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VIL. The Physiologicad dabeertt of Choline and Newrine.

By F. W. Morr, M.D., F.R.S., and W. D. Haruieurrox, M./, F.R.S.
Received, March 13-.. 1899. —Head April 20, 1899,

Dunixe the past few years, one of us {F. W. M..} has had e:{ﬂeptimml Ul}lml"tl'lllhi.e.‘i
of seeing patients suffering from various mental complaints, and of comparing the
results of post-mortem examinations with the symptoms exhibited during life. One
of the commonest complaints seen m the London County Asylums is General
Paralysis of the Insane, and it was with a view of elucidating some of the
pathological prnhlmm—: connected with this disease, that the present enquiry was
originally undertaken. How far this objeet has been attained will be diseussed at
the conclusion of the paper.

The disease is one which is characterised by an extensive degenerative and wasting
process occurring in the cerebral ecortex, especially in the frontal and central
convolutions ; during the course of the disease there are frequent seizurves of a
congestive, epileptiform or apopleetiform kind, and after the recovery of the patient
from each of these fits. he is, as a rule, worse mentally. FEach fit probably indicates
the breakdown of a new focus of cerebral matter. The disease is a premature,
primary, progressive decay of the neuron affecting especially those structures which
have been developed latest. It is a para-syphilitic affection like tabes, with which it
is, pathologically speaking, wlentieal.

After death, the brain is seen to be atrophied. especially in the regions already
mentioned, and the place of the brain substance within the craninm is taken by an
excess of cerebro-spinal fluid. It is often possible to obtain as much as one or two
hundred eub. eentims. of this Huid.

Mieroseopical examination of the diseased brains reveals changes which have already
been described by other investigators, and which will not be detailed here. It may,
however, be mentioned that the perivascular lymphaties are seen (by Marchr's
method of staining) in aeute cases to contain phagoeytes filled with black stained
fatty matter. '

The main object of the research has been to examine the cerebro-spinal fluid, and
to attempt to discover in it some substance or substances derived from the disintegra-
tion of the brain matter, which, passing into the general circulation, would produce
auto-intoxication, and thus account for some of the symptoms of the disease.

VOL. CXCL.—B. 2 EZ2 26.9.9%.



212 DRS. F. W. MOTT AND W. D. HALLIBURTON ON THE

In earrying this out, we have fonnd that the cerebro-spinal Huid from these eases
is much richer in proteid matter than the normal fluid is, and that it eontains a basic
substance, choline, which is easily accounted for from the decomposition of leeithin,
and whieh 1s absent in normal Etsl‘:-.h:l'n-ﬁ'[:ilull tluid. or present in sueh small Ll'll:l]'ltit-iE:S
that it eannot be detected.

In our frst EKI'.IIE’.]'iIIIHI'IL we took an anmsthetizsed rabbit, and :It!jt!ﬂtl:tl some 30 eub,
centims, of the Huid removed, after death, from the cranial cavity of one of these
patients. The arterial blood pressuve, which was being registered h}' a mercurial
kymograph, fell immediately and eontinuously, and never rose again.  The animal
died in the eourse of a ftew minutes, This was not due to the |ml_';|en-]:r(}teid, which
we subsequently found to be present in such fluids, cansing intra-vaseular coagulation,
tor the blood was found to be guite fluid ; it was due to the choline which is present.

[n our subsequent work we used prineipally dogs and cats, which are hardier
antmals ; huteh rabbits are EH']-EI:;H”}' prone to die under eireumstances that lead to
vaseular engorgement of the splanchnie area,” and it is chiely by dilatation of the
vessels in this area that the base choline produces the lowering of arterial blood-
pressure, as we shall more f'u"}' see i the later sections of this paper.

[t will be evident from the foregoing imtroductory remarks, that as the vesearch
proceeded 1t became neeessary to make a complete investigation of the action of the
alkaloid in question, to which we added a similar investigation of the closely related
alkaloid neurine.

Cur proots that the toxie substance in the cerebro-spimal is choline, rest pm'tlf
on physiological and partly on chemieal grounds.  The physiological proof eonsists in
the identity of the action of the alkaloid with that which is present in abnormal
cerelwo-spinal Huid ; the chemical proof consists in the applieation of the recognised
tests for the base, and the separation and analysis of some of its compounds.

Neurine is a far more powerful poison, and differs econsiderably from choline both in
its chemical and its physiological re-actions. It is not present in the cerchro-spinal
fluid of these patients.

[n order to avoid fallacy from post-mortem changes, or mierobie growths, the
autopsies were performed as soon as possible after death, in some cases within a few
hours.  When this was not possible, the bodies were placed in a cold chamber (0% C,
or lower) within half an hour after death, until the antopsy was performed. In all
cases, too, enltures were made from the eerebro-spinal fluid, and blood of the frontal
sinus, and in nearly all instances without result ; this precaution we considered to be
necessary, as many of these people die with bladder atteetion, or uleerative colitis, and
microbie toxins might arise.  With a little practice also it soon became perfeetly easy
to obtain the cerebro-spinal fluid without any admixture with blood.

We have never had the opportunity of examining the fluid removed :lllring life :

+ Leoxann Hiur, “ Proc. Physiol. Soc.,” March 12, 1898, (‘ Jowrnal of Physiol., vol. 23, p. liii.)
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removal of the fluid by tapping has been recommended for the alleviation of the
symptoms ; it has, however, been realised that the alleviation that oceurs is ouly
temporary, and this method of treatment has in consequence been abandoned in the
London asylums.™

We have, however, been sufliciently fortunate to secure on several oeeasions the
blood removed for remedial purposes from such patients by venesection, and we
regard one of the most important onteomes of our work the discovery that the blood
also eontains the same toxie material during a seizure. The choline evidently reaches
the blood #id the eerebro-spinal fluid, which funetions as the lymph of the brain.

In some cases we have examined the urine also.

A good deal of the work has been carried out at the Claybury Asylumn, or in the
laboratory attached to it. We have to acknowledge here the assistance frequently
given us by Dr. WakeLiy Barrarr, Technieal Research Scholar of the London
County Council. The greater amount of the chemical examination of the fluid, and
all work which necessitated the use of living animals, has been earried out at King's
Cn]}ege, where we have to thank Mr. ArTHUR EpMUNDS, B.Se., for the !It‘lll he has
always been ready to give us during the course of the experiments, and to whom we
owe many suggestions and pieces of apparatus that he devised and made. We also
owe assistance in special branches of the work, which will be deseribed in later portions
of this paper, to Dr. WaALLER, F.R.5., and Miss Sowrox, to D, T. Grecor Bromig,
Mr. Leoxarp Hrirn, and to Prof. W. H. THoMrsox.

We may add that all the animals employed have been fully anzesthetised during
the whole of the experiments. We have sometimes employed ether or ehloroform,
but generally A.C.E. mixture (aleohol : chloroform : ether:: 1: 2: 3). In some few
cases, which will be fully described, we have given an injection of morphine, or of a
mixture of morphine and atropine as well. If the animals did not die as the result
of the injections, they were killed either by asphyxia or chloroform.

We may now pass to the actual deseription of the details of our work,t and this
may be most conveniently done under the following headings :—

Previous work on the subject.

Chemical examination of the cerebro-spinal fluid.

Action of choline, neurine, and cerebro-spinal fiuid on blood-pressure and
respiration.

= R
T

4 ]'Jxln:l"l]nents tor the purpose of l]eturnliui]]g the substanece in the eerebro-
H}li]lill Huid whieh |1-|'mhmcs-,' the fall of ]]hh‘ll’]—}l]'l;:ﬂj-}l]l‘ﬁ.
. Experiments with oncometers and plethysmographs.

n

3

* See supplementary note A at end of this paper.
T Preliminary communications on onr work have been made to the Physiological Society. (See ‘Journal
of Physiology,’ vol. 21, p. xviii. ; vel. 22, . xxxiv.; vol. 24, p. ix.)
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6. Experiments to ascertain whether the action of eholing and neurine on the
blood vessels is diveet or mdirect,

7. Experiments on nerves.

8. Experiments on the cerebral vessels,

9. Experiments with the blood of General Paralytics.

10. Experiments on the urine.

11. Experiments with other substances.

12. Effeet of anestheties.

13, Summary of the physiological action of choline and neurine,

14, Coneluding remarks on the bearing of the work on the pathology of General
F-i-l't'ﬂl‘\'ﬁi&

1. PreEviovs WoRKE oX THE SUBIECT.
Clemmieal Chavacters of Choline and Neurine,

Choline was first prepared from hile by STrRECKER ;" it was subsequently obtamed
as one of the decomposition produets of protagon and leeithin, (Lieereich,t
Discoxow ] StrECKER.§ GiLsox ) and has been prepared synthetically by Wurrz.®

It forms compounds with various acids, and its hydrochloride forms erystalline
eompounds with gold ehloride and platinum ehloride.  The platinum compound by
which the base is usnally identified has the formula :

(CH, NOCI), 4+ PtCl,,

and contains 3164 per cent of platinum.
“hemieally, choline is trimethyl-oxyethylene ammonium hydroxide, and its
constitutional formula is

N.OH.(CH,),.CH..CH,.OH = C,H NO..
When heated it splits up into glyeol and trimethylamine,

OH OH
C.H, — C.H, + N(CH,)..
OH.N(CH,), OH

In solution it readily undergoes decomposition by bacterial growths, yielding the
rel?“—ﬂﬂ a]l{fllf‘lii_l ”E’.lt'i"ﬂ"_?%

# ¢ Annal. Chem. Pharm.,’ 123, p. 353 (1862),
Thid., 134, p. 29.
CCentralll. AMed. Wissen.,' 1868,
¢ Annal. Chem. Pharm.,” 1868, 148, p. 76.
¢ Zeitsch. f. Physiol. Chem.,’ 12, p. 585.
€ ¢ Anmal. Chem, Pharm.,’ Sup. 6, pp. 116 and 197.
** W, Gurewirsch, ¢ Zeitsch. f. Physiol. Chem.," 1898, 24, p. 513, This paper gives a very full account
of the chemical properties of choline. See also E. SciuoT, ibid,, 20, p. 364

=1
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" PHYSIOLOGICAL ACTION OF CHOLINE AND NEURINE. 215

Neurine has been frequently confused with choline, and although it only differs
from choline by two atoms of hydrogen and one of oxygen, its constitution is
different. Its struetural formula is :

HO.N(CH,),. C.H, = C,H,,NO,

and the name which expresses this constitution is trimethyl-vinyl ammonium
hydl_'m;idr_:_ It was first obtained by LIEBREICH" from protagon, and later by
Briegerf from the putrefactive decomposition of flesh. It has been prepared
synthetically by Vox Hormanx} and Vox Baver§ It forms compounds similar to
those which can be derived from choline. A very complete account of the chemistry
of neurine and its compounds has recently been published by Gurewrrsomn. |

The two bases choline and neurine are nh}suly related to two others, ]11;_I'tli£]:|.-‘, betaine
or oxyneurine, which is a non-toxic alkaloid obtained from the common beet, which

has the eomposition :
OH.N(CH,),.CH,.COOH. = C;H,,NO, H.0,

and musearine, the highly poisonous alkaloid obtained from the Agearicus Muscarius,
or poisonous mushroom.
Musearine has the composition :

[ (CH,),
N¢ CH,—COH = (C,H,NO.
!. OH

Previows Work on the Physiological Action of Choline and Newrine,

GaeHTGENSY states that choline has no effect on the appearance or coagulation
of the blood ; it causes first a rise and then a fall of arterial pressure, and large doses
kill by arresting the respiration.

Boeay®#* iln'EStigatEd the aection of choline obtained trom l'l.:lllgi; i frogs it causes
contraction of the pupils, arrest of the heart's action, and in doses of 005 to 0°1 gram
it produces a curare-like action on the wvoluntary mmseles. In Mammals (cats and
rabbits) it produces salivation, paralysis, and finally death ; the toxic dose given by
the mouth is 07 gram in the rabbit, 0-3 gram m the cat. Intravenous injection
of from 0°01 to 0°02 gram causes profuse salivation and rise of blood-pressure ; a dose

* {Ber. d. Deutsch., Chem. Gesellsch.,’ 2, p. 12,

T I, 16, pp. 1190 and 1406 ; 17, pp. 315 and 1137,

i ‘dJabresh. d. Chemie,’ 1858, p. 339.

§ * Annal. Chem. Pharm.,” 140, p. 311.

|| * Zeitsch. f. Physziol. Chem.,’ 26, p. 175 (1898).

9 * Dorpater Med. Zeit.,' 1870, vol. 1, p. 185,

** ¢ Avchiv . Exp. Pathol. n. Pharm.,’ 1883, val. 19, p. 87.



216 DES. F. W. MOTT AND W. D). HALLIBURTON ON THE

of 006 gram eauses arvest of the respiration, whieh, however, is resumed after a
time.

There ean be very little doubt that the choline deseribed hy thPﬂ(—‘ two Illl’&"&fl—

ltru-. consisted very largely of neurine.

CervELLOTY made a more complete investigation of the two alkaloids: he
1'ecnguis:wl that the neurine of eommerece contains both substances: he investigated
the action of each; and states that both act in precisely the same way, but that
neurine is the morve powerful of the twao.

