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respiration, we may mention that after an animal has been poisoned with neurine, 
asphyxiation causes little or no convulsive efforts.

15. Concluding R emarks on the B earing  of the W ork on the P athology

of G eneral P aralysis.

Our chief interest in this work has centred round the discovery tha t the cerebro
spinal fluid of patients dying from General Paralysis of the Insane contains toxic 
material. We are inclined to believe that this toxic material, which undoubtedly 
originates from the disintegration of nervous tissue, is probably not a single substance. 
We have obtained chemical evidence of the existence of nucleo-proteids in the fluid, 
and though the amount of nucleo-proteid is not, as a rule, sufficient to cause massive 
intravascular coagulation when the fluid is injected into animals, we consider that the 
presence of even small quantities continuously being poured out into the cerebro
spinal fluid, collecting in the peri-vascular lymphatics and passing thence to the 
blood, will produce harmful effects. The idea has suggested itself to our minds that 
an increase in the coagulability of the blood in the small vessels of the cerebral region, 
which nucleo-proteid would produce, might form a determining factor in promoting 
venous stasis, and thus the acute manifestations or seizures of apoplectiform or 
epileptoid nature which the patients exhibit. We have, however, no direct evidence 
of this, nor have we any evidence that the seizures may be due to the direct action of 
poisonous products on the contraction of cerebral vessels.

We are almost driven to the conclusion that the toxic substance is not a single 
body, for the only other poisonous material which we have succeeded in isolating, 
namely choline, will not account for even the majority of the symptoms of the disease. 
In the completeness with which we have been enabled to identify (both on chemical 
and physiological grounds) choline in the cerebro-spinal fluid and blood of these 
patients, we consider our work has been satisfactory only up to a certain point. As 
affording a complete explanation of the pathology of the disease it has been a 
disappointment; we regard the fact that choline does exist in these fluids, as an 
indication merely of the disintegration of the brain-tissue, and if the majority of 
the symptoms are to be explained on the basis of auto-intoxication due to such 
disintegration, we must confess that the other poisonous substances have eluded our 
search : certainly glycero-phosphoric acid and lactic acid are not highly poisonous ; 
their action is even less so than that of choline.

An apparently feeble circulation and fatty degeneration of the heart are very 
frequent concomitants of the terminal stages of the disease, especially after a series of 
epileptiform seizures, and the idea certainly seemed feasible at one point in our 
research, that choline might explain these. A single dose of choline in a dog or cat 
produces but little effect on the h e a rt; still, there is some effect, and it did not appear
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a far-fetched idea to suppose that the continual pouring of small doses of choline into 
the cardiac tissue might in time produce cardiac weakness and even degeneration. 
This possibility certainly still remains, but our study of the disease has now shown us 
that choline will not explain the fits, but that the fits will explain the degeneration 
in heart and other muscles. Such fatty degeneration probably never takes place 
unless fits have occurred before death ; and if similar fits occur in other diseases, as 
in the status epilepticus of epilepsy, there is the same fatty degeneration of the 
muscular tissues, even though no massive disintegration of nervous tissue has been 
present.

Take again the point of enfeebled circulation; the pulse is often small and might 
be supposed to be associated with low tension. If  this were the case, choline again 
would serve as the explanation. But on testing with the Hill-Barnard sphygmo
meter the arterial tension in these patients, low tension was not the rule hut the 
exception.* Evidently choline is not the cause of this ; choline alone would produce 
low tension from dilatation of peripheral vessels. Our experiments with atropine are 
most instructive from this standpoint; we have seen (p. 260) that the previous sub
cutaneous injection of a minute dose of atropine, mixed with morphine, will modify 
the result of the injection of choline very considerably, for, under these circumstances, 
choline now produces a rise instead of a fall of arterial blood-pressure. We do not, of 
course, mean to suggest that atropine, or even a similar alkaloid, is present in these 
patients, but these experiments do suggest that with a plurality of causes we 
undoubtedly obtain an intermixture or even a reversal of effects.

