he was boisterous and unruly,
rambling incoherently, and destroying his clothing. He raps the walls with
his knuckles—calls out in imperative tones to imaginary individuals with
whom he holds converse; but calms down on being spoken to authoritatively,
and condescends to give certain information respecting himself in a grandiose
style and a pompous voice. In almost the same breath, he declares himself
to be the *Prince of Wales—the Prince of Peace—Lord of lords and King of
kings ; his mother is the Duchess of Kent.” He is fully aware that he is in the
West Riding Asylum, and gives correctly the date of the month and other par-
ticulars. He assumes fantastic attitudes, which symbolise his prevailing feelings
for the time ; struts about in pompous style, throws himself into an attitude of
wrapt attention ; or with lowering brow and clenched teeth apes an aspect of rage
and defiance ; then, as suddenly, with a lordly wave of the hand and gracious
gmile, he addresses those around him by dignified titles, the very next instant to
lapse into the clown and turn summersaults about his room. At one moment he
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odour. The pulse is small, somewhat frequent, and the heart's sounds
are often muffled. Griesinger* speaks of the heart’s sounds as being
indistinct during the paroxysm of excitement, and becoming clear
during moments of calm ; during the maniacal paroxysm also we learn
from Dr. Olifford Allbutt{ that the optie dise is ana@mie, becoming,
in a few days subsequent to the attack, suffused and obseure. The
spasm of the retinal vessels, presumably present in these cases, appears
to us of great importance in revealing the true nature of the maniacal
process as distinguished from states of mental depression.

The tongue is often coated and foul ; the bowels are torpid ; whilst
the appetite, sometimes indifferent, is more frequently exalted and
often insatiable. It matters not how well the patient takes his food—
incessant activity and continued insomnia are sure to result in loss of
body-weight ; in most instances great emaciation prevails—the face
assuming a pinched appearance, the features are sharpened, a dark
areola surrounds the eyes, the ejr'ehal]s are sunken, yet restlessly
active and mobile. The re-instatement of a well-nourished frame is
a rapid process cef. par. upon cessation of the maniacal symptoms.
There is frequent interference with the menstrual funetion, during
the course of mania. Despite the incessant motor agitation and excite-
wment, the body temperature is apyrexial and normal.

Periodicity.—During the course of maniacal excitement, a remark-
able periodicity is often noted in the exacerbations and remissions
which ocecur. We have already alluded to the nocturnal crises which
are very prevalent, and we may now draw attention to diurnal varia-
tions of excitement and calm occurring upon alternate days, and to
which the attention of the nurse is often attracted—an observant
nurse will often speak of such a patient’s * quiet day” or his “ bad day,”
referring to this strange alternation. We quite as frequently find
the subject alternate between mental exaltation and depression from
day to day, and this ready transition from one form to the other
appears to us of the highest importance for a proper comprehension of
the pathogenesis of these mental states.

The menstrual molimen is especially prone to arouse in these suh_]ect-a
an exacerbation of excitement, so that a monthly periodicity in these
maniacal outbursts (with more or less complete remissions intervening )
is by no means infrequent. Frequent relapses occur in certain sub-
jects, apparently attributable to the vicious habit of masturbation—
maniacal reductions and stuporose states being often readily in-

curred.

* Op. cit., p. 288.
+ The Ophthalmoscope in Diseases of the Nervous System. Dr. Allbutt’s observa-
tions are based upon the examination of as many as fifty-one cases of mania at the

West Riding Asylum.
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Age is a factor of much importance as regards the question of
recovery ; the younger the subject, the more likely is he to recover.
We do not even exclude the mania of adolescent insanity here—so far
as 1t relates to the female sex ; but, should the psychosis characteristic
of adolescent insanity occur in the male, the prognosis is far more
unfavourable.* So, likewise, for recurrent mania—each occurrence
serves but to re-establish a still greater tendency to maniacal out-
bursts, the attacks becoming more frequent, the intervals shorter, and
the enfeeblement of mind steadily progressing.f

Acute Delirious Mania.—This, the délire aigu of French
writers, represents the most profound maniacal reductions which we
meet with, just as simple mania connotes the symptoms of the milder
reductions. The disease is often most sudden in its onset, and
frequently appears to follow upon some moral canse—shock or fright.
This, however, is attributable to the special predisposition of the subject,
evidence of excessive instability being in most of these cases afforded
by the history. It differs from ordinary acute mania in the intensity
of the process, the extreme reductions in object-consciousness, the
absolute oblivion in most cases to all around, and in the rapid course
and frequency of a fatal termination. 1t is quite exceptional for a case
of acute mania to prove fatal ; in fact, unless the individual is much
debilitated prior to the attack—suffering from some exhausting ailment,
such as phthisis—or when it is the sequel of exhausting heemorrhages,
as after parturition, we augur well for our most wildly - excited
patients. A case of uncomplicated acute mania usually means a certain
and rapid recovery. Not so, however, in acute delirious mania ; here
the outlook from the first i3 most ominous, and the gravest prognosis
must be given. The tongue is dry and brown ; the lips and teeth
become covered with sordes; food is often most peristently refused,
and violent struggles made upon attempting artificial feeding, The
patient is usually quite oblivious to our intentions, and obstinately
resists all we do for him. He presents a pitiable spectacle, is unsteady
on his feet, totters and sways from sheer muscular debility and exhaus-
tion, and trembles in his limbs. His utterances are a broken strain of
completely unintelligible jargon—the incoherence being absolute;
the lips tremble, and speech becomes eventually a mere babble of inarti-
culate sounds, interspersed with sobbing respiration. Sleep is entirely
abolished, muscular wasting rapidly proceeds, and in a few days he 1s
so prostrate that he lies helplessly on his back, unable even to assume
the sitting posture. He now represents the condition often described
as typho-mania., The temperature is always raised more or less,
sometimes to 102°. The urine may be scanty or suppressed ; it may
pass involuntarily, as do the stools, If intelligently-directed treatment

* See under Msanity of Puberty and Adolescence. t Cf. p. 250.
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normal uniformity of level, but the bizarre irregularities, exaggerated
here and defective there, which signalise so frequently the neurotic
heritage of the subject. Defective control over certain animal passions
and instinctive desires (often associated with an intense staccato
restriction over others, amounting to a morbid hyper-sensitiveness) is
a peculiar characteristic of such predisposed subjects ; whilst a still
more universal defect of the inhibitory faculty is illustrated by the
criminal class of the community. The reductions of mental disease,
therefore, will more readily find their parallel in the various anomalous
developmental phases of the neurotic subject, or in the extremes of
inhibitory defect presented by the criminal, rather than in earlier
stages of the healthy and normally-developing brain, and our studies
of these developmental types should facilitate our comprehension of
the varied reductions of insanity.

Much may be said of the ill effects of injudicious training of the
mental faculties of the young ere they have attained an age when
such faculties should be called into operation; and we quite agree
with Dr. Clouston that different brains attain their power of control at
different ages, and we also have seen “ many children whose anxious
parents had made them morally hyperssthetic at early ages through
an ethical foreing-house treatment”; but we opine that all pronounced
instances of the kind are newrotic subjects, as in the case of the little
boy of four mentioned by him, “ who was so sensitive as to right and
wrong, that he never ate an apple without first considering the ethics
of the question as to whether he should eat it or not "—yet who was,
at the age of ten, ““ the greatest imp I ever saw, and could not be made
to see that smashing his mother’s watch, or throwing a cat out of the
window, or taking what was not his own, were wrong at all.”* What
we specially insist upon here is the fact that the subject presenting
snch mental distortions is not the product of a vicious educational code
so much as the victim of an organised neurotic heredity ; and that we
should in these developmental forms learn to recognise features com-
mon to them and the reductions of mental disease. So also as regards
the true criminal type, the difficulty of drawing any clear line of
demarcation between crime and insanity is well recognised ; certain
forms of insanity, more especially the so-called ‘“moral insanity,”
presenting peculiar difficulties to our arriving at a conclusion as to the
degree of criminal responsibility involved in the case. Nor need this
fact surprise us, since the one presents us with partial developmental
arrests at levels to which the brain of the insane must frequently
become reduced ; what must always be kept in mind is the fact that
the one is the outcome of a developmental failure, or vice, the other is
a genuine dissolution.

* Op. cit., p. 311
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impetuous act of the responsible criminal, we must not shrink from the
imperative duty of affirming the existence of this form of insanity if
our clinical experience justifies the belief, so momentous are the
consequences embraced by its acceptance or rejection.