Using eommercial neurine, he found that the fatal dose in frogs was 3 or 4 milli-
grams ; the most marked symptoms are dilatation of the pupil and paralysis. In
rabhits the fatal dose was 5 eentigrams injected subeutaneously ; it produces saliva-
tion and gradual paralysis.  In dogs weighing 6 kilograms, 30 centigrams was the
fatal dose.  In Mammals death is due to eessation of the respiration, which is {:;m'-ufd
by the eurarve-like action of the drug on the voluntary museles, f

In dogs the intravascular injeetion of 002 gram ecauses the heart to become slower

H::IJ[]. il'l't’g'lllill'. il 1']5&" of }J].lIl]l]-[ﬂ'l".“:.‘ﬂ]l'[‘. illl.ll HEl il]{!l'i_"ﬂﬂ{" il!l “IL’: (]ﬂpth Hlld rate ﬂ'{.

respiration.  After several injections artificial respiration is necessary to keep the
Previous eutting of both lnu:umng.-lstt'i(t nerves does not modify this
action. CERVELLO'S general eonclusion is that the chief effect of the poison 1s on the
respiration, and that the vaseular changes are mainly secondary to this. He, hows
ever, found on the frog’s heart (both @i sitw and isolated) that the poison acts like
musearine, and the stoppage of the heart so ]rl'r:f"llmw'f 15 mll‘:tgnnisﬁ] 11:,? Eitl'{'lll;iilli;",

:l;!JIlIII-'I.] El“'\'l!‘.

Moreover, he states that the antagonism, as in the case of muscarine and atropine, is
a unilateral one.  From experiments on salivary secretion he also concludes that
neurine and .'Li]‘{lIlitI{‘ are allti-lgn:lﬁﬁtic in their action on the glﬂll{hﬂnr system, He
states that neurine is eliminated from the body by the urine.

In the course of an investigation on the effects of suprarenal extract, ScHAFER
and OLIVER] investigated the action of neurine on arterial blood-pressure, singe some
observers were inclined to believe that the active prineiple in suprarenal extract is
neurine.  They deseribe a preliminary fall of pressure, and a subsequent rise. This
18 what we have found, though in most cases the rise has been greater than in the
tracing reproduced by ScHAFER and OLIVER in their paper.

ScHAFER and MoorgS§ in a paper on the contractibility of the spleen, found that
an extract of dried brain substance made with boiling water or saline solution, pro-
duces a fall of blood-pressure and great increase in the extent of the rhythmie
splenic movements.  From the similar result which we have found to follow the

= L Arch. Ttal. de Biol.,' 1286, vol. 7, pp. 172 and 232.

t Moricora (f Atti della B. Aead. dei Lincei,” ser. 3; Trans,, 8, live. 10, p. 232} on insufficient grounds
denies this curare-like action,

t “Jowrn. of Physiology,” 1895, vol. 18, p. 266,

g [hid., 1806, vol. 20, - 26.

=) -
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injection of choline, we believe that the active principle in these extracts of brain
was choline.

Leox AsHER® found that the intravenous injection of choline in dogs (3 to 5 eub.
centims. of a 5 per cent. solution) canses an inereased flow of lymph, but no inerease
in its concentration; there was no increase in the flow of bile. AsHER also states
that he has undertaken, in conjunetion with Woob, an investigation of the action of
choline on the cireulatory system, but that this is reserved for a later paper, not yet
published. ¥

Previous Work on the Injection of Cerebiro-spinal Fluid,

We can find no previous record of work on this subject. One of us (F. W. M.),
however, previous to the commencement of our joint work, had injected normal
cerebro-spinal fluid obtained from one animal into the cireulation of another animal,
with entirely negative results ; and Professor ScHAFER tells us that he also has made
injections of human cerebro-spinal fluid obtained from cases of meningocele, and he
also has only obtained negative results.

In the course of our investigations we have confirmed this ; we obtained specimens
of human cerebro-spinal fluid from a man who died of cerebral hmmorrhage,
from cases of meningocele and of hydroeephalus, and a case (under Dr. SrCrain
TroMsoxn's charge) in which cerebro-spinal fluid dripped from the nostril] We also
used other serous effusions (hydrocele fluid, Plum'ﬂl effusion, ascitic effusion); but n
all these cases injection of the flmd itself, or of a solution in physiological saline
solution of an aleoholic extract of the fluid, produced entirely negative results on
blood-pressure, heart and respiration.

We may at this point also mention that a saline solution of the aleoholie extract
of normal blood (from man, dog and sheep) produces a similar negative result. This
1s important in view of our results presently to be described with the blood of General

Paralyties.
2 OHEMICAL ExAMINATION oF THE (UEREBRO-SPINAL FLUID.

Nﬂl"ln&.‘i ﬂerﬂ:b"ﬂ‘ﬂ-[}il]ill 'H.,ii[]. iﬂ- Ei—lkil—lillﬂ tﬂ ]it-“'ﬂlﬂ -EI]'[(_I ei'ﬁlltilialﬁ il "ﬁl'}r 51!]“.].' l!ﬂlﬂ’!lltilgl‘
of solids. In Dr. STCLar THOMSON'S case just mentioned, the solids comprised less
than 1 per cent. of the total; in cases of meningocele, and still more in the ease of
hydrocephalus, the percentage is somewhat higher; but if tapping is frequently
performed the fluid which accumulates becomes richer in solid, partienlarly in proteid
constituents, and the fluid may ultimately ditfer but little from that of ordinary
serous effusions.§

* ¢ Zeitsch. f. Biol.,’ 1898, vol. 37, pp. 261-306.

T See supplementary note B at the end of this paper.

t BTCLair THomsox, L. HiL and W. I Havvisunrrox, * Proce. Roy. Soc. Feh., 1899 (vol. G4, p. 343).

§ W. D. Havuisurton, © Journal of Physiology,’ 1889, vol. 10, p. 232. References to the writings of
previous workers on the subject are given in this paper.

VOL. CXCL—B, L
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In normal cerebro-spinal fluid the amount of proteid is especially low ; serum
globulin, and occasionally proteoses may be present, but fibrinogen and albumin are
absent.

The fluid is also characterised by containing a substance which reduces Fehling's
solution. This substance, according to the almost unanimous verdict of physiologists,
is not sugar,* and one of us (W. D. H.) has advanced the opinion that it is'a
substance related to pyrocatechin,

Choline is not present in the specimens of normal cerebro-spinal fluid whieh we
have examined. The method adopted is the same as that used in the separation of
choline from the pathological fluids. Phospho-tungstic acid causes no precipitate in
the fluid after the proteids have been thrown down by aleohol, and we have never
suceeeded n obtaining from the normal fluid the characteristic platinum double salt
of choline.

We may now pass on to our examination of the fluid in cases of General Paralysis.
The fluid is very abundant; it is colourless and faintly opalescent; its reaction is
alkaline to litmus.

The reducing substance is generally absent; in only two cases out of fourteen
specimens examined was it found.

The total solids are more abundant than in the normal fluid ; this is principally
due to excess of |:-|'1}1.ﬁid material. On }_mﬂing there is :1uitt‘. a !15&*{_;&: {::::‘i.gulllrn formed.

In uig'ht. cases the amount of pl'uteiﬂ was estimated in the ﬁ:“uwing way. The
fluid was rendered acid with acetic acid, thrice the volume of absolute aleohol was
then added, and the mixture boiled. The resulting coagulum was collected on a
weighed filter, dried at 110° C. to constant weight, weighed, then incinerated and
the ash deducted.

The results are given in the following table :—

No | Quantity of | Weight of proteid ! Percentage of
i fuid. less ash. | proteid.
: 2 i i
| T culy, centlims, |
| 1 i) 0-212 0327
2 80 0211 0263
3 120 0281 0254
1 153 (388 0211
o I 153 0170
i 165 . 0361 0219
') 130 326 {251
8 100 l 0242 0242
Average i) | 2 I 0239
| |

In all the foregoing cases the fluid was obtained free from blood.
The average percentage of proteid in cerebro-spinal fluid obtained from three cases

* Nawnatzit has stated in a vecent paper (* Zeitsch. f. Physiol. Chem.," 1897, vol. 23, p. 532), princi-
pally from ohservations on the cerebro-spinal fluid of the calf, that it is sugar.
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of spina bifida was 0:088. The amount in the fluid from General Paralytics is thus
inereased about threefold.

The nature of the proteids was then investigated. Fibrinogen is absent ; admix-
ture of the fluid with blood or serum never produces elotting.

Proteoses and peptones are absent ; if the fluid is mixed with an equal volume of
10 per cent. trichloracetic acid, boiled and filtered hot, the filtrate never gives the
biuret, or other reactions for proteoses and peptones.

The greater amount of the proteid present is coagulable by heat between
73°-80° C. The greater amount of the proteid is precipitable by saturation with
magnesium sulphate, and therefore consists of globulin or nueleo-proteid or both ;
there i1s, however, a small amount of true albumin which remains in the filtrate after
removal of the precipitate produced by saturation with magnesium sulphate.

That nucleo-proteid is present was determined in the following way : the cerebro-
spinal fluid as each autopsy was performed was mixed with excess of aleohol, until
at last over a litre of the fluid had been collected. The precipitated proteid was
collected, well washed with aleohol and with water, and then subjected to artificial
gastric digestion ; at the end of a week the undissolved residue was eollected ; it was
found to have the solubilities of nueclein, and this was confirmed by the fact that it
contained a high percentage of phosphorus; this was done in the following way : the
residue was well washed with 02 per cent. hydrochloric acid to remove any still
adherent inorganic phosphates; then heated for some hours on the water bath at
100° C. with fuming nitric acid, to which a small quantity of sulphuric acid was
added, and an oceasional pinch of potassium chlorate.® The residue was dissolved in
nitric acid, and ammonium molybdate added; on warming, an abundant yellow
erystalline precipitate settled out. The experiment was not performed quantitatively,
but we judge the amount of phosphorus was large, from the abundance of the
precipitate relatively to the small amount of material investigated.

There can be little doubt that the nucleo-proteid originates from the disintegration
of the brain cells; one of us has already shown the presence of nucleo-proteid in the
cerebral tissue,f and this nucleo-proteid when injected intravenously in rabbits
causes intravascular coagulation.]

The question will therefore be asked whether injection of the cerebro-spinal fluid
from General Paralytics causes intravaseular coagulation. We have injected samples
of cerebro-spinal fluid from about fifty cases of General Paralysis, but in the majority
of these instances, after we had found the fall of blood-pressure to be due to choline,
we precipitated the proteids by aleohol first. In those cases where we injected the
fluid itself, we, as a rule, obtained no noticeable effect on the coagulation of the

* The method is described in full by one of us, W. D. H,, *Journal of Physiology,” 1892, vol. 13,
pp. 814, 815,

t W. D. H., “ Journal of Physiology,’ 1893, vol. 15, p. 90.

p Thid., p. 106G,

L H
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bload.  The quantity mjeeted, as a rule, was 5 or 10 eub. centims. To this we had,
however, one marked exeeption ; the fluid was particularly rich in proteid, as judged
by the heavy eoagulum which oceurred on boiling; 10 eub. eentims. were injected
into a eat ansesthetised with A.C.E. mixture ; the fall of blood-pressure was at first
that which is usnally produced, but instead of recovering its usual level again, the
fall became greater and greater until the animal died.  Post mortem the right heart
and veins (partieularly the portal vein) were found full of clot.

Althongh we did not discover that choline is the toxic agent in the fluid which is
responsible for the fall of pressure usunally observed until a comparatively late stage
i our research, it will be eonvenient to complete the account of the chemieal side of
our work by stating the method by which we separated and identified this base.

The proteids were first precipitated by aleohol in the usual way, and the aleoholic
filtrate was evaporated to dryness at 40° C.  The residue was taken up with absolute
aleohol, hltered and .'JI_';Eliil Uﬂmpm':uell to III"_'E."HERH, and the treatment with aleohol
repeated.  The final residue after evaporation of the aleohol would be by this treat-
ment free from potassium chloride. The residue was erystalline at first, but soon
deliguesced on exposure to the air. It has a slightly brownish eolour, and is soluble
in water, physiologieal saline solution, absolute aleohol, and ether. If the residue is
exposed freely to the air it putrefies in a few days, giving out the odour of trimethyl-
amine and ammonia.

Dissolved in water or physiological saline solution it gives a white precipitate with
phospho-tungstie aeid, with phospho-molybdie acid, and with mercurie chloride, a
brownish ]Jl'ui‘:if:'ttntc with 1odine dissolved in a solution of pfstnssi:mu wdide, a }*ﬁllﬂw
precipitate with gold chloride and platinum chloride. It gives no precipitate with
tannic acid ; this distinguishes it from neurine,

The aleoholie solution gives with gold chloride a precipitate which consists of tiny
yellow erystals, which are soluble in hot water and hot alechol ; these separate out
again on cooling ; they are insoluble in ether.

In all these points the substance from the cerebro-spinal fluid exactly resembles
choline, and in all cases the experiments were controlled by similar experiments with
a solution of choline hydrochloride (0°1 per eent.).

They were repeated in six specimens of the cerebro-spinal fluid, and always with
the same results. In normal cerebro-spinal fluid they were negative.

The platinum compound® was more fully investigated ; it is easily soluble in water,
s0 distinguishing it from the double platinum compounds of potassium and ammonium ;
it is insoluble in ether, and readily soluble in 15 per cent. aleohol.