We have been able to work out fairly thoroughly the physiological action of choline 
and neurine, but, so far as we can see at present, the result is rather of academic than 
of direct practical value in the elucidation of pathological problems. No doubt, with 
fresh light which future work may throw on our own, it may be possible to see the 
modus operandi of these pathological processes more clearly, and our three years’ 
work will not have been thrown away if it forms some sort of guidance to others, or 
to ourselves, in unravelling the plurality of causes to which we have just alluded, 
and which we must assume is present in General Paralysis as in so many other 
obscure diseases.

The expenses involved in this research have been defrayed from grants made by the Government Grant 
Committee of the Royal Society, and by the British Association.

* See Supplementary Note C at the end. of this Paper.
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S upplementary  N otes.

Added June 8, 1899.

A. The cerebro-spinal fluid with which our work has been performed was removed 
from the cranial cavity after death. Since the foregoing paper was written, we have, 
however, had the opportunity of examining four specimens removed during life by 
lumbar puncture from cases of General Paralysis, and the results of our experiments 
with these corroborate the conclusions previously arrived at. Two of the specimens 
we used for injection experiments, the other two for chemical analysis. We are 
indebted to Dr. J ohn Tu r ner , of the Essex County Asylum, for these specimens. 
Dr. Turner  has also published some observations on the reaction of cerebro-spinal 
fluid in such cases in ‘ Brain/ vol. 22, 1899, p. 100.

B. Since the foregoing paper was written, A sher and W ood have published the 
results of their observations on the influence of choline on the circulation.* The doses 
they injected were very large compared to those we have used. We injected from 
1 to 5 cub. centims. of a 0’2 or 0T per cent, solution of choline, or choline hydro
chloride ; they injected in dogs from 3 to 10 cub. centims. of a 5 per cent, solution of 
choline. We used weak solutions, for we sought as far as possible to note the effects 
produced by solutions of such strength as would be comparable to the amount of the 
base presumably present in pathological cerebro-spinal fluid; and Professor S chafer 
stated at the discussion which followed the reading of our paper that even smaller 
doses than those we had employed would cause a fall of blood-pressure. This we 
have confirmed. The effects described by A sher and W ood closely resemble those 
which we have found to follow the injection of neurine, and they attribute their 
results on respiration and blood-pressure to the action of the alkaloid on the medul
lary centres which control these actions. I t  is quite possible that the enormous doses 
of choline, such as were employed by A sher and W ood, will produce effects different 
from those produced by our small doses, and similar to those caused by neurine. I t 
is, on the other hand, equally possible that the so-called choline which they used 
was contaminated with neurine, and a very small dose of neurine is all that is 
sufficient to cause the typical effect of that base; thus 1 cub. centim. of a 0T per 
cent, solution of neurine will cause an enormous rise of blood-pressure, which was the 
result they usually obtained with their samples of choline.

Their conclusion that the action of the drug is chiefly on the vaso-motor centres in 
the central nervous system appears to us to be unwarranted by their experiments, 
especially as they did not employ the nicotine method.

* ‘Zeitsch. f. Biologie/ vol. 37, 1899, p. 307.
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C. Since the completion of the experiments described in the body of our paper, one 
of us (F. W. M.) has made a more extended use of the Hill-Barnard sphygmometer in 
cases of General Paralysis, and from the careful examination of the results in twenty 
cases we feel inclined to modify the statement we have expressed that our physio
logical work has but little bearing on the pathology of the disease. I t  is quite true 
that in the first and second stages of the disease (i.e. before the patient becomes bed
ridden) the arterial pressure is as a rule higher than normal; at the beginning of 
epileptiform seizures the pressure is still high, but after prolonged convulsions the 
pressure falls considerably, to rise again a few days after the convulsions have ceased. 
There can be but little doubt that the convulsions are associated with the breaking 
down of nervous tissue, and we are now inclined to think it possible that choline so 
liberated is responsible for the fall of blood-pressure which occurs then.

2 m 2
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