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VI. 4 Contribution to the Study of Descencing Degenerations in the Brain and
Spinal Cord, and of the Seat of Origin and Paths of Conduction of the Fits in
Absenthe Iipalepsy.
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Communzeated by Professor V. Honsvuey, ILR.S.
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Tais investigation was undertaken at the suggestion of Professor Horsrmy, in order
to determine the seat of origin of the fits in absinthe epilepsy and to find out what
share tho motor cortex or other portion of the cerebral hemisphere, the hasal ganglia,
corebellum, or the centres in the medulla and spinal cord, might take in the produe-
tion of the fit.

Tor this purpose numerous lesions were made both in the brain and spinal cord of
the cat, and absinthe administered immediately after, or after the lapse of days or
weeks,  The results of the absinthe stimulation wevre recorded by the graphic
method,

The following is the list of lesions —

T. Tesions wfter which animals were kept ulive .| 1. Removal of n complete cerebral hemisphero
in 40 eats.

2, Removal of motor area only, 4 cata.

3, Division of crus corebrin ¥ cats.

4. Removal of o loho of cercbellum in 12 cats.

5, Hemigoction of spinal cord in 4 cats.

1T, Lesions after whiclk aeimols were nob kept | 1. The precoding oporations, .
alive for any lengilh of time, 9. Removal of both cerebral homispleres.

3, Removal of cerchellum,

4. Removal of ono corebral hemigphere and
opposite lobe of cerebellum, &e., &e. -

5, Romoval of one hemisphere and divigion of
opposite hall of the spinal cord,
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The large amount and variety of material arising from these experiments furnished
the basis of an anatomical investigation, by the Marchi method, of more especially
the centrifugal paths in the brain and cord.

In order to enable a clearer comparison to be made between the various results
obtained by the experimental and anatomical methods, the paper is divided into—-

I. The anatomical changes.
II. Behaviour of the animal during life.

IT1. Results of absinthe excitation.

IV. Conclusions.

PART I.—ANATOMICAL CHANGES.

Microscopic Technique.—The tissues were hardened for about ten days in Miiller’s
fluid, and then thin slices transferred to Marchi’s solution of osmic acid in Miiller’s
fluid. In this solution the slices remained for a fortnight or longer, great care heing
taken to prevent the loss of the osmic acid by evaporation, and to renew it when it
became wealk, The slices did not exceed the % in. in thickness. It was found that
the osmic acid penetrated better when the tissues had been thoroughly hardened in
Miiller’s fluid, very good results even being obtained after one year’s hardening,

After the action of the osmic acid, the slices were dehydrated and embedded in
collodion and cut under alecohol. The sections were clarified in xylol-phenol and
mounted in Canada balsam. My experience has shown that mere time (up to two
years) has not had any serious solvent action upon the myelin which has reacted with
the ogmic acid, but the latter appears to slowly diffuse from the rest of the nerve tissue,
the sharply differential anatomical outlines of the recently-mounted section becoming
soon lost. These differences will be readily appreciated in the photographs.

The Morcht Reaction.—1 have observed commencing signs of the black reaction as
early as the 4th day in the vicinity of the wound. On the 5th day there is a little
extension, and this increases to the 10th day, when the degenerative reaction is
extensive. From the 14th day onwards, to weeks, or two or three months, I have not
observed in the cat any marked extension of the degeneration.

Numerous objections have been raised against the Marchi method, chiefly on the
ground that it stains too much, the reaction attacking the healthy nerve-fbres. But
a long, straight, healthy, darkly-stained nerve-fibre, if present, can be readily dis-
tinguished from the varicose and broken up, black, degenerated fibre ; I have found
the former very rare in my preparations. It is said that some nerve tracts and nerve
roots may normally give the black reaction, but this I cannot confirm in the cat.
When, in the cord, a hemisection is made, only the tracts upon the same side, and a
few fibres upon the opposite side, degenerate; yet I have seen cases where, after the
operation, there has been considerable change upon the opposite side ; but in these
cases the cause could be readily demonstrated in the complete traumatic myelitis at
the seat of lesion. In many of MARCHI'S own cases, which have heen characterisod