On evaporating its aqueous solution it crystallises in six-sided plates and needle-

* On the chemistry of the platinum compound, see HUNDESHAGEN, ‘ Journ. f. Prakt. Chem.,’ N.F. 28,
p. 246 ; E. ScuvLze, ‘Ber. d. Deutsch Chem. Gesellsch.,” vol. 22, p. 1829 ; * Zeitach. f. Physiol, Chem.,’
vol. 15, p. 149; E. ScHveze and 5. FRANKFURT, * Ber. d. Deutsch. Chem. Gesellsch.,’ vol. 26, p. 2153;
E. Jauxs, ilid,, vol. 23, p. 2973; W. Gurewitscl, © Zeitsch, f. Physiol, Chem.,’ vol. 24, p. 513.
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like prisms of a yellow colour. On evaporating the solution in 135 per cent. aleohol
it erystallises in yellow octahedra. These are very typieal erystals, and the accom-
panying figures show their appearance as drawn under a low power (} inch) of the
microseope. Fig. 2 are those from cerebro-spinal fluid ; fig. 1 these from a 0°1 per
cent. solution of choline hydroehloride.

Fig. 1.—Crystals of the platinam double salt of choline, erystallised from 15 per cent. alcohol.
Fig. 2.—Crystals of the platinum double salt of the hase separated from cerebro-spinal fluid in eases of
General Paralysis of the Insane. Crystallised from 15 per cent. alcohol.

In one case we obtained erystals visible to the naked eye about the size of small
pins’ heads.

In another ease we obtained a sufficient quantity of the compound to enable us
to estimate the platinum. From 290 cub. centims. of cerebro-spinal fluid we
obtained 01153 gram of the platinum compound; this yielded 00401 gram of
platinum ; the percentage of platinum was therefore 34°8 ; this is a little higher than
the correct number (31°64 per cent.), but considering the small amount of material at
our disposal, the difference is probably within the limits of experimental error.

The following is a summary of the preceding section on the chemistry of the cerebro-
spinal fluid :—

1. The fluid from cases of General Paralysis is richer than the normal fluid in total
solids.

2. This is particeularly true for the proteid constituents (see table p. 218).

3. The proteids present are in great measure precipitable by salts, as globulins are.

4. There is. however, a small quantity of albumin in addition ; in the normal
fluid albumin is absent.
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5. Fibrinogen is absent, as in the normal fuid.

. Proteoses and peptones are also absent.

7. Nucleo-proteid is present, in one case in sufficient quantity to produce intra-
vasenlar frurmgn]at ion when 10 eub. eentims. of the fluid were injer:tw] into the jugular
vein of a eat.

8. A marked distinction between the normal and pathological fluid is the presence
in the former of a reducing substance, and the absence of this, as a rule, in the latter.

9. Perhaps, however, the most noteworthy distinetion between the two fluids is the
presence of choline in the specimens removed from cases of General Paralysis of the
Insane. This ean be identified I:'.hemil:'.al]}’ h}' numerous tests, of which the most
important are the characters (solubility, ecrystalline form, ete.) of the platinum
eompound.

10. The ehemieal examination of the fluid supports our contention that the cerebro-
spinal fluid functions as the lymph of the brain, and when the disintegration of the
cevebiral tissue is inereased, as in General Paralysis, the fluid contains the produets
(.., nueleo-proteid, eholine from the leeithin) of such disintegration,

We may add that we were led to search for choline in the cerebro-spinal fluid, from
some experiments made by one of us (F. W. M.) in conjunction with Dr. Barratr, on
the chemistry of degeneration in the spinal cord.®

Examination of spinal cords were made by the Marcuir method ; on one side of
each ecord, degeneration, due to a lesion in the opposite cerebral hemisphere, was
evidenced by the black staining produced by Marcur's reagent. The rest of the cord
was civided into two halves ]cmgitutlilml]}', and each half extracted with ether in a
SoxuLET's apparatus. The residue of the ethereal extract on the degenerated side
was more abundant, but contained less phosphorus than on the healthy side; its
consistency was like that of butter. On the healthy side the residue consisted chiefly
of protagon erystals. The degenerated half of the cord was also more watery. Here
there was distinet evidence that in the degenerative process the lecithin had, in great
measure, disappeared and been replaced by neutral fats. It was this which first
suggested to us that we should seek for the products of lecithin in the cerebro-
spinal fluid.

3. Acrion or CHoLINE, NEURINE, AND CEREBRO-SPINAL FLuip oN Broob-
PrESSURE AND RESPIRATION,

In order to investigate the effects of these substances on the cireulatory and
respiratory systems, the carotid artery in an anssthetised dog or cat was exposed on
one side, and the external jugular vein on the other. A canmula was inserted into
each vessel ; that in the carotid artery was attached to a mercurial kymograph ;
that in the jugular vein was used for injeeting the material.

* ¢ Proc. Physiol. Soc.,” February, 1899 ; * Journal of Physiol.,’ vol. 24, p. iii.

. ""!'—
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The dogs used were mostly fox terriers, weighing 7 to 10 kilogs. The cats weighed
about 5 to 6 kilogs.

The volume of fluid injected varied from 1 to 10 eub. centims. At first we warmed
the fluid to be injected to the temperature of the animal’s body, but as this did not
modify the action of the drugs we subsequently omitted this procedure.

The fluids first used were :—

1. Cerebro-spinal fluid.

2. A 02 per cent. solution of choline hydrochloride in physiological saline
solution. '

3. A 0°1 per cent. solution of neurine in distilled water.

We selected choline hydrochloride in preference to the base itself, because it keeps
better both in the solid state and in solution. We however made a number of
control experiments with choline itself, and found that it produced exactly the same
results as the hydrochloride.

Neurine is not soluble in physiological saline solution, so we were obliged to use
distilled water. Injection of the same quantity of distilled water without any neurine
in it produees no result.

The respiratory movements were recorded by the tambour method : two tambours
connected by a T-piece were strapped to the animal's chest, the third limb of the
T-piece was connected by tubing to a recording MarEY's tambour.

We have never succeeded in killing an animal by injection of choline or choline
hydrochloride.

The fatal dose of neurine in dogs is less than a decigramme; respiration ceases
before the heart.

Choline produces practically no effeet on the respiration ; the arterial pressure falls
considerably ; the heart at the same time becomes somewhat slower, but this slowing
1s not usually a marked symptom. In a short time the pressure recovers its normal
level, doubtless because the injected material is so diluted as it gets mixed with the
whole volume of blood that it no longer ean produce any noticeable effect ; possibly,
also, it is broken up into simpler materials and excreted. (See further under Urine.)

The cerebro-spinal fluid from cases of General Paralysis of the Insane acts in a
preeisely similar way. Normal cerebro-spinal fluid has no effect. We have chiefly
confined our attention in pathological cases to the disease just mentioned, but we
have also oceasionally tested the fluid from cases of other diseases. In a case where a
man died from cerebral hemorrhage the fluid produced no result. In a case of melan-
cholia (very probably General Paralysis), and in one of senile dementia, the fluid
produced the same results as that from cases of General Paralysis. In both these
cases there was, however, great and evidently acute wasting of the brain tissue, such
as is met with in General Paralysis.

Neurine produces results which are quite distinet from these. The injection pro-
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duces a great exacerbation of the 1'&51151‘;1[:”'}* ucti\'il,_}-' g this ﬁllul‘tly afterwards returns
to normal ; after several injections, however, the respirations become feebler, and finally
cease, and if one wishes to continue the experiment, the animal has to be kept alive hy
artificial respiration. This confirms the observations previously made by CErvELLO;*
we have not paid particular attention to the curare-like aetion he deseribes on the
voluntary muscles, and to which he aseribes the cessation of respiratory movements.
As eonfirmatory of his statements in this direction, we may mention that in the case
of those animals which we killed by asphyxia on the termination of an experiment,
eonvulsions were usually absent if neurine has been injeeted previously.

The effect on arterial blood-pressure varies somewhat. The usunal effect is a pre-
liminary fall of blood-pressure (doubtless, as we shall see later, cardiac in origin);
this 1s followed by a rise which 1s often considerable, and then a fall again to the
normal, or somewhat below it.

In some cases, especially if the dose is a small one, the preliminary fall i1s absent,
and the sole effect is a rise.

In other cases again, especially when the dose is large and the animal a feeble one,
the secondary rise is absent, and the blood-pressure falls, the slowing of the heart
being a marked symptom.

In all eases, whether choline, neurine, or cerebro-spinal fluid is employed, the effect
of successive injections becomes progressively lessened ; the animal, in other words,
acquires a certain degree of immunity, but if a considerable time (10 or 15 minutes) is
allowed to elapse between the injections, this immunity is not so evident.

In no case, even when much stronger solutions were employed than those mentioned,
did we observe anything in the shape of fits or convulsions. In order to test this
thoroughly, we injected the material into the carotid artery towards the brain, but
here again there were no convulsions, though the usual effects were produced on
respiration and blood-pressure.  In the ecase of a monkey we painted both weak and
strong solutions on various parts of the surface of the brain, but again with negative
results. It is therefore evident that the -convulsive seizures of General Paralysis
cannot be explained by the presence of choline in the cerebro-spinal fluid or the blood.

The accompanying tracings illustrate the general effects on blood-pressure and
respiration just deseribed.

In each case the top tracing (R.) shows the respiration; the next (B.P.) is the
arterial blood-pressure from the carotid ; the bottom line (A.) is the abseissa ; the next
line (T.) is a time-tracing in seconds; and the last (8.) is written by a signal, the
period of injection being indieated by its writing at a diffevent level.

Fig. 3 shows the effect of injecting normal cerebro-spinal Huid in a dog. 7 cub.
centims, were i]L_jL'{:tL'fi, There is a slight alteration in the respiratory movements, but
no fall or rise of blood-pressure. 7

% Lor. cit

i Tracings which in other cases show merely negative results have been omitted at the suggestion of

the Referees.
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Fig. 3. Original size,

L3 L-] R | J_ I | J: T T l_ M .._4__1_|._|___J_|_

Effect of illjl.,";'t'ill._'.-: T cub. centime. of normal eerebro ~[|‘i|'..|| fluid in a dog Ii., tracing of ""l::.!"”'"'-

[3.P., tracing of blood-pressure from carotid artery ; A, alscissa of blood-pressure ; T., time in
-"'L'"i'ﬂll':]?": :“. =5i}_'.||l-'|-. l]'ll.‘: ]”'l-‘-'i.‘l'ill;;’ of t]lll Il_:'l..l_:l ||]' '|'.']|?n.'|l i'|||Li|':.I,u.wL r|||,- |||_:!'i1||[ -:|E ij|‘il_'|,'|_:'n||_ ']'|||'
same letters have the same significance in sobsequent tracings. The arrow in euch tracing

indicates the direction in which the tracing is to be read: in nearly all cases it is from left

to right.

F!i_f_{ 4, HJ.,':].I.:I('{'II T ]'I.'l,“. ||'|"i5'i||:|] '-i.-‘:l:'.

5 . i . » . [
Fall of i-]uml-]-re:ssulc 11 & 'l.l.l.l:_: ]|'|'u-:1tu;|,:x:| ||-_'|,' mjecting o enb, centims. of a 02 solution of choline
|‘I_l.'|'|I'|'|r-'||!u|'i|]|,-, No effect on :'|'-I‘.|]".|'i--':.

En]!—'-r' 4 shows the effect of 5 cub, centims, of a 02 per cent. solution of choline

oF

VOL. CXCI.—E, 2 G
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"-_-.-ll--"i-|l-|'il|- 111 |-||.'- .i-'|u_'_'_||'.'|| saline solution The ellect {1E|H ol hl‘““'li'|J|'I‘D'C‘-C|:i|'|'_ (11]
effect on respivation) is just the same in the case of pathological ecerebro-spinal fluid

{Bee 1108, o and )

fir, 5 shows the usual effect of 2:5 eab. centims. of a 01 per cent. solution of

-

neurine in distilled water - there 12 hrst o fall, then a I'i:‘-'i', and finallv a fall :‘“—f.""']”- i

o ||| [rressure, rJ\||1' 1'N:L£:1=I'|‘I;|Liir]4 of E|||' 1'|'-']ri|';||‘.rll:'1' movements IH ‘.".'L'“ S,

Fir, 5. Hali the orizinal size.

fifeet ol njecting i i 25 cub. centims. of a 001 per cent, sclution of nearine. . In the tracing, K.,
h npetroke 12 cansed by inspiration Moot b increase in respiratory efforts, followed by a
L 4 . e
n the hlood-m nre tracinge ther a fall, followed hy a pPromoiin el risc.

sideseadlasaelioaalasn

=ame animal a5 in figc. 5. 1 enb. eentim. only of the solation was i||j|'-:|.|_--| - the effect on FeSIration s

el v marked ¢ the ri of Wlood-pressure 15 the most irII[""L-lrlf effect of small doses,
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Fig. 6 shows the effect of injecting 1 cub. centim. of the same solution, in which
the main effect is a rise of blood-pressure. The respiratory increase was not so
marked as usual, the animal having received several injections previously.

Fig. 7 shows the eftect of injecting 5 eub. centims. of the same solution in another
animal. The secondary rise is absent; there 1s only a fall of blood-pressure ; the

1'4-.~c}|ir,|1inn:'~ are at first mereased, and then veturn to normal,

Fig. 7. Original size.

IS T A T Y A Y D _|. L L} J. T . | .l-J_I_l_l_j_

Effect of injecting 5 cub. centims. of a 0°1 per cent. solution of neurine in-a dog. The effect on
respiration is well seen. The effect on blood-pressure is only a fall.  This does oceasionally occur

in some animals, especially with large doses.

