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The chemical substances found in normal nerve
tiesue ~ as in animal tissues in general - may be
separated conveniently into five classes, namely,
watar,proteina, lipcide and fats, organic water ex-~
tractives, and inorganic saltes. The relative propor-
tions present of these classenr of aubstances vary in
different parta of the nervous system. ‘Thus the
central nervous system contains a somewhat grester
properilon of water thad the peripheral nerves, and the
grey matter of thes bhrain and spinal cord more than the
white matter., Again, the peripheral nerves coniain
free fat in the meshes of thelr connective tiseue
frameworkx, whilst this substance has never heen
recognised as a normal constituent of the brain
{Xocnl), and it is not found in the spinal cord (of
the cat) or is precent in such small amount as io be
unrecognisable, as wlll be shown in the experimenizl
section of this essay. It ia therefore impessibls
to give an approzimate composition of nerve tiasue
tc cover all parts of the nexvous system, but iit may
be stated that water forms 80 - 807 of all nerve
tissue snd that lipolds are relatively shundant.

Zoch™, in his elaborate analysis of the brain,
separates the proteins into the following groups:-
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(a) Globulins coagulating at 47°- 50°C.

(b) " " wePC,

(e¢) Newrostromin,

{d) Nuclecprotein.

(e) Heurokeratin.

Rach of these was investigated and estimated for
the braln and spinal cord. Their bearing on nerve
degeneration at present does not warrant a detalled
description of their propertics.

A large number of "orpanic water extractives"
have been iscolated by varicus authors but many of the
substances obtained were undoubtedly due te pest-nmortem
decomposition, or were derived from bleood contanminating
the tlssue under examination. Such are, for example,
tyresin and leucin; formie, ncetic, sucelinic and lacti
acide, all of which were described by Thudichum: Of
the bodies which are probably not merely accidental
impurities the more important are the following:-
sembers of the purin bases {Levene® and Thudichum®);
creatin (Xrause); urea (Gulewitsch®); peptones,
albumcses, and incsitol (‘i'hudichwal“ ).

The inorganic constituents are Ha, K. (i), Ca,
Fe; Cl, (50.),(®0,) and (COy) present partly iyfrganic
and partly inorganie form.

The term lipoid is applied to all chlorofcrm
aoluble substances, including fat and fatty acids by
somgiﬂmﬁy others nots In the nervous system ithese
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coupounds are found moét conepicuously in the myelln
sheath. IJany of the histological methods for the
exumination of nerves depend upon the chemical pro-
perties of the lipolde. Thus, owing to thepresence of
unpaturated bonds within the molecule of one or more of
the lipoids, osmic acid is reduced by the myelin sheath
to form a black precipitate. Then a nerve degenerates
the changes which are most easily observed, beth
chemically and histologically, occur among the lipoids
and 1t ie for thls reason that a etudy of these sub-
etanees is so lmportant.

The simplest and most convenient classificatlon of
the lipoids 1z based upon the presence or absence of
nitrogen, phosphorus, and sulphur within the molecule.
Upon such & hasls té havei-

{a) Cholesterin and itz esters in which all the
abeove~mentioned elements are absent.

(b) The phosphatides, containing phosphorus and
nitrogen.

(¢} The cerebrosides, containing anltrcgen but no
phesphorus or sulphur. They yleld galactose
when beiled with dilute hydrochloric acid.

(@)} Protagon,; the only lipoid which contains

sulphur.

CHOLESTERIN, the best investligated member of the lipoid

is a colourless, cdourless compound, fatty to the touch
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It is incoluble in water, in alkalls and in dilute
nmineral acids, though it is possible to obtain a
collcidal solution in water. In fatty sacids and in
bile salts it is scluble to a slight extent. In
-chlorcform, ether, ethyl acetate, carbon disulphide
and benzol it is easily soluble; it is sparingly
soluble in acetone, methyl - and ethyl - alcohol, and
petroleum ether. From dry ether or chleoroform it
erystallises in fine needles; from 207 alcohcl in
plates which contain one molecule of waler of
crystallisation. Cholestorin melts at 148.5°C; it
ie sublimable and is-optical;y nctive, being laevoroia-
tory.

