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14 THE CROONIAN LECTUKES ON THE

In a second paper Held has shown the important influence
stimulus has upon myelination, thus establishing still more
fully the correlation of function and myelination, Cats, dogs,
rabbits (animals which are born blind) were experimented on
in the following way. Light was admitted for varying periods
to one eye by opening a lid, the other remaining closed.
Examination of the optic nerve on the two sides under the same
conditions showed a more obvions myelination on the side
exposed to light than on the other. The irritation which might
be produced by opening the lid was not the cause of this differ.
ence, for an animal which had had the lid opened on one side
and not on the other, but which was kept in darkness, showed no
difference in the myelination of the two sides. The obvious
inference is that transmission of light impulses along the optic
nerve had stimulated the process of myelination. This experi-
ment agrees with the observations of Flechsig that a child born
ab eight months showed at nine months more marked myelina-
tion of the optic nerves than a child born at full time. Still
there must be a primary innate tendency of the axis-cylinder
to produce myelin, for a dog kept absolutely in the dark had,
on the eighth day, orange-tinted optic nerve-fibres by the
polarisation method, showing that myelination had commenced.
Edinger® states that the discoveries of Kaes show that the
cerebral cortex increases in richness of myelinated fibres for a
long time, even to the fortieth year and longer, but diminishes in
old age. The correlation of function and myelination is thus
proved both by positive and negative results. The myelin appears
to be necessary for the funetional activity of nerve tracts, at least
in animals which® possess a nervous system with myelinated
fibres, for the development of the myelin along particular tracts

that the peripheral motor nerves are more advanced in myelination than the
sensory nerves at early periods of development. Flechsig, as I have remarked,
has shown—and they confirm this—that the reverse iz the cas.e for the
central nervous system. They offer no Exp]&nﬂ,hiouf b_ul'. possibly it may be
found phylogenetically that in the evolution of specialized rE,ﬂex acts in th.ﬁ
zoological series the motor fibres have acquired first the myelin E_;hentl:f ; or it
may be that the sensory bundles are made up of fibres having different
functions, and that these are myelinated at different periods of tlll.'m': ; again,
we know that a large number of fibres entering a muscle (Sherrington) are

afferent in function.
# ¢ Anatomy of the Nervous System," translated by Hall, p. 233.






















- | '
§ L I - - r
















3 ! §







v





































40 THE CROONIAN LECTURES ON THE

with a view of determining the condition of the nerve-cells when
the dog is in a state of paresis and dementia, and when it has
recovered so completely as to pass for a normal animal. The
methods which I have adopted have been for this and all ofhes
experiments and observations referred to—the Nissl method, the

Fia. 14, Fig. 15.

Fia. 14. Normal pyramidal Bett's cell, cortex cerebri, stained by the Nissl
method. The preparation was made from the brain of a man who died from
an obscure septic affection after eight weeks' illness. Towards the end of life
he suffered from severe hsemorrhages, producing the most extreme anemia,
the blood containing a large number of nucleated corpuscles. There was a
remittent pyrexia during the whole period; the fever, however, never sur-
mounted 103-5°F, The body was extremely emaciated at death., He remained
conscious to the end, and it is interesting that this combination of factors
was insufficient to produce bio-chemical changes in the nerve cells. Magnifi-
cation 700 diameters.

F1G. 15. Section of the cortex cerebri of a dog after ligation of both carotids

and both vertebrals, Magnification 250 diameters.

Marchi, the Marchi-Pal, and rapid Golgi methods of staining.
The changes observed in the brain by the Nissl method are
shown in the accompanying photo-micrographs of the sections
(vide figs. 15, 17 and 18). Before, however, speaking of the patho-
logical changes, T will again call your attention to the appearances
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46 THE CROONIAN LECTURES ON THE

no doubt depends upon the effect produced upon the medulla
by Fhe anemia. The changes observed in the cells of animals
whfnh have thus lived some hours are different entirely to those
which have been previously described. There is not merely a
physical change due to hydration ; this may or may not be
present, for sometimes the cells are not swollen, but are even
shrunken. The staining reaction is also different, showing a
bio-chemical as well as a bio-physical change: sometimes né]::w.l.

¥ra, 21,

Fic. 20. Pyramidal eell with diffuse staining from a cat after ligation of
four cerebral arteries. Magnification 500 diameters,

Fic. 21. Pyramidal cell from a monkey five days after ligature of two
carotids and one vertebral, showing swelling in the pyramidal cell with diffuse
homogeneous staining owing to the stainable substance being scattered
through the protoplasm of the cell as a fine dust.

whole cell stains uniformly but not with a brilliant colouration
(vide fig. 20). If a double stain has been used, for example,
methyl-blue and saffranine, the whole cell may be stained a
uniform dull purple, the processes, as well as the body of the
cell, having a homogeneous instead of a differentiated reaction
to the dyes—a condition which is similar to that met with in
hyperpyrexia and to the appearances described by Sarbo in the
motor-spinal neurones of the lnmbar-sacral region after clamping
the abdominal aorta. These animals prior to death, according
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Llﬂl'fd[‘it&ﬂ had disappeared, but in some of the cells the axis-
eylinder could be traced with unusual distinctness, probably due
to some swelling ; and one cell was observed which is of interest

Frg, 24, iG, 25,

F1c. 24. Pyramidal cell from the cortex of a monkey, five days after ligation
of two carotid arteries and one vertebral artery. Stained by the rapid Golgi
method, showing gemmules on the dendrons and all the external appearances
of a normal cell. Magnification 150 diameters.

Fig. 25. Section of the pyramidal tract of the spinal cord of a monkey ten
days after ligation of two carotids and one vertebral, A few scattered de-
generated fibres are revealed by the Marchi method. These were more
numercous on the side opposite to the hemisphere on which the vertebral was
ligatured, but altogether they were not more than 60 in number, so that only

an inconsiderable number of the psycho-motor cells had perished as a result
of the anmmia. This quite conforms with the fact that the animal had re-
turned to the normal physiological condition when it was killed with chloro-
form. Dogs with fbur arteries ligatured and kept alive over ten days fre-
quently showed that a certain number of the psycho-motor neurones had
perished, but the numbers were inconsiderable.

because the axis-cylinder process could be traced some distance,
giving off lateral twigs that seemed to merge into a general
network, supporting, therefore, the diffuse nerve network theory
of Golgi (vide fig. 19). Many of the cells were swollen up, as
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therefore open to serious objections. Tt is very probable that the
method of Cox might be found of value in determining changes
in the cells of the cortex in chronic disense and possibly also in
acute disease. I have nobt mentioned that in most of these
brains experimented on a striking naked-eye feature was the
distension of the veins of the cortex with blood, and frequently
there was sub-pial hemorrhage ; also the peri-vascular lym-
phatics were usually distended with fluid. No doubt, both the
increase of blood in the superficial veins, the increase of fluid
in the peri-vascular lymphatics, and the general cedema of the
brain itself were proportional and compensatory to the diminu-
tion of the arterial blood. The arteries were generally empty,
likewise the capillaries. In some cases the peri-vascular lym-
phatics and membranes were the seat of a marked cellular
infiltration resembling the condition found in general paralysis.
Collateral ecirculation to the medulla, by which the respiratory
centre is kept going, is essential to life. Such collateral cireu-
lation when established—and if the animal lives it must have
been established—would be accompanied by blood-supply to the
choroid plexus, and the cerebro-spinal fluid, which functions as
the lymph of the brain, would consequently be secreted in
abundance and soon compensate for the diminution caused by
the failure of the arterial circulation. Thus the increase of
cerebro-spinal fluid would account for the wdema of the brain,
the dropsical condition of the cells, and the dilatation of the
peri-vascular lymphaties.