These experiments with neurine indicate that the rise of blood-pressure in the
arteries is not merely secondary to the respiratory change as CERVELLO considered.
No doubt the inereased respiratory aetivity will assist in causing the rise of pressure,
but we shall later see that it 1s constriction of peripheral arterioles which is the main
tactor in producing that rise.

4. EXPERIMENTS FOR THE PURPOSE OF DETERMINING THE SUBSTANCE 1IN (CEREBRO-

SPINAL Frump wioicE Probuces THE FavLn oF BLOOD-PRESSURE

We at first 1]IUIII'_:|!1T 1t was the [Jl'ute‘itl material in the Auid which caused the fall
of arterial pressure. But we found that removal of the proteird by heat, or by
aleohol, makes little or no difference in the result observed.

1

This is illustrated by the two next tracings. Fir 8§ shows the effe

A PR

_r
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L eub. eentims, of cerebro H:|:l:.lli1| Hud : Iill_:. b shows the effect of the same amount

of the fluid after vemoval of the proteids by boiling and filtering

1I_ w2 Half the ll"i'_"i"|.|| o el

Effect of injecting 10 cub. contims. of cerebvo-spinal flnid in a dog.  The fuid was removed from

patient who died from General Paralysis of the Insane.

Fig. 9.  Half the orizginal size.

Effeet of injecting 10 eub, centims. of the same fuid, after the proteids had been removed by boiling

and |i||-'|i'|_'_' Same animal,

Our next supposition was that it might be the inorganie salts which are responsible

for the effect observed. We therefore took a i:-l'll_;'u' -:|L:I:t||!i1_‘a' of the Huid, t"‘-'H["It':‘lh'EJ
it to Ll]'."-.'|l'='3"""-. and incinerated the residue. The ash was dissolved n }Jlt}'h]rl|1rlq'i['ﬁli
caline solution and i'|_i-e-n:'1|-n:]_ without result.

The active ;-!._\-,'ai|>]|.:;i1-;|| substance is therefore of organie nature, but 15 not |J|'I.I|_I'-||]_

We then took the alecholic extract of the fluid, I"-':I]JI-I':J:t‘f| off the aleohol at
107 C., took up the solid residue with absolute aleohol, filtered 1t, and again
|-'.:'|"'I':.-l--|] off the aleohol at 40° €. The residue was taken up with |’]|.1‘.’;'-|"|";Lfé{':'|
alime solution and §||Ii.--r-||-r|: the next |1|.'_fll'||- ':ﬁ_'-l'- 110} shows the result. A fall of

blood -pressure is produeed like that eaused by the "I'i_'_f-lllili Hunned.
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Fig. 10. Twao-thirds the original size.

L l.-:..l L I_J..I Loidol -._I Lk I_l_-_J_IJ-.J-_I.I- I.I T |_|_- 1l |.l . I_|J.J_I |_I.|

The cerehro-spinal fuid was frecd from Iu'ul!q'ir]ec by the use of alcohol ; the alcoholic filtrate was
evaporated to dryness, and the residue dizsolved in physiological saline solntion. A guantity of
this, equivalent to 10 cuh, centims. of the original fluid, produces the effect shown in the figure,

fall of blood-pressure.  Dog.

The active substance is theretore of organic nature, and one which is soluble both
in ahsolute aleohol and in physiologieal saline solution.

It then occurred to us that the substance might be alkaloidal in nature. We
accordingly took a solution of it in physiological saline solution prepared as just
deseribed, and added to it phospho-tungstic acid in the presence of sulphurie acid
until no more precipitate occurred; the precipitate was an abundant one, and we
filtered 1t off, preserving both precipitate (a) and filtrate (b).

The precipitate (a) was treated in the following way in order to separate out any
base that might be present. It was suspended in hot water, and excess of boiling
saturated barium hydroxide added. A stream of carbonic anhydride was passed
through it until most of the excess of barium was precipitated as carbonate ; this was
filtered off To the filtrate dilute sulphuric acid was added carefully to precipitate
the rest of the barium : this was filtered off and if the reaction of the filtrate was
acid, the small excess of sulphurie acid was earefully neutralised with dilute sodium
'h‘x'ﬂmxh'h*: this fluid would contain the alkaloid together with a minute amount of
sodium sulphate.  Suech a small amount of sodium sulphate we determined produces
no effect on blood-pressure.

The filtrate (&) was treated in a corresponding way ; excess of the acid was preeipi-

tated ]h}' ]HL]'_‘-.'I.:i water and fltered off Execess of barium was ['ell'i'!h”}' |!1'L'[‘iE1i1:|h_'tl
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with dilute -.1||3||||||"r-' acil and hltered off. Fxcess of Hll]|-||'.!|'-|f' acid was then
carefully neutralised by soda.

The final liquid in each case was then mjected.

The liquid from the filtrate () produced no fall of arterial-pressure.

The solution of the alkaloid separated from the precipate (@) produced a distinet
fall of hload pressure (ng 11Y. The eftfect 15 not so oreat as that shown in ]qu-rinu;.
!|'.|-"i||."-- for doubtless in the chemieal ~||I"-|!i-ll:-- st deseribed there is some loss

||'|J ||-':--L||'I:|'|I“!: ll'i-'lll' .||.|1.I§'I'il|

_I_IJ'JJ l_u.l.I.L_z.i.Lf_l_LLLL_uJJ_LuJ_LLLLLJ_Ll_LLI_uJJJJJJ_LL e ]_,|,J_J_jJ_|_|_:,_|,_I_|_j_|_!J_|._;

k)

e e YN ———

A solution of the baze separated from the I.I]II"Illll".lill_'.';l' precipitate, as deseribed in the text, was

injected, It produces a fall of blood-pressure. Dog,

'|f:=*.i:._-_-; in this Wiy confirmed our .-:I.h'|>ic'iu|| that the active material in these
pathological cerebro-spinal fluids is basie, we naturally next thought of the bases
which would most I[il"."]."‘- be present, and -'|l'r'|»|'|]ir|:_'|'ll1.‘ we tested the result by the
injection of weak solutions of choline and neurine.  The result of these experiments
was to convinee us that choline 1s the material of which we were in search. Neurine
15 much more 1_--\':-1', :|r'_|] I,]u- 1mnst marked :|1'1_i--|| il ]|;|:~'. 011 ||]-:|:|11-1:||'L':-=:-5I:|1'|' 15 1_]Ilf‘ ]".IHI.'
t Lzt il [ll"lll.'l'll.'l”'i. Whereas choline |.l|'rlr|l.ir‘l-*x a fall v.'\';rf'”_'a' hke 1,Elilt t'il'l]‘\l.'ll ]J_‘\' [|H.'
cerebro-spinal fluid, or the basie substance separated from the fluid.

How exact 13 the .-:;|-|-||.||'i|_lﬁ,' heeame more evident as our work |||'-|1'|-|'t|1".t.

Havinge found that the active |:I'i||l'ipljl' in the cerebro -||-|I|.'|] Huid is soluble
aleohol, our work was rendered considerably easier ; for now it was not necessary to

!:;u tth :':III-! i S0 5 _tl-"---!lr!l atter remo -'| ‘I'|'|||.| ‘_|||' COPEeS, :.'III1. 1||':' ||!till. ‘-"-.hl.'.'.'
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of the residue of the aleoholie extract eould be ||I1'Fl.|l:'ll at our leisure, and inju-u-rml
whenever an f'x}at‘:'ihu'm was convenient. In the Ill:lj-ﬂ'-lt.'x' of the {JKI}E‘I'EMH:NH still to
be deseribed it was fluids prepared in this way which were injected.

In order to determine the cause of the fall of arterial pressure, it was necessary to
make {‘Klll’_‘l'illl{jTll?—} both on the heart, and ]r}' the use of ilil_'1 E11'\':-;1||I'h_':_-'1';if1.||.~4 or oncometers

on the I;u]*iln]w]:ll Organs. [t will be convenient to take our work on the heart first,

5. Acrtiox oF CHoLINE, NEURINE, AND UEREBRO-3PINAL FLuip ox THE HEeanT.

We first chd cxlu_ﬂ'illu-lli*-{ on the fll'ibg'lﬁ heart. The animal was ilil]wli_ the '|Jml_'_.;

cavity freely opened, and the heart's apex was tied by a thread to the short arm of a

Fig. 12. Original size

Tracing of frog's heart taken as deseribed in text. Choline hydrochlovide (2 per. cent.) was dropped
on the heart at the point + in line 1; the contractions gradually became smaller, until they
reached the size shown in line 2. Atropine was applied, and the heart recovered as seen at the
commencement of line 3 ; at 4+ line 3, choline hydrochloride was again applied, Imt the heart i
bt little affected ; see remainder of line 3 and line | Time (T.} in half zeconds Rend from

left to I'i:_r‘||:,
lever lb]:s.-:‘t-:l above it : the Iumg arm of the lever was prov ided with a "-'r'l'i‘tilll.-.:_' Inlihl-
and the tracings were taken on a slowly revolving drum. The three substances o
2 per cent, solutions were then l]""f'f""-l upon the heart.

* This simple fru_g-L:;l'tlingl'.L]:h 13 1i_:_-;1ln_-|1 l._-.' one of us (W. ). H)in * KIREES' i"ll].'e-iu-lu;:.'..',' 15th Edition.

ng. 229, p. 231,
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Choline hydrochloride and the cerebro-spinal substance both produce a slicht

diminution of the heart’s foree. This is .'llllng:llli‘-'wl h_’\' .'|l!'t1|i]]l'.

l'l;'-L- 15. COhrigin:l size

Cat, 1':.:i ent. 25 cenb. centimz. of & 01 per cent. solution of newine ' leel © Lh =1Ll

ocenrs, first a fall, then a rise of blood-pressure. There is also inerease of the respiratory

movements,

e . 5 . 1 T | o 3
[he aection of neurine is more poweriil, and the effect Iy e I1"'“'|'!L'i-. stoppage
the heart. This effect 15 also antacronised by :ll]'n|:i|u-.

YOL. CXOI.—B. 2 H
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The .I‘.||.|_'_"-'l| 1sm between these l||'llj_1“-‘~ anl ;l‘:l'flili:u‘ |‘- 1 ;||‘l:-|-|’elll']_*.' 11||ﬂ.‘|1c-1':|]'_ as
previously stated by CervEeLLO ; after the heart is atropinised the other drugs still
||:'-:-1!.|If'|' a little effect.

The :‘:"1'1'|||I1.|r‘._'w.'i.‘1:,:' :I'.‘Il'-llll'_':!'-l illustrate the action I-|I|.'-51 deseribed.

Fig. 12 shows the effect of choline ;* fig. 13 shows the eftect of neurine. The
antagonistic effect of atropine 1s also shown. The tracing showing the effect of

neurine 18 almost exactly what one obtains on the frog s heart with musearine.

Fig. 16. COngimal size.

Tracing of a dog’s heart, taken by BropiE's levers. A., tracing from right auricle; V., from right

ventricle : 3., signal showing time of il':_;.-i'l'l"ll' - T time in seconds. At the rise of the "i_'-f“”]:

anantity of the cerehro -|_.E||:_| substance core «.:t||-||||i1|'_'" tor 10 enh. centims of the “'!i,‘_"'i1|-"-]
cerebro-spinal fluid was injected. The effect is similar to that produced by 5 cub. centims. of a
02 per cent. solution of choline, but not quite so marked ; the foree and rate of the heart is

leszened.  Thiz and the suceeeding I_:':Il'irl_'_': wore taken "l_'|' . BRODIE.

{Cominge next to the mammalian heart, we fonnal on L'H:III[i]IiII:_'.' 0o 1|:'éll'ih:_‘,'.*—'- of blood-
sure. that the effeet of choline and cerebro-spimal substance on the rate of the
s is to produce slowing: this is usually slicht, the effect of neurine is more

4 : c £ T - . ._-I'I i '|-
.:;.\_uul _||| v in 11 s coase 15 olben |||_|'|'.I'II Iy acCelera i,

The effect of the cerebro-apinal substance is precigely simlar ; in oo der to reduce the number of

.--! T Z:::'l| (ENRR T N |:l'!'-_' 'IIIi Ly EFIVE TNONE I':..:!| one nl'n. |-I [ i- |||' Lracings,
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Section of both vagi makes no difference in these experimental results. The
ACCOmMpanying t-l‘atl::i!!f:."‘.*} give the results after section of both *.'415_;;. |‘“lll_;. 14 shows the
effect of the eerebro-spinal fluid, and fig. 15 of neurine. The effect of choline is
exactly like that of cerebro-spinal fluid.

In order to obtain tracings of the heart itself, the thoracie cavity was opened, and
the animal kept alive by artificial respiration. The right auricle and ventricle were

Fig. 17. Original size.

I ""“‘“‘1"".!5'i""r!if'l:,|"il'-'*|'|i i '_-I',.'il’{!‘;;"!?"'fl[ﬁ“"':ﬂ']!i"l!lm|f||ihili|

{1 I -
ek |,'_!!.||{|I|

Tl'-’ll'illf.'.' of dog's heart taken in a similar way to the foregoing. 2 eul. centims, of @ 01 per cent,
solution of nenrine were injected. The foree of the heart, especially of the auricle, is lessened.