Chemieally cholesterin 1s a secondary alecchol
as is shown ln the probable formula given bhelow.
lience it forms eaters with acide, and owing to the

unsaturated bond adds on bromine water and gilves

Pettenkofer's reaction. Its probable comstitutlon is:;

(CHg)y» OB . G, . Chiz. Gry Fyg - O ¢ Cllg
/""-/’
CH,.=- C!I::IJH\-ELH:

Chelesterin Fsters are found in minute propertions in

the nervous syetem (Bintz and Lapworth”).

The Phosphatides are derivatives of glyecerophesphoric
S e e

acide According to Thudichum {loc-cit) there exists
a great number of such compounds in the brain. The
separation of the phosphatides from one another or
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from the other lipoids is, however, a matter of such

difficulty that it is almost certain that many of the
bodies described are decémpesition products. This
applies especially to the substaneces which have been
cbtained by the use of strong reagents. “hudichum
prepared and described & number of auch compoumde. A
a natural result the literature of the subject is
difficult and often contradictory, and the difficulty
is increased by the frequency with which the same com-
pound is described under two or more different names,
or diff'erent compounds are labelled by the sume name.
An analysis of the literature ¢f the subject with a
chemical c¢lassificaticn is given by Cramer in the
article on lipolids in Abderheldens FHandbuch der
LBicchenische Arbelts llethoden. . Here 1t is nescessary
only to describe the general properties of the
pheosphatides, and to describe shortly the best Xnown
members of the group, viz., lecithin and kephalin.

General Properties.

The phosphatides, as a rule, cannot be crystallisgd.

Yhen dry, they form a wax-like mass which cannot
generally be powdered. They melt with decompositione
Then pure they are colourless, ocdourless and tasiteless
and are, especially the unsaturated members, hygro-
scoplc, beceoming ligquid in damp air. They develop a
brown colour when exposed tc light and meisture, and
give off in this impure state an odour resembling that
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of butyric acid. The phosphatides form colloid:l
solutions in water from which they are precipitated
by neutral salts. In alecchol, chlorcform, ether and
benzol they are scluble. Acids and alkalia rapidly
hydrolyse then.

In considering the purity of a phosphatide the
ratio of nitrogen to phosphorus is conveniently
employed as a gulde, owing to the comparative ease
with which these elemente can be determined.

Lecithin forms an orange yellow semisolid mass which,
in the dry state, Teels sticky and cannot be completel
reduced to a powders A fresh preparation has a faint
peculiar odour, It is ensily scluble in ordinary
organic solvents except acetone and methyl acetate.

A watery solutlon of alksline bile acide discolves
lecithin; with water it swells up and forms a turbid
liquide It melis at 60°; at 110° it becomes brown
and decomposes. At ordinary temperatures a slow

decomposition occurs. Lecithin splits off choline

quantitatively when heated for o¢ne hour with 107 i
£0y Alkslis, including baryta, rapldly cause
hydrolysis. When exposed to the air lecithin takes

N . up oxXygen. Its probable chemical structure is:-

l e O = GO v Cowllos: The nitrogen/phosphorud
?hﬁ 8 w0 17850 ratio is ?h 8 1:1; and
the phosphorus Torms
( almost exactly #7 of
Ciig~ 0 porO~a_Caoy (ong),, the moleculs.
a \oH 1o Gk

CH - 0 - CO=-CywHes
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fephalin is a resinous, easily powdered, hygroscopic
almost colourliess substance. Its solubiliiles are
very sinilar tc those of leecithin. It forus a

colleoidal sclution with water. It melts at about

100° with decompositdon. Xephalin, in etheral solution

rapldly absorbs atmospherlc oxXygen. It is rapidly
hydrolysed by acids and alkalis. It contalns nearly
47 of Phosphorus.

The Cerebrosides.