Some hitherto unpublished experiments which [ made five
years ago with Professor C. S. Sherrington, and which we have
never found opportunity to continue and develop, are, I think,
of sufficient importance to mention with this subject of anemia.
We found that compression of the spinal cord in the dorsal region,
even enough to produce indentation, would not stop the passage
of impulses generated by faradaic excitation of the cerebral cortex
to the lower spinal motor neurones. In two animals—monkeys—
upon compression with an eye removed from a rat immediately
after death, fixed at the end of a glass tube attached to a hori-
zontal lever in such a way that compression of the cord could
be made by this living tissue and the pressure measured by
means of a sliding weight, we found that extremely light pressure
upon the lumbar spinal cord was sufficient to abolish conduction
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case of Congo sickness in which the temperature never went
above 103° F. showed no change in the Nissl granules and the
cells presented a fairly normal appearance. I have examined
the nerve-cells in many cases of septic poisoning and other
diseases, but I have never seen this change unless there was
either hyperpyrexia or prolonged high fover (vide fig. 14).
The fact that experimental hyperthermia in animals produces
this bio-chemical change in the protoplasm of the cell indicates
that it is the altered temperature of the blood which is the

Fia. 27. Section of the spinal cord of a case of Congo sickness with hyper-
pyrexia in which the temperature reached 109° F. prior to death. The whole
of the cells throughout the central nervous system showed a diffuse homo-
geneous dull staining. The Nissl granules had entirely disappeared from the
processes and the body of the cell and the stainable substance had a fine
dust-like appearance. The processes are unusually distinet on account of the
diffuse staining, the nucleus is clear and swollen, faintly stained, and the
nucleolus is deeply stained. Magnification 400 diameters.

cause in the human subject of these changes. Another point
is that if the sections are stained with methylene blue and
saffranine the protoplasm is stained a uniform dull purple instead
of being differentiated. Now we have seen that the healthy cell
shows a differentiation of staining; the Nissl granules which
have been shown to be a nucleo-albumin are no longer visible
in hyperpyrexia ; and there is no longer the differentiation of a
stainable and an unstainable substance with basic dyes. There
must, therefore, have been produced by the fever a profound
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blood cause degenerative changes ; and (3) the poisonous sub-
stance may be introduced into the body from without, Just
as we know that various alkaloids used in medicine have a
specific affinity for particular portions of the nervous and
muscular systems, so we find that certain poisons which produce
degeneration and disease have a special selective influence. We
!mow that strychnine, for example, has a special selective
influence upon the spinal cord, increasing reflex excitability.
Goldscheider and Flatau have shown that strychnine poisoning
produces changes in the motor anterior horn cells closel y corres-
ponding to those observed in tetanus poisoning ; these changes
may be observed as commencing three minutes after injection of
the poison if a sufficient dose be given. As in tetanus poisoning
there is no close relationship between the morphological change
and the degree of functional disturbance. These observers have
also shown that acute cell changes occur as a result of malonitril
poisoning (NC—CH,—CN). Injection of hyposulphite of soda
neutralises the toxic effects of this poison and prevents the
changes in the nerve-cells. Experiment has shown that curare
poisons the motor end plates, and recently, in an interesting
communication, Dr. Augustus Waller showed how a very slight
difference—a molecule of water—will alter the action of an
alkaloid. Thus he has shown that veratrin has a special
selective toxic action upon muscle, while proto-veratrin acts
upon nerve. These facts, together with others which I will
cite in connection with degenerative changes produced by the
selective action of poisons in the produection of disease, indicate
a special chemical affinity of certain protoplasmic structures for
certain particular poisons; and the corollary is that probably
the protoplasm of every nerve structure having a different
function wvaries to some slight degree. There is a difference
which is not to be detected by chemical methods, but the
varieties of which are clearly shown by the difference in their
physiological reaction to an altered environment. Perhaps one
of the most striking demonstrations of this selective affinity of
protoplasm for particular chemical compounds is shown by the
intra-vitam methylene blue method introduced by Professor
Ehrlich, and which in the hands of many investigators has
produced such marvellous revelations into the minute structure
of the nervous system. Ehrlich found that only those aniline
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by the tetanus toxin. We do not know whether this selection
is due to some anatomical condition which favours the absorption
of the poison, or whether it is the result of a bio-chemical affinity
of that particular group of neurones for the poison, It is
remarkable that experiment has shown that the tetanus toxin
If mixed with an emulsion of nervous matter before injection
into an animal loses its toxicity, showing thereby its aifinity for
nervous matter, Goldscheider and Flatau, who have studied the
changes in the nerve-cells of animals that have heen injected
with the tetanus toxin, deseribe conditions which they consider
characteristic of the action of this particular poison, Examina-
tion of the cells of the anterior horns of the spinal cord shows
enlargement and pallor of the nucleus, swelling and crumbling
of the Nissl bodies, and fine granular disintegration of the Nissl
bodies associated with swelling of the whole cell.

Marinesco maintains that in nerve-cells subjected to the
action of the tetanus toxin two independent phenomena can
be distinguished—one the result of the chemical combination
of the poison with the cellular protoplasm, and the other the
wearing out of the cell from excessive functional activity. He
agrees with the coneclusion of Goldscheider that there is a
chemical transformation exalting the excitability of the motor
neurones. There is a general consensus of opinion among
authors who have worked at this subject, including those
named, that the injection of tetanus antitoxin retarded these
cell changes and caused a more rapid return to normal. It
is only right to say that Courmon, Doyen, and Pairot, from
experimental results of their own, deny that tetanus toxin
produces any alteration in the cells of the anterior horns, and
certainly specimens of the medulla and pons from two cases
of tetanus in the human subject which I have had the oppor-
tunity of examining showed no certain noteworthy change.

Another poison, probably of mierobial origin, rabies, has a
special selective influence upon the medulla, although the whole
nervous system is charged with the poison, pointing, therefore,
to the fact that there is some special affinity of the neurones in
the medulla for the poison. I have had the opportunity (through
the kindness of Dr. Herbert Durham) of examining the medulla
of a child who died from hydrophobia in Guy's Hospital six
weeks after having been bitten by a mad dog. The greater
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offects. The cortical pyramidal cells were, however, always
more affected than the motor cells of the anterior horns of the
medulla and spinal cord ; and one therefore naturally asks, Can
we account for this by supposing that the cells have each a
specific vital resistance ? That this may be so is perfectly clear
from the fact that such poisons as abrin, botulin, ricin, &e.,
produce when injected much more marked effects on some cells
of the same function than on others. In the case of absinthe
it must be remembered that we have to do with an oily fluid,
and it is possible that really the fits may have been due to
irritation caused by minute capillary emboli of an acrid and
poisonous nature becoming lodged in the minute vessels of the
cerebral cortex. The capillaries in the cortex are extremely
small, and would favour such lodgment. Such an explanation
seems possible, for if absinthe be injected subcutaneously, even
in large quantities, fits are not produced (Hill). I am also
indebted to Mr. Victor Horsley for the nervous system of a cat
which had received two minims of absinthe intravenously
injected. The animal had three fits and survived two hours.
The changes in the motor cells of the brain and cord corres-
ponded to those above described.

Figs. 14, 15, 16, 17, 18, 20, 21, 22, 26, 27, 28, 29 are photo-micrographs of
preparations stained by the Nissl method. Fig.19 was stained by the Weigert
iron method. Figs. 23 and 24 were stained by the rapid Golgi method.
Figs, 25 and 80 were stained by the Marchi method.

Bibliography.—L. Barker: The Nervous System. Ballet et Dutil: Sur
quelques Lésions expérimentales de la Cellule nerveuse ; Abstract, Neuro-
logisches Centralblatt, 1897, p. 915, Bregmann: reference, Barker's Nervous
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cxei, B, 1899, Sir Astley Cooper: reference, Hill, The Cerebral Circulation.
Darkschewitz: reference, Bn.r]ilmr's Nervous System, p. 231. Ehrlich and
Brieger : Ueber die Aushaltung des Lendenmarks, &c. Zeitschrift fiir Klinische
Medicin, 1884, Band viii., Suppl. H. Ehrlich : Deutsche Medicinische Wochen-
schrift, 1891, 32 and 84. Erlanger: reference, Barker's Nervous System,
p. 297. Ferrier and Turner: A Record of Experiments illustrative of the
Symptomatology and Degenerations following Lesions of the Cerebellum and
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val, xxv., No. 8. Lugaro: reference, Ford bertson, Brain, Summer
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THE VALUE oF THE MArcHI METHOD.

About ten years ago Marchi introduced his method of staining
degenerated nerve fibres, using it for the purpose of demonstrat-
ing the degenerations which followed experimental ablations of
the cerebellum performed by Luciani, and the most striking
results were obtained. By this method Marchi showed a
descending cerebellar system in the antero-lateral column of
the same side as the half of the cerebellum that had been
removed. Russell, Ferrier, and Turner, have, however, shown
that this tract does not proceed direct from the cerebellum but
through a relay in Deiter's nucleus. It is now the method
adopted by all investigators for determining the path, not only
of tracts of fibres, but of actual individual fibres, in the central
nervous system. It has, in the hands of numerous investigators,
served to demonstrate accurately the course and termination of
nervous paths. There are a few fallacies in connection with it
for the inexperienced, but if care be taken to avoid these no
method is so delicate or so reliable. By this method I was able
to trace the course of the fibres of Gowers's tract, which I showed
to consist of three sets of fibres: one, the more numerous,
terminating in the middle lobe of the cerebellum after looping
over the fifth nerve and running down on the surface of the
superior cerebellar peduncle; another set terminating in the
corpora quadrigemina; and the third, few in number, joining
with the fillet fibres and ending in the optic thalamus. By this
method single fibres can be followed in their course along the
whole cerebro-spinal axis, from the cortex to the lumbar sacral
region when they are efferent, and from the lumbar sacral region
to the optic thalamus when they are afferent. I was unable to
find any evidence for the existence of a cortical fillet described
by Flechsig after cutting off the posterior column nuclei in
monkeys and tracing the degeneration upwards, all the fillet
fibres terminating in the optic thalamus.