L ul - - -
There is also considerable slowing.

attached, by hooks, to springs like these used by Scuirer and Ouver”  In othes

experiments we used levers, as described and fisured by Bropief In these experi

ments we il-“l"-'ﬂ.‘ 83 Elt:]«:]lu".'n.'h_':l!_:"v []u} .-|.le.5-'j:«:.t;u'|.:_-t: L:'i".':-“ us by Dr. BroDIE. In other

i
+

experiments again we used the :-;imp]:: air cardiometer of Barxarp,] connected
either to a Marey's 1't!Ef11'i]1I|g.: tambour, or to a HURTHLE'S |>inllﬂl recorder,

We £ive some illustrative 1_;-,-u_-'m:_jrh- of the effects obtained.

*  Journal of Physiology, vol. 18, p. 256, fie. 13 (1895,
T * Essentials of Experimental Physiology,” p. 140, fig. 110. (1838.)
I ‘Proc. Physiol. Soc.,’ Dec. 11, 1897, p- xv. (*Journal of Physiology,” vol. 22.)

C Chl
=~ H =

alltes B T = ]

———



DRS. F. W. MOTT AND W. D HALLIBURTON ON THE

0 uuq iy I I|II «IIHEIIII’”"

L |||||n.u|ll1||l'l.:-h-," \' |Ih\ ﬁl”“ “

I
.l_Lu l_l [T JJ__|_|__.:._'_.J_

3 - —

ol i hyalrochloride (5 eub. centims, of a -2 per cend ---!!'.I:--ll_l in a cat.  The LippRel
K50 I| { 1= tl L .'-'E;,_!; ||]' I'.':lf_L l'.|"|]in'||||"|:-;' il |:_'|.::'\' LIEDD - |-,.|-|| |||;-l,\'r'| ~:|:'|;-].,1- !|'I‘I'}'I"\-I'!I'.'- :-»‘,'-CII'I]-!'.
The fall of arterial piressure 15 ;i.l_'l'l'l]l];lilllil'-i | an inereased tpe of the heart ; the heart's rate

iz alzo rather slower.  The cerebro-spinal substance produces exactly the same result.

With choline and cers !-!'l--x|-ii. it substanee a r«]-mi!:;‘ 1_]];'.. 1) and diminution of

With neurinme the effect 13 more marked "“j""'-“‘l.l"' i the auricle I:t:.\'_'j. Ii_}.
In spite of this, im case of choline and r---i:-|n|'n.-5-i1|;|| substanee the output of
heart is inereased with each beat (g, 18).

. In case of neurine the outpat of the heart iz lessened, and its tone diminished

We thus learnt. that in the ease of choline, the fall of I||:|4||L—l:|1~:-'u-11]|'u 15 ]J:H'[]_‘.' of
cardiae '-':-:__Lil:_ |--|:|---i.|]|1.' at the commencement of the ﬁlHZ the increased ourpat of
i e et ::'-.'||--. :|.'--- Lo a1 ||':-.‘-'|'i'_'|||l_i J.|| 1||'\.' E||'|'|J|]|§'|'i|! |'|,--'\-|*-.I,i|r|1'|'. 1I'|1'Lr|‘ l]ll!'ll I.II'III:'I'I."f]l:'I]

by th plethysing ':"'i':'i" method ©o ill".:':-ili_'_' ite this side of the *—'.1]|:i1-["..
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|"'i_'_':. 15 L] --_-'||:|;. o

Effect of injecting 2:5 cub. centims. of a 1 per cent. solntion of nenrine in a eat.  In this ease the
nsual rise of blood-pressure, which oceurs after the initial fall, did not take place. The tracing
from the cardiometer shows a decrease in the heart’s force, and subsequently in the heart’s rate;
the rize of the level of the tracing indicates that each systole is incomplete, and that the heart is
dilated.

6. ExpERIMENTS WiTH ONCOMETERR AND PLETHYVEMOGRAPHS.

Throughout these experiments we used air oncometers ; the box, in which the organ
or limb investigated was enclosed, was made air-tight with vaseline and wvaseline
wool, and connected to the recording apparatus (a Marey's tambour) by thick india-

rubber 1-“]’i“i—'-'- 51_'1_1,1|-'|-;|: was the first to introduce the use of an air oncometer in

o e e T



fall

Is also ;

' ] Dits. F. W, MOTT AND W, I HALLIBURTON ON THE
3 gy | il . . 5 . i1 =

connection withh  the =]|]l'l'.'|. we have extended the method to the kidney and

intestines ;¥ we can thoroughly confirm Schnirer's contention that the air instrument

-_-ju--c better results, and can be more easily used than the oncometers of Rov. in
.,«..-},i.,-], o1l was used as the ?.L'.'lménﬁllitl;' medmm,

The accompanying tracings will show the results we have obtained.
|:.:.-:| II'-'I.l l'_lllH' _||r..-l'|'_"1'.'l|.|.-r'_~\.'_

The fall of blo -tl-|5|'|'~=~:1]|'|= which .'u_'{'n1n|..;5||'u-_~.; the injection
of choline (fig. 20) and of {'L'!'1-|-]'-1-HF|51|:|] substance, is ;|E'Ii!1bl|:|]r;11|i1--| with a rise of the
oncometer ;LI"-'I,'.’ | ]

[0, whieh mdieates an I.'."-:]IZIII"-i"It.' of the blood vessels in 1|]i:n'1'n;‘;_‘inl:l.

Fig. 20. Original

PP
P

ub. centims. of a solution of choling hydrochloride (-2 per cent.). The fall of
itation of the intestinal vessels ; this is shown by

of the Marey’s tambour connected with the intestinal plethysmograph | .Y

ompanmied by a dils the rise
0] ||I|' |I"|:'

Daog.

In some animals 1'E|----|5:f--||||-l|-l' ||:-‘\'--'|' does Tuent rise H_';'Ill:']ll'lIII'ZI'E:I‘Hl_".' with I|:|I' 1:'I]] of

|l|-l-l*iL pressure 3 b it at the VEIY Colminencement of the arterial fall the oneometer lever

it, however, soon |JI"_';iI|=- to rise.  The III'I'“IH:LJl:II'*.' {all of the oncometer lever

¥
ournal of Phveiolog

vol. 20, n. 1, 1896,

1
v Mr. A. Ep
'.:_: I i!l !|||: '-]-lli‘:'.'l-|| II!I' J'|I'.'-ill| REFY

R I'_~|'l| Wiks l||".'f

MUNDs, who has dezeribed the instroment

viol, 22, p. el 1897-8.
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indicates that the fall of blood-pressure is partly of cardiac origin, and the peripheral
\l’_:fﬁ“:.l:]"'\ j;'l]'?'ﬂ- tll'_" COLI S ':'1;"”5\.‘1“'. ]_II_'"I!I_ l”'l,'."{hill_["" EI.'I_"'\-;:‘Gi'l.'l_']".'.

In those animals in which choline produces this effect, the cerebro-spinal substance

acts in exactly the same way (fig. 21).

]:lu

ig. 21. Original size.

i

.-I—r.....'_l_j_I_l_..I,__I‘_L_[_I_|_|_!_|_I_J_I_J_.I_|.J_J_.!J._|_|_I_I_|_L|_LLl_J 1

Tracing of intestinal encometer (1.0.) and arterial blood-pressure (B.P.) in a cat. 10 eub. centims.

of cerebro-spinal fnid were injected ; the same effect was obtained in the same animal Ty
injecting 2 cub. centims. of 0-2 per cent. solution of choline ; the fall of blood-pressure iz at
first !'nél.]'tl]:'.' cardiac in origin, for the oneometer tracing first follows the fall of arterial blood-

resglre passively @ it, however, soon rises, indieating dilatation of the peripheral vessels.
! . 3 f I

The effect of neurine is very different ; the blood-pressure falls, and then, as a rule,
rises. The oncometer lever falls with the fall of blo d-pressure, but continues to fall
and remains down as the blood-pressure rises. This shows the cause of the rise of

]PII'HH]-[H'('HHIH'Q: to be econstrietion of the iH'Ti[IIH'E-'I] blood vessels qri.-_;, '_’::]. In some

cases the preliminary fall of blood-pressure is absent, and the rise of blood-pressure is

:mm:nmuuniz--i |:-_‘|.' 1 ‘.".'1']]-|||:u'|u'il fall of t]w oncometen lever, 111||-' to I"llllhf_l'i-"l-lllll of the
blood vessels (fig. 23).

In our early experiments with choline and cerebro .~~|.i||..] fluid, we noted post-nort

the engorgement of the splanchnie blood wessels. This 15 confirmed by the more
exact graphic method. An advantage which Epmuxps' air-oncometer for the
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possesses 18 that the mtestines and their blood wvessels can he watched
ass plate which forms the lid of the instrument, and the rise of

"'\-E-EII'."\-
he -Sll'l."'iI!_.l."':Iil.'ll 'f'l.‘.' ||‘.:-]|it1\'_'f. .'Ir:ll l|:|' |':l]| |:ill “]L: case of

T -;|cii|_‘-.' I|||'-l'.1:_"|| 'I\:u' .'_[-. |

1|'|' oncometer |."-.'l.'l' 15 5ee1 o
. 3 1 3 . .
neurine) by paling, due to constriction of the arterioles.

Fig. 22, Original size.

cat. There is first a

T I 1 ng 25 eub. centims. of a 0-1 o i
smnll preln 1 raf of arterial pressune, E B | ; glowed = 1n !-.:I' of this,
the pressare es : later, the hear yl heat. The 1 ing of
he ] QIO shows the oreat Tm anewhat frregular constriction of the .~:.| mehinis
Lol
(b)Y Cha the Kaidney There 18 but httle evidence of anv active dilatation on the
ol .':l-".i||-', .J.E||' |-."-.|_'I' lli- the ki ‘.I'.‘-'

- L]
LTI ET 00

Is under th
T : R :
e, and thouch there Iy b o r»|i;'.'|l IS

I the kidney v
ometer (K.0L) falls with the blood-pressi
(fig. 24) before the blood-pressure has resumed its usual level, it is never very marked.
spinal substan |-|':-|§-:|-| s the same resul In both cases

I e nTO -LI
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the fall of blood-pressure occurs, and the kidney volume follows passively this fall,
which 1s produced, as previously stated, partly by cardiac weakness and partly by
dilatation of the vessels in the intestinal avea.

In the case of neurine, however, the effect 1s sstmilar to that found in the intestines

Fig. 253. Three-quarters of the original size.

Effect of mjecting 1 cnb. centim. of the same solution in a dor, The preliminary fall of arterial
Préssnre 15 absent : the rize is .‘l,n:'n!'l:r11't1|¢11'|iﬂ|! |1:|,' the constriction of the peripheral blood vessels, as
shown by the fall of the oncometer lever,

the rise of blood-pressure is accompanied with great constriction of the renal vessels
(fig. 25).

(e) On the Limbs.—Here also with choline and eerebro-spinal substance there is no
evidence of active dilatation in the peripheral vessels. The plethysmograph lever
(L. P.} simply follows passively the general fall of blood-pressure,

Fig. 26 shows the effect of cerebro-spinal substance ; the effect of choline is exactly
the same,

(d) On the Spleen.—We have now seen that the fall of blood-pressure which
follows the injection of choline and eerebro-spinal substance is partly due to dilatation
of the blood vessels in the intestinal section of the splanchnic area. We naturally
expected the spleen to show a corresponding dilatation. But this is not the case. '

When the blood-pressure falls the lever of the spleen oncometer falls also ; the fall

VOL., CXCL—B, Z1
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of the oncometer lever is II.‘-Ci_E;i.”_'-.' bl Fll':l.‘]l*]lrll'ﬂll that it is dhifhicult to SUpposs it can
be merely a passive fall due to such slight cardiae weakening as is produced by the
action of choline. We therefore consider that choline produces a specific effect on
the spleen; the spleen constriets; and this view is confirmed by what happens a
tew seconds later,

For then the H|-|<'I|i=' waves beeome much more '--I:,_""'I'xIH:-C- than !ln-_'; were before,

Fig, 24, Original size.

Aty "r'l*l'l"' P

|_|_|_’_L|_| J__F_|_|_|_|_!_|_|_|_|_|._|_ it |. | L_l I :L- il ._. Lan B beo il ! B8 _'.J.J. Lol |..l'.| i1l

| || 1§ '-|--l--i s g |4l | .-'-'l'. ill HLE UL --_'|' i.'ljl"'l..'ll il |I,I :'|!|, -.|_'!|I_i'|||-~I |-i' H | U"_' .wl:-lll'!illll llf |,'.|||;|_'il'|1_",

The tracing at the top (K.0.) is that of the kidney oncometer.  The lever of the oncometer first
follows the hlood pressure ||.|--i1.l._'|l'.': later, there 1z a -|i-_;]|[ inchcation of a dilatatiom of the

1-.5-!.'u-_'; vessels, for the lever rises before the bloodd pressure resmes its normal level.

t is a striking confirmation of our position that the cerebro-spinal substance is

sholine, in that th -':'E-.-!-I'-I-i_ll:.ll:lll substance ]I]'lhl]llt.‘l;‘-i the zame Hfurﬂiﬁ(‘. effect on the

The two next figures illustrate this: fig. 27 shows the result of the injection of

choline ; fig. 28 of the injection of cerebro-spinal substance.

As previously stated, ScHAFER and Moorg obtained the same results with extract

E—



l_‘_-ﬂ——- m— .

- 2 1 1 - % 1 - & lI - 1 - =
of brain:; there can be hittle doubt that & ; substance in t xtracts was
choline.”