Included under this term are a number of substance
which possess in common the power of ylelding galactose
when hydrolgsed by dilute acids and of giving a purplis
colour when t(reated with concentrated sulphuric acid.
As has been indicated they contaln nitrogen but no
phoaphorus and ne sulphur.

The classification of the cerevrosides is a matter
of very great difficuity Tor veasons similar to those
given under the phosphatides.

Gnly those compounds which have well marked chemic
and physlical propertles will be described here. They
are cersbrone, cerebrin and homocerebrin.

Levene’ in a recent paper has suggested that these
three cerebrozsides are optical isomerides.

Cerebrene was ITiret prepared by famgee in 1820 and

named by him pseudo-cerebrin; later, in 1900, it was
prepared and named cerebrone by Thierfelder. In 15062
ioch described the same substance under the name

cerebrin./
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cerebrin. It is best prepared by Thierfelder's
method® * It is soluble in warm alcochol, in benzocl and
in chloroform; difficultly scluble in acetone. It
melts at 2099~ 2128 VWhen heated with meothyl alcohelic
paryta it is not changed.

Cerebrin and llomocerebrin swell up when added to water,

they are not decomposed by bolling with water but are
hydrolysed by prolonged treatuent with bolling baryta.
Cerebrin separates from alcohol in friable masses; 1t
is difficultly soluble in ether and acetone, easlly
goluble in other organic solvents; i1t melts at 176°C.
Iiomocerevrin has very similar properties but it is
more scluble in abesclute alcohol. When dry it forms
a wax-like mass which cannot be powdered; it nmelts at
1507C.

Pretagon.

Concerning the chemical individuality of' this
substance there has been considerable controversy. 1t
is unnecessary here to analyse the literalure of the
| subject, but it may be stated that, apart from protagen,
it has nct been possible to prepare a lipoid which cond
tains sulphur® and that pure protagon possesses well
defined phycical and chemical properties. Kocht0 & 11
convinced himself that lipoid sulphur plays a very
lmportant part in nerve metabolism and endeavoured,

without/
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without success, tc séparate the sulphur of protagon
in the form of a siapler "lipcid". lle Tound that
when prctagon is bolled for several hours with dilute
hydrochloric acid, the sulphur is split off as sulphuté

then dry protagon is a white non-hygroscopic powde
it forms an emulsion with water and is coagulated by
bolling with concentrated neutral sslisolutions. It
is easiiy soluble in hot methyl - and ethyl - alcchel,
and in glacial acetic acid. In beoiling ether and
acetone it is sparingly ecluble but in ether containing
cholesterin or kephalin it is soluble in the cold. It
melts at 200°C. VWhen hydrolysed with dilute aclds
galactose is eplit off; with methyl alcoheclic barytia
protagon yilelds a cerebroside (Liebreichla) giysieros
phosphorie acid, a fatty acid and chcline. Fosenheim
and Tebb'” claim that sphingosin also is split off.
The simplest explanation of these properiies is that
protagon is 2 complex of a cerebroside, a phosphatide,
and an unidentified substance containing sulphur.

- le
Levene

in & recent paper claims to have prepared
a eulphatide from the brain which contains neither |
nitrogen nor phosphorus. He has not yet given the |
methods by which the substance was prepared and only

glves cne anslysis.

Preparation of Hailerial |

and

idetheods of Analysis.

¥hen it is found necessary to analyse grey matiter

apart/
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apart from the white thin slices are shaved with a
razor from the surface of a braim which has been freed
from its membranes. These slices inevitably contaln
a small proportion of nerve fibres, but by cutting
parallel to the surface of the brain and using the’
knife with care, one can separate all white matter
visible tc the naked e€ye.

The corpus c¢allosum affords an abundant supply of
=kme white matter.

An average of the composition of the grey and whige
matler is obtained by mincing one half of the brain or
the cord.

