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CHEMICAL SIDE OF NERVOUS ACTIVITY 47

saline extracts of that tissue, or with the ¢ surviving™ brain
of animals just killed. They are coincident with the histo-
logical (chromatolytic) changes in nerve-cells, which can be ren-
dered evident by the use of the methylene-blue method. The
expression coagulation necrosis employed by Marinesco for this
appearance is thervefore justifiable. Marinesco and others who
have employed exclusively histological methods of research,
have naturally failed to grasp the chemical meaning of their

-

Fig. 4,—Section of spinal cord from a case of hyperpyrexia, the tempera-
ture being 109° ¥. before death. The whole of the cells throughout the
central nervous system showed a diffuse homogeneous staining with methy-
lene blue. The Nissl granules had entirely disappeared from the processes
and body of the cells, and the stainable substance had a fine, dust-like
appearance. Magnification 400 diameters. MorT.

observations, and have consequently missed the connection of
the temperature necessary to produce these changes with that
of the coagulation temperature of cell-globulin. Lastly, though
the nerve-cells are those which have been more specially in-
vestigated by these methods, it is by no means improbable
(looking at the wide distribution of cell-globulin) that many
other cells of the hody are affected by high temperatures in
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Fig. T Half the original size. R. is a tracing of tha respiratory move-
ments taken by the tambonr method : 2P a tracing of the blood pressure
from the carotid arterv: A.. abscissa of the hlood pressure; 7., time in
soponds @ 8, signal, the alteration of level of which indicates the ]:I-:'E"il::i during
which the material was injected into the jugular wein. The same letters
have the same significance 1n .-||'|J:~':-r!|n-||1. tracings, The arrgw in each case
indicates the direction in which the tracing is to read; this in nearly all

cases is from left to rig
Fig. T shows the effect in a dog of in
of a choline hydrochlorvide. There 1s a fall of arterial pressure but no effect

jecting 6 ee. of a 0°2 per cent. solution

on respiral 1011,
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F16. 8. —Half the original size, Similar effect in a dog produced by the
injection of 10 cc. of cerebrospinal fluid removed from a case of General
Paralysis of the Insane,
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Firc. 9.—Half the original size. Effect in a dog of saline solution of
the aleoholic extract of 70 ce, of blood removed durillg{ A seizure from n
patient suffering from General Paralysis of the Ingane. As in figs. 7 and 8,
there is no effect on respiration (R.), but there is a well.-marked temporary
fall of arterial blood pressure (8. )  In the same bloed, choline was identi-
fied chemically.
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(7) The action on the splanchnic 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 aphatien has

Frs. 10.—Original size, LEffect of injecting b ce. of a solution of choline
!:_x-(]]'-:;-r_-,]|]u]'i_d|'_',- (0-2 per cent.). The fall of blood pressure 15 :lL':'ch}I;Lrli:'ﬂ h_v
a dilatation of the intestinal vessels:; this is shown by the rise of the lever
of the Marey's tambour connected with the intestinal plethysmograph (I.0.).

Dog,

been removed by section of the spinal eord, or of the splanchnic
nerves, choline still eauses the typical fall of arterial pressure.
The action of peripheral ganglia may be excluded by previously
poisoning the animal with nicotine.
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(8) There is little or no effect on the respiration.
(9) Section of the vagi makes no difference in these experi
mental results.

S
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Fig. 11.—Original size. Tracing of infestinal oncometer (I.0.) and
arterial blood pressure (B.P.) in a cat; 10 cc. of cerebrospinal fluid from
a case of General Paralysis were injected ; the same effect was obtained in
the same animal by injecting 2 cc. of a (2 per cent solution of choline. The
fall of blood pressure is at first mainly cavdiac in origin, for the oncometer
tracing first follows the fall of arterial blood pressure passively; it, however,
soon rises, indicating dilatation of the peripheral vessels.

(10) Previous atropinisation of the animal causes a great
difference ; it abolishes the fall of arterial pressure, though there
is still some dilatation of splanchnie blood-vessels. -In fact, very
often injection of choline after atropine produces a rise instead of
a fall of blood pressure.
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CHEMICAL SIDE OF HERVOUS ACTIVITY

[ need not detain you by entering into details concerning the
action of neurine. Suffice it to say that it is muech more
poisonous, affects the heart more, causes peripheral constriction
rather than dilatation of blood-vessels, stimulates and then
paralyses the respiratory movements, and has a curare-like action
on voluntary muscles,

Illustrations of the numerous tracings we have taken In
working out these facts are given in the paper already referred
to. I reproduce here a few of the most typical. (These at the
actual lecture were shown as lantern slides.)