Neurine produces a much more intense and lasting constriction of the spleen. as

L "|i|| ||l|1|1.||”||||l

[} .l_|_|_|;l__..‘ Ju.l-l_l | | ] y ou i _|_.[_L| _|_|_1 sy b |_I_l_ _I_L! s 4 I |_|_,.'_|__:__.r;'i-'_'_'_l LEL A _F1_1_I.ILJ._.|.J._A.

e = . = - . " -

Lhe same animal was used as in the preceding experiment. 2°5 c¢ub. centims. of a 0°1 per cent
aolution of neurine were injected. The effect o EEsT 5 all
\'i:f... a fall -L:;..-.-._-!.-.'!.q'! l| | T1se, 1:':L‘ T o " _-f i} o - i

kidney vessels,

does with the intestines and kidney. A subsequent inerease of the splenic waves
does not oceur (hg. 29).

* This hypothesis is fully confirmed by the recent work of GuLEwiTscH (¢ Zeitsch. f. Physiol. Cher
1899, vol. 27, pp. 50-82) ; he shows that extracts of brain eontain choline, hut nenrine i
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i ExPERIMENTS TO ASCERTAIN WHETHER THE ACTION OF CHDLIHE AND NEURINE
o THE Broop VEssErs 13 Direcr or INDIRECT.

Our plethysmographic experiments having shown us the effect that the sub-
stances we were investigating have on the peripheral vessels, it next became necessary
to ascertain whether the drugs act directly on the blood vessels, or indiveetly through

the nerve centres.
Choline.

We will take choline first; and here, as before. the cerebro-spinal substance has
I_:H_!'l,l:t-l}' the same action. Our results may he hi'ieﬂ}' stated as follows: choline
produces the fall of blood-pressure by acting divectly on the neuro-museular apparatus
of the peripheral vessels; for after the action of the vaso-motor eentre and of the
central nervous system generally have been eliminated, the injection of the alkaloid
still eontinues to produce the usunal fall of blood-pressure.

The methods by which we came to this conclusion arve four in number.

1. The spinal cord was divided between the first and second thoracic segments in
the eat. This is above the situation of the vaso-motor outflow from the eord, and
below that of the nerves supplying the diaphragm, so it was not necessary to have
recourse to artificial respiration. Stimulation of the central end of the cut seciatic
nerve was found to cause reflexly only a very slight rise of blood-pressure, doubtless
due to the action of subsidiary vaso-motor centres in the cord.

Injections of choline produce a fall of blood-pressure (fig. 30). so do injections
of eerebro-spinal substance.

2. The splanchnic nerves were divided.—This operation was performed in dogs, and
we have to thank Professor W. H. Trompsox for assistance in doing some of the
operations. In order to be quite certain that we had cut the right nerves we tested
the nerves by stimulating them, and noting the rise of arterial pressure which oeceurs;
we also made afterwards a careful post-mortem examination so as to see exactly what
nerves had been cut.

We are not altogether sure that the operation is completely satisfactory, for even
if one cuts through all the strands into which the nerve divides helow the diaphragm,
it is impossible to be quite sure all vaso-motor nerves to the abdominal area are
severed, for branches often originate above the diaphragm which are liable to be
missed.

In all cases, however, even after the most complete section of the splanchnic nerves
on both sides, injection of choline or of cerebro-spinal substance still produced the
usual fall of blood-pressure (fig. 31).

3. The animal was poisoned with nicotine ; this will cut off’ the influence of all
nerve fibres originating from the central nervous system, as well as the influence
of the sympathetic ganglia.
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Fig. 30, []I'i:-_':itl.'L] 2] 7,

¥ i
el 1 L.l 1_|_I_I_!_._I_I_I_!_J_|_I_L_IJ_._| 1 14_-.. 1 L_]J_|_|_|_j__L S _l_l_l_lJ_i 1l 1__1_i_|_._|_|_. L J_L_ I

5

Lat. 2“-'||:|',:|] cord divided, as deseribed in text |||j|'-:|i|'-r| of 2:5 eub. centims. of 002 per eent. choline

|5-:|-|||:_- L ||II' Ii.*-I;-I] [!:.” I.lil- |I|IIIJI|-|JH'-'~'II'I'. .llht'lq' 14 '|=|r.'l,,'||'||l_:|L1!'l.' ke .'\-]IZI".'I'ilI: of I_|||' hl,'.'|.|'1_

Fig. 31. Original size.

¥ .
-J...L.j._l_.l.l_i_.n_.;; L Ll_:_]_l_L: i ]_I_L_EJ_._.- | J Logeg J_J PR B J | G

l]ll_:'. i':l|1 !1 :\-Fl.l.'llll'll:l|i|' NeElvVEs l]i'\'il]tl]. rrllc ill._il.'ll:ill:l| |:-F .-]“.““.. .||:l,'|]:-:_|-:'|‘|..||:-|'i|:||_: |:L.l 1,'I1|-, |'|'II1!-I||-!. I.-t' H |

0-2 per cent. solution) produces the usual fall of aterial blood-pressure.
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||;_-: a2, [hi;i.‘l.ll aize,

Cat, under the influenee of nicotine.  The stimulation of the central end of the divided seiatic nerve was
followed by no effect on blood-pressure. This showed the animal was fully under the influence of
the drug. A quantity of cerebro-spinal substance {corresponding to 10 eub. centims, of the
original fluid) was injected later, and the usual fall of Blowd pressure, but with a slow recovery o

I]HI]IIil.l, WE EI':'I II:|||.l.'l.'|:.

ey
7

same eat.  Choline (2°5 eub. centims. of a Q-2 per cent. golution) produces the same result as show

in the preceding figure.

YVOL. CXCI. I3. = K
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The injection of nicotine 1s followed by mereased respiratory aetions, and rise of
blood-pressure, but it the dose is repeated again and again, this effect becomes less
and less, and finally 2/, and the animal has to be kept alive by artificial respiration.®

But when this stage has been reached, the animal must not be considered to be
fully nicotinised, for stimulation of the central end of the divided sciatic still con-
tinues to produce a great rise of blood-pressure. At last, however, the animal is fully
under the influence of the ﬂl‘ug In the case of one eat we had to iquBt- 115
milligrammes of nicotine, in another 275 milligrammes of nicotine before this stage
was reached. T

Even after this stage is reached, the bload-pressure still continues to be compara-
tively high ; the subsequent injection of choline (fig. 33), or of cerebro-spinal
substance (fig. 32) produces the usual fall of arterial pressure.

It will be noticed in this, as in some of the previous tracings obtained after the
elimination of the central nervous system, that the recovery of the blood-pressure to
its usual level is exceedingly slow. :

4. The last method employed in this branch of the research has been to apply the
drug locally to the intestinal vessels. This can be done in the frog by watching the
mesenteric vessels with the mieroseope and then bathing them with the drug; or in
the mammal the fil'u:_n; can be ;t]l[!li{‘il ]:w;lu_r to the |t:|u|: of intestine within the
oncometer, and the elfect ean be watched with the eye 1]|'|'::-Ilgh the g_{‘mr-tr-: lid of the
instrument, or the effect can be registered graphically. These effects eonfirm the
Hl.:l_'li;:”i,‘[l!!,‘:i .'llt't'.'ill.“!,' IHEHI[‘ '_:I'rIE l.':!]:.ll;'ll.l," FHHI :H:'I'l_‘t]'l.'t.l-:‘{l'l-i'l'lil,l Hll!'ﬂ‘itil]]ﬂl_f il{'t |I'I'I'_"EI_"J|' Ol t.hl'_'!
neuro-muscular mechanism of the blood vessels,

In order to obtain the effect with the oncometer, it was first necessary to warm the
drug to the temperature of the animal’s body.f A hole was previously made through
the side of the oncometer. This was closed with a cork, through which a stiff wire
WiLs 11;1.:-_;:-:1:11: at the end of the wire was a little open pnr{:eia‘i,iii vessel filled with a
solution of the drug ; on turning the wire through 180°% the contents of the porcelain
spoon were upset over the intestinal loop.

The next figure shows the result. There is a rise of the oncometer lever, indicating
dilatation of the vessels ; this continues to increase, until the glass lid of the onco-
meter is raised, and the drug washed away with saline solution.

The local effeet on a loop of intestine, however, is not sufficient to cause any appre-
ciable change in general blood-pressure.

Fig. 34 shows the effect of 10 cub. centims. of cerebro-spinal fluid ; a 02 per
cent. solution of choline hivdrochloride acts in exactly the same way.

* Bee Moors and Row, * Jonrnal of T’}'l:.'ﬁinlng}',’ vol. 22, p. 275, 1897-8,

T The resistance of the eat, and still more so, the dog, to nicotine has already been pointed out by
LANGLEY, * Journal of Physiology,” vol. 20, p. 240, 1897-8,

t In order to minimise the effects of shock when nsing the intestinal oncometer, we always kept the
animal on a hot water tin, and surrounded it with cotton wool.
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Fig. 34. Two-thirds the original size,

L0 cuh. centims. of cerchro-spinal fluid were upset over loop of intestine of cat within the intestinal
oncometer as deseribed in text. ‘The solution was gradually poured over the loop, as indicated
by the signal line. There was a steady dilatation of the intestinal vessels, as shown by the
tracing I.0. The dilatation continued until the glass lid of the oncometer was removed, and the
alkaloid washed away with physiological saling solution. The general blood-pressure was not

affected. The abscissa of the blood-pressure in this tracing was accidentally omitted.

- '
.\I- EHTLe,

The effect of neurine 1s also a local one, though not quite in the same sense as that
of choline 1s. We used the same four methods.

1. Section r_'_.I'-J'.l'-'.r* rl'.':-r‘u", - [11:_: 35 shows L]H_' eftect of '-Ill_i1'r.'1[]|j_',' 2:5 enub, 1‘L'!'||:.1||=». of a
01 per cent. solution of neurine after the spinal cord has been divided. The pre-
liminary fall of arterial pressure was slight and was followed by the usual rise in
spite of the slowing of the heart ; the rise was, therefore, produced by a constriction
of the peripheral vessels, and this occurred independently of the bulbar vaso-motor
centre. ¥

2. Seetion of both Splanchnics.—The usual dose of neurine produced the usual
result after both splanchniec nerves had been divided. Fig. 36 shows the effect. The
preliminary fall was followed by a rise of arterial pressure. There was the usual effect
on respiration, but this was not traced.

3. Action of Nicotine.—The experiments just given under headings 1 and 2 show
that the effect of neurine does not depend on the action of the drug on the central
nervous system. Two possibilities yet remain; either the drug acts on the local
neuro-muscular mechanism of the vessels themselves, or on the sympathetic ganglia.
We have arrived at the eoneclusion that the main effect, or, at any rate, the 1se of
pressure, is due to the action of the drug not on the vessels themselves bhut on the
]ll'l'iglhl';':ll _:_{':.!IIL;':;]:I, In this neurine differs from choline. Our |-|i||-.'-||'-::| oround for

* A similar concluzion |;--|_:L'|".E||.: the action of nieotine, pipericdine, and coniine haz heen arrived at by
Moone and Row. ® Journal of Physiol.,” vol. 22, p. 273, 1807-8.

2 K 2
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=':-'__ A%, Original size
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Cat 3 cord divided.  Tnjection of 2:5 enb. centims. of a 0°1 per cent. solution of nearine.  The

aof Tland PrESSIre 15 I 1 A fial Dy iy the :_~":l] || of  hloodd |:-|'-----:I .
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A

o hoth .:i hini divided, 25 enl. centims. of a 001 per cent, solution of nearine i'lil'-lu--|_
effect is the usual one, except that the rise which follows the initial fall is rather less marked

i it often 15, The heart here, however, shows marked -_..-.-.i.:_'_:
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this eonclusion 15 that after the ammal has been micotimsed, n the manner already
deseribed, injection of neurine produces only a fall of blood-pressure (fig. 37).

ii_ |||H_}' [‘]P" T‘]-’lt ‘l,lll.'I Ill'l:lillli'l'l.ﬂ"." r.rll 1"1‘ ll!‘HHI—‘lJl_'{".‘“—i”‘l'l'. ‘-'l.'l'l-ll'li e FI;"‘-F" :_'||,-'[|_|"|_.:I=_]'\\.'
noted after injection of neurine, is not wholly of eardiac origin, but is in part produced
|:I\' the action of the alkalmd on the neuro-muscular apparatus of the vessels: this 1s
soon counterbalanced by the opposite effect produced by the action of the drmg on

the ]lt'l'ifl|i1’.'t'.‘li :_’,'illl:_':]i:l.

i, 37. “‘!i__'ill:'] 27,

Cat, under the influenee of nicotine. 25 enb. centims. of a 0°1 per cont. solution of nenrvine were

I-Ilj|_'-:;|_|,'1[. The I'l\'-illlll. i5 a fall of blood Pressure without any secondary rise.

. Local Flushing with o Solution of Newrine.—These conclusions are confirmed
by the effect of the local application of neurine solution; there 15 some preliminary
constriction of the vessels, but the most marked effect i1s flushing of the intestines
and a corresponding rise of the oncometer lever. [t was a little difficult to be guite
sure in these cases that one had to deal merely with a loeal efteet, for such small
doses of the alkaloid are efficacious that the absorption of even a small amount of 1
wonld produce :T_r[-m-r;l] effects. The tracings we obtained show, in faet, that the drug
was absorbed in sufficient amount to produce a general etfect on the arterial pressure.
We have, 1.]u_~1'|,_-i::]'u, considered 1t h;l1'i]|.“r' worth while to |'n-]|!n+lu--e~ any of these

tracings.