The tissues thus obtainegd must be dried before
belng treated with lipoid sclvents. A large number of
methods have been devised, and perhaps the simplest is
to allow the part to be analysed to lie in 107 formalip
for 24 hours and then to mince it with a Tine meat-
mincer, or in the case of small anounts of tissue to
divide it with a knife. The material is then allowed
to dry in the air for 24 hours and afterwards in vacuc
over sulphuric acid until a ccnatant weight is reachedp
When such small pieces of tissue as, Geg., a cat's
spinal cord, are being dealtl with, it is easy %o
haaten the process of drying by grinding the fragments
in a mortar af'ter they have stood 24 hours cver
sulphuric acid in vacuo. It is generally difficult,

however, /




11,

however, to powder nerve tlssue, but the difficulty is
overcome if the tlssue is treated with absolute alcohol
after formalin. There is a disadvantage in this since
the alcchol dissolves out some of the cholesterin, and
though the solvent is alleowed to evaporatle from the
vessel a poseibility of slight loss ies introduced.

Of other methods which have been intreduced the
following are the more important.

Baumstark's lethodl’ for the brain consists in
drying the finely divided tissue by means of ether.
The small pieces are tied up in fine-meshed linen
gauze and placed on a shelf in a large vacuum deslccatg
Ether is poured in unfil the braln is covered by severy
centimstres of the liquid. Water flows from the
tissue and accumilates in the bottom of the desliccators
This walery solution is pipetted off every eight days
and fresh ether added. At the end of three nmonthse
the prccess is complete. Altogether, though the
method is of great value in the chemical examination
of the brain, for purposes such as those which led to
the experimental work of this thesis, it is unsuitable|

In the method of Erlandserr® the brain is, as
before, cut into small pleces which are epread out on
plates; a siream of warm air is blown over the plates;
the pieces of tissue being freguently turned. In
twelve hours the bulk of the water is evapcorated. The

pleces are now more finely divided and placed in a

desiceator/
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desicecator over calcium chleoride; the desiccator is
evacuated and maintained at a temperature of 379 by
being placed ia watsr heated to the necessary
temperature. In four to six hours the materlal- can
be powdered. The product is Pfurther dried lIn vacﬁo
over sulphuric scid and is finally obtained as fine,
gray, hygroscopic easily-oxidlsed powder.

Bintz!7 mixed the finely divided brain with
about half its weight of anhydrous sodium sulphsle
and sround the mixture tc a powder. le sxtrscted the
lipoids directly from the powders.

When small quantities of tissue are bheling handled
the following method may be used. The finely divided
mateorial is placed in a weighed vesesel and covered
with acetone which is allowed to evaporate in the open
air. The beaker is then kept in vacuo over sulphuric

acid vwntil a cconstant weight is obtalned.

Extraction of the Lipoids.

The solvent used varies with the llpolds it is
desired to extract. Chloroform is the best solvent
to employ vwhen one wishes %o obtain the total lipoidsd
A rough separalion of cholesterin and fats from
phosphatides and from protagon and cerebrone, can be
effected by the use of cold acetcne, while cold ether
separates phosphatides from the reaaining lipoids.

The Soxhlet extraction apparatus is ususlly

eaployed/
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employed when it is of nc mement to keep the temperatur
of the solvent as low aa that of the laboratory; on
the other hand a mechanical "shaker" is used 1T it is
desired to extract in the cold. This latter methed
is very tedious and besides being laborious is not
adapted to quantitative work. The author has Lherefor
contrived to adapt the Soxhlet apparatus for both
PUrposes.

The Soxhlet employed has ground-glass Joints %o
obviate the use of corke and rubber "bungs" which swell
and crack from exposure to hot chloroform vapour, and
is fitted with a spiral-glass tube which fiis in the
cylinder containing the materisl to be extracted.

The spiral 1z connected to a reservoir of water
by means of rubber tubing which passes down the inner
tube of the condenser. It is easy by this nmeans to
regulate the temperature of the extracting liquid to
within five degrees between the limits of 15°C and
56°%¢,

The flask of the apparatus is weighed hefore the
extraction is begun, and again after 1t is ccmpleted
and the solvent had been evaparated. The difference
gives the welight of lipcids dissolved out. In order
to avoid oxidation the sclvent is evaporated in a
stream cf coal gus. The total 1lipelids are redissclved
in chloroform (or other sclvent) and the soluticn is
made up to a known volume - 100 c.c. generally - and

aliguot/
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aliguot porticns are removed for analysis.