In insisting upon such a distinction, we must not forget that it
is more or less an arbitrary one—that nature imposes no such
absolute line of demarcation between what we elect and what we do
not elect to the dignity of morbid types ; that in reality, one, or a few,
or many of the mental faculties may be deranged, and in all possible
degrees of intensity, and so forms of impulsive insanity may mergé
into forms characterised by intellectual or emotional disturbance ;
and vice versd, intellectual impairment with delusion may merge into
the typical forms of impulsive insanity, exhibiting every shade of
transition from the one to the other type. What is of still further
import is the fact—which clinical experience very strongly emphasises
—that alternations of pure tmpulsive insanity and forms of intellectual
or moral insanity oceur in many insane subjects,

Nature of the Insane Homicidal Impulse.—In the first place,
we should note the gauseless or motiveless nature of the act ; the
impulses arise wholly apart from any incentive, delusional or other-
wise, nor is the victim able, in the great majority of cases, to trace
any connection between any pre-existing emotional or intellectual
phase, and the onset of the insane impulse. Its irrelevancy to sur-
rounding circumstances is in itself so characteristic a feature, that the
subject invariably insists strongly upon this fact. Suddenly, amidst,
it may be, the pleasures of the family circle, or at the moment of
devotional exercise, to the intense horror of the subject, the morbid
feeling suggests itself without any obvious provocation (like a phantom
demon), and requires all his efforts to dispel it. The horror of the
position will often drive the sufferer to a free confession of his
state, and to urgent entreaties for protection against such unbidden
mysterious impulses, as numerous cases attest ; but instances occur,
where the unfortunate subject has struggled for years with his in-
firmity, and never revealed his deadly secret until compelled to do so
upon the commission of some desperate act.* The motiveless nature
of such acts may be called in question, and grave suspicion be ex-
pressed, from the admitted difficulty of always assigning a consistent
motive even for the acts of the sane ; but, just as readily as we may err
in imputing no motive to an act when such is not clearly obvious, so,
we may even more easily fall into the opposite error of assigning a
wrong motive to an insane impulse, influenced by accidental circum-
stances in which the subject happens to be placed. The motiveless
nature of the morbid impulse is forcibly illustrated by cases in which

* See, on this point, Drs. Bucknill and Tuke, op. cit., p. 268.
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thirst, alluded to above in one case, has been noted in other subjects ;*
1t is of interest as indicating a primary disturbance of the vagus, and
as giving rise to the most intense and massive feelings of organic life,
which in the brute arouse the most ferocious instinets,

Thus, Professor Bain says—‘‘They (the feelings of inanition and thirst) are
far more intense than mere nervous depression, and, therefore, stimulate a more
vehement expression and a more energetic activity. Even when not rousing up
the terror of death, they excite lively and furious passions. The unsophisticated
brute is the best instance of their power.” And again, ‘* There is something
intensely kindling in the appetite of carnivora for food, which rises to fury when
the flesh is scented out and begins to be tasted.” +

The association of these organic sensations with the springing into
life of the brute propensities in the human subject is, we take it,
a suggestive fact. Certain objective indications of the morbid process
are also occasionally afforded, chiefly of vaso-motor origin—intense
pallor may precede the act, or the face may become suffused, and a
copious sweat break out over the body as the impulse is resisted and
subsides ; the heart usually shows excited action, and the arteries of
the neck and temples pulsate violently.

In connection with outbursts of homicidal frenzy the Amok of the
Malays affords instructive parallels amongst lower states of civilisa-
tion. Suicide amongst the Malays, it appears, is extremely rare
(Eilis), but the paroxysms of murderous frenzy known as * running
amuck,” appear clearly to be associated with a sub-conscious auto-
matic mental state, as in genuine epileptic and alcoholic automatism,
the agent being left wholly oblivious to his murderous deeds.
“ Amoks result from an idiosyncrasy or peculiar temperament com-
mon amongst Malays, a temperament which all who have had
intercourse with them must have observed, although they cannot
account for or thoroughly understand it. It consists in a proneness
to chronic disease of feeling, resulting from want of moral elasticity,
which leaves the mind a prey to the pain of grief, until it is filled with
a malignant gloom and despair, and the whole horizon of existence is
overcast with blackness. . . . These cases require discrimination
on the part of the medical jurist to prevent irresponsible persons
suffering the penalty of the injured law.” (Dr. Owxley, quoted by
Gilmore Ellis.)

The intensity of the morbid process is further indicated in the utter
loss of self-control. *“Everything passes out of mind,” said one such
unfortunate subject to us, *‘ except the one thing I wish to accomplish
—1I can think of nothing but the desire to kill some one.” The one
burning idea prevails to the exclusion of all others at the height of the

* See a case by Pinel quoted in Dr. Maudsley’s Responsibility in Mental Disease,

p. 141,
+ The Senses and the Intellect, Alex. Bain, pp. 126 and 253.
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attacks of maniacal excitement, but of transient duration only. As a natural
result of these intemperate habits, his former symptoms became further intensified ;
yet, up to the evening of the murder (except when under the influence of drink),
no intellectual disturbance was recognised by his friends. On this evening, after
taking stimulants freely, he locked his mother and the servant girl in a room
together, and in the most brutal and atrocious manner attacked his mother, kicking
her to death, and causing the most horrible mutilation of the body, keeping the
girl at arm’s length by a loaded pistol. For five hours this brutal violence was
continued, he meanwhile affording abundant evidence of a deluded state of mind
by his conduct and utterances. His subsequent condition upon arrest was con-
sistent with an attack of mania-a-potu. Subsequent to his recovery from the
alcoholic delirium, he had experienced a return of homicidal impulses in prison,
a man who slept in the same room having nearly been a victim to hizs murderous
frenzy. The prisoner was considered irresponsible at the time of the murder

on the ground of insanity, and was ordered to be retained during Her Majesty’s
pleasure.

The case 1s of interest in its medical aspects as reproducing some of
the most important features of homicidal impulse in the insane. There
is the fact of the peculiarly hereditary nature of impulsive insanity ;
there is the strange association of deranged organic sensations with
the convulsive conduct ; there is the emphatic proof of the fatal effects
of alcoholic indulgence in such cases, and the ready passage into
delusional forms of insanity ; and, lastly, there is the secrecy so often
maintained by the subjects of this form of malady, lasting over a period
of ten years. See a notable case recorded by Dr. Tuke.*

We have little doubt that many instances of mysterious suicides are
to be accounted for by the prevalence of homicidal feelings—the vietim
tortured by the terrible secret seeks relief in self-destruction rather
than reveal his condition, or subject those near and dear to him to any
further risk. The condition of the homicidal subject immediately
subsequent to the act is characteristic—it is usually one of complete
relief from anxiety, and utter indifference to the enormity of his crime ;
frequently his first act is to coolly confess his crime and give himself
up to justice.

Exceptions, however, occur where the subject of insane impulse
endeavours to conceal his crime like the responsible criminal. Thus,
at the West Riding Asylum, a subject of such impulses secured an
iron bar and struck a harmless imbecile patient on the head as he lay
asleep within a few yards, fracturing his skull seriously, and then
deliberately concealed the instrument in some shrubbery near at hand,
and coolly took up the paper he had been reading a moment before,
apparently free from the least concern. Up to the present day, four
years since his homicidal act, he denies positively any knowledge of
the affair, and he exhibited the utmost indifference on being questioned
immediately subsequent to his violence. In fact, his nonchalance at

* Psychological Medicine, 1874, p. 268.
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the time, and his subsequent behaviour, might almost have been
regarded as consistent with the impulsive automatic act of an epileptic,
were it not that the subsequent history of the case revealed clearly the
existence of insane impulses preceded by a definite aura, but not of
genuine epileptic paroxysms; and, moreover, proved him to be pos-
sessed of considerable insane cunning. In the genuine impulsive
forms of insanity, consciousness is never so far impaired as to issue in
forgetfulness of the details of the homicidal act. When such is the
case—when any marked obscuration of memory is apparent—we may
presume the impulse to have been of epileptic origin, or to be the
outcome of alcoholic delirium.

Etialugy.-ln all these cases of pure impulsive insanity there is,
we believe, a well-established basis of a neurotic heritage, and if the
individual’s history is scrutinised with sufficient care, we are assured
that evidence of mental instability will be discoverable throughout his
life. It is, however, at the critical epochs of life that this predisposi-
tion especially tends to assert itself—periods at which grave nutritional
disturbances are prone to arise in the central nervous system, inducing
the peculiarly convulsive outflow of nervous energy which characterises
these epochs, even in normal physiological operations. Puberty and
the climacteric are prone to the convulsive type of the neuroses, and
the same prevails at the puerperal period during lactation, and asso-
ciated with the wvarious forms of menstrual derangement. Several
instances are on record where the revolutionary epoch of puberty
has aroused the homicidal feelings in youth, as in the case of Margaret
Messenger, aged thirteen years, who killed her brother and drowned
another child, six months old, without any discoverable motive.
Young girls suffering from temporary menstrual derangement are
subject, as is well-known, to various perverted instincts and appetites,
and the hysterical outbursts are often associated with an almost
irresistible tendency to destructiveness, and not very rarely with a
homicidal feeling (see case of Reg. v. Brixey).* We have known
several instances where the subject has expressed her dread of sleep-
ing in the same room with other members of the family, and of being
left alone with her younger sisters, lest she should not be able to
restrain the impulse felt to injure them.