Tar CHEMISTRY OoF THE MArcHI METHOD IN RELATION TO
DEGENERATION.

In working with the Marchi method I was struck by the fact
that in the neighbourhood of a lesion vessels could often be
seen with phagocytes containing black-stained particles in their

——
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sheaths. These were undoubtedly carrying away the products
of degeneration. I also found that muscles which had undergone
fatty degeneration reacted to the Marchi stain—that is to say,
pieces of the muscle which had been hardened in Miiller’s fluid,
like pieces of the degenerated central nervous system, when
placed in the Marchi fluid for from ten to fourteen days (one part
of 1 per cent. of osmic acid and two parts of Miiller’s fluid),
vevealed fatty degeneration by the fat particles being stained
black. I had long before noticed that the fat particles in de-
generated muscle were stained by the h@motoxylon when the
Weigert or Weigert-Pal method of coloration was used ; there-
fore I came to the conclusion that a non-phosphoretted fat, the
result of degeneration of proteid, would be stained by either of
these methods. Putting this fact by the side of another—viz.,
that degenerating nerves of the central nervous system, stained
by the Weigert or Weigert-Pal method, appear uniformly blue
throughout, whereas in a transection of the normal nerve-fibres
only a ring of myelin stains blue, the central axon being un-
stained — the conclusion is that the profeid of the axon has
degenerated and become converted into a fatty substance ; bub it
is otherwise, as I shall now show, with the Marchi method,
which really depends for the success of the reaction on the
differential staining of the phosphoretted fat contained in the
myelin (protagon) from ordinary (non-phosphoretted), such as
olein, palmitin, stearin, &c. In sections of a normal nervous
tissue stained by the Marchi method the nerve-fibres in tran-
section present the following appearances: the central axial core
is unstained, the ring of myelin is stained a greenish ash-grey
colour, and degenerated fibres are stained black throughout, so
that no differentiation can be seen between the myelin sheath
and the axial core. It might be said that this was due to the
axial core having broken up and its place being occupied by the
degenerated myelin, but I have observed in longitudinal sections
of nervous tissue showing degeneration in the earliest stages the
axis-cylinder stained black, as well as the myelin (fig. 31). Neu-
mann and Eichorst contend that during degeneration of the
peripheral end of a cut nerve the medullary sheath and axis
eylinder undergo a chemical change of such a nature that strue-
turally and chemically it is not possible to differentiate between
the two. Moreover, there are chemical reasons for supporting
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it was found that the right half lost the most in weight by this
process. Both halves were then dried at 100° C. and extracted
in & Soxhlet's ether apparatus, so that all the fatty matter was
extracted. It was found that on the degenerated side the ether
extract appeared like butter, whereas on the non-degenerated
side it was more crystalline in appearance. The degenerated
right side yielded a larger proportion pro rata of fatty matter
than the left (fig. 32), but the phosphorus (the details of the
estimation of which are given fully in the paper in conjune-
tion with Dr. J. W. Barrett) which was obtained from the right
half was less than the left. The conclusion, therefore, was
that the phosphoretted fat (lecithin) had broken up in the way
I have mentioned; this result I have stated in my article on
the Pathology of Nutrition in the first volume of Clifford Allbutt’s
“ System of Medicine.” I have since examined another cord
with the same results, and two others in conjunction with Dr.
J. W. Barrett. The first results of these examinations are given
in the first volume of the Archives of Neurology. Some of the
increase of the fat cannot, however, be accounted for by the
decomposition of the lecithin ; it therefore probably comes from
the degeneration of the proteid of the axis-cylinder process
which we have seen to give the black fat staining reaction.

TaE PossIBILITY oF DEGENERATION CAUSING AUTO-INTOXICATION.

While examining a case of acute general paralysis with
numerous epileptiform seizures I was struck by the fact that
the peri-vascular lymphatic sheaths of many of the vessels were
filled with vessels staining black like the Marchi reaction, and I
came to the conclusion that very probably in this disease a
decomposition of the myelin of the proteid matter of the nervous
system occurred incidental to the degenerative process, and that
the cerebro - spinal fluid, and possibly also the blood, would
yield some of the products of degeneration, and perhaps the
presence of such might account for some of the symptoms which
occur in this disease (vide fig. 33). On account of the laboratory
of the London County Asylums not being licensed for experi-
ments, I was fortunate enough to obtain the co-operation of my
friend, Professor W. D, Halliburton, who was good enough to
associate himself with me and conduet a series of experimental
inquiries relating to this subject, a full account of which has
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been published in the Philosophical Transactions of L the jﬁuyul
Society. At first it was thought that choline only existed 1n Fhe
cerebro-spinal fluid and blood of patients who were suffering
from general paralysis of the insane. - This was no doubt due to
the fact that in this disease choline was easily detected both
chemically and physiologically, because in no other affection
of the nervous system is there such a rapid and widespread

Fi. 33.—Photo-micrograph of a small vein from a case of acute general
paralysis running towards the cortex with a lateral branch cut transversely,
and dark in appearance on account of the contained congested blood. The
section was stained by Marchi method and the whole of the external wall
of the vein is seen covered with cells stained black by the fat contained in
them taking up the osmic acid. Magnification 350 diameters. (Archives of
Newrology, p. 275.)

degenerative process affecting the nervous system, but subse-
quent observations have shown that practically in any de-
generative process affecting the nervous system, if extensive
enough, choline ean be detected in the blood, although normally it
does not exist in sufficient quantities to be recognisable. Thus
it was found in two cases of combined sclerosis and in two cases
of beri-beri where the disease had been of sufficient duration to
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give the Marchi reaction in the nerves ; but in another case, in
which the patient had died in the early stage from heart failure,
there was no evidence of choline, This led to further researches,
and it was found that as soon as the myelin began to undergo
decomposition in the peripheral portion of the experimentally
cut sciatic nerves that the blood of the animals so operated upon
gave the physiological and chemical reactions indicating the
presence of choline. These facts show that my original surmise
was true, that the protagon splits up into simpler bodies with
elimination of choline.” Many observers have found that extract
of brain matter gave a physiological reaction similar to that of
choline—namely, upon injection of a solution of aleoholic extract
of brain matter a fall in the blood-pressure was produced. This
was noticed by Schiifer and Oliver, Swale Vincent, and Halli-
burton. The latter two have continued their researches, but
arrive at somewhat different conclusions: it appears, however, to
me that Halliburton is right in assuming that the effect produced
is due to the existence of choline, for he finds that brain extract,
like choline after injection of atropine, produces a rise instead
of a fall of blood-pressure (vide fig. 39). Again, the alecoholic
extract of fresh brain-tissue yields the characteristic octahedral
crystals which choline forms with platinum chloride (vide figs. 84
and 35). In consideration of this fact we must conclude that
choline is continually being formed as a normal product of lecithin
metabolism and is continually escaping into the cerebro-spinal
fluid which drains into the sub-arachnoid cavity and ecarries
away the waste products of this metabolism. This view was
put forward by Professor Gumprecht at the recent congress at
Wiesbaden. Although it is probable that choline is continually
escaping into the cerebro-spinal fluid, either it must disappear
very rapidly by absorption of the fluid or it must be in very
small quantities, for normal cerebro-spinal fluid did not give the
physiological or chemical reaction indicating the presence of
choline. Gurlewitz, Schiifer, and others corroborate this state-

* Bince giving the above lecture I have (with the consent of the patient)
performed venesection on a young man suffering with characteristic symptoms
of disseminated sclerosis. The blood gave a well marked chemical and
physiological reaction, indicating the existence of abundance of uhﬂliu? ; it is
very possible therefore that this may serve as a valuable test in the differen-
tiation of this disease from hysteria.