Fetimation of Cholesterin.

“indausl® has described an easy and oxact means
of estimating cholesterin which has displaced all
other methods. An excess of a 17 solution of
digitomin in 907 ethyl alcchol is added to an alecholle
solution of cholesterin. The mixture is warmed on thy
water buth and then sllowed to stand alt room tempera-
ture for 24 hours. The crystalline precipitate which
separates cut ig insoluble in water, alcchol, chlore-
form and ether. In order 1o fest whether an excess
of the digitonin solution has heen added or not, about
one fifth of a cubic centimetre ¢f the clear super-
natant licuid is pipeited off and added to a 17
alcoholiec scluiion of cholestsrine I¥ a copious
precipitate comes Jdown within an hour an excess of

digitonin has been added. 1f not, then more digitonis

=3

must be run in and the mixture 2gain placed aslide for
24 hours. then sufficient digitonbn has been added

and precipitation is complete, the granular precipitatll

Ly

is filtered through a Gooch crucible washed wlih water)
alechol and finally with chloroform, dyied at 110°C
and weighed.

The cholesterin-digitonate which separstes oul
containgﬁguarter ite weight of cholestsrin and from

this the percentage of cholesterin in the lipoids may
be/
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be estimated.

T

Eetimation of Cholesterin Esters.

The filtrate obtalned after separation of ths

cholesterin-digiionin compound is svaporated to dryness

on the watexr bath and the residue repeatedly sxtracted
with ether. “he sthereal solution thus obtalned
contains the cholesterin esters; 1t is evapcrated to
dryness and alcohol is added to the residve. To the
alcoholic mixture an appropriate ancunt - 1lic.os,. Tor
every & gr. of residue - of a 57 sclution of sodiunm
ethylale is added and the mixture heated for one hour
on a water bath. The s&ponificaticn is then comploete
and the mizture is neulralised with acetic acid and
filteied. The Tilter-paper is washed with hot
aloohol to ensure the couplete removal of the chelestel
liberated in the hydrolysis. Diglitenin solution is
added to the clear filirate and the precipltate formed
is Tiltered, washed and weighed in the wmanner already
deacrived.

Zstimati P nhas s

Since the complete separation of the individual
menbere of this group from one anolher has not yet
been satislaclorily sccomplished, even when large
apounts, @.g., a kilogram and more, of dried brain
have been used, 1t is obvious that it.is not yei
possible to estimate each phosphatide separately.

Koch/
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Koeh'?, Xoch and Woods”? and Xoeh and Goodson”

intre-
duced mathods for the estimation of lecithin and
kephalln separately. T“he Tollowing is & description
of their final and nmest csatisfaclory method. To an
alcohelic solutlion of the phosphatides a sufflcient
amount - O C.c. as a rule - of hot saturated alccholic
sclution of lead acetate is added. The mixture ia
heated on the waler bath for ten minutes; 1 c.Cs oOF
507 amnonium hydrate ies then added, the whole
vigorcusly shaken and allowed to reualn on the water
bath five minutes longer, The Ilask is set aside to
cool and the lead compound of kephalin slowly separatesg
oute. It is filtered off and the phosphorus ls then
delermined in the precipitate and in the filtrate. By
allowing 4% as the proportion of phesphorus in both
kephallin and lecithin it is peossible teo calculate the
percentage ¢f each of these substances present.