The elimaecterie in woman is a period during which mental dis-
turbances are frequently associated with suicidal impulse ; but, as we
shall see later on, the impulse is usually the outcome of intellectual
derangement and grave delusional perversions. Yet, homicide and
suicide may occur at this epoch as the result of a purely impulsive
condition, and more particularly in such cases as have developed intem-
perate habits. The puerperal period, as is well known, renders

* Quoted in Taylor's Medical Jurisprudence, vol. ii., . Sb4.
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neurotic subjects liable to insane impulse, and, although usually a
symptom of the general disturbance of puerperal mania, the simple
instinctive form may alone prevail. We recognise a similar condition
in animals, which, in the deranged states following parturition, will
kill and even devour their young. Epilepsy is a frequent source of
these depraved and resistless feelings. Homicidal impulses may prevail
in one of four conditions in the epileptic subject, viz. :—

(a) In epileptic furor or mania, associated with hallucination or
delusion ;

() In the so-called ‘epilepsia larvata” (Morel), the ‘ masked
epilepsy ¥ of Esquirol ;

(¢) In the dreamy state of epilepsy ; or, lastly,

(d) As a simple impulsive derangement during the inter-paroxysmal
period.

It is the latter alone which can be regarded as genuine Impulsive
Insanity ; the three former conditions are attended by such general
mental derangement as to exclude them from the category of pure
affective forms of insanity. It will be more convenient, however, to
refer briefly to such forms at the present juncture, and to deal with
them in further detail in our remarks npon insanity associated with
Epilepsy. In the reductions of Epileptic Mania, or the post-par-
oxysmal excitement, of which we see so much in our asylums, the
homicidal impulse springs into life almost invariably as the result of
delusion. The murderous act is traced to a pre-existing delu-
sional state, with which it has often a direct connection (see case of
Reg. v. Taylor, see Alcolwolic Insanity); or, again, hallucination of sight
or hearing may prompt the act—a voice may be heard commanding the
epileptic subject to kill, and the impulse arises in resistless force (case
of E.C., see Epileptic Insanity)—or a visual hallucination, in the form
of some object of terror, may call forth these same results. The
epileptic furor may be of some considerable duration, and the subject
remain in a dangerously homicidal state during its continuance ; but
subsequent to the paroxysm, the subject will remain either greatly
bewildered (retaining only very partially some fragmentary recol-
lections of the attack), or, still more cominonly, be wholly oblivious
of the circumstances and of the conduct which he has just displayed.

In the masked epilepsy of older writers, we find that a fit of
homicidal mania may replace the convulsive seizure (a convulsive idea,
as Maudsley would say, takes possession of the mind), and, without
any of the usual epileptic phenomena preceding, a sudden irresistible
murderous impulse (probably prompted by delusion or hallucination)
oceurs ; but here, again, the subject fails to recall any conception of his
actions. So, likewise, in the dreamy state of epileptics, approaching
the somnambulistic condition, homicidal acts have been committed in
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a semi-unconscious automatic state of mind. It is astonishing how
complicated may be the acts performed in these states by the epileptic
automaton. A better illustration could not be found than that quoted
by Dr. Gowers, where a carman in this state of automatism, after an
epileptic seizure, “drove through the most crowded parts of London
without any object, but also without any accident.” *

The Amok of the Malays already referred to (p. 210) is attributed,
most plausibly, by Gilmore Ellis to masked epilepsy—alcoholic
reductions being wholly out of question in view of the great aversion
of the whole race to aleohol.

Genuine impulsive insanity, apart from grave mental derangement,
howerver, is also occasionally seen in epileptic insanity ; in the intervals
between the convulsive seizures, certain patients are subject to frequent
insane impulses to murder (without any motive or malice) any one
with whom they are brought in contact. These conditions usually
alternate with delusional states, and with the maniacal outbursts suc-
ceeding the epileptic attack—they are the most anxious cases to treat,
and the most difficult patients to control. Such subjects are peculiarly
susceptible to the effects of small quantities of alcohol, which may
induce, even in very trivial amount, the most furious outbreak of
mania, or the impulsive homicidal state alluded to.

Alcoholic excess may induce the impulsive form of insanity in
certain predisposed neurotic individuals; a condition of aleoholic
delirium of extremely short duration (mania transitoria)f, in which a
mad impulse to murder prevails, may thus be induced by what is
usually considered by no means immoderate drinking. The symptoms,
however, embrace much mental confusion, and the subject remains,
after the attack is over, in a state very similar to an epileptic after an
attack of petit mal.§ Amongst other etiological factors we must not

* Lhseases of the Nervous System, vol. ii., p. 691.

't See a most instructive article with cases on ““The Amok of the Malays,” by
W. Gilmore Ellis, M.D., Singapore, Journ. of Mental Science, July, 1893.

1 Maudsley is undoubtedly correct in asserting that many cases of mania
transitoria are really instances of *“ mental epilepsy.”—Op. cit., p. 230.

§O0n the subject of mania transitoria Maudsley remarks :—Although epilepsy,
masked or overt, will, I think, be found to be at the bottom of most cases of mania
transitoria, it must be admitted that there are some eases in which there is no
evidence of epilepsy in any of its forms to be found ; but it may well be doubted
whether a distinet insane neurosis is not always. present in these cases. With
such a constitutional predisposition, a genuine attack of acute insanity, lasting for
a few hours only, or for a few days, may break out on the occasion of a suitable
exciting cause, and during the paroxysm homicidal or other violence may be
perpetrated. After childbirth it sometimes happens that a woman is seized with
& paroxysm of acute mania of short duration, during which perhaps she kills her
child without knowing what she is doing. The effect of alcoholic intemperance
upon a person strongly predisposed to insanity, or upon one whom a former attack
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fail to note the vicious agency of imitation which was originally
emphasised by Esquirol, as one of the causes of this affection.
Undoubtedly, the morbid excitement engendered by the perusal of
records of criminal horrors, by the publicity afforded in our Assize
Courts to the revolting details of crime, and, up to within the last
few years, the demoralising effect of public executions have greatly
fostered the development of these states of mental disease. If there
is one fact in mental physiology more established than others, it is
that the continuous direction of the mind to the sensual and purely
animal passions of our nature tends to intensify their potency—to
render their channels of operation more pervious, and so to withdraw
them from the inhibitory control to which they should ever be subject.
The brutal instincts are still less protected in those persons of weak
mind, who, not endowed with an average amount of controlling power,
require but the intensification of such instinctive states to lead to
explosive outbursts ; in such cases mental strain, anxiety, ill-health,
and other exhausting conditions, and especially alcoholic and sexual
intemperance, may readily lead to attacks of homicidal mania at
periods when the public mind is horrified by some startling crime,
The Suicidal Impulse.—What we have said respecting the
homieidal impulse applies in most particulars to the self-destructive
propensity ; it also arises in subjects who exhibit no intellectual
disturbance, and in whom the moral sense is intact, in so far, that
they, recognising the horror of their situation, and the unnatural
character of the morbid promptings, revolt against the perpetration
of the act. Like the homicide, they may implore protection, and
voluntarily resign themselves to asylum supervision, dreading lest
they may be overmastered by the suicidal impulse. So likewise do
we find the impulse of convulsive nature sudden in its onset, transient
in its course, and followed by immediate and complete relief; its
analogy to the epileptic state being still further indicated by the
occurrence of an aura, usually an aural hallucination. The condition
to which we allude is, of course, not the ordinary suicidal tendency of
simple melancholia, where the morbid depression precedes and ex-
plains the negative suicidal state ; but the condition where, from the
first, the suicidal propensity presents itself, any depression being
secondary, and induced by the patient's helpless condition., The
climacteric epoch not unfrequently develops this impulsive form of
insanity just as it does Lomicidal states ; and a good illustrative case
is detailed further on in our study of the insanity prevailing at this

has left predisposed to a second, is sometimes a short but acute mania of violent
character with vivid hallucinations and destructive tendencies ; and a like effect
may be produced by powerful moral causes, sexual excitement, and other
recognised causes of insanity.” (Responsibility in Mental Disease, p. 247.)
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functional excesses (sexual), the volitional control is so paralysed, as
to admit of over-action throughout the whole gamut of morbid pro-
pensities, so also in the degenerate organism, where inhibitory centres
have always been of rudimentary development, any of these pseudo-
moral lapses may betray themselves as genuine convulsive or impulsive
acts. Kleptomunia has been affirmed to be a frequent accompaniment
of menstrdal derangement and the late pregnant state.
Dipsomania.—The same features pertain to this condition ; there
is an all-powerful, irresistible tendency to drink, which appears after
a more or less mental depression, vague sense of impending evil, and
a general functional disturbance; it shows a paroxysmal or inter-
mittent nature, and the debauch, often leading to the greatest excesses
in other directions, is often followed by a keen sense of shame and
penitence, and also by an utter indifference or distaste for stimulants
in the interval. Its rhythmic or paroxysmal recurrence appears to
indicate nutritional anomalies as the basis for the morbid syndrome,
and, in most cases, there is undoubted evidence forthcoming of a
neurotic taint. In all cases the phenomena are alike; first, the
obsession or idea of drink; then the anguish aroused by the sense of
volitional impotence ; and lastly, the incontrollable impulse to drink,
leading often to the most immoral, degrading, and vicious conduct to
secure the intoxicant. In the facts that the taste for drink does not
first occwr, that, indeed, the victim often does not care for drink for its
own sake, and that alecoholism does not usually lead to this disease, we
at once perceive the distinction from ordinary cases of drunkenness.
The essential features are, in short, the impotence of will before a
eruel obsession, the short but painful struggle to resist, the impulsive
outbreak, a morbid syndrome occurring in a degenerate subject whose
inheritance has probably revealed itself throughout life in mental
instability, in general want of balance, and in the features which
notably present themselves in all forms of the explosive psychoses.
Erotomania.—The same remarks apply almost in every particular
to conditions of erotomania, which embraces so-called *‘satyriasis™
and “nymphomania,” terms applied to the erotic impulses occurring
respectively in the male and female subject. Satyriasis appears
oceasionally affer epileptic discharges, claiming on this account special
attention at the hands of the medico-jurist. Instances of perverted
sexuality, again, often include cases of true impulsive insanity, but
the whole subject has received such special attention from Continental
writers that the reader may be referred to the voluminous works of
Lombroso, Krafft-Ebing, Caspar, and others for further particulars.
Obsessions, Imperative or Dominant Ideas.—When any one
idea or group of ideas invade the mind aufomatically to the exclusion
of others, despite the effort of the will to suppress or eliminate the