- .- 1K : -. ; = /
T4 & H : .
- ELE 5 L L R : : ; :













DEGENERATION OF THE NEURONE 81

existence of abundant phosphorus in these granules; we may
therefore conclude that the disappearance of the same from the
degenerating cells may be associated with the existence of a
nueleo-proteid in the cerebro-spinal fluid. The researches of
Halliburton have shown that the tissue fibrinogen of Wooldridge,
which causes coagulation of the blood when injected intra-
venously, is a nuecleo-proteid ; and Halliburton has shown that
the nucleo-proteid of brain-tissue, like that of other tissues, has
a powerful action jin producing intravascular clotting. Seeing
that in no disease do we find nervous tissue undergoing such
rapid and extensive decay as in general paralysis, it is quite
reasonable to presume that the existence of nucleo-proteid in the
cerebro-spinal fluid contained in the perivascular lymphatics may
be one contributory factor in occasioning vascular disturbances and
congestive stasis, especially in those regions in which mechanical
conditions favour venous stasis—viz., the frontal and central con-
volutions. Figs. 40 and 41 show the regions where pia-arachnoid
thickening and atrophy are most marked, and the area will be seen
to correspond to the distribution of veins opening into the longi-
tudinal sinus ; and it will be observed that if there is a tendency
to venous stasis it would most likely take place in these veins,
because the blood has to run contrary to gravitation. Again, we
know that the veins run into the longitudinal sinus in a direction
opposed to the current, so that any conditions which give rise to
general venous congestion would make themselves felt, especially
in the area drained by these particular veins. Of course, it may
be argued that the great anastomotic vein of Trollard has an
important connexion with the lateral sinus, and that this would
prevent, iIn a measure, such mechanical disturbances. Still,
look at it as we will, we must consider that the flow of blood in
the veins I have indicated is at a mechanical disadvantage
compared with that of the other veins which drain directly into
the torcula or into the lateral sinus. That venous congestion
does play an important part in the production of the congestive,
epileptiform, and apoplectiform seizures of general paralysis is
shown by the fact that a brisk purge or an enema will often
prevent or cut short these seizures, presumably by relieving
portal congestion and general venous turgescence. If, as we
have seen, choline has the property of dilating the intestinal
vessels in such a marked manner, it is possible to conceive that

6
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it may cause portal congestion and thus act as a factor in the
production of venous stasis. The effect produced experimentally
was only transitory because the quantity of choline introduced
was rapidly dilated by the mass of blood, and probably oxidised
also; yet when the whole mass of blood contains this substance
in appreciable quantity continuously it means the possibility
of constant toxic effect; therefore, although choline can hardly
be regarded as a dangerous toxic substance, still, under certain
circumstances it may serve as an additional, factor in the pro-
duction of complications in this disease.

Fia. 40.—External and upper surface of hemisphere, showing distribution
of veins opening into the longitudinal sinus. The shading shows the usual
area of pia-arachnoid thickening. A large branch is seen running back into
the lateral sinus, connecting it with the great central anastomotic vein. ?‘he
lateral sinus is diagrammatically represented as continuous with the longitu-
dinal sinus and the torcular is not shown.

The Marchi reaction applied to the central and peripheral
nervous systems shows rather different results; one striking
difference is the comparatively rapid disappearance of the pro-
ducts of degeneration in peripheral nerves as compared with the
central nervous system. For example, if the posterior spinal
ganglia be removed and the animal kept alive for months no
traces of the products of degeneration can be found in the
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upon the central cell of origin? There is aceumulating evidence
in favour of the view that nerve regeneration may take place from
the periphery, but there is no evidence to show that regeneration

of fibres of the central nervous system (where this sheath is
absent) can take place.

Two ForMs oF DEGENERATION.

There are two forms of degeneration, but both may react to
the Marchi stain. They are as follows :—(1) Secondary (Wallerian)
degeneration due to interruption of the axon when it is cut off
from its cell of origin, as, for example, in a focal transverse
lesion of the spinal cord produced by disease or injury. Tracts
of fibres which have their cells of origin above the lesion degenerate
downwards and are recognised by the black-stained products of
degeneration mapped out in definite areas corresponding to
definite systems of efferent neurones, while tracts of fibres con-
ducting afferent impulses having their cells of origin below the
lesion have a normal appearance. The converse applies to tracts
above the lesion—viz., all the afferent tracts which have their
cells of origin below the lesion have their limits definitely mapped
out by the black-stained produets of degeneration, while those
with their cells of origin above have a normal appearance. There-
fore, secondary degenerations, whether occurring as the result of
experiment or disease, may be considered of traumatic origin and
arising from conditions outside the neurone very frequently due
to vascular occlusion and local softening. (2) Primary degenera-
tions are clinically and pathologically quite different from
secondary. They arise as a result of altered conditions of the
blood and lymph, due generally to the introduction or generation
within the body of poisonous substances, and are insidious in
origin, progressive in character, and generally fatal in termination.
They are influenced by hereditary or acquired tendency to nervous
degeneration, and election of the particular system or systems
of neurones not only constitutes definite groups of clinical
phenomena, which admit of empirical classification into definite
diseases, but also shows that certain poisons have elective
affinities for particular systems of neurones; but the election
of certain structures may also be determined by occupation and
habits which induce stress on some particular system of neurones,
or vascular conditions may lead to circulatory disturbances which
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syphilitic poison is the cause of the disease in the majority of
instances. It is the opinion of many authorities—and 1 must
say that my experience supports it—that locomotor ataxy a:ncl
general paralysis are one and the same morbid process, a,ff?ci.;mg
different parts of the nervous system. They are, in my opinion,
both a primary and progressive decay of the nervous elements
and are etiologically, clinically and pathologically, very closely
related. At a discussion held at the Pathological Society of
London I supported the view that tabes and general paralysis
are one and the same disease affecting different parts of the
nervous system. It was asked if this be so, how do you explain
the fact that in general paralysis it is the brain, and especially
one particular part, which is affected, while in locomotor ataxy
it is the cord ? Let us consider the effects of poisons like aleohol,
lead, ergot, lathyrus, and diseased maize (pellagra). They may
produce both peripheral nerve and cord changes, together with
brain changes in the same individual. It is the individual, his
occupation and habits, which determine the seat of the morbid
process. In some cases, however, the cord symptoms, on the
one hand, predominate and the brain symptoms may be slight,
or even absent ; on the other hand—and these are the cases of
lead and aleoholic poisoning which come into the asylums and
are not seen in the hospitals—we have the brain symptoms pre-
dominant and the paralytic symptoms often less defined, over-
shadowed by the brain affection or even absent. So it is with
general paralysis. Cases come into the hospitals with Argyll-
Robertson pupils, marked paresis, and speech affection, but with
the mental symptoms only comparatively slightly developed.
Likewise numerous cases of tabes attend the hospitals for a
considerable time and then marked mental symptoms develop,
when the case is certified as tabetic general paralysis. In all
these degenerative diseases we have more than one factor in
operation, and I quite agree with Edinger in his opinion that
stress will determine the initial localisation of the degenerative
process. I do not know that we can learn very much about
these primary degenerations from experiments upon animals.
However, much valuable knowledge undoubtedly has been ob-
tained by the effects of poisons in producing acute or subacute
degeneration of the neurones. Certainly animals have not been
inoculated with syphilis. Tuezek, who first deseribed the changes
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in the nervous system in ergotism and pellagra, was unable to
l:frodum:s these degenerative processes in animals by long-con-
tinued feeding with diseased rye, nor have other experimenters
hgeu §uucesﬂful with injection of ergotin and sclerotic acid.
Likewise, alcohol and lead administered to animals do nob pro-
duce the characteristic clinical and pathological conditions found
in man. Moreover, many other poisons, the products of micro-
organisms, produce ditferent effects in man to those produced in
animals. The close association of tabes and general paralysis
is to my mind clearly shown by the fact that there are a con-
siderable number of cases in which it is diffieult to say whether
they should be classed from their clinical symptoms and morbid
changes found post mortem as tabes with mental symptoms or
as cases of tabetic general paralysis. I have seen cases in which
the diagnosis of general paralysis has been made because the
patients were suffering with mental symptoms indicating that
disease—viz., maniacal or melancholic symptoms and delusions
associated with ataxy. After a time the mental symptoms have
cleared up and the case has then been called tabes. Again, I
have frequently seen cases of tabes which begin with all the
characteristic phenomena of this disease and then terminate in
progressive dementia and paresis, dying in an asylum from
general paralysis. Symptoms which are looked upon as char-
acteristic of tabes, such as grey atrophy of the dises, are not
at all uncommon in general paralysis (10 per cent.), and I
have met even with symmetrical perforating ulcers (fig. 42) and
harcot’s joint. I have recently examined twelve cases of the
tabetic form of general paralysis in which the changes in the
brain (naked-eye and microscopical) were characteristic of general
paralysis and the cords showed the characteristic lesions of tabes.
My experience would point to about 10 per cent. of the cases of
general paralysis being associated with tabetic cord lesions. The
etiological relationship of the two diseases is almost identical ;
both affections occur usually in the prime of life, are more pre-
valent among townspeople, affecting men of all grades of society,
but as a rule only women of the lower and lower middle class.
Again, juvenile general paralysis and juvenile tabes probably
occur only in the subjects of congenital syphilis, and the sexes
are affected with equal frequency. I have met with one case of
the latter and thirty cases of the former with twenty-four posi-
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mortem examinations. In 80 per cent. of the cases of juvenile
general paralysis a definite history or signs of syphilis were
obtained, A considerable number of cases have now been re-
corded of married couples being affected with general paralysis.
I have recently seen a man who had well-marked signs of syphilis
who subsequently died from the tabetic form of general paralysis;
his wife, who had healthy children by the first husband and none
by this second, i1s now dying from general paralysis. Dr. T,
Buzzard related a similar case at the discussion referred to.