To ebisin a lknowledge of the total amount of
phosphatide and e¢f the lipoid centaining both
phosphorus and sulphur, Koch determined the total
phosphoras and the sulphur by fusing & gm. of the
dried tissue with scdium percxide or "Ifusion mixture”.
The resulting mase was broken up and the sulphate
determined in one poriicn and the phosphorus in another;
By allowing one molecule of phosphorus for every two
nolecules of sulphur, protagon is caloulated and the

phosphorus/




17.

phosphorus remaining represents the lecithin and
kephalin - already esiimated - and any other phosphatid
not accounted IoX. By this method 1% is therefore
possible to account Tor the total phosphorus, protagon,
leclihnin and-kephalin and; by difference, any remniﬁiné
phosphatide.

he method, however, is long and tedicus and the
results do not warrant ihs lahour involved. It is
usually sufficient, certainly, for all comparative
purpeses, considering ocur limited kuowledge of Lhe
individual lipoids, Lo estimate the group together by
deteraining the phosphorus centent and then calculating
ihe phosphatides on ihe assumption thatl 47 represents
a9 average phosphorus valube. This percentsage 1is
accurate for lecithin and xephalin, but I'or several {
other ill-defined, doubiful subsiances, notably
sphingo-nyelin, which iz said by Fosenheim to be the
phosphatide of protagon, it is tco highe If sphingo-
myelin and these ciher phosphatides exist in nerve
tissue, then the total phosphatide eatimations would
invariably be teo high; and since protagon ferms 207
of the total lipolds of a nerve and one third of the
protagzon molecule is phosphatide, the error intreduced
would pe considerable. Thare is good reéson, however,
to doublt ithe existence of sphingo-myelin as will be 1
shown in the experimental section of this essaj.

Feumsnn’ s/
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Hevmann's”’" method of determining the phosphorus
of zn organic substance is almest invariably employed.
About 0.2 gm. of the material to be analysed is
welighed out anﬁ placed in a long-necked Kjeldahl flask
and covered with 10 ¢.c. of Puming nitric acid. 4 -
brisk reaction ensues, copiocus fumes of nitrogen
percxide being evolved. After about five minutes
the reaction slows down and the fiakk is then gently
heated with a emsll Puneen flame wvntil all the brown
fumes have disappenred, A mixture of equal parts of
concentrated nitric and sulphuric acids is then
slowly - 5 to 10 drops to the minute - run in, the
flask weanshlle being gently heated. As a rule & C.04
ol this mixture suiflce, and when such an amcunt has
been added, the flask ies heated more strongly until
white fumes of sulphuric acid appear. Iff the Iiquid
in the flasek remains cisar or of a pale ygllew tiﬁﬁ
after coeling, the reagction is complete. #ater, about
three times the volume of acid used, is now added and
the flask again heated for five to tenm iinutes,
allowed to cccl, and 50 ¢.c. of a G0 solution of
amnoniun nitrate added. How the mixture is heatled
until bubbles fora {about £20°C) and 40 c.c. of a 103
golution of ammonium meclybdate added; the flask is
shaken vigorously for two minutes and then allowed to
cool - A §9110w precipitate separates out; the clear
supernatant liquid is poured through an asbestos lined

Goocch/
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Gooch crucible and the precipitate washed with
distilled water unhtll the washings ars ac longer acid.
As much as posalble of the insoluble phosphorus com-
pound i retained in the flask. Finally ine pre-
cipitate which has been caught in the asbestlos is

washed back into the flask and & suliicient amount of
B

—

2 Na Ol added to dissolve the yellow coumpound and
leave an excess of alkali over. Aumonia is liberated
in this regsection and 1t must be got rid of either by
beoiling or hy thﬂladdition of neutrsl.formaldehyde when
urotropin is feormed. The excess of alkall is titrated
with standard half normal sulphuric acid. Every cuploc
centimetre of caustic soda used up is equlivalent to

0.684 Hilligramme of phosphorus.

Betimaticn of Csrebrosides.

Several methicde have been devised but cnly two will

be degeribed here.

1. The method of Lorrain Smith and Xalw is adapted ig

cases where comparatively large amounis .. & ghe {

of cersbrone are being eslimated. About 1 gramme of
the total lipoids is sapbnified for four hours with :

1
one-ifth normal methyl-alecholic baryta; the mizture

is evaporated tc dryness and the residue extracted foré
24 hours with beiling aceione. ©On coelling the cere-
brosides separste out and are filiered off and weighede.