—
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by most marked, wide spread change in various divections, I think that a similar
explanation must be sought. 1t is possible that the fibres react more readily in some
animalg than in othevs, but of this we will be able to judge better after more extended
observation.  In my own preparations the accuracy of this beautiful method of
demonstrating degonerate paths rests upon the following data :~—1, There is no trace
of roaction in normal caty’ cords, or in cords before the fourth day after the lesion,
I have verified this in numerous cages. 2. The degeneration is strictly limited to
definite anatomical groups of fibres. 8. In the case of bilateral tracts, the degene-
ration iy confined to one tract in the case of unilateral lesion. 4. The marked
nuiformity of the results obtained in each group of experiments,

Lo The Degenevations Resulting from the Removal of One Ilemisphere in the Cat.,

I wll thicty-five cases were examined, the material being furnished by animals
which had lived, for varying periods, from two days to three months after the
oporwbion,

Deseription of Operation.—Under the usual precautions of complete ansesthesia
and asepsis, o considerable portion of the left™ hemisphere was laid bare. After the
arrest of oozing, the dwra was freely incised, and a blunt pointed bistoury passed
forward betwoen. the hemispheres to the frontal bone; the knife was then carried
bonekwards, passing vortically through corpus callosum and ventvicle ; close to the
tontorium the knifo was carvied outwards dividing the crus cerebri fush with the
tontoriwm,  The hemisphers wag thon removed and bleeding arrested by cotton
sponges, ringed out of very hot sterilised water, or normal saline, In other cases,
ancl with, perhaps, bettor success, the hemisphere was removed in several pieces, use
being made of the scoop and scissors to facilitate the complste removal of the brain-
substance, The bleeding is sometimes very great. The wound is closed by catgut
or silk ligatures, and protected by boracic acid, wood wool, and collodion. In the firgt
two cases artificial vespiration had to be resorted to.

Apurt from tho washing of the skin with corresive sublimate, no antiseptics were
used, reliance wag placed on sterilised water or saline solution, Experience dearly
purchased showed that traces of carbolic acid applied to the interior of the gkull
resulted in irritation and the death of the animal.

If any signs of pregsure were manifest the wound was opened and the cavity washed
out, with. warm boracie acid.

Iixmmination of the brain after death, or after hardening, showed that the division
wag mosial, or very nearly so; that the candate and lenticular nuclens and the optic
thalamuy, with the exception, in some cases, of its most posterior part, were removed;
that the optic tract was divided, Adbering to the cut surface of the right hemi-
sphere, thore was a certain amount of very soft ropair tissue mixed with blood clots.

* In this oporation the left hemisphoro ling always beon removod.

21 2
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The posterior incision through the crus cerebri amounted to a hemisectz’m'?, of the
mesencephalon in the region of the corpora quadrigemina, aqueduct of Sylvius, and
third nerves. The lesion in the majority of cases penetrated externally a little lower
than the level of exit of the third nerves, but as the latter are situated very mesially
they usually escaped injury. In one case the results of the lesion were found as low
as the commencement of the ascending root of the Vth nerve. The incision usually
passed between the anterior and posterior corpus quadrigeminum, then extended into
the aqueduct beneath, and passed forwards and outwards through the tegmentum

Transverse section passing throngh anterior corpora quadrigemina and Mevyorr's decussation. I, lower
end of wound made by the hemisection through the mesencephalon on the left side ; 4, degenerate
and atrophied pyramid (left); B, Forur’s decussabting fibres commencing to form tho latoral
columuar tract; O, (/, MEYNERYS decussaling fibres commencing to form the antero-lateral
columnar fibres; D, degenerate posterior longitudinal bundle fibres (anterior ecolumnar fibres) ;
B, degenerate desceuding root of Vth; &, Lemniscus; H, ant. corp. quad,

(usually avoiding the third nerve), through the outer part of the red nucleus, the
outer part or whole of the fillet, and the outer part of the crusta, The line of incision
also penetrated obliquely downwards as well as outwards. The origin of the descend-
ing root of the Vth in the grey matter in the side of the aqueduct was invariably
injured.  These points will be rendered clear by the figures.