Fig. 42.— 53‘111.111('1.1‘1(]1'. pe rforati i '3
L] . - i ating ulcers from a case of t: i p
!3,1“-”‘]_.}-515‘ & of tabetic geneay al

SomE Facrs CONCERNING THE ETIOLOGY AND PATHOLOGY OF
GENERAL PARALYSIS,

'j_jhﬂ-l‘ﬂ are two types among the juvenile general paralytics;
(1) in whlich the syphilitic poison seemed to have prm‘lur;ud :1_1;
arrest or impaired development of the higher centres, so that the
child was weak-minded or imbecile; and (2) in whi;'ﬁ the child
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was mentally capable, in some cases highly intelligent and active-
minded. The cause of the degenerative process in most of these
cases E.aﬂme:d to be associated with the increased psychical
actwity, which must of necessity develop after puberty, when
new emotions, objects, and ambitions are awakened by the sexual
Instinet and the struggle for existence, That psychical activity
plays a very important part in this disease as affecting adults is
clearly shown by the following facts: the sufferers are nearly all
townspeople with a quick reaction time, ambitious and energetie,
and the first symptom of the disease may be undue mental
activity approaching now and then to that of genius. It might
be argued that a large number of these people are from the
lowest and least educated classes: still, I am convinced that
they belong to the mentally active class. Not only do we find the
people affected possess mental activity but also usually sexual pro-
clivity, and it is very difficult to decide whether the increased
sexual activity so frequently met with in the early stages of this
disease is a cause or an effect. But all forms of mental excite-
ment are associated with fatigue, and too often the neurasthenic
condition which precedes the more definite symptoms of the
organic brain affection leads to aleoholic excesses, and it is often
very difficult to decide whether a case is one of mania d potu or
of general paralysis. The two are frequently combined, and if
so the disease runs a more rapid course. The researches of
Bonhofer and Tromner have shown that acute degenerative
changes may occur in the cortical cells as a result of acute
alcoholism ; and I have found, and can therefore agree with
Jolly, that in cases of alecoholic dementia there exist organic
changes affecting the superficial layers of the cortex and causing
atrophy of the tangential fibres. It is, then, probable that
although aleohol will not of itself produce general paralysis, it
will materially increase the rapidity of the progress of the
disease. Kraft-Ebbing sums up the etiology of this disease in
two words—* civilisation "’ and **syphilisation '’ ; and he brings
forward very convinecing facts and arguments in favour of the
important role of syphilis. It has been argued that in Moham-
medan countries where syphilis is rife general paralysis is un-
known. The recent report for the year 1899 by Dr. J. Warnock
from the HEgyptian Hospital for the Insane, entirely upsets this
view. He states: * During 1899, 57 general paralytics were
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under care out of a population of 500. The large towns fur-
nished nearly all the cases of this disease, and syphilis was
known to be the cause in 29 of the 85 cases admitted. Twenty-
four of them were native Egyptians.”

Fia, 48. Fig, 44,

F16. 43.—Section of ascending frontal convolution from a case of general
paralysis showing engorgement of vessels, disappearance of Meynert's columns
from displacement of the nerve-cells, and overgrowth of glia cells.

Fia. 44.—Section of occipital lobe from same case showing practically
normal appearance of the cortex, The Meynert's columns are distinetly seen
and there are no vascular changes,

Why should general paralysis be associated especially with
atrophy of the frontal and central convolutions? It has already
been pointed out that in these regions venous stasis is most likely
to occur. Psychical activity is associated with hypersemia of the
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brain and congestion ; those portions of the brain in which the
mechanical conditions favour this congestion in the most marked
degree would be more likely to suffer from the effects of the
congestion. The whole cerebrum and spinal cord waste in
general paralysis; but certain regions are earlier and more
markedly affected than others—viz., the frontal and central con-
volutions (vide figs. 48 and 44). These are the regions whose
veins drain into the longitudinal sinus and in which, therefore,
for reasons previously mentioned, congestive stasis is more liable
to occur. If it be admitted that owing (in the majority of cases)
to the influence of the syphilitic poison the durability of the
nervous system has been lowered, increased psychieal activity
will tend to exhaustion and disturbance of the normal nutritional
equilibrium of the neurones. But psychical activity will cause
hyperemia and congestion of the brain, and in regions where
there is a tendency to stasis the congestion may persist, especi-
ally if it leads to insomnia. A vicious cirele becomes established
by conditions which tend, on the one hand, to perpetual venous
congestion in certain regions, and, on the other hand, to in-
creased excitability of the neurones; these factors mutually
interact.

Venous congestion (according to the researches of Waller, who
has shown that CO, increases the excitability of nerve) may lead
to hyper-excitability of those regions in which the stasis oecurs.
Likewise there is probably an impaired supply of arterial blood
to the brain for the following reasons. The experiments of
Frangois Frank show that excitation of the Rolandic area of the
cortex causes contraction of the arterioles and rise of blood
pressure ; observations which I have made upon the blood
pressure in general paralysis by Hill's sphygmometer entirely
accord with the results obtained by Leonard Hill and Craig.
There is a considerable rise in the arterial pressure above the
normal, and this is increased markedly during the occurrence of
seizures, whether congestive or epileptiform. The blue condition
of the skin and the coldness of the hands and feet of patients
suffering with general paralysis suggest a small amount of blood
in the arterial system and a large amount in the venous. Although
we find this high arterial pressure there is seldom marked hyper-
trophy of the left ventricle, and I have found that if a patient has
a great number of epileptiform seizures the arterial pressure falls
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and right heart distension and sometimes a condition of asphyxia
arise, with great engorgement of the veins, and death in
consequence. The heart musele in these cases exhibits early
and often extensive fatty degeneration, due to a combination of
causes—insufficient oxygenation of the blood, auto-intoxication
probably from fatigue products, and increased destructive
metabolism owing to the much greater resistance to be overcome.
Not only the heart but also the striated muscles show this
change. I could not find evidence of degeneration of nerves
to account for this change, neither do I believe this to be the
offective cause, seeing that exactly the same changes in heart,
diaphragm, and other striped muscles have been found by me in
seven cases of status epilepticus.! Some of the latter patients
prior to the fits were in perfect bodily health, In connexion with
this I may mention that the venous congestion of the brain caused
by the status epilepticus produced marked changes in the cells
of the cerebral cortex, changes which corresponded with the
appearances presented by many of the large pyramidal cells in
general paralysis and not unlike those found in experimental
anemia with convulsions. There was great swelling of the cell
(cedema), disappearance or disintegration of the Nissl granules,
often eccentric position of the nucleus, and dilatation of the
peri-neuronal and vascular lymph spaces. Moreover, epilepsy
frequently ends in dementia, and we find in such cases atrophy of
the tangential super-radial and inter-radial association fibres, a
condition which is always found in general paralysis even in the
earliest stages before any fits occur. It 1s probable that atrophy
of the tangential super-radial and inter-radial fibres is a constant
lesion in permanent dementia. In connection with this it is
interesting to note that in a case of congenital hemiplegia with
epilepsy in which there was no dementia, there was no atrophy
of these fibres (vide figs. 45 and 46). Dr. George Watson, who
has looked over a large number of my specimens, reports thab in
90 cases which he has examined he found the tangential fibres,
the super-radial and inter-radial fibres atrophied in all the 16
cases of general paralysis, but that of these 16 none showed any
recent change by the Marchi method; consequently we must
suppose the atrophy was of some considerable standing, and