222 STATES OF MENTAL ENFEEBLEMENT.

secutive dementia of acute insanity. Bearing this fact in mind, one
may still advantageously compare the total number of chronic cases
remaining after maniacal and melancholic seizures respectively—it is
then found that out of 815 instances of all the forms of mania, a
percentage of 20'6 remain permanently crippled in mind ; and that out
of a total of 518 instances of melancholia, a percentage of 150 remain
us a chronie residue,

This is what we might anticipate from our knowledge of the deeper
reductions pertaining to the maniacal forms, and confirmatory of it we
note a progressively increased tendency to chronic enfeeblement, result-
ing in the acute, delusional, and recurrent forms, as compared with the
simple form of melancholia (vide Table). If we summarise results for
all forms of mania and melancholia, we obtain the following :(—

Percentage Chronic

Recovered. Died. ““ Relieved.” Remainder,
Maniacal forms, . 53:2 11-9 14-0 20-6
Melancholic ,, | 14-8 12:9 150

The more unfavourable character of mania depends upon the incur-
ability of its delusional forms ; the simple and acute maniacal seizures,
if they do not tend to the delusional form, are usually of high recover-
ability, as indicated by our table ; certain forms especially so, as the
puerperal and hysterical. Were it not for the large proportion of
such acute cases, the unfavourable nature of maniacal, as compared
with the melancholic forms of insanity, would be strikingly obvious.

Consecutive Dementia.—Ordinary consecutive dementia, how-
ever, presents us with a progressively advancing enfeeblement of mind,
a complete change in the disposition and character of the patient, a
lack of interest in former pursuits and associations, an incapacity for
auy form of mental effort, a tendency to an automatic routine in the
habits of life, and a notable blunting of the emotions. Maniacal or
melancholic states occasionally return, and betray, in a marked degree,
the incoherence of thought and the enfeeblement of the mental faculties;
but, subsequent to such attacks, the mental weakness continues to
advance, until it issues in complete fatuity. Yet we find great diver-
sity in the progress of individual cases : in many, the advent of such a
mental void, as we have just alluded to, only comes after a very pro-
longed life, during which they show no mental perturbations, but an
apathy and indifferentism, a lack of initiative which renders super-
vision necessary to provide them with the wants of life ; others take
a more genial interest in their surroundings, but yet are childish in
their actions, are docile and easily led, but subject to great instability
if annoyed ; in others, again, the brutalising of their nature is more
apparent—degraded habits come to the front, vicious tendencies are
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painfully a sense of environmental resistance—a sense which must be
generated whenever he attempts to put his impossible schemes into
practical operation, or tries to convince others of the logicity of his
absurd speculations and belief. Especially, however, does this sense
of resistance make its appearance in cases of fully-developed mono-
mania, where languor of circulation, induced by cardiac enfeeblement
and exhausting affections, such as phthisis, reproduces the melancholic
phase afresh. This sense of outward hostility—the irritation and
excitement thereby engendered—is a more prominent feature in the
earlier stage of monomania ; and in most cases it is found, in some one
or other form, at this period of the disease, as the natural outcome of
the antagonism which the subject must recognise as existing between
his beliefs and the circumstances around him. It is a feature which
indicates the incomplete severance of this affection from the purely
maniacal form. As the mania subsides and calm succeeds—as the
egoistic feelings predominate more and more, and obtain more complete
ascendancy over the intellectual life, the transformation slowly, but
elaborately, undergone by the personality is in itself a sufficient answer
to all outward antagonism ; the all-sufficiency of the new ego, with its
wondrous powers, capabilities, and motives for action, dissipates all
apparent opposition, or ignores its existence.

It is thus that we find our patients at first, in the early transition-
period between mania and monomania, intolerant of contradiction—no
opposition offered to their delusive utterances fails to arouse passionate
outbursts, violent abuse, and even vindictive conduct; he who risks
this often wins for himself the open and long-continued hostility of
the patient, at no time a justifiable or politic procedure. At this stage,
the deluded subject is loudly assertive of his beliefs, and actively
aggressive in his endeavours to carry them into practical operation ;
in interminable writings, in incessant declaration he will assert his
newly-acquired prerogatives ; whilst acute hallucinations frequently
occur at this period, lending fresh intensity to the drama which he
enacts.

In the more confirmed calm of a later stage, a love of mystice
symbolism is almost invariably apparent; the monomaniac will
point to some common-place picture on the wall, expatiating on its
secret meaning ; he will assume some fantastic badge as the emblem of
his exalted dignity—spiritual or temporal ; by fantastic gestures or
significant movements of the head he will express some meaning
hidden from all except himself; or by uncouth serawls, or geometric
devices, he will symbolise Scriptural truths, Biblical records, or
scientific discoveries. By such means endlessly diversified, the sub-
Jects of monomania beguile their time, and form meanwhile prominent

characters in all asylum communities. Their loud threats, their lofty
15
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denunciations, their fulminating proclamations, contrast strangely
with their impotence in action. They live in an ideal, not a real,
world ; and are satiated to the full by the mere semblance of authority
and power which such expressions conjure up. On this account
they are rarely violent or dangerous; they are ruled with the
greatest facility, requiring only tact upon the part of the nurse to
transform them into most useful and willing helping-hands at various
employments. Thus we see the patriarch and delegate of the Deity
(. 0.) actively at work in the bookbinder’s shop of the West Riding
Asylum ; the Empress of Hermon (Z. P.) busily plying the needle,
trimming the patient’s bonnets in the workroom; the “Saviour of
mankind ” (/. B.) taking an active part in the domestic arrangements
of her ward ; and a notorious admiral who formerly ruled the seas in
days gone by, contentedly framing pictures in the joiner’s shop.

Cases of Monomania.

In the following case of J. 0. we see the subject pass through the
transition-period from mania to genuine monomania ; his case forms a
good illustration of the mystic symbolism in which these patients, as
we have said above, so frequently indulge :—

J. 0., formerly a prison warder in South Wales, has been resident at the West
Riding Asylum for nearly nine years. When first admitted he was thirty-six
years of age, a well-nourished man of medium height, and free from any bodily
ailments. His wife had long recognised his mental failure, but maniacal excite-
ment had now compelled her to place him under restraint. He was at that time,
undoubtedly, the subject of fixed delusions: *‘all human agencies were in league
against him, and there was a conspiracy in high quarters to damage him.” He had
written to the prison commissioners repeatedly about these plots, and was at that
time writing a book on ** Religion.” He talked much about various instruments he
had inwvented, especially ““an air and water engine, requiring no boiler,” for which
he was about to obtain a patent. His condition at this time, and during the following
twelve months, was much mixed-up with maniacal excitement—in fact, it was the
transition-period to typical monomania. - During this period he was often hostile,
most unsociable, and utterly indolent ; had an arrogant, overbearing demeanour ;
stalked up and down the wards as though in a position of authority, and grew
angry at the most trifling opposition. He was usually reticent, but occasionally
talked upon the subject of his inventions and of his experiments upon lightning,
which he had conducted ** by holding pieces of various metals in his hand during
a thunderstorm.” He then commenced working on the farm, but would spend
most of his spare time reading his Bible—making many differently shaped crosses
out of bits of wood, straw, &e., often carrying one in his hand. He declares that
he was wrongfully sent here ; that he is deputy-governor of a gaol, and possesses
the warrant of his appointment ; and that he has made numerous discoveries in
electricity and magnetism. Since this period he has been regularly employed in
the bookbinder’s shop, where he is a useful and industrious worker; he is an
intelligent workman, and is calm and consistent in his behaviour at all times,
outwardly betraying no evidence of the profoundly delusive state under which he
labours. He regards himself as a patriarch of the church, and as the appointed of
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through her instrumentality. She is still in idea a sufferer—a Christian martyr.
““She came here because she thought she had to save all the world. She knows
that Christ died to save sinners, but feels that God has given her that power.
She thinks that if persons touch her it does them good, and saves them. All who
have come here have come through her, and she feels responsible for them. If
all their souls rest on her, what an account she will have to give at the day of
Judgment ! She cannot sleep at times because the ‘spirit keeps working in her
like quicksilver.’ ™

Thus all former painful mental states have been sublimated into this higher ideal
existence. She still answers to her former name, but her personality is, as we see,
completely transformed. At times she will state that she feels she is Jesus Christ,
that she existed before the foundation of the world, and will cite seriptural
passages referring to the Messiah, as applicable to herself. She * loves every-
body in the world,” and during the evening is often found at the window singing
aloud, ‘“Hold the fort, for T am coming,” in shrill accents, with the object, as she
says, of ““helping those outside.” She has a gentle, quiet, inobtrusive manner, has
the sweetest disposition, spends much of her time perusing her Bible, and is often
found seated musing, with her hands crossed upon her breast, and an expression
of peaceful resignation stirred into beaming animation when she is addressed.