Mesencephalon,* immediately below the level of the ITTrd nerve (fig. 1). The

* In the following anatomical deseriptions of the sections, the terms anterior and posterior correspond
to ventral and dorsal respectively, whilst the terms superior and inferior vefer to an upper (cephalic) and
lower (candal) level.
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section was made from a cat which lived thirteen days. Comparing the crusta on both
sides, the contrast is marked. The degenerate crusta is composed entirely of degenerate
nerve fibres stained black by the osmic acid; it is flattened and atrophied, and this
atrophy extends to the subjacent substantia nigra and, in fact, slightly to the whole
of the tegmentum of that side. In the opposite crusta there is not one degenerate
fibre. There is no degeneration of the fillet, nor, indeed, marked atrophy. The
wound is seen to extend towards the grey matter of the aqueduct of Sylvius
and to involve the position of the commenecement of the descending root of the Vth
nerve (L), From about the same region conspicuously degenerate fibres arch round
the grey matter, to cross the raphé to the opposite side, where some turn downn the
raphd in the position of (C'), whilst others, derived from more anterior decussating
fibres, extend forwards and outwards and come to a position (B), behind the inner
border of the normal crusta and close to the mesial and dorsal aspect of the lemniscus.
These anterior decussating fibres will have in their course passed to the mesial and
ventral aspact of the red nucleus, or even partly through the anterior part of the
nucleus and of the superior cerebellar peduncle which runs down from it. In faet,
the fibreg of both tracts must considerably intermingle. This is rendered clearer by
comparigon with cases in which, owing to the removal of one lobe of the cerebellum,
the superior cersbellar peduncle has degenerated nupwards to the red nucleus.

The fibres which, having decussated as above and crossed the middle line to the
opposite side, have turned down in the raphd (¢refes Mark), in. the position of (", fig. 1,
that is internal to and slightly behind the red nucleus, and in front of the posterior
longitudinal bundle, I will, for the purpose of clearness, call the anmtero laterol
columnar fibres, whilst the fibres B, fig. 1, which are more anterior and lateral, I
will term the lateral columnar fibres, Thus two groups of fibres have decussated at
this level from the left or injured side.

Occagionally the presence of a wery few degenerated fibres on the right side may be
demonstrated, passing round the aqueduct to turn down in the raphé of the opposite
side, ag antero-lateral columnar fibres of the left side. Their number appears to
depend entirely upon the extent of the lesion posteriorly into the roof of the aqueduect.

Although fig. 1 shows that on the left side the decussating fibres appear to arise in
a focus which coincides with the commencement of the descending root of the Vth,
yet an examination of many sections will show thm, some of the fibres originate
further out in the tegmentum.

In the roof of the aqueduct there is a considerable number of degenerate commi-
sural fibres; they appear to terminate in the posterior quadrigeminal body of the
gound gide. Owing, however, to their very short length and close proximity to the
wound, the direction of the degeneration cannot be determined in these sections- (see

later).

Comparing the posterior longitudinal bundles, it will be seen that there is a well-
defined group of small degenerate fibres in the posterior Jongitudinal bundle of the
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left side (side of lesion). As seen.in fig. 1, the fibres are close to the middle lin.e and
the grey matter of the floor of the aqueduct; they would lie, therefore, at a slightly
higher level, in close relationship with the nucleus of the IIIrd nerve. The presence
of these degenerated fibres is one of the most constant phenomena in this series of
ablation experiments ; and it does not appear to depend upon the extension of the
wound to the middle line at the level of the IIIrd nerve.

Upper Border of Pons.—Descending from the preceding level, a very short dis-
tance, to the upper border of the pons, at the level depicted in figs. 2 and 8, it is

Fig. 2.

Transverse section passing through the npper (cephalic) border of pons and the postericr corporn quad-
rigemina. 4, B, 0, D, E, T, G, as in fig. 1; J, degenerate commissural fibres in the roof of the
agqueduct ; I, superior cerebellar decussation,

seen that the pyramids have approached ome another, each lemniscus appearing in
consequence to have passed slightly outwards and backwards, The mesial portion of
the tegmentum is occupied by the decussation of the superior cerebellar pedunclos,
fig. 2, and between these decussating fibres and the dorsal aspect of the pyramidal
fibres lie the collection of the lateral columnar fibres upon the right side. At a very
slightly lower level, fig. 8, the decussation of the peduncles having been completed,
the lateral longitudinal fibres have a slightly more lateral situation, beneath the
fillet, from which they are quite distinct.