! Vide ¢* Archives of Neurology,” p. 493.
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probably years before the patient comes to an asylum a regres-
sive change has commenced in these latest morphologically-
developed structures, Oceasionally T have been able to show
that the tangential fibres of Broca's convolution are more atrophied
on the left than the right side when the left hemisphere has
weighed less than the right. The four cases in which he did not
find atrophy of the association systems mentioned were primary

Fi1c. 45.—Photo-micrograph, low power. Section of motor cortex of left
hemisphere from a case of congenital hemiplegia of right side, sta-mcﬂl by
Marchi-Pal method. Although there was atrophy of the large pyramidal
motor cells and selerosis of the pyramidal tract, the tangential super-radial
and inter-radial fibres are well developed. The patient showed no sign of
dementia.

degenerations of projection systems—viz., two of am:r,'ot:rnphic
lateral sclerosis, one of combined sclerosis, and one of universal
syphilitie arteritis,. In a considerable numhml- of the cases 1«01‘
general paralysis there was recent degeneration of f.fhe 1:.m:1ml
fibres, especially in those cases where there had hﬂ&rﬂ epileptiform
seizures. The perivascular lymphatics also contained the fatty
products of degeneration. We can thus understand that a
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number of contributory factors may arise to establish a ?ricit_::us
eirele which is continually enlarging until a fatal termumtiun
ocours. Such factors may not only lead to rapid destruction
of the neurones or nervous elements, but by irritation lead to
a proliferative formation of the neuroglia cella,_ smd. we can
account for the ependymal granulations almost invariably met
with in this disease by the irritation caused by an altered cerebro-

Fi1g. 46.—Photo-micrograph of same section more highly magnified to
show that the deep black line on the surface of the cortex (seen in fig. 45)
consists of fine medullated fibres—these form the tangential system ; beneath
this in the grey matter are numerous scattered fibres super-radial. The
inter-radial are not shown, but can be seen in fig. 45 running at right angles
to, and intersecting the radiate fibres.

spinal fluid, They are, however, not found exclusively in general
paralysis.

GENERAL PARALYSIS A PRIMARY DEGENERATION.

The morbid process in general paralysis has been considered
by Mendel and many other authorities to be a primary meningo-
encephalitis. I would advance the following reasons for con-
sidering it a primary degeneration of the neurone with secondary
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meningo-encephalitis :—(1) Its relation to tabes dorsalis and the
probability of its being the same morbid process due to the same
cause (syphilis) commencing in a different part of the nervous
system. (2) The existence of the Argyll-Robertson pupil in the
majority of cases. (3) The existence of grey atrophy of the discs
in a number of cases, much more f requent than can be explained
by mere coincidence. The last two symptoms cannot be explained
except by a primary atrophy. (4) The evidence of a wasting of
the whole nervous system, but out of all proportion to the
evidences of inflammation affecting some parts more than others,
This wasting must be primary in the nervous system and not
secondary to bodily disease, for in no cachectic disease or even
in starvation do we find extensive wasting take place. (5) The
thickening of the pia-arachnoid membrane is proportional to, and
corresponds with, the degree and locality of the atrophy; so it
is with tabes. (6) In many cases of tabes, especially those with
mental symptoms, atrophy of the tangential and super-radial
association fibres of the brain are found quite similar to but often
in different situations to general paralysis. (7) In diseases with
well-marked meningo-encephalitis, about which there can be no
dispute that it is primarily an inflammatory process, we do not
find this extreme atrophy. In illustration of this I would call
attention to two cases of African lethargy which I had the
opportunity of examining and of describing * for the first time
the histological changes in the central nervous system. Through-
out the whole central nervous system in both these cases there
was evidence of a profound and widespread chronic inflammatory
process. The whole of the perivascular lymphatics were choked
up with mononuclear leucocytes. The pia-arachnoid membrane
was similarly infiltrated, indicating the existence in the cerebro-
spinal fluid or blood of an irritant poison the nature of which
I was quite unable to discover, although the most painstaking
efforts were made by myself and Dr. Bulloch, both post mortem
and during life, to discover a micro-organism. The only abnormal
condition that was found in the blood of these negroes, as also in
a previous case of Dr. Stephen Mackenzie's (the tissues of which
by his courtesy I was able to examine and observed similar
histological changes), was the existence of the embryo filaria

2 Brit. Med. Jour,, 1899.
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tive process in tabes, and from the experimental evidence above
adduced this would not suffice to cause changes in the cell.
The peripheral portion of the neurone—viz., the sensory peri-
pheral nerves—have been shown to undergo regressive atrophy
and degeneration from the termination towards the centre. We
know that the peripheral portion of the T-shaped process is
ensheathed by the hollow mesoblastic cells forming the sheath of
Schwann, and which we have shown for many reasons probably
exercises an indirect trophic influence upon the long axis-cylinder
process.

Again, in tabes, the idea that a sclerosis of the posterior
columns produced by an irritative proliferation of the glia tissue
is the initial morbid process causing a secondary degenerative
atrophy is the result of confusion of cause and effect. The over-
growth of the glia tissue is the result of, and proportional to, the
primary progressive atrophy of the nervous elements, for we
cannot suppose that the glia tissue would electively destroy
exogenous fibres, leaving the endogenous intact. In support of
this statement I show a photo-micrograph of the sixth cervieal
segment of the spinal cord of a monkey in which the third,
fourth, fifth, sixth, and seventh cervical and first, second, and
third dorsal posterior spinal roots were cut on the left side. The
eighth cervical which especially supplies the hand was not cut.
This animal was kept alive six months, and it was after a time
very ditlicult to determine upon which side the operation had
been performed, as it used each hand equally well, thus behaving
entirely different to the animals which had had all the roots cut.”
The result of this operation is shown in two bands of sclerosis
in the posterior column on the side of the divided roots, with an
area of normal fibres corresponding to the undivided root lying
between (fig. 47).

It will be observed in this photo-micrograph of the sixth
cervical segment that fine fibres are passing across the area of
selerosis to the grey matter of the posterior horn ; in not a single
section of all the segments of the upper part of the cord could I
find the absence of these fibres, which could only be terminal
branches of the undivided eighth root. This points to the pro-
bability of the overlapping of roots of spinal segments. It

1 Mott and Sherrington : Proceedings of the Royal Society, 1895.
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certainly shows that sclerosis does not cause al.:rc-pl{y of fibre:s,l
for here is a band of fibres lying between two definite bands of
sclerosis with delicate fibres passing across the sclerosed area.
Obersteiner has maintained that the degeneration of the posterior
columns is due to a meningitis affecting the roots at their entry,
thereby compressing the accompanying nutrient w::s:aels; but
there are so many facts against this theory which will occur to
everyone upon consideration that I need not mention them.

Fia., 47.—Desceribed in text.

Suffice it to say that one does not find this same degeneration
of the posterior columns in obvious cases of meningitis, syphilitic
in origin. Obersteiner figures specimens stained by the Pal
method showing as the fibres pass through the membranes to
enter the cord disappearance of the staining. This, however,
must not be taken as indisputable evidence of degeneration at
this particular point, because the anterior roots sometimes show
a similar defect in staining upon their emergence from the cord.
Moreover, the meningitis theory does not explain the changes in
the peripheral nerves met with in this disease, nor does it explain
the affection of the posterior roots as far back as the ganglion,
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leaving the anterior roots quite intact. That some anatomical
condition of the circulation in the posterior columns may act as
a contributory factor, as occurs in the frontal and central con-
volutions in general paralysis, is possible, especially when one
considers the effects of cerebral tumour in the production of
degeneration limited to the posterior columns (Hoche, Batten).

PriMarY DEGENERATION OF THE EFFERENT SYSTEM.