8. EXPERIMENTS 0N NERVES.

We have stated that the eftect of choline is upon the nenro-muscular mechanism
of the blood wvessels. The |11|I.'H1il5|| gtill remains whether the alkalowd acts on the
muscular fibres, or the nerves that supply them.

We know of no method which will enable us to |]ihli||l:_:".iih]| hetween :|:'1i'~'i[l~.' of

the muscular fibres and that of the Ill_'l"'\.'l._‘-l.'lllllilll'_""-. We can. however, sav that
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choline has no effeet on nerve-trunks. We are able to make this statement from the
researches of Dr. Warnter, Dr. Wapter and Miss Sowrox have made a very
complete study of the action of the neurine group of alkaloids on frog's nerves; the
nerve is bathed in a solution of the alkaloid, and its electrical response to a stimulus
15 registered. Dl WarnpLer and Miss Sowrox have been good enough to melude
onr eerebro-spinal substance among the materials they have investigated, and have
already made a brief communication to the Physiologieal Congress at Cambridge™ on
Elie :-;uh:jt-:'t. Tiu*_ﬁ.' intend to ]:ll]aﬁ‘dh their results I"LIH_}' in a separate paper. We
LI, I:H!l“'l:ﬂ'{'l', state T..I:IHL T.I.“."; ﬂ[:.‘l'ﬁl}t'l]-ﬁili]'lﬂl Hl!’}!‘il!lllﬂl'ﬂ: Ii]:\".ﬂ EIIH““H {1“ Hl}lutll}"ﬁ ﬁ."{,lI!!.
02 to 4 per cent.), produces httle or no alteration in the electrical response of nerve.
The non-toxic action of choline on nerve contrasts with the aetion of neurine, which
i;‘i. eI e I]l!iH’lHiUl]H t{l tIIIiH tiﬁﬁllﬁ_

It also happened that in some of their experiments they employed a solution of
the eerelwo-spinal substance which had been kept some days and had undergone
decomposition ; it is well known that choline is readily changed into neurine by this
means, and the solution was now more toxie, giving the same results which solutions
of neurine exhibit,

9. FXPERIMENTS 0N THE UEREBRAL VESSELS,

It appeared possible to us that some of the symptoms of General Paralysis of the
Insane might be produced by the local action of choline on the vessels of the brain,
similar to that which it produces on the mesenterie vessels. It appeared to us highly
important to investigate this question, for it is in the neighbourhood of the cerebral
vessels that the poison is being eontinually produced. At the same time, we were
aware of the fact that, n|H1mlgI| nerve-fibres have been shown h:.' |113tn]{}giﬂaﬂ
methods to exist in these vessels, it has not yet been possible for physiologists to
discover by experimental methods any evidence of vaso-motor action in this region
of the lun!:n.'_

In t*:u']':..'in:_r ot these l-xlufl'ilnvnlﬁ, we were fortunate E:Ilmlgh to seeure the
assistance of Mr. Leoxarp Hin, whose name is so closely associated with this
braneh of research.

The animals used were dogs, and the anmstheties employed were morphine and
chloroform. A tracing of arterial I}li'mti—|u'£=:=-i.-'ul'{z was obtained from the earotid |}_'_|.' |
mereurial kymograph,  Manometers filled with salt solution eoloured with methylene
blue were connected with the torcula and with the jugular vein; these manometers
Were EII:IE"L'!E :|:_f::iu!-tt a seale, and the extent of the rvise and fall of the fluids was
written down by one of the observers. The injection of the solutions was made into
the femoral vein. The injection of fluid of any kind caused always a slight pre-
limmary rise in both venous manometers, due to the inerease in the volume of the
vaseular contents, This was not sufficient to affect the arterial pressure.

* ¢ Journal of Physiology,” vol. 23, 1899 (Supplement), p. 35,
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5 cub. eentims. of choline {0°2 per cent. solution) caused the usual fall of arterial
pressure ; the fluid in the toreula manometer fell with the arterial pressure ; the fluid
in the jugu]ar manometer rose with the arterial fall. '

5 cub. eentims. of choline hydrochloride (0-2 per cent. HUII_IHOT'I,} caused the same
effects.

5 cub. centims. of cerebro-spinal substance {1;:1" approximately the same strength)
caused the same effects.  Among the specimens of cerebro-spinal fluid used in these
experimant.ﬁ was one from a case in which the fluid was removed i}_!,‘ lambar puncture
only half an hour after death.

25 cub. centims. of neurine (01 per cent. solution) was also injected. The pre-
liminary fall of arterial blood-pressure was accompanied, as usnal, with intensely
' deep respirations, which caused a great fall in the venous pressure: there was a
corresponding fall, but not so marked, of the fluid in the manometer connected with
the torcula. In both venous manometers the fluid rose again with the rise of arterial
pressure; in the torcula, the pressure follows passively the rise of general blood-
pressure; the rise of pressure in the jugular vein is accounted for by dilatation of
the heart, the rate of which was very great.

The experiments just recorded indicate that the drugs injected have no divect
effect on the cerebral vessels, but that the results obtained are due to the pressure in
these vessels following that in the general eiveulatory system in a passive manner.

g i TR .

10, ExperiMENT: WITH THE BLooD or GeENEraL PararnvTics.

As stated in the introduetory section of this paper, we have had the opportunity of
t:xa.miuing the blood from several cases of General Paralysis.  The blood removed by
venesection as a remedial measure during a seizure, was mixed with excess of
ﬂlﬂ[}hﬂl, J:'I.I].d tllﬂ Ellﬂﬂlll)liﬂ E.‘Etl'ﬂﬂt AV iL=s i_"'.-.‘{Ei.'I'I'IiIIﬁ{I fﬂl' {Ea]ﬂlillﬁ- h;l.' '..h{_", Ill{#ti]ﬂt_l il].l'i_f'il[].:,.'
given in eonnection with eerebro-spinal fluid ; we succeeded in obtainimg the charac-
teristic crystals of the platinum double salt.

The alcoholic extract was freed from alcohol by evaporation ; the residue was taken
up with physiological saline solution and njected into animals. The material at our
disposal did not allow us to make so complete an investigation in the experimental
direction, as we have done with cerebro-spinal fluid ; but so far as we have gone, the
results obtained are exactly the same.

WE El[‘ﬂl]ﬁ-'l'ed iil il $i|“i]ilr “'11,.}' h]l_,'l{:ld ﬁ'ﬂ-ﬂ} 'I'Il"ll‘l“i'l,] ;'I'I.I-I.i"o-'i.{l".l'rl]ﬂ, ':I[H'] fll.'ﬂ]]'l'l. .'IT'I.EII'-:I!H,
With one exception, the injection of such fluids was entirely negative. The one
exception can hardly be ealled quite normal blood, as it was removed from a patient
suffering from adeno-sarcoma of the breast. The result of the injection of this Huid
was a very insignificant fall of blood-pressure.® Fig. 38 shows the marked result

#* This tracing shows such a slight fall of pressure, that the Referees of this paper have judged it to be a
negative result, and therefore not worth reproducing. -
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which follows m the .J|IFIF|""|i|I'|I of = ]I]'i'llil'l':llilll'. from  the hlood of a CETET ]
_il'|1':||_".'l-ll'.
I'I.I'|.|' Liave .||.‘-ll_ I

of investieating the action of the blood rvemoved by venesection from a case of

manks to the kindness of Dr. Pareiek Manson, had the llflilﬁll'illllhl‘\'

Beri-beri.  This i= a nervous dizense, :Il".'ll-iull-:lllil'-!l F|_1.' ;‘I'v:tl carchae falure, vaseular

]I; 38, HMalf the orvizinal size.

Effect m oo dlog of saline solution of the alecholic exiract of Y0 eub, contims, of - Moosd removed du ill'_"
SCTENAE Tronn o pakient '|:!IL'|E|!'_' from General Par : 15 of the Insane, There 15 no effect on
=] t1 ! | :-'ll I-:|-e [} i- i '.'.|'|r I.:.|:'|~|'l| I..|:! ¥l '-i----l| | | !F’. |'_j_ |r| I|||' RN T I"-ll |-|!

choline was identified chemically.

depression, and mdema. A saline solution of the residue of the aleoholic extract of

||!|' ||-‘||llll= |I|IIII':'.'I'-|'II =l |Ii.I'.".i{l.'|] j.l“ 'lll III-!"PI.!-IEI:I'I'H‘-C'}]'I'I' 'L'.ilfh l'.II'li.-liil:' 1]L‘ l'l'l,':-i."-C.Hl'II. FI:III]

ri':l:l‘..':liflr. of the ]ul-!]|.«||1-|'::] viessels of the .-|-i::||f-]|r|i|- A, We were, |:u'.1.'|"-'1'ix 1l

sneeezsful in this ease in fl:ll:.:l:-lllll;' any chemeal evidence of the Jresence of choline,

11. ExreriMexTs o5 THE URINE

| {1 the tew cases -II| '-'-||-Il'|[| Wi |.-i|"-l' 1'.\:-I||i||l'-!l AT ur-iuu- of llli' :|I|-|'|||:.|.=: i which
i'l_i'.'l"!-:llllh -|-|. |'!.ll|i,’||' :|||r||I ||l'|||'-|||l.' IL.'II] !'II.'I'.'l Il-'l'i-lll'llp.'l], Wi lI:t‘-lll (ATlE h'I'II:'I'I.'I'1[ iII I2'|.l|_:|.ill::ll:-_'."
any evidence of the presence of these alkaloids in that secretion. It was. ill't'h:!pﬁ.
hardly to be expected that we should. for the doses we administered were :||'-'~'<'|_".'H
minute ones,

These alkaloids are stated ||_'-.' the ohservers, whose work we have .‘|]I'L*;-l|_‘|{ refierred
to, to stimulate secretion. and CERVELLO |.'L.".':'| considerable stress on the salivation
poclueed, We have not studied this aspect of the t|lll'h|.i1rl| I||iIILE11'i~'-.'. It we have

1l i"'|'-|_ |'--]||'-:'i;|;_]‘-,' il: I'II'II'_"‘-'-._ |||.'|| |'l|||_-C:-|I]|_'|':-|I|I:' :-il'l"t'l'lfi”]l of !-_.:1|i'n.'.!| l:l_l'H'H CHECTLTE,

We have also sonrecht for choline in the urine of |.li|1i|';|||,!‘-- r—.HfH*]'ill;_{ from General
Paralvsis, but :.-;_'.li!n with en'::.li'\.'v results, It may be that the choline does [reass as

such into the urine, but that our tests ave not sufficiently delicate to deteet minute
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qumntitieg; it, however, appears to us more l]l'nh;i.l}lr_*., as choline is a substanece which
is so easily decomposed into simpler produects, that it is similarly broken up and
oxidised by metabolic processes in the body, or (1111'1:!5_}‘ exeretion h;.,r the kidneys and
other exeretory organs,

The urine of General Paralytics does produce a fall of arterial pressure when
injected into a vein ; so also does a saline solution of the residue from the alecholic
extract ; so also does the basie substance (or substances) which ean be separated from
the abundant precipitate produced by phospho-tungstic aeid.

But exactly the same statements are true for perfectly normal urine ; the amount
of arterial fall is sometimes greater in the urine from General Paralytics, and some-
times greater in normal urine.

We are therefore unable to draw any conclusions regarding these experiments,
beyond the fact that all urines contain certain bases which cause a fall of arterial
blood-pressure. The fall of pressure which occurs when the urine itself is injected
must also be in part attributed to its inorganic salts. A solution of the ash of
normal urine produces a great fall of blood-pressure.

12, EXPERIMENTS WITH OTHER SUBSTANCES,

In the course of our work we have from time to time injected several other
substances, and the results obtained may be briefly summarised as follows :—

(a) Products of Decomposition of Choline.

Choline is readily decomposed into trimethylamine and glycol.

T'rimethylamine was injected in 0°25 and 1 per cent. solutions made with water.
5 euh. centims. of such solutions produced either no result, or an almost imperceptible
fall of blood-pressure.

rlycol was injected in three animals. The strength of the solutions was 02 and
1 per cent. In one animal the result was entirely negative; in the other two there
was a very slight fall of arterial pressure, accompanied with a correspondingly slight
dilatation of the vessels of the intestinal area.

(b) Acids.

Sarcolactic acid was used in solutions varying in strength from 02 to 2 per cent.
It had been suggested to us that the presence of this acid in cerebro-spinal fluid
might explain the fall of blood-pressure which followed injﬁ}ctiqms of that fuid.
Cerebro-spinal fluid is, however, always alkaline to litmus, so there cannot be any
free lactic acid in it. The result of injecting the weaker solutions was wholly

VOL. CXCI.—E, L
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negative ; even the strongest solutions produced only a very msignificant fall of
I||55|"|:|',.|:."""‘"\-|“..':'.

-";"?-.'-'r'.-'-'—-l,--;--njrs.-".--'-.'--' el was il!‘l'l'.\i|il'__:':||l‘ll heranse []!5:-1 IH- a |ﬂ'f-f]llrl of 1.1II.‘ r-|e*f"l:-||l-
position of lecithin,  Injection of solutions of strengths varying from 0°2 to 2 per

=

Ccent. f:l!'eu]]]l'.'-:l '\.'.']|1|.]|_'.' nerative results.

i
.]__L_.;_L_]_LJ_L‘_I_LLL_l_LLl_I._]_L] P ..L_Ll.L_._I_L._. |_|J_|_..4 ].l_l. | l_] I -_..J

[ .'.II .