. ——— L ——

J_._._LJ.L]_I_I_LJ. ;_l_.._l Ll J._

Fig. 12, Fiz. 13.

Fic. 12.— Effect on injecting extract of cat’s brain before atropine.

Fia, 13.—Eftect after B.LrnEl':m? of the same extract in the same animal
(cat); the fall of blood pressure seen in fig. 12 is here replaced by a slight rise.
With pure sclutions of choline the rise is generally more marked.

Both these figures are considerably reduced in size ; the amount of reduc-
tion can be judged from the measure of the height of blood pressure indicated
in millimetres on the side of fig. 12.

Fig. 7 shows the effect of 5 ce. of a 0-2 per cent. solution of
choline hydrochloride in physiclogical saline solution. The
effect (fall of blood pressure, no effect on respiration) is just the
same as that produced by the substance separated out from
cerebrospinal fluid from cases of General Paralysis (fig. 8).

The next figure (fig. 9) shows the result of injecting into a dog
the saline solution of the aleoholic extract of TO ce. of blood
removed during a seizure from a patient suffering from the same
disease. Normal blood treated in this way, and normal cerebro-
spinal fluid produce entirely negative results.
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Fig. 14.—Half the original size. Xflect of injecting in a eat 2:5 ce. of
a 01 per cent. solution of neurine. In the tracing (R.) each upstroke is cansed
by iJ]h'[ll."ELLi-'Z'J.'. Note the inecrease in 1'|'5~'1|i:':1.'.ur}' efforts followed ]I:.' B
decrease, In the blood-pressure tracing there is a fall followed by a pro-

nounced rise,
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Fia. 15.—Three-quarters of the original size. Effect of injecting 1 ce. of
a 0°1 per cent. solution of neurine, The preliminary fall of blood pressura
absent in this case; the rise is accompanied by the constriction of the
[l:']'il'}]‘.;l,']',!'.l blood-vessels. as shown by the fall of the ||'L'--|:L]i|::_-; lever of the

intestinal oncometer (I.0.).
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FiG. 16.—The uppermost line represents the respiration taken by the
tambour method. The next line is the blood pressure from the carotid. The
next is a time tracing in seconds ; the next is the signal line, the raising of
which indicates the period of the injection. The lowest line is the abscissa of
the blood pressure. The various lines have the same meaning in all subse-
gquent tracings, The respiration tracing is omitted in figures subsequent to
fig. 1.

The injection produced no effect on respiration. This is true also for
choline, and the similarity betweon these effectzs and those of choline on the
blood pressure may be seen readily if our former tracings are consulted, All
the tracings were taken from experiments on cats under A.C,F. mixturs. All
read from right fo left., The actual volume of saline solution of the active
material was in all cases 5 cc. This was ilu_in,---l_m{ into the external j=_[}__:u|;:.|:
vein., The numbers given with each tracing indicate the volume of the
original blood to which this would COrTespond.

Fig. 16 represents the fall of arterial pressure produced by the injection
of an amount equal to 10 ce. of the blood in the case of Beri-beri numbered
3 in the list on p. 68. This tracing and all that follow are of the original
o e
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cases ; the fall of pressure is either absent or replaced by a slight
rise.

With regard to the chemical test, the various watch-glasses
have been exhibited at meetings of the Physiological and
Pathological Bocieties, and have admittedly borne out our
contention,

Fia, 17.—The result of. injecting the same volume of the same solution
in the same cat after atropine had been administered. There is now a rise
of blood!pressure.

These results are of some practical importance. A com-
paratively small quantity of blood will give the tests, and in cases
where it is difficult to distinguish between serious cases of organic
disease and cases of so-called functional neurosis, the performance
of the tests deseribed may come to the assistance of the practical
physician in making his diagnosis. Choline does not pass into
the urine,! so that the examination of that secretion would be
insufficient in such cases.

I Mott and Halliburton, loc. ¢if., p. 256,
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(2) EXPERIMENTS UPON ANIMALS.