The antero-lateral columnar fibres on the right side are well seen along the raphé,
extending from the anterior border of the posterior longitudinal bundle, glightly into
the superior cerebellar peduncle. The majority of the degenerate fibres are magsed
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clogse in front of the posterior longitudinal bundle; but scattered fibres extend
forwards for about one-half to two-thirds the length of the raphé, figs. 2 and 3.
Upon the left side is the degenerate pyramid beginning to break up into separate
bundles. The degenerate fibres in the dorsal part of the posterior longitudinal bundle
are well seen, also more anteriorly a few scattered fibres in the anterior columnar
group. At a slightly lower level some of the degenerate fibres in the posterior longi-
tudinal bundle have moved forwards, Upon the same side the degenerate descending
root of the Vil is conspicuous, figs, 2 and 8. A. few degenerate fibres may be encountered
upon the left side in the position of the lateral longitudinal fibres. They are very
often completely absent, but in two cases they have been as conspicuous as those on

Tig. 3.

Transyverse scobion through uppor (cephalic) margin of pons and caudal extromities of post. corp. quad.
A, B, 0, D, I, G, as boforo; I, superior cerobellar peduncle.

the right side. The variation depends entirely upon the extension of the wound
megially and downwards in the regionm of the mesencephalon. If the wound is
extensive and penetrates low down, then both the lateral columnar fibres and antero-
lateral colummnar fibres of the left side are interrupted in their course and, in con-
sequence, degenerate,

Apart from the groups of degenerate fibres described above, 4t is extremely rare to
eneounter scattered degenerate fibres.

Pons at Level of Vih Nerve—The pyramids have, at this level, broken up into
bundles, and thege on the left side are completely degenerate, whilst on the right
there are no degenerate fibres. ’

The most posterior of the degenerate antero-luteral colummor fibres of the right
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side have moved slightly forwards, and the same is the case with the degenerate
fibres in the posterior longitudinal bundle and the two or three scattered degenerate
fibres in front of them. This gradual moving forward of the fibres is very character-
istic and extends into the cord, but the relative position of the two groups of fibres
is constant—those on the right side (anterior colummar fibres) are always more in
advance of those on the left side (posterior longitudinal fibres).

On both sides the descending root of the Vth nerve can be clearly seen as it passes
out from the lateral angle of the floor of the fourth ventricle to gain the anterior and
inner part of the rest of the Vth nerve, fig. 4, A In its course the root descends:
loops downwards, coming into contact with the VIIth nerve, and then ascends
slightly to its exit. Depending upon the direction of the section, the degenerate
fibres may be seen issuing in a bundle, or, owing to the looping, the root may be cut
twice, viz., as it is descending and ascending. There are no degenerate fibres in the
opposite Vth.

It would seem therefore that the degenerate descending fibves of the Vih sweep out,
without a junction into the motor root, just as the ascending fibres of the Vth sweep
in from the sensory root and degenerate downwards in the ascending root.

But not all the fibres in the descending trunk of the Vth are at the lower levels
degenerate ; there is an accession of new fibres from the grey matter at lower levels,

The lateral columnar fibres on the right side are recognized as a well marked
degenerate group, situated just in front of the motor root of the Vth. They have
thus assumed a more dorsal position, as compared with higher levels, but the change
is gradual and the difference of position not very great ; from this level to the lateral
column of the cord, their relative position remains the same.

In the same position on the left side, two or three scattered fibres or a well markec
bundle may be found, depending, as above stated, vupon the extent of the lesion.

Level of VIIth and VIIIth Nerves., Fig. 4.—At this level the thick VIIth nerve
18 readily recognized passing outwards from the grey matter of the floor of the fourth
ventricle, the VIIIth nerve is close behind separated by the conspicuous and just
entering ascending root of the Vth. The commencement of the olive, of the nucleus
lateralis, and of the substantia gelatinosa may be observed.

The anterior columnar fibres and the posterior longitudinal bundle have much the
same position.

The lateral columnar fibres lie near the point of exit of the VIIth nerve, the latter
nerve passing through them posteriorly, fig. 4 ; they are algo traversed by trapezoid
fibres. They lie just in front of the descending root of the Vth and of the gubstantia
gelatinosa on the inner side of this; in front and slightly towards the middle. line is
the commencing nucleus lateralis. At E, the descending root of the Vth hag nearly
all passed.out, below this level it is not seen.

Through the Medulla.—The pyramids lie close together, the degenerate slightly
atrophied one contrasting well with its fellow. The antero-lateral columnar and





































































































































