In amyotrophic lateral sclerosis we have an example of a
systemic degeneration affecting the motor efferent system of
neurones from cortex to periphery. I have had the opportunity
of examining three typical cases of this disease; in all three I
bave found degeneration of the whole efferent system comprising
the cortico-spinal neurone and the spinal muscular neurone, the
degeneration being limited to these neurones alone. This was
pointed out by Sir William Gowers in the first edition of his
manual. Certain groups of the motor spinal neurones we know
from elinical and microscopical observation are affected before
others—e.g., the postero-external group in the eighth cervical
and first dorsal segments of the cord is especially proved to be
the seat of the earliest and most severe change in a large number
of cases. This is a group of neurones which presides over the
small muscles of the hand. I am of opinion that the morbid
process in these systemic degenerations commences at the
periphery of the neurones and extends back towards the trophie
and genetic cells of origin, finally, in prolonged cases, causing
the destruction of the cells themselves. The arguments I would
advance in favour of this view are that in some cases of amyo-
trophic lateral sclerosis degeneration eould only be followed as
far as the pyramids, in others to the crus cerebri, while in other
cases, published by Charcot and Marie, Kahler and Pick, and
Kowjenikoff, the atrophy had extended to the pyramidal cells
of the cortex. In the case referred to by the last observer there
was even atrophy of the motor convolutions with thickening of
the membranes ; this I have also observed in one of the three
cases 1 have above-mentioned. Again in one case I found in
sections of the motor avea of the cortex little foci of pyramidal
cell atrophy with replacement by Deiter’s cells, a condition quite
similar to that which one sees in the anterior horns of the spinal
cord (vide fig. 48). In two of the three cases which I have
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changes. Moreover, in these cases I have found that the
tangential, super-, and inter-radial systems of fibres were intact
(vide fig. 50). Now, if it were any external condition these
neurones would have suffered with the motor neurones. Senator
published a case of typical amyotrophic lateral sclerosis in which
there was no degeneration found in the pyramidal tracts. We
can only explain the symptoms by supposing that there was

Fra. 50. — Section of the superficial cortex cerebri of the Rolandic area
stained by Marchi-Pal method showing the super-radial and tangential fibres

intact.

interruption between the cortico-spinal and spinal muscular
neurones, either a failure of junction between the two, or
possibly, in view of the opinion of von Monakow and of the
recent interesting observations of Schiifer, an atrophy of inter-
mediate cells (of Golgi). Schifer is of opinion, based upon
observations made by the Marchi method on spinal cords of
animals on which he had performed hemisection of the spinal
cord, that the fibres of the pyramidal tract do not end in the
terminal arborisation around the anferior horn (spino-musecular
neurones), but are in connection with intermediate cells situated
at the base of the posterior horn; if this doctrine be true a
voluntary motor impulse will pass through three sets of neurones
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nerves but the brain too, where it produces degenerative changes
accounting for the symptoms manifested by the patients during
life. A consideration of the extent of surface of the spinal motor
and sensory neurones shows that relatively the portions covered
with the myelin sheath and sheath of Schwann, as compared
with the rest of the neurone, are enormous. For it is obvious
that the neurones supplying sensation to the soles of the feet
and the motor neurones supplying the muscles of the fest are
from three to four feet long, and if we admit that the trophic
centres are in the cells of origin at the lower end of the spinal
cord, then it is quite obvious that parts so remote from the
trophic and genetic centre will suffer from nutritional failure
caused by the insidious action of toxic substances such as
alecohol. As the effects of the poison become more marked so
the functional defect in sensation and movement travel up the
legs towards the centres, so that we have in peripheral neuritis
an anzsthesia progressing in the manner one puts on a stocking,
and as sensation returns in recovery it proceeds as one takes
off a stocking except that there is not a sharp upper border.
This would quite accord with the fact that the parts most
remote from the centres of nutrition are the first to be affected
and the last to recover. Very probably also the parts most
remote from the centre of circulation, the heart, are more liable
to be affected. Thus, the extremities of the limbs are most
affected as regards movement and sensation, and it seems that
mineral poisons, arsenic, lead, &c., and aleohol, which are taken
into the system for some time before effects are produced, act
more particularly on the peripheral nerves. There is very little
evidence in these cases of the poison producing interstitial in-
flammation, neither do we find changes sufficiently marked, as
a rule, in the ganglion cells to account for the symptoms. The
earliest and most obvious change is a proliferation of the nueclei
of the sheath of Schwann, and this condition may be found
before microscopical evidence exists of the degeneration of the
myelin sheath, as revealed by the Marchi method. This does
not, however, show that changes have not taken place in the
myelin sheath, for the following reasons. The products of
degeneration, we know from experimental seection of the nerves,
are rapidly absorbed and are by no means so obvious as in the
central nervous system. Again, a chemical change may have
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body equally. I conceive that this proliferation of the nuclei
of the sheath of Schwann is due to a disturbance of the normal
physiological nutritional inter-relationship between the neurone
m:::d the cells which ensheath its axis-cylinder process. It is a
F‘lt-[tl reaction on the part of these cells to the progressive nutri-
tional failure of the neurone which will eventually terminate in
destruction of the essential conducting axis-cylinder. In faect,

Fra. 52 shows a cell with advanced chromolytic change and eccentric
nucleus. Both of these cells resemble the appearances presented by cells
after section of a nerve, and the change may be due to the morbid process
having caused destruction of their axis-cylinder process. They, however,
are capable of regenerating the axis-cylinder process, the same as may
oceur after section of a nerve. :

we know that this takes place when a nerve is cut, and it is a
provision for repair; therefore it is wrong to look upon this
proliferation of nuclei of the sheath as evidence of irritative
effects of the poison, but rather as an attempt to repair lthe
destruction caused by the poison.

In three cases of alcoholic neuritis which I have lately
examined in conjunction with Mrs. Hamilton Williams, M.B.,
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it was found that many of the nerves did not show very marked
evidence of degeneration by the Marchi method; there was
however, considerable nuclear proliferation of the sheath oé
B.nhwnnu, especially marked in the nerves of the lower extremi-
ties. In one case in which there was complete paraplegia the
ganglion cells of the lumbar-sacral spinal cord showed well-
marked chromolytic changes: the Niss] granules in many of

F1G. 55 is a section of the external popliteal nerve, stained by Marchi
method. The black degenerated myelin is not very abundant because it has
in great part been absorbed, but other stains—e.g., Stroebe—show that hardly
any healthy fibres exist. This preparation is from the same case as the celis
described above. Magnification 200. -

the cells of the anterior cornua had entirely disappeared; the
nucleus was eceentric and the processes broken off; and some of
the cells were vacuolated (vide figs. 51, 52, 53 and 54). Marked
degenerative changes were also observable in nearly all the
nerves of the limbs by the Marchi method (vide fig. 55).

From previous experience and from the electrical reactions
which the muscles gave during life I should conclude that a
great number of the ecells would recover under favourable
cirecamstances. The changes in most of the cells resembled
rather the condition which one would find after section of a
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fatty degeneration of the heart, we found fatty degeneration of
the fine myelinated fibres of the vagus (vide fig, 56).

Examination of the brains of all three cases showed a certain
amount of atrophy of the tangential systems of fibres, accounting
for the dementia which existed in all three cases. There were
also changes revealed by the Nissl method in the cortical
pyramidal cells, but seeing that there was no degeneration
discovered by the Marchi method in the spinal cord we cannot
assume that these were more than of a functional nature. In
one case there were marked congestion and microscopical intra-
cerebral hemorrhages. The condition of the cortex could not
be mistaken for general paralysis, for there was not the same
overgrowth of glia cells or atrophy, nor was there the same
disappearance of Meynert's columns so characteristic of the
latter disease.

RenaTioNn oF StiMunus 1o DEGENERATION OF THE NEURONE.

Structure and function are mutually reciprocal and inter-
dependent, and we know that a structure which is not used will
gradually lose its function, while its nutrition will also suffer and
in time atrophy may occur. Consciously and unconsciously a
continuous stream of impulses is pouring into the nervous
system from without by the sensory channels, which are the
avenues of experience and intelligence, and our bodily and
psychical life depends upon the existence of such stimuli,

Excess of normal stimulation of itself is seldom the cause
of organic disease, although we have examples of psychomotor
paralyses in the palsy affecting seriveners, typewriters, pianoforte
players, violinists, hammer-men, &ec., but whether this is due to
an actual degeneration or to a functional depression is not known.
If, however, by excessive exercise such a disturbance can take
place without any other apparent cause, then undoubtedly stress
acting upon structures in a state of nutritional deficiency will
lead to a disturbance of the normal physiological equilibrium
and a progressive degeneration of those structures which are
most remote from the centre of nutrition. Inereased functional
activity of a part, however, is associated with inereased blood-
supply, and if the blood contains a toxic substance, a larger
amount of that toxic substance will be carried to the functionally
active part, so that whatever benefit might arise in the way of
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Revation or HErEDITY TO DEGENERATION 0F THE NEURONE.