In these experiments twenty cats were u:-:p::rim.f.-]_ﬁud upon.
In the majority of cases both sciatic nerves were f-il‘nfli]‘{;[l in the
upper part of the thigh. During the upurmi{_}u E,h113 animal WS
anmsthetised with A.C.E. mixture, and antiseptic precautions
rigorously adopted. Healing of the wound took place rapidly by
the first intention in all cases but one. In this one case suppura-
tion occurred, and the animal was killed three days after the
operation. Another cat died suddenly a few hours after th
operation. We have, therefore, only eighteen cats concerniog
which we have to record results.

Fig. 18.—The result of injecting an amount equal to 30 ce. of hload
from a case of alecoholic neuritis.

The animals suffered but little inconvenience ; they were able
to walk about in spite of the partial paralysis of the hind limbs ;
they walked on the heels of these limbs, and in consequence the
fur was worn off here in those animals which were kept alive for
sufliciently long periods. They were kept in warm comtortable
hutches, were well fed, and soon became well nourished and sleek
specimens of the feline tribe. BSome wasting of the muscles of
the hind limbs necessarily occurred in those kept alive for the
longer periods,

The cut nerves were not sutured in the greater number of
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cases, but union and regeneration took place in nearly all, pro
vided the time which elapsed between the operation and the
post mortem was long enough. In one or two cases the ends of
the nerve of one side were sutured together with catgut. The
details of the individual operations and main results are as
follows :

1;' |i|r|'||" |’|||r l.' ]r,-"

Fia. 19, --Result of injecting an amount -_‘..:.iL;JI to 20 ec, of blood from a
case of disse minated sclerosis u-._‘.l!_'- stage of the diseas :'-

Cat K.—One sciatic nerve only divided. The animal was
killed twenty-four hours later. The peripheral end of the cut
nerve was stimulated mechanically and l?]{tL‘U'i.l"cLII}' . well marked
sontraction followed. The divided nerve was compared with the
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healthy nerve on the other side by means of faradisation, a
du Bois Reymond coil with one cell being used. The weakesh
induction shoek which produced a muscular response oceurred
with the secondary coil at 27 ecm. on the healthy side and 25 in
the ease of the divided nerve. The divided nerve on subsequent
examination, was found to be both histologically and chemieally
normal.

Fia. 20.—Result of injecting an amount equal to 30 cc. of blood from a
casze of combined sclerosis.

Cat 4.—Both nerves divided. This animal was killed five
days and two hours after the operation. Left nerve: muscles
responded with the secondary coil at 20. Right nerve: muscles
responded with the secondary eoil at 25. The muscles on each
side responded readily to mechanical excitation of the nerves.
The nerves were practically healthy, both histologically and
chemically.

Cat B.—Both nerves divided. This animal was killed three
days after the operation. Left sciatic : muscles responded with
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When signs of degeneration set in (fourth day) the quantity
of choline in the blood increased. As with human blood, the
chemical and physiological tests gave throughout corresponding
results. The best yield of crystals, and the most marked fall of
blood pressure we obtained was in the case of the eight-day cat.
This fall was abolished by atropine. On the thirteenth day there

""“”" i 'I-..w'ﬁu""' 'l"l

'L |'|-'||'F'|'|r. afu

T -n'nnf“n.a-,"'v T WYY

|.|.l

Fig. 21. Result of injecting an amount equal to 20 cc. of blood of
normal kitten.

was 8till a marked positive result. From this time onwards the
evidence of choline steadily diminished, until the normal was
reached in_ the later stages of the degenerative process. The
amount slightly increased when regeneration set in, and this is
another piece of evidence in favour of the views already advanced
concerning lecithin metabolism (see p. 26).
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| select & few tracings to illustrate these facts.

[t will be seen that the material from normal blood (fig. 21),
from blood of an animal in which degeneration had not com
menced (fig. 22), and from blood of an animal in which degenera.-
tion was complete (fig. 29), gave negative results.

In cases where degeneration had set in (blood of six-day cat,
fig. 23), or had commenced to subside (twenty-five-day cat,
fig. 28), the effect was slight.

' Fra. 22.—Result of injecting an amount equal to 20 ce. of blood obtained
from Cat A (two days after section of both sciatic nerves).