E.T., aged forty-six years. This patient, who is a married woman, the mother of
gix children (the youngest born four years prior to her admission into the asylum),
was then suffering from her first attack of insanity of a few weeks’ duration only.
She had been confined to bed for twelve months, suffering from bronchitis and
emphysema, and troubles incidental to the climacteric period.

The history of her case was one of depression, groundless fears, and delusions of
suspicion fostered against her family, who she believed conspired to poison her;
under the influence of these fears she obstinately refused food, and passed restless
nights, sitting up in bed continually praying.

She was regarded as at the climacteric. Family history devoid of neurotic taint.
On admission she was extremely thin and wasted. She is short of stature, bony,
and of a somewhat masculine type ; she has light blue eyes, a sharp penetrating
glance, and a suspicious demeanour. States that her husband, daughter, and
neighbours have conspired to remove her from her home, that her daughter has
the power of witcheraft, and can appear in various forms; that her family and
neighbours introduce saliva and other disgusting matter into her food ; and that
she has been given gold dust and serpents to swallow. She stoutly maintains these
statements, and declares that on the previous night she believed herself to be in
labour of serpents. She hears her son and daughter whispering through the wall,
and addressing her by foul and abusive names. No visual hallucinations are at
present obvious. The physical examination revealed general bronchitis with
emphysema, but no consolidation or evidence of incipient phthisis, such as her
appearance suggested.

Steady improvement occurred in her case, her delusions faded away, and within
a month she was regarded as convalescent. Then oceurred a sudden relapse, in
which maniacal excitement replaced the former mental depression, and a downward
career of mental reductions has ensued unchecked ever since. Her general health
underwent marked improvement, but she always remained pale and ansmic. Her
excitement was characterised by loud, abusive, and blasphemous language to all
around her, and by a hostile demeanour and threats of violence to those who
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Verriicktheit,” ¢ Progressive Systematised Insanity” were applied
were ;—

(@) A Primary Implication on

(6) A Neuropathic Basis ;

(¢) A Systematised Delusional Perversion with

(d) Progressive Mental Enfeeblement and Incurability.

What value ought to be assigned to each of these terms in the con-
stitution of a nosological entity? Let us endeavour to weigh their
significance for purposes of classification.

Primary Implieation.—By this term is implied a specialised
insanity or one not preceded by a generalised insanity, such as mania
or melancholia ; in other words, a primary alienation not based upon
an affective disorder; an alienation gradually evolved, in which the
earliest symptoms may be most obscure and indefinite, but eventually
culminating in complete intellectual downfall. With regard to the
value of this feature, it may be stated that, whilst all forms of insanity
appear to be preceded by more or less affective disorder, the intensity
of such emotional disturbance varies with each case in every possible
degree ; so that it is difficult, nay impossible, in many cases to state
whether the insanity was truly primary in this sense, or secondary to
an affective disturbance. Taking also into consideration the doubt so
often introduced by want of observation, or by lack of intelligence on
the part of the friends, we are still more inclined to assume that a
somewhat arbitrary value has been assigned to this feature for purposes
of classification.

Professors Wille and Meynert both affirm that there are not many
cases in which it is difficult to determine, in the early stage, whether
they belong to primare Verriicktheit, or to melancholia (Hack Tuke).

Since the days of Griesinger, who emphatically declared that emo-
tional disorder always preceded systematised insanity—that the latter
was always secondary—German alienists have shown a complete change
of front, and now subscribe largely to the opinion long held by French
authors as to the existence of a Primary Verriicktheit.

From what has already been stated by us as to the all-prevalent
feature at the onset of mental disease (p. 153) it must be inferred
that a disorder of feeling precedes and accompanies all forms of
insanity ; and that a primary implication of the intellect, strictly so
to speak, cannot be logically assumed to exist. In all such cases as
are quoted as types of primary systematised insanity we note the
affective disorder in early stages and throughout the disease; the
melancholic gloom, or other disorder of feeling, from the earliest days
may be mild and, as it were, drawn-out fine, yet this inobtrusive
character does not warrant us in asserting that the morbid syndrome
has not been evolved out of the moral nature.
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engrafted on a degenerative or psychopathic basis; that there were
reasons for believing that systematisation depends mainly upon the
incidence of insanity upon a psychopathic subject, and that too much
emphasis has been bestowed upon it as a differential feature in the
various forms of insanity.*

Referring to cases of criminal paranoics we have elsewhere stated
that it *“is open to suggestion that such subjects are at the least the
relics of a neurotic ancestry in which the more acute storms of disease,
to wit—acute alcoholism, convulsive epilepsy, impulsive forms of
insanity, &e., have already passed over the parental stock, whilst the
later stages of such nervous affections betray themselves in the mental
enfeeblement of their progeny.f In this particular it is gratifying to
find our views in complete accord with those of Italian alienists.

If there be any excuse for the use of the term parancia” as a
synonym for * Verriicktheit” and as connoting a group of primary
systematised insanities, there certainly can be none for so-called
# Secondary Paranoia,” which would embrace all systematised delu-
stonal insanities evolved out of a generalised insanity—and which
does violence to the prime charvacteristics of the disease known as
paranoia—viz., the primary mode of onset of the psychosis. These
forms of delusional insanity have long been studied by English autho-
rities ; they have been spoken of as rare by Mendel, and, according to
Regis, have scarcely been studied at all in France. {

Just as unmeaning and illogical then becomes the term *‘ Adcute
Paranoia,” by which is implied a transient systematised insanity, of
a curable nature, and the existence of which has been denied by Tanzi
and Riva, Krafft--Ebing, and others. French authors have wisely
abstained from recognising its existence, since the usual implication
of the term “paranoia” would negative its possible occurrence. It
appears to us, therefore, that we might with far greater consistency
limit the term * paranoia” (if it is indeed necessary to retain it) to
what has been described by the Italian School as degenerative
paranoia and the primary psycho-neurotie form, eliminating
altogether the so-called acute and secondary paranoias.

The term * paranoia " is ill-chosen and, etymologically, has not the
significance of that far better term which it tends to displace—* primare
Verviicktheit,” or primary systematised insaniﬁy ; these latter at least
have the merit of defining the disease implied, whilst the former has
led to still greater confusion than previously existed, and appears to
have been introduced to avoid the awkward implication of primary
attached indelibly to the term ¢ Verriicktheit ” ; it has led also to the

* Brit. Med. Journ. (Meeting of Psychological Sec.), August 20th, 1892.
+ ¢ The Origins of Crime " (Fortnightly Review, September, 1893).
+ Mental Disease by Regis, translation by Bannister, p. 166.
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mysterious powers exerted over him by his enemies; and elaborate
sketches are often drafted which detail to his satisfaction the methods
whereby he is subjected to such torture. The numerous phases pre-
sented by the several forms of monomaniacal perversion all betray
the same progressive systematisation of the delusive concepts; the
prevailing hostility of the environment and resultunt distrust; and,
finally, lead to the climax in the third stage, viz. :—

(¢)° A transformation of the personality which is introduced by
mystic and symbolie references, by the creation of unmeaning words
(neologisms) to express what they otherwise cannot convey ; and the
final apotheosis of the mind into the vagaries of ambitious insanity.

We have here described what is regarded as a typical case of
so-called “paranoia” or primary systematised insanity: it will be
apparent to all who have read the preceding chapters on Mental
Depression, Exaltation, and Enfeeblement that the features now pre-
sented are those which characterise all forms of persistent delusional
insanity or monomaniacal perversion. Degenerative paranoia is,
therefore, nothing more than delusional insanity arising in a degen-
erate subject, and consequently stamped with peculiarities which more
or less prevail in all the psychoses of the degenerate. Psycho-neurotic
paranoia is the typical course pursued by all delusional insanities ;
whether as the outcome of a generalised insanity, or whether it be not,
is a mere accident, and apparently of little moment as regards the
ultimate eourse and issue of the case. A systematised insanity abso-
lutely identical in all its stages with that just described is by no means
of rare occurrence as the outcome of adolescent mania ; similarly also
of alcoholic insanity; both would be held to be genuine cases of
secondary systematised insanity—not a partial but a generalised
insanity.