Of all the causes of nervous disease hereditary predisposition
stands pre-eminently first. It may be paternal, maternal, con-
vergent, from grandparents, or, according to Weissmann's theory
of the continuity of the germinal plasm, there is no limit to the
remoteness of the origin of a neuropathic taint. This doctrine
must have been known to the high born Romans who earried the
masks of all their ancestors upon public occasions. In fact, in
Lucretius it is stated : *“ Sometimes, too, the children may spring
up like their grandfathers, and often resemble the forms of their
grandfather's fathers, because the parents often keep concealed
in their bodies many first beginnings mixed in many ways, which
first proceeding from the original stock one father hands down
to the next father, and then from these Venus produces forms
after a manifold chance and repeats not only the features but
the voices and hair of forefathers; and the female sex equally
springs from the father's seed, and males go forth equally from
the mother’s body, since these distinctions no more proceed from
the fixed seed of one or other parent than our face and bodies
and limbs. Again, we perceive that the mind is begotten along
with the body and grows up together with it and becomes old
along with it.” The history of the Roman emperors from Julius
Cewsar, one of the greatest geniuses the world has seen, but an
epileptic, shows how the endeavour to keep the sacred Julian
blood for the dynasty culminated under the influence of a
depraved environment in the ecriminal madness of Tiberius,
Messalina, Caligula, and Nero. Strictly speaking, it is the
tendency to nervous disease rather than the disease itself which
is inherited, and this is frequently spoken of as neuropathic or
neuro-psychopathic taint. There are, besides, a number of
inherited diseases which, although rare, are of great interest,
ingsmuch as they affect members of a family, the disease
frequently commencing in each individual at about the same age.
These are termed  family diseases' and include hereditary
ataxia (Friedreich's disease), amaurotic idiocy, hereditary chorea,
and paramyoclonus multiplex, an interesting family of cases of
which I have recently seen. Two boys and two girls were
affected with epilepsy and this clonic choreiform spasm of the
musecles ; in each it commenced at the age of fifteen years.
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There was no direct hereditary history in the parents of any
nervous affection, but an uncle suffered from epilepsy. Presum-
ably, therefore, ancestral germinal plasm possessed the neuro-
pathic predisposition, which possibly under some influence wh.mh
I was unable to ascertain—e.g., some acute specific fever affecting
the members of the family, or possibly alcoholism or syphilis in
the parents—had supplied the contributory factor to develop the
disease.! In a healthy nervous system we must suppose that the
balance of potential is high, and that the sense of fatigue is the
natural indication for sleep and repose by which nervous energy
may be recuperated. The neuropath may be conceived to possess
in some portion of his nervous system communities, groups, and
systems of neurones, either of defective durability or with an
inherited low potential, readily becoming exhausted and especially
liable to functional depression, and which under the influence of
contributory factors, such as toxic conditions of the blood or
undue stress, undergo premature degeneration. To explain the
inherited neuropathic tendency morphologically we may suppose
that there is an inherent defeet in the germinal plasm which is
concerned in the formation of the neurones.

Certain acquired conditions in the parents, affecting them
especially at the time of conception, are liable to produce this
defect in the germinal plasm ; they are acute and chronic aleohol-
ism, syphilis, and tuberculosis. Statisties by Mr. Tredgold
velating to 40 cases of congenital imbecility, although not
numerous, are valuable because reliable, and in course of time,
when he has completed the investigation of this question in all
the London county asylums, as he has done at Claybury Asylum,
will be of still more value. As far as they go they show that the
most important cause of congenital imbecility is inherited neuro-
pathic taint (70 per cent.), generally in some form of insanity,”
but that aleoholism, syphilis, and tuberculosis are important

' I have since found out that two of these children had scarlet fever when
young; as there is very few years’ difference in their ages, it is very possible
that all may have had scarlet fever.

* It is very interesting to note that two of the cases of imbecility with
congenital syphilis have become juvenile general paralytics, and in neither of
these cases was there a family history of insanity, which is independent

corroboration of my observations, as neither of these cases are included in
my 30 cases.

8
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contributory factors. My own researches on juvenile general
paralysis, of which I have now had the opportunity of examining
30 cases, show: (1) that the disease affects both sexes equally ;

Fic. 57.—Case of juvenile general paralysis from which the preparations
shown in figs. 44 and 45 were made. The disease commenced with fits at
the age of eight. Photograph shows Hutchinson's teeth and rhagades
round the mouth,

(2) that it may commence at any age from 8 to 23 years,® accord-
ing to my statistics ; and (3) that in 80 per cent. of the cases
there were either undoubted signs or history of congenital syphilis

5 It is possible that some of the cases occurring in adults in which no
history of acquired syphilis can be obtained may still owe the disease to an
inherited taint. It is not necessary that they should show external signs of
syphilis, for many of the cases which I have recorded were proved to be
born of syphilitic parents, although manifesting themselves no external signs
of disease. A case of general paralysis died at Banstead Asylum which was
under the care of Dr. Percy Smith at Bethlehem. The woman had charac-
teristic signs of congenital syphilis, but the disease did not manifest itself
until she was 28 years of age.
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and that in 20 per cent. it could not be excluded. Therefore we
may assume that the effect of syphilis on the germinal plasm on
one or both of the parents is the essential cause. In the greater
proportion of the cases I was unable to obtain a history of
insanity or nervous disease in the family, although it was remark-

g, 58.—Case of tabetic form of juvenile general paralysis which died
aged 20 years, three months after onset of symptoms. The photograph shows
characteristic teeth,

able that.in 4 of the cases, and also in 1 hereditary case of tabes,
the fathers suffered with general paralysis. The notes of their
cases*give no evidence of their having acquired syphilis, yet in
4 out of the 5 cases there were distinet and well-marked signs
in their offspring. From a very careful study of the family
histories of these cases I was led to believe that the germinal
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plasm of the parents, particularly of the father, may be very
unequally affected by the syphilitic poison, and it seemed to me
that the inherited syphilis was not infrequently the result of
?permat-ir.: infection only. Many of the mothers never had any
illness that they knew of, yet some of their children showed
syphilitic teeth, chorio-retinitis, rhagades, and other characteristic

Fia. 59.—Photograph of congenital imbecile with depressed bridge of the
nose. He also had Hutchinson's teeth. A brother who died from juvenile
general paralysis showed no such external signs.

signs, while other children appeared perfectly healthy. Gene-
rally, however, the history was — miscarriages, still births,
syphilitic children, and healthy children in succession.» In
one family there were three children; the eldest had no
external signs of congenital syphilis, but a syphilitic liver was
found post mortem. He was an able-bodied seaman, but at the




DEGENERATION OF THE NEURONE 117

age of 20 years broke down with general paralysis. I consider
that this was induced by stress, for he was on duty in the
Mediterranean just at the Fashoda crisis, and the disease com-
menced by a fit. The next brother had a characteristic syphilitic
nose and teeth, but was earning his living as an artisan. The
youngest boy is an imbecile in an asylum (vide fig. 59), with
characteristic objective signs of congenital syphilis. Another
family was interesting in this respect that the eldest daughter of
a mother who gave a history of infection showed no signs of
syphilis on the body yet died from general paralysis. The next
daughter presented well-marked external signs, but at present is
healthy otherwise. The majority of the 30 cases gave some
interesting details bearing upon this question. Another factor
which seemed to have an important bearing upon the occurrence
of general paralysis in children of parents suffering with syphilis
was the existence of chronic aleoholism in one or both the parents.
Thus we see impaired vitality of specialised structures may result
from devitalising influences acting upon the germinal plasm of
one or both the parents. With regard to the toxic influence of
alecohol on the nervous system I have been particularly struck
with this fact, that although at least 20 per cent. of the people
admitted into the London county asylums yield a history of
intemperance as the cause of their mental symptoms, yet I only
once remember seeing in the post-mortem room of the asylums
a case of well-marked cirrhosis of the liver with ascites. That
was in the case of a person celebrated in the police-courts who
was convicted nearly 400 times of drunkenness before she was
found to be certifiable as incapable of taking care of herself.
One must suppose, therefore, that these people who come into
the asylum are very susceptible to the toxie influence of aleohol,
and long before they could drink sufficient to produce cirrhosis
of the liver symptoms of alcoholic poisoning of the nervous
system arise. In fact, it would rather show that a person who
can drink sufficiently long to get a hob-nailed liver has inherited
a nervous system of unusual stability. To the mentally unstable
aleohol is & poison, and I have been particularly struck with the
fact that it acts even in moderate quantities as a poison on
women at the climacteric period when potential is low in the
nervous system. Another class of individuals of low potential to
whom aleohol is unquestionably dangerous is the neurasthenie,
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The sense of fatigue, whether of mind or body, is physiological
and protective. It should be responded to by rest: but the
active-minded town-dweller who is suffering from nervous ex-
haustion takes spirits to enable him to make up the deficient
energy. - He draws, so to speak, a bill on his health, which must
always be renewed at a higher rate of interest. My own obser-
vations and those of Mr. Tredgold, the technical scholar, entirely
agree with the observations of numerous authorities who have
shown that epilepsy, insanity, imbecility, idiocy, mental weakness,
and loss of moral control and will power, are frequently the
heritage of children born of drunken parents.
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