Cat, anwsthetised with A.C.E. mixture, but had also previeusly received a subeutaneous injection of
morshine andd atropine. [-"j""l:-"“ af choline hydrochloride (5 eub. ecntims of a 02 e eent
:oluition) now produces a rise instead of the nsual fall of Tl ressure ; the lever of the intestinal

oncometer (LOL) also rizes.
{I"ll|' |;*_'_-'.--'.---'-'r"l"l".l'.r"llh

We investicated this substance because one of us has ::|t'1.-.'|1f_'-.' stated he eonsiders it

i.:l'l-:-:-|||-- that II|£- |-:-.1|l|:-”||“|; -;‘_;||;_-~{.'|||-"|' 0l |Ui-'|'||j:!| I_'l:_"l'l.‘l.l'l'l:l-.*iEl'.'u|.11 [illlil 15 related to that
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body., The reducine substance, however, 1s ll-allcl]!:.' absent in cases of (General
Paralysis.

The strencths of the solutions used varied from 02 to 2 per cent. The weaker
solutions produce no eflect ; the stronger ones cause an insignificant rise, or sometimes

an equally insignificant fall of blood-pressure.

]"i:f_. 0. Orieinal size.

1
d

ai_.lq_i_.J_ld_.LLLL_.;l_l_Lu_lJ_l_l_l_l_‘_LLl_L_!_L_l_L.Jii J_LJ,._!_n_l_l_-IJ_I_l_._.I PR I

Same effect in the same animal i:-l-l-'l.'.ll ed by the imjection o a corn L-»{.--r.-ih:;_r amonnt of eerebro EpIN: 1

suhatance.

(d) '&I”g' warenal Extract.

The action of choline and of m]pr.u-aqml extract 18 8o n]il'i-r-l]_'; r-|-|3:-.-.iLL-. that 1t
appeared to us interesting to see what would be the result of injecting a mixture of
the two. The suprarenal extract was kindly supplied to us by Professor ScHAren.

o 1. Al
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The vesult of injecting the mixture (mixtures were made in various proportions) is
that the supravenal efieet (rise of blood-pressure and eonstriction of peripheral vessels)
is alone seen.  The active prineiple in the suprarenal extract is therefore much more
powerful than choline,

15. Errect oF AN ESTHETICS

As previously stated, all the animals used have been completely anmsthetised ; the
kind of anwsthetic used (with one exception) makes no difference in the effects of the
injections of cholime and neurme.  We have sometimes used chloroform alone, some-
times ether alone, sometimes a mixture of the two, but usually A C.E. mixture. The
additional subeutaneous injection of morphine, or of curare, makes no differenee.

The exception to the rule is atropine. When Professor W. H. TuoMpsoN was
helping us in one of our experiments on the cutting of the splanchnic nerves, he
suggested that a preliminary subeutaneous mjection of a mixture of morphine and
utl'nl:illt* would assist us in the ﬂlthE!{llIEji]t anesthetisation with A.CE. mixture.
We accordingly, in a dog, injected about § of a grain of morphine acetate, to which
about !;th of a grain of atropine was added. To our surprise, after the nerves were
severed, injection of choline and cerebro-spinal substance produced, like neurine, a
rise of blood-pressure.

Rmnwnhtriug, however, the antagonism which 1= well known to exist between
atropine and choline, it oceurred to us that the unusual results might be due to the
employment of atropine. This we later fully confirmed. In animals to which even
such a small dose of atropine had been previously given, injection of choline, or
cerebro-spinal substance, always produced a rise of arterial pressure. We give
illustrative tracings of’ this effeet (figs. 39 and 40). The uppermost line shows that
the lever of the intestinal oneometer also rises. The effect appears to be mainly due
to action on the heart. The fact is not without importance as showing that the
action of one poison may materially modify the aetion of another, and this is not
Ez!lth‘u]}' without hl::.'ll'illg on the Htud}' of the disease we wished speciuﬂ:}f to investi-
gate. We shall return to this in our c{mc]uding remarks,

In the ease of neurine, after the animal has been anmesthetised with morphine and
atropine, there is only a rise of blood-pressure, and this is accompanied by the usual
constriction of peripheral vessels (fig. 41).

14, SUMMARY oF THE PHYSIOLOGICAL Action oF UHOLINE AND NEURINE.

A summary of the chemical side of the investigation has already been given
on pp. 221, 222,

Our experimental researches have completely confirmed our chemical experiments.
The cerebro-spinal substance acts precisely like choline in every way. The action of

neurine is different.
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arterial pressure ; this appears to be merely a passive lessening of volume secondary
to the fall in general arteral pressure.

5. With the spleen there is a marked lessening of volume, which we consider is due
to the action of the drug on the muscular tissue of that organ. This is followed by
an exaggeration of the curves due to the alternate systole and diastole of the spleen.

6. We have obtained ne evidence of any diveet action of choline on the cerebral
i]]{l(jll T{’SH&"]S.

7. The action on the splanchnie vessels is due to the direct action of the drug on
the neuro-muscular apparatus of those vessels, for after the influence of the central
nervous system has been removed, by section of the cord, or of the splanchnie nerves,
choline still eauses the typieal fall of arterial pressure,

8. The action of peripheral ganghia may be excluded by poisoning the animal with
nicotine,  After this has been done, choline still eanses a fall of arterial pressure.

9. Section of the vagi produces no effect on the results of injecting choline,

10. Choline has little or no action on nerve trunks, as tested by their electrieal
response to stimulation.

11. If the animal has been anwesthetised with a mixture of morphine and atropine,
in addition to chloroform or ether, the effect produced by choline is a rise of arterial
pressure, accompanied by a rise of the lever of the intestinal oncometer. Other
ansestheties cause no change in the usual results,

12. The effeet of choline soon passes off, and the blood-pressure returns to its
normal level rapidly. This 1s due partly to the great dilution of the substance
injected by the whole volume of the blood, and may be partly due to the excretion
of the alkaloid, or to its being broken up into simpler substances by metabolie
processes, We could not find it in the urine,

13, Choline is absent in normal eerebro-spinal fluid, but is present in the cerebro-
spinal fluid of patients who have died from diseases of the brain in which there is
oreat disintegration of the cerebral tissues. It doubtless originates from the lecithin
present in those tissues. The disease to which we have paid special attention from
this point of view is General Paralysis of the Insane.

14, It is present also in the blood of such patients removed during life by
venesection during the epileptiform seizures which form a prominent symptom in this
dlisease.

15. We did not suceeed in separating the base from the urine of such patients.
The urine, however, does produee a fall of blood-pressure ; but the same 15 {rue
for novmal urine ; and this effect is to be attributed partly to the inorganie salts and
partly to certain basic substances which ave precipitable by phospho-tungstic acid,

16. Choline produces little or no efiect on the respiration.

The principal physiological actions of neurine are much more intense, and are
different from those of choline. Neurine is absent from the cerebro-spinal fluid in
the eases we have examined. The main physiological actions, using the small doses

il e
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we have adhered to throughout (1 to 5 cub. centims. of a 01 per eent. solution), are
as follows :—

1. Neurine produces a fall of arterial blood-pressure, followed by a marked rise and
subsequent fall to the normal level.

2, With small doses the Pre]iminar}r fall may be absent.

3. With larger doses, by which presumably the heart is more profoundly affected,
the rise may be absent.

4. The effeet of neurine on the heart of both frog and mammal is much more marked
than is the case with choline; in the ease of both alkaloids it is antagonised by
atropine.

5. The slowing and weakening of the heart appear to account for the preliminary
fall of blood-pressure ; though in some cases this is apparently combined with a dirvect
dilating influence on the peripheral vessels.

6. The rise which oceurs after the fall is due to the constriction of pcr1ph{a|.11
vessels, evidence of which we have obtained by the use of oncometers for intestines,
spleen and kidney.

7. After the influence of the eentral nervous system has been removed by section
of the spinal cord, or of the splanchnic nerves, neurine still produces its typical
effects.

8. After, however, the action of peripheral ganglia has been cut oftf by the use of
nicotine, neurine produces only a fall of blood-pressure. It therefore appears that the
constriction of the vessels is due to the action of the drug on the ganglia; in this
neurine would agree with nicotine, coniine and piperidine.

9. Section of the vagi produces no influence on the results of injecting neurine.

10. In animals anmsthetised with a mixture of morphine and atropine in addition
to ehloroform or ether, injection of neurine causes only a rise of blood-pressure.

11. Neurine produces no direct results, so far as we could ascertain, on the cerebral
blood vessels.

12, Neurine is more toxic to nerve trunks than choline.

13. Neurine produces a marked effect on the respiration. This is first greatly
nereased ; but with each successive dose the effect is less, and ultimately the
respiration becomes weaker and ceases altogether. The animal can still be kept alive
by artificial respiration.

14, The exacerbation of respiratory movements will not aceount for the rise of
arterial pressure ; the two events are not synchronous, and an intense rise of' arterial
pressure (due, as previously stated, to constriction of peripheral blood vessels) may
occur when there is little or no increase of respiratory activity, or during artificial
|1:.'-:I|i1'atiml.

15. As confirmatory of CERVELLO'S statement that neurine acts like curare on the
nerve endings of voluntary muscle, and to which he attributes the cessation of
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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, Coxcrupixg REMARKS oN THE BEARING oF THE WORK 0¥ THE PATHOLOGY
oF (FENERAL PARALYSIA

Our chief intevest in this work has centred round the discovery that the eevebro-
spinal fluid of patients dying from General Paralysis of the Insane contains toxie
material.  We are inclined to believe that this toxie material, which undoubtedly
originates from the disintegration of nervous tissue, is probably not a single substance.
We have obtained chemieal 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
intravaseular crmgn]nli{m when the fluid is in_i{:{:t ed into animals, we consider that the
presence of even small quantities eontinuously being poured out into the ecerebro-
spinal fluid, ecollecting in the peri-vasenlar lymphaties and passing thence to the
bload, will produee harmful effects.  The idea has suggested itself to our minds that
an inerease in the coagulability of the blood in the small vessels of the cerebral region,
which nueleo-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 seizares may be due to the direct action of
poisonons products o the eontraction 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 eholine, will not aceount for even the majority of the symptoms of the disease.
In the completeness with which we have been enabled to identify (both en chemieal
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
:“f-;u]ipn'tntnmut: we ]'L‘gﬁn'i! the fact that choline does exist in these fluids, as an
indieation 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
f]iHElltg-f_f;‘;lthnll, we must confess that the other ]]l}iﬁd mous substances have eluded our
search : ecertainly glyeero-phosphorie acid and lactic acid are not highly poisonous ;
their action is even less so than that of choline.

An apparently feeble cireulation and fatty degeneration of the heart ave very
frequent coneomitants 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 heart ; still, there is some effeet, and it did not appear
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a far-fetehed idea to suppose that the eontinual pouring of small doses of choline nto
the eardiac 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 oceurred before death ; and if similar fits oceur 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 but 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,
eholine now produces a rise instead of a fall of arterial blood-pressure. We do not, of
eourse, 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 operand: 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.

* BSee Supplementary Note C at the end of this Paper.
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SUPPLEMENTARY INOTE=.
Added June 8, 1399,

A. The cer{:‘sl_rn':-s}nltml fluid with which our work has been llﬁl'rl}l'!uﬂ:l was removed
from the cranial cavity after death. Sinee 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. Jons TursEr, of the Essex County Asylum, for these specimens.
Dr. Turxer has also published some observations on the reaction of cerebro-spinal
tluid in such eases in ‘ Brain," vol. 22, 1899, p. 100.

B. Since the foregoing paper was written, Asner and Woon have published the
results of their observations on the influence of choline on the eirculation.®  The doses
they injected were very large compared to those we have used. We injected from
| to 5 cub. centims. of a 0°2 or (°1 per cent. solution of choline, or choline hydro-
chloride ; they injected in dogs from 3 to 10 cub. centims. of a 5 per eent. solution of
choline.  We used weak solutions, for we sought as far as possible to note the effects
produced by solutions of such .‘-:treugl,h as would be comparable to the amount of the
hase presumably present in pathological cerebro-spinal fluid ; and Professor ScHAFER
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 econfirmed. The effects deseribed by Asner and Woob elosely resemble those
which we have found to follow the injection of neurine, and they attribute their
I'l_‘H-H][H e ]'ﬁH’};l'-i-l'[IH'I'I] Hll{l I]IU{HI'FTESSH]'U tﬂ tl'l'.'- E'If:t]ﬂ" [!'I'. tl]!} ill]{illﬂi{l (1L '..I![_f I]IE{II]I—
lary centres which control these actions. It is quite possible that the enormous doses
of choline, such as were employed by Asuer and Woob, will produce effects different
from those produced by our small doses, and similar to those caused by neurine. It
15, on the other hand, equally pDEHimU that the so-called choline which l|if:=}' used
was contaminated with neurine, and a very small dose of neurine is all that is
sufficient to cause the typical effeet of that base; thus 1 cub. centim. of a 0°1 per
cent. solution of neurine will cause an enormous rise of blood-pressure, which was the
result III{-_!:;‘ usually obtained with their samples of choline.

Their conelusion 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. Sinee the completion of the experiments deseribed i 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-
logieal work has but little bearing on the pathology of the disease. It is quite true
that in the first and second stages of the disease (i.c. 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 inelined to think it possible that choline so
liberated is responsible for the fall of blood-pressure which oceurs then.
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