Folie a deux.—Systematised delusional insanity is the form which,
far more frequently than any other, appears to give rise to so-called
“communicated insanity” or Folie a deux; a condition where
intimate association between an insane and a sane individual leads to
a stmilar mental disturbance in the latter. The absence of acute,
generalised mental disturbance, the calm reasoning insanity, the
systematised character of the delusive beliefs, and their steady and
gradual evolution, all tend insidiously to produce their morbid effects
upon the mind of a strongly neurotic subject, closely associated either
by ties of relationship or as companion with the alien. The malady
thus aroused is usually identical in nature, and exactly similar delu-
sive concepts become manifest unless such association be discontinued.
The offspring of a highly neurotic stock may thus show in adult life the
arousal, first in the one, then in the second, third or more, of a similar
systematised insanity; or a deluded husband may arouse the same
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recoveries, tend to foster a similar hyper-sensitiveness, and a labile
equilibrium of the parts previously involved.

By recurrent insanity we mean a type of mental disturbance in
which there is an establishment of this labile equilibrium ; and the
conditions under which such recurrence is brought about, together
with the essential nature of the attack, form the subject of our inquiry.
In the first place, it must be remembered that a neurotic inheritance,
however strong, does not #necessarily result in recurrent insanity; and,
in the next place, it should be noted that simple relapses of insanity,
which may occur at different periods throughout life, do not imply
the existence of the neurotic type here alluded to as recurrent insanity.

Recurrence, with long intervals of repose, is not the characteristic
of this type, but rather the rapid succession of attacks, each followed
by an apparent complete convalescence. ¢ Nothwithstanding the
authentic instances of recurrent insanity showing intervals of lucidity
for very long periods, so that the disease is known to be dormant for
years, 1t 1s by no means to be inferred that every case that is a second
attack belongs to such a category ” (Sankey).* A large section of the
insane community is, therefore, constituted by these unfortunate ones,
who pass many years of their life between an asylum and their home
during frequent alternations of sanity and insanity. Those not con-
versant with statistics of insanity have but a faint notion of the miserable
existence of such victims. The following scheme of some fifty recurrent
cases amongst women will exhibit this fact in a striking manner,

When dealing with the insanity incident to the periods of puberty
and adolescence, it will be seen that recurrences are not frequent in
the proper acceptation of the term ; up to the stage of complete con-
valescence relapses are peculiarly prone to oceur, but, once the cure is
complete, a recurrence of insanity is not frequent, sixteen instances
only of a third or fourth attack being given in 277 cases.

Recurrent forms of insanity are far more prevalent in adult life, and
increase gradually towards the decline of manhood and womanhood.
In men, quite one half the cases of recurrent insanity occur after forty
years of age ; and out of a total of 66 individuals so affected, 49 had
passed their thirtieth year of life; similarly in women, we find that
nearly half the cases cover the period of life between forty and fifty-
five, which may be safely taken as the limit of the climacteric period.
In fact, the period of life between forty and sixty years in the female
is peculiarly susceptible to this form of mental derangement, being the
period involved in sexual decadence and the advance of senility. In
man this feature is not so apparent, there being other influences,
as we shall see later on, which tend to beget in him such recurrent
attacks at a somewhat earlier period of life.

* Lectures on Mental Disease, p. 179.
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‘Who are the subjects most liable to this form of mental disturbance?
They have a strongly stamped hereditary history of insanity;
the parentage, when facts are procurable, revealing attacks of insanity
often along both paternal and maternal lines. It is also notable, that
in a large proportion of cases, we find the history of ancestral insanity
attached to the grandparents, or the collateral line of uncles and
aunts, significant of a more remote origin for the neurosis. The actual
proportion of cases revealing strongly marked hereditary features
(often involving several members of the subject’s ancestry) amounts to
36 per cent. ; but, in 12'5 per cent. only was it discoverable that the
subject's parents had been insane.

In the next place we observe that other neuroses, notably epilepsy,
are absent in the antecedent history. Chorea, hysteria, epilepsy,
hemiplegic seizures are prone to occur in the ancestry of a certain
class of the insane, as was seen to be the case in the insanity of female
adolescents, where 20 per cent. revealed this predisposition ; but such
a neurotic history is attached to only 44 per cent. of the recurrent
forms of alienation.

Again, parental intemperance—a potent source of all forms of
convulsive neuroses—is revealed in 11°1 per cent. (males 8:9, and
females 12:6), or over two-thirds the proportion of cases shown by
adolescent forms of insanity ; and in 80 per cent. of such instances
of parental intemperance, the father was at fault. This fact is a
suggestive one, and the question naturally arises—why one form of
insanity should appear, as the result of an insane inheritance, and
another as the heritage from epileptic parents or grandparents, or as
the outcome of parental drink? If we accept, as we have reason for
so doing, the dictum that the hereditariness of insanity, like the
heredity of other pathological tendencies, is restricted by sex and
age, it may reasonably be assumed that the neuroses of early life—
chorea, hysteria, epilepsy—will be especially prone to re-assert them-
selves also at a similar epoch in the life of the offspring ; and that,
therefore, an epileptic father or grandfather who became epileptic at
puberty will be liable to transmit to his sons a morbid tendency which
appears as epilepsy or the like at the adolescent period. Insanity, on
the other hand, is not a disease of early years, and, as we have seen,
is far more frequent towards the middle period of life; hence we
might expect its appearances as an inherited affection to be regulated
by the same laws. This is seen to be the case with the recurrent
form, which is strongly inherited, and which conforms to the law of
insanity in general, in being most prevalent at the middle epoch of
life. Adolescent forms, however, must be differently accounted for,
and may indeed with justice be conceived of as the morbid expression

of an inherited neurosis of the epileptic type—epilepsy in the collateral
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charged under a twelvemonth. A fourth oceurrence of insanity took place
twenty months later, the catamenia being on this occasion regular. Only slight
premonition was given, and the patient became suddenly excited, violent, inco-
herent, with much religions matter mixed up in her ravings; but the sexual
feeling only displayed itself once in three weeks, during which time the mania
subsided. Eroticism was alone manifested in connection with irregularity of
menstrual function, which occurred later ; it did not cease until the catamenia
had resumed their normal characters. Discharged in thirteen months.

Another relapse, eight months subsequently, was purely maniacal in kind ;
there was rambling at first upon religions topies, slight or no evidence of eroticism,
and no added irregularity of menstrual performance—which, it was stated,
generally erved on the side of insufficiency. Seven months accomplished a cure.
The sixth and last admission oceurred eight months later ; menstrual derange-
ment had again preceded. The condition was one of simple mania, with great
religiosity, but without sexual characters, predominating. Convalescence oceurred
immediately the catamenial irregularity was remedied. Sent out in seven months.

Recurrence in Adolescent Cases.—Adolescence occasionally
ushers in recurrent attacks of mania—three or four such seizures,
between the ages of seventeen and twenty-five years, being sometimes
witnessed. In all such instances, the symptoms reproduce over and
over again the features (already delineated) of insanity occurring at
this epoch. Recurrent mania originating during adolescence is of
very ominous portent; the prognosis is exceptionally unfavourable, in
so far that it indicates, for a large proportion of cases, a congenitally
defective mental organisation; that many others are doomed to succes-
sive attacks beyond this period of life; and that the rest remain chronic
residents of our asylums, or are discharged as partial “ recoveries”
only—or their recovery, if at all complete, takes place after a protracted
illness, often embracing successive relapses.

M. C. W., aged eighteen, single ; a tall, well-proportioned girl, of somewhat
delicate aspect, feeble muscular development, dark brown hair, light blue eyes,
complexion fair, expression bright, animated, and intelligent. For some time past
she has been in delicate health, and is distinetly anmic. She brings with her
a strong neurotic heritage ; her maternal grandmother was twice under treatment
at an asylum, her mental balance overthrown each time by *‘ some love affair ;*
her own mother is highly eccentric ; and she herself has been regarded as very
unstable, flighty, and erratic. The catamenia have been excessive of late, and of
fortnightly occurrence. For a month prior to her attack, the patient had been
attending exciting religious services, *‘revival meetings,” and had been excited
over these subjects, talking much in a religious strain. The attack oceurred a few
days before admission ; she became acutely maniacal, garrulous, and incoherent.
On removal to the workhouse infirmary, she tore down the pads of the padded
room, was extremely violent, and her conduct most outrageous. When brought to
the asylum, the maniacal condition was still acute ; she was good-tempered, jovial,
mischievous, talked incessantly, and gambolled from subject to subject, but could
carry on a connected discourse on closely questioning her, and insisting upon a
reply. She had a flippant air, was pert in her remarks, and shrewd. Appeared
quite unaware of the nature of her surroundings. Left to herself, she talked
incoherently, interspersing her remarks with frequent allusions to *‘ angels, hell,
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Sankey, reaffirming with M. Morel its resemblance to epilepsy,
writes :—* There is the same periodicity in the cases, the same im-
pulsiveness, and the same ignorance or blindness of their own
position ; and though the acts of violence are not attended with
any unconsciousness, yet they seem scarcely voluntary.” * Amongst
this class are comprised many of the criminal community of low
mental type, often associated with a degraded physical conformation.
These patients are almost all confirmed drunkards ; spend the greater
part of their life between the prison and the asylum ; and, in the
former, often sham insanity with the object of attaining their removal
to an asylum. Here, if not repressed, they would become the tyrants
of the community amongst whom they live ; and, in their maniacal
attacks, are most dangerously impulsive, reckless of life or limb ; their
conduct often prompted by the utmost brutality and the most vicious
instinets. Beyond the trouble given by the criminal class in an
institution where severe repressive measures are to be discouraged,
they form a scourge to the younger and more respectable cluss of
patients whose malady is their misfortune, and whose former associ-
ations were far different. This social evil is a blot upon our legislature
that loudly calls for redress,