In the case of the cats where degeneration was at its height,
the physiological effect, fall of blood pressure, was very marked
(figs. 24 and 26), and the fall was absent after atropinisation
(figs. 25 and 27). This was true in all eases; wherever the
material produced a fall of blood pressure before the subcutaneous
injection of atropine, it failed to do so afterwards, or even pro-
duced a slight rise. This, in conjunction with the chemical test,
coneclusively prm'ml the presence of choline. The slight effects
obtained when regeneration set in were about equal to those seen
in figs. 23 and 28.
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As in the case of human blood, we attempted to make some
quantitative estimation of the amount of choline present, by
recrystallising the platinum salt and weighing it. We do not
regard our figures as very trustworthy, for the following
reasons :—

(1) Control experiments with pure choline in organic mixbures
gave very variable results ; (2) the choline in our specimens was

Fra. 23.—Result of injecting an amount equal to 20 ce. of blood obtained
from Cat D (six days after section of both nerves).

mixed with small quantities of other organic substances; (3) the
||.|_|.]|]h|_!|'.'~'| ﬂliltl;'till.f_‘-':l. are so H]n:-l”. th:l.t- t!xi]'EE!l]!!]}r |]|'i||'|11l' errors
(i.e., legitimate errors of experiment) will make comparatively
large variations. The amount of blood at our disposal for such
i experiments seldom exceeded 50 ce., and was usually less than
this. IFor this reason, we have relied upon the t'(]ltghul' method
of & microscopic survey of the watch-glasses as explained on
p. 69. This method hardly appeals to those who read about it

b
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like a table of ijlliLHLiLﬂﬂ'n'ﬁ: estimations, but it is very convincing
to those who actually see the preparations.

With this reservation, we may say that the method of
quantitative analysis gave us, in the cats the blood of which
contained most choline, numbers which corresponded to a per-
centage of from 0-0052 to 0:0078. In the animals in which the
chemical and physiological tests indicated a low percentage of
choline, the corresponding numbers varied from 0-0011 to 0-0037.

ﬁ"h"‘W!""ﬁ’w'w"'JIIFN . r..r,ﬂ\"{"“
By

1||I|

Fig. 24.—Result of injecting an amount equal to 30 ce, of blood obtained
from Cat B (eight days after section of both nerves).

(B —CHEMICAL Examizarion oF THE CATs' NERVES.

The nerves were carefully dissected out, weighed, dried to
constant weight at 110° C., and again weighed. The dry residue
was used for the determination of phosphorus. Considering the
small weight of the nerves, we judged this would give more
accurate results than any attempt to isolate the fatty material,
and determine either the phosphorus or protagon in that.

The dried nerve was soaked in & per cent. hydrochloric acid
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for three weeks in order to get rid of inorganic phosphates. Such
treatment apparently gets rid of the phosphorus combined as
nuclein or nucleo-proteid; for in many of the nerves of %nt::r
date there was considerable nuclear proliferation seen micro-
sccpically, and yet little or no phosphorus was Uhtm_twd Ilrmu the
hnerves after treatment in this way with hydrochloric acid. The

Fia. 25.—Result of injection of the same amount after atropine.

phosphorus we did obtain came, therefore, either wholly or
chiefly from the phosphorised fat (lecithin or protagon). The
nerves were then dissolved on the water bath at 100° C. in
fuming nitric and sulphuric acids, to which an occasional pinch
of potassium chlorate was added. The heating with acid was
continued for many hours, The phosphate so formed was pre-
cipitated by ammonium mtro-molybdate. The yellow preeipitate
s0 obtained was washed, and dissolved in dilute ammonia, then
precipitated by magnesia mixture; this precipitate was incinerated
and weighed as magnesium pyrophosphate.®

#

A full description of this method of phosphorns estimation is given in
the Journ. of Physiology, xiii., pp. 814, 821, 1892,
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TABLE XIII,

Froranrion oFr WaATER AND Sorips 1% Scratic Nerves rroM CaTs
OFERATED 0N, IN WHICH REGENERATION HAD COMMENCED.

Percentages,
_x

m— —,

‘l.\'atu-r Holids
Uat 5. 060 days after operation. Right nerve. T2:045 27-354
Early stage of regeneration
I. 100 days after operation. Hegeneration 63853 36-147
well marked
w B 106 days after operation. Regeneration 68-531 31-469
well marked

Average of I, and F, .. .. 66192 34-808

16, 26.—Result of injecting an amount equal to 25

_ i 6. oa. of blood obtained
irom Cat N (ten days after section of both nerves).
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From these four tables we see that, as far as water and
solids are concerned, before degeneration sets in there is no
marked change in the proportion; the slight difference between
Tables X. and XI. comes well within the limits of individual
variation in normal cats. If we compare these with the cats

Vi E 5 T r1ffllr-'-
vy Wi WneY

Fra. 27.—Resolt of injection of same amount after atropine,

killed later there is a marked rise in the percentage of water,
and this rise advances in the main pari passw with the progress
of the degenerative state (Table XII.). But after restoration
of funetion (Cats I and F, Table XIII.) the proportion of water
to solids returns approximately to normal.