Hallueinations and Delusions.— Hallucinations prevailed in
227 per cent. of the recurrent cases—the visual and aural in about
the same proportion, and both associated in a few cases; olfactory
hallucinations or illusions were seldom noted, and gustatory were
notably absent. Delusions occur in at least half the cases (53 per cent.).
Both hallucinatory and delusional states vary with the proximate
cause of the outbreak: if alcoholic excess enters largely into the
causation, we may anticipate associated ideas of self-importance, rank,
power, wealth, and suspicion of perfidy upon the part of those
around him. One patient receives a nightly visit from his satanie
majesty ; another sees imps around him, hears voices beneath the
floor—the noise and rumble of machinery, which his morbid imagina-
tion frames into some idea of coming torture. Another patient,
twenty-eight years of age, addicted to intemperance in drink, and
the subject of a serious cranial injury in youth, calls himself Sir
Roger Tichborne, and accuses his relatives of filling his bedroom with
the vapour of chloroform. Another young alecoholic subject owns
property “to the value of thousands u year"—has extraordinary
muscular power, and can “walk eighty miles a day continuously,”
Delusions of poisoning are frequent in these alcoholic cases, as are
also notions of being deprived of property and rights, or being pur-
sued by the messengers of the law, One typical case, aged thirty-eight
years, with a history of paternal intemperance and strong collateral

* Op. city, p. 175,
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out of the 136 persons who were subject to recurrent seizures, permitting
them to return to their homes in the intervals of their attacks, we
found very definite and undoubted evidence of inherited insanity, of
other neuroses, or a history of parental intemperance, or of severe
cranial injury in seventy individuals (514 per cent, ). If, therefore, in
one-half the cases such powerful predisposing factors be found, any one
familiar with statistical research in this direction will add a wide
margin for similar agencies in other cases not divulged, too remote for
detection, or in patients whose antecedents are utterly unknown, as so
often occurs in the class with which we deal at large pauper institu-
tions. If we now group together promiscuously all the recurrent
individuals of our past ten years’ experience at the West Riding
Asylum, we may construct from their histories a chart of recoveries,
such as is given on Chart A.

A steady increase occurs in the number of recoveries up to the sixth
month, when a climax is reached—fifty-four of the total 105 cases of
recovery (or 167 total cases under treatment) having been discharged.
One-half the recoverable cases, therefore, are well by the sixth month;
a notable fall occurs between the seventh and eighth months, with
a slight rise of seven cases at the ninth month, again to decline to the
level of one or two cases monthly until the thirteenth month, after
which the recoveries are few and distant—e.g., one at twenty months,
one at two years, and one at six years,

The recovery line for the men differs from that of the women in
attaining the climax two months later; the largest proportion of cures
for female recurrents (seventeen) taking place during the fourth month
of their attack, and steadily declining to the seventh; whilst the
maximum of male recoveries (twenty-six) occurs at the sixth month,
dropping suddenly to one case for the seventh and eighth months. Of
the females, whose recovery was protracted beyond the ninth month,
all without exception were above forty years of age, had suffered from
several previous attacks, or were subjects of congenital mental defect.

Circular Insanity (Folie Circulaire, Folie a Double Forme).—
This is a condition where melancholia and mania, or the reverse, follow
each other in invariable sequence, with or without a shorter or longer
interval of lucidity. Between the attacks of melancholia and mania
there may exist a period when the subject can be regarded as in
neither phase, but calm, lucid, and apparently stable ; so that there
may be some danger of mistaking the lucid interval as one of actual
recovery, rather than the transition period from one to the other
mental phase.

Or again, there may be no such intermission, but the depression
may gradually diminish, passing insensibly into excitement.

In like manner, the successive cycles of excitement and depression
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Treatment.—When considering the etiology of recurrent forms of
insanity, we emphasised the Aereditariness of the affection, and the
unstable, defective, mental organisation of the subject. We regard the
indulgence in alcoholic stimulants as having, perhaps, a more fatal effect
upon the subjects of this, than of those of any other form of insanity,
Alcoholic treatment here is decidedly most pernicious. In faet, all
forms of the explosive neuroses do better without any alcohol—even
when their disease does not appear to have been engendered by undue
indulgence in stimulants. We often find that the subject craves for
alcohol, and also for all sorts of mental excitation ; but these must be
withheld wherever they tend to induce the least emotional instability.
Our sheet-anchor in the treatiment of these affections is much outdoor
exercise, with active manual employment for both sexes, long walks,
cheerful society, and avoidance of association with the more excitable
chronic lunatics. With this there should be given a liberal, whole-
some dietary. By some authorities it has been considered well to
limit the meat-diet, and to add largely to the farinaceous and vege-
table constituents of the food—a suggestion which applies also to the
epileptic and other convulsive neuroses. We do not ourselves regard
the question of the advisability of a farinaceous diet as conclusively
proved in the case of the convulsive neuroses; the most important
attempt to practically test the question in epilepsy, was recorded by
Dr. Merson, in the ¢ West Riding Asylum Medical Reports for 1875,”
the result being in the main favourable to this dietary, but based upon
too limited a number of instances to warrant final acceptance.

Bromide of potassium, in combination with Indian hemp (30 grains
of the former to a fluid drachm of the tincture), is the best remedy for
the states of acute excitement. The patient’s appetite is never pre-
judicially affected by it. In most cases of this class they take food
more readily with, than without, this treatment.

The exaltation of the sexual instinets, which so often characterises
these recurrvent seizures, renders iron and the compound phosphates
inadmissible in many cases. In most adolescents the recurrent attacks
are best met by bromides alone, careful attention to the bowels, regular
exercise, the spinal douche, followed by friction of the surface ; and, if
there be much insomnia, an occasional chloral draught.

The phosphatic preparations, with cod-liver oil, may, however, be
given with benefit in the recurrent attacks of melancholia incident to
the climacteric, and the bromide of potassium, in combination with the
perchloride of iron is often advantageously preseribed.

In the circular form of insanity the general principles which guide
us in the treatment of mania and melancholia must also here be relied
upon. Attempts have been made to cut short the periodicity of this
affection by such remedies as quinine, digitalis, cannabis, morphia, and
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dissolutions, and the persistent impairment due to a constantl y
advancing, though gradual, dissolution.

The immediate results of an epileptic discharge are seen in the deep
reductions of epileptic mania—a transient condition only ; the wultimate
results of repeated attacks in the gradual and persistent impairment of
the mental faculties seen in epileptic dementia. Hence, in studying
epileptic insanity, we have to consider the acute symptoms or immedi-
ate after-effects of a fit, as well as the chronic impairment presented
during the intervening periods between the attacks. It is not, as
before stated, every form of epilepsy which is prone to issue in mental
derangement, if by epilepsy we mean what Dr. Hughlings-Jackson
means ; that is—“ A sudden, rapid, excessive, occasional, and local
discharge of cerebral cortex.” *

It is when the functional disturbance oceurs in the highest nervous
arrangements of the cerebral cortex (* the substrata of consciousness e
that the mind is prone to suffer. An all-important principle which
the same authority has taught us to recognise is that, in these epil-
eptic seizures, there is a brutal expenditure of force wholly out of
proportion to the normal physiological outlay, and wholly inconsistent
with continued healthy activity of the parts concerned. So severe is
the explosive violence, that the nervous tracts traversed by the storm
are so damaged as to be rendered transiently incapacitated for the
further conduction of the nerve current, and the centre itself is par-
alysed for the time by its enormous expenditure of energy.

If we attend carefully to this fact, it will be apparent to us that the
transient paralysis of the motor centres and nerves is not the only or
most important sequel of the seizure. We are aware that every vivid
mental rehearsal initiatory of an act (especially when the action is
itself suppressed) is attended by diffusion currents, which, according
to the physiological law of least resistance, affect first the smallest mus-
culature, £.¢., the eyeball and facial muscles; and even when these results
are not apparent, expend themselves along intra-cerebral tracts, arous-
ing sensory excitations and correlated feelings. Just as the substrata
of these representative states affect cortical realms other than those in
which the primary excitation arises, so likewise, during the accom-
plishment of every volition, the act is accompanied by so-called
associated actions (e.g., the associated contraction of pupil and conver-
gence of eyeball), and this series of associated movements is a very
large one in the active manifestations of the organism. But thisis not
all. We know that both the initiatory energising of the cortex and
its eventual actualisation are attended by numerous complex feelings,
such as a memory of similar acts previously performed, of their results,
and of the notion of the utility of the act to the *individual's” welfare.

* See West Riding Aswium Reports, vol. iii., p. 331.
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a watch, renders it impossible in most cases to distinguish any sequence
in the resulting spasms. Tt is truly a wniversal spasm, or, to use Dr.
Hughlings-Jackson's vigorous phrase, “a clotted mass of movements.”
In like manner consciousness is then lost at so early a period, and this
so suddenly that the patient falls instantly, as though struck senseless
by a blow.

The discharge from sensory areas cannot, from the very nature of
the case, be followed ; we can only learn the existence of an aura
by the subsequent statements of the patient ; but—impressed only by
the results of the motor discharges—we must not lose sight of the fact,
that equally powerful discharges, of which we see no result, may pass
along sensory areas at the period when consciousness is abolished.
Undoubtedly the muscular spasms are likely to attract to themselves
undue attention on the student’s part; and he forgets for the time
that still more noxious effects are being produced in the areas of
mental and sensorial activity silently and concealed from his view.
It is, therefore, all the more important that one should keep these
unseen results in mind, and watch carefully for such evidence as may
arise of the implication of the sensory portion of the brain, for such
evidence is forthcoming at certain stages of the affection.

I't is very obvious that amongst a large number of epileptics in our
asylums who suffer from mental derangement, there is very great
divergence in the history and progress of their affection—the pheno-
mena of their disease by no means present a dead uniform level.
Some remain inmates for very many years with the intellect but
little impaired, and then only at those periods when they become
subjects of epileptic seizures; others (with few, if any, convulsive
attacks) betray at long intervals periods of depression, of moroseness,
or of excitement, during which they are more or less irresponsible
for their actions; yet, in the interim, they are perfectly rational,
cheerful, amiable, considerate for others, and obliging. In others,
again, the mind becomes rapidly enfeebled ; and during the period
of their ¢ fits ” the reductions are so profound that absolute dementia
and stupor, or perhaps wild ungovernable fury, prevail. And, yet
again, with but little essential difference in the motor disturbance
of two cases, the wreck of mind in the one may stand out in strange
contrast with the clearness of intellect in the other. The resulting
dementia therefore (so-called * effects of the fits ) varies very con-
siderably in degree, so that each individual case may be unlike the
others in this respect ; and this is undoubtedly dependent upon the
varying seat of the primary discharge from the cortex. To quote
Dr. Hughlings-Jackson—* From this it follows that there is, scientifi-
cally speaking, no entity to be called epilepsy ; but innumerable
different epilepsies as there are innumerable seats of discharging
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One of our patients invariably after his fit empties his pockets on the
table, secures his pipe, and placing it (although empty) in his mouth,
marches to and fro with a self-satisfied look and contented mien.

All cases of epileptic insanity should be rigidly studied with a view
to (1) eliciting the condition of mind immediately preceding an attack ;
(2) the essential features of the epileptic seizures; (3) the subsequent
period of reinstatement of consciousness; (4) and lastly, the mental
state prevailing in the period intervening between the “fits,” We,
therefore, divide our remarks under the headings of—Firstly, the
preparoxysmal stage; secondly, a premonitory stage (often absent);
thirdly, the paroxysmal stage; fourthly, a post-paroxysmal stage ;
fifthly, the interparoxysmal period,

1. The Preparoxysmal Stage.—The epilepticinsane are especially
prone to exhibit indications of an approaching seizure; nor is this
surprising, when we recall how slight departures from the normal
state of healthy cerebral nutrition betray themselves in all our sub-
jective feelings and moods. The grave nutritional anomalies upon
which an explosive neurosis depends might well be expected to declare
its advent thus—subject, of course, to the special site of nutritional
derangement. A change in character is thus frequently recognised
during a period of hours or even days antecedent to a seizure. An
able and intelligent attendant will so study his cases, that he at once
detects the little minor changes in the patient's disposition, indulges
his whims, endeavours to sooth his morbid irritability, and especially
guards the subject at this period from unnecessary annoyances. Thus,
we frequently hear excuse made for some patient’s lapses of temper,
or unseemly behaviour, * Oh, he's just going to have his fits, sir, he
will then be all right.” In asylum life, amongst the intelligent class
of nurses, the fact is universally recognised that a premonitory stage
of great irritability is often seen, and the effect of a convulsive attack
will be to clear up the mental atmosphere.

The mental disturbance thus preceding the epileptic paroxysm pre-
sents very variable features—(1) melancholic gloom and despondency
may prevail ; (2) hypochondriacal perversions, which may have been
persistent during the patient’s interparoxysmal stage, may now become
exaggerated and intensified; (3) restless, objectless wandering may
indicate the uneasy discontented mind ; and the subject may complain
of this unrest, of being unable to follow his usual ocenpation, incapable
of keeping his mind upon any subject long together ; he cannot read ;
his sleep fails him ; he becomes indifferent to his meals and inattentive
to his wants generally; (4) a vague dread of impending evil is ocea-
sionally expressed ; but this is more frequent as a genuine uwra—a
psychical state, the immediate accompaniment of the commencing
epileptic discharge; (5) joyous elation may precede an attack, a
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psychical activity, The sensation constituting an aura is, therefore,
referred to any portion of the environment, including in the latter term
the body and its organs generally. We thus may get auwre of—(1) the
special senses; (2) of the visceral or organic sensations; and (3)
intellectual or psychical aurs. A few remarks on these sensations will
render the subject clearer.

(a) Special-Sense Aurse.—It must be remembered that in the five
special senses—taste, smell, touch, hearing, ard sight—we have an
ascending scale of sensations entering more and more intimately into
connection with our intellectual life. Taste and smell bhave the
least intellectual element, and are specially characterised by their
slight recoverability in idea—i.e., In persistence or capability of being
recalled in the absence of the object; although both are capable of
much improveability by education (Bain). On the other hand, touch
is a much more intellectual sense, highly diseriminative as to locality,
and capable, in conjunction with other senses (and especially the
muscular sense), of giving us ideas of the form, dimensions, and position
of objects in general ; its essential intellectual factor is dependent on
the conjoint agency of the muscular sense (Bain). Hearing and
sight attain the maximum as regards intellectuality ; are highly
co-operative ; exquisitely discriminative in their powers; highly
persistent and recoverable; as well as capable of almost unlimited
education. Sight is, of all the senses, pre-eminently characterised by
the faculty of objectivising, and in fact enters much the most largely
as an ingredient into the constitution of object-consciousness. On
the other hand, at the further end of the scale, the sense of taste and
of smell (and still more notably the sensations of organic life) are
characterised by their inherent subjectivity, or the greater difficulty
experienced by us in diseriminating between subject and object. The
drift of these remarks will be at once apparent to the student when he
considers that the least discriminating and most subjective of these
series of sensations (the organic or visceral and taste and smell) have
least connection with the intellectual operations of the mind ; the
most diseriminating and most objectivising (the high or special senses)
have intimate connection with the intellectual operations, and that,
therefore, aure, consisting of the former sensations, must be referred to
the implication of the substrata of the crude sensations of organic life,
and the emotions—those of the latter—to the substrata of the highest
activities of the mind, although they also enter into the emotional life
of the being.

Organic Sensations.—The innumerable impressions which must
arise momentarily and co-instantaneously throughout the organism
during the healthy activity of all its tissues, its muscles, bony frame-
work, viscera, and vascular apparatus form in their aggregate what are
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aure. The intimate connection between the sense of taste and that of
smell renders the differentiation between hallucinations of these senses
dubious, and at times impracticable. We must carefully exclude the
instances of perverted sensibility which so frequently engender sense
illusions in the epileptic subject, giving rise to delusions of being fed
upon human flesh, or similar revolting notions.

Vaso-Hotor Auree.—This form is exemplified in the case of a patient
whose fits are always preceded by unilateral vaso-motor disturbance—
marked mottling of the skin of the palm, associated with morbid sensa-
tions ; the patient invariably opens the hand and inspects it critically,
turning it over and over again, and feeling the skin with the fingers
of the other hand. Consciousness is then lost, and the arm so affected
becomes convulsed.

(6) Viseeral or Organic Auras.—These are the more prevalent
sensations recognised in epilepsy, as stated by Sir J. Crichton-Browne.*
The feeling is one of weight at the epigastrium, or a fulness or disten.
tion of this region. This feeling often rises to the throat, causing a
sense of great discomfort—the patient beginning to pull at his collar or
necktie as if to loosen it. Occasionally, the sensation creeps up to the
head, becoming, as one patient described it to me, “an expansion or
swelling of the head—an opening and a shutting.” Again, the epi-
gastric sensation may be one of actual pain, which remains until
consciousness is lost. Amnother very frequent symptom of the onset
is that of a sinking or of actual pain in the pracordia, or violent
palpitation of the heart. A feeling, identical with the globus hystericus,
is also very frequently observed in epileptic insanity (Gowers). All
these aurse, it will be noted, are referrible to a centric disturbance of
the vagus and spinal accessory.

3. The Epileptic Paroxysm.—This paroxysm may be charac-
terised by the predominance of the mental or motorial implication—
that is, we may have transient, though complete, loss of consciousness,
with little or no spasm ; or the general convulsions may be the pro-
minent feature, accompanied by early or later loss of consciousness ;
and since every shade of interblending of such phenomena may occur
in different subjects, so no sharp line of demarcation can be drawn
between the two extreme limits. A not infrequent symptom of the
approaching attack is a non-painful contraction of the fingers of the
arm first affected ; thus one instance, amongst several, invariably has
a painle