We now come to the phosphorus estimations.
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We can now pass on to the histological side of the subject,
after which we shall be better able io correlate our facts and
draw general conclusions.

Y o, i
MR | I|,|'|IIIlail_-r'l.I_-;I-_I-'-:I. i 1lrulﬂ'fr]'ﬂ!|'|.'-:"I""l-

F16. 28.—Result of injecting an amount equal to 25 ce. of blood from

Cat J (twenty-five days after section of both nerves).

(¢) HistornogicanL ExaminarioN ofF THE CaTs’ NERVES.

Portions of motor and sensory branches of the peripheral
portion of the cut nerves were in each case taken for miecro-

majority of his experiments he estimated protagon, not phosphorus as we have
done. He puts the date of disappearance of the phosphorised fat at twenty
eight days. This date and many other of his facts fit in very well with our

work
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scopic investigation. In the cases where union had occurred,
the junction was also reserved for the same purpose.

Each piece of nerve was pinned out across a cork frame, so
that the tissue was entirely surrounded by fluid.

They were placed (a) in Marchi’s fluid; (b)) in Miiller's
fluid.

Fic. 29.—Result of injecting an amount equal to 25 ce. of blood from
Cat H (forty-four days after seetion of both nerves).

Portions of the former were used for teasing, and for sections,
transverse and longitudinal. Portions of the latter were used
for teasing and for sections ; portions also were, after ten days,
placed in Marchi's fluid, but the results obtained by this method
differed in no essential way from those obtained by placing the
nerve into Marehi’s fluid direet. This simple method of placing
the nerve directly into Marchi's fluid enables one to obtain speci-



























PLATE YV,

Fig. 30, Fig. 81,

Fi:. 88,

Fra. 80.—Transverse section of motor nerve, 53 hours after operation
(Cat A). Method—Marcrr's fluid direct. The photograph is printed darkly
to show tubular structure of the fibrils of the axis cylinder. 700 diameters.

Fig. 31.—Transverse section of nerve, 3 days after operation (Cat B).
Same method. 500 diameters.

Fia. 32,—8ame nerve in longitudinal section, Same method. 600
diameters.

F1a. 88.—Longitudinal section of nerve, 92 hours after operation (Cat P).
Same method. 700 dinmeters.







PLATE 7V,

Fia. 30, Fi1g. 381,

Fig. 23,

F1g. 80.—Transverse section of motor nerve, 53 hours after operation
(Cat A). Method—Marcar's fluid direct. The photograph is printed darkly
to show tubular structure of the fibrils of the axis eylinder. 700 diameters.

Fig. 81, —Transverse section of merve, 3 days after operation (Cat B).
Same method. 500 diameters.

Fig. 32.—Same nerve in longitudinal section, Same method. 600
diameters,

Fra. 83.—Longitudinal section of nerve, 92 hours after operation (Cat P).
Same method. 700 diameters.













PLATE VI,

Frg. 84 . Fig. 35.

1. 86. Fig. 37.

Fra. 34.—Longitudinal section of nerve, 99 hours after operation (Cat C). Method—
MareHt's fluid divect. 600 diameters.

F'16. 85,— Transverse section of merve, 8 days after operation (Cat R). MULLER'S then
Fremyixa’s solution. 700 diameters.

Fra. 36.—Same nerve in longitudinal section. Same method. 450 diameters.

Fia. 37.—Single fibre from nerve of same animal, to show multiplication of nuclei of
the primitive sheath. Teased specimen; hardened in Mircer's fluid, washed, stained
with logwood, mounted in Farrant's solution. 870 diameters.






















PLATE IX,

Fic. 44. Frg. 45.

FiG. 46. F1c. 47.

Fia, 44, —Transverse section of the same., Same method. 700 diameters.

_ Fig. 45,—Transverse section of the same, stained by StrRorsr's method. 700
diameters.

F1a. 46.—Teased preparation of the same, Stained with logwoed ; mounted in

Farraxt. 600 diameters. The apparent excrescences on the fibre are air bubbles
accidentally entangled in the Farnaxt's solution,

Fi6. 47.—Teased preparation of the same. Stained with logwood ; mounted in
Fargast, €00 diameters. >






