2. th;é%?}q's method™~. It has been pointed out already
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that corceurusides yield galactose when hydrolyeed with
dilute hydrochloric acld. The method to be deseribed
is based upon this reaction.

The lipolds Tor analysis are gently heated for
20 hours with a 17 solution of HCL in a round pottoned
Iflask. During the proesss ol saponification a good
deal of frothing occure if the liguid be beiled too
vigorouslye Towarde the end of the reactlion glebules
of 0il appear on the surface of Lhe mixture. In ordsy
to fecilitete filiration 20 to I0 c.c. of a saturated
solution «f sodium sulphate ies poured into the flask
and the wixture well shaken. By filtration the
insuvluble repidue of organic matter is separated Trow
the golution of galsclose. To this clear filtrate,
after neutralisation with caustic soda, 20 e.¢. of
freshly prepsred Fehling's eolution are added, and the
mixture is thea bolled.

The 1iguid should retaln a desep blue colour, a
tinge of green indicating that an insufficient amount
of Fehling's solution has been added. Ly this
process cuprous ¢xide is thrown down snd 1t 1s now
sepurated by g filiration through a weighed sshestoe-
lined Gooch crucible. The cuprous oxide 1s converted
to the cupric oxide by heat and the weight of the
latter obtained. From this result the amount of
cerebrocides hydrolysed is known by reference to
Keoch's table.

This/
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This method has yielded consistsntly excellent
resulte. Befere using it in the experimental work to
be described later, it was tested repeatedly with
different welights of nerve tissue obtained from the
same source and with specimens of protagon and cerebrong.
In every cass uniform results were obtained. The
advantages of the method are:- (1) its slumplicity;
(2) it can be applied in the precente of all other
lipeide; (3) &« minimum of time is speant in drying the
cupric oxide since the crusiblelis heated directly with
the Zunsen flame. The disadvantage: is that the weighl
of cupriec sride obtaimed is iavariably small - from 6
to &9 milligrammes; generally 20 ~ being from % to &
the welght of the cerebroside 1t represents; hence the
percentage error le increased. But this is compensategd
for to sope extent by very careful weighings'and by

using & light Geoch crucible, =3y 10 gramses,

Fstimation of Protagon.

Kcll showed that protagon can be estimated by the
method described abeve for cerebrosicdes. zut this,
obviouely, enly applies to pure protagon since the
cerebrosides also yleld a sugar. llence, in orxder to
obtain the percentage ancunt of protagon in a tissue
it ie necessary to estimate the lipold sulphur and to
calculate from bLhis on the basia that protagon conisling
0.75% of sulphur.

The/
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The slnplesi method of determining the sulphur is
to heat the lipold with sodium peroxide or "fusion
mixture®, by which the carben is converted to CG 5
the hydregen to iy 0, the phesphorus to phosphate, and
the sulphur to sulphate. The resulting mass is
dissolved in water and the sulphur precipitated as
Barium Sulphate which is filtered off and weighed.
From the weight obtained the amount of sulphur is
readily calculated.

This method of estimating protagom in a mixture of
lipoids depends upon the assumpition that no other
lipeoid contains sulphure. If Levene's recent work be
subsequently verified this method will need modificatio
it is possible, however, that Noll's method may event-
' ually be employed since it is by no means certain that
any cerebroside, apart from that which is combined as
protagon, exists in the nervous system. To decide
this point it will be necessary to make a large number
of analyses in which the sulphur content of the total
lipoids ¢f the brain is compared with the amount of
galactose split off by the action of dilute hydro-

chloric aeid.
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Keview of the Literature of the Chenistry

of’

Nerve Degeneration.

Gutnikov™® published in 1097 the first paper’
dealing with this subject. e studied the composit-
ion of the human brain, separating the grey from the
white matter, in the foetus and in the adult, and in
cases of certain nervous diseases. The methods of
chemical examination available at that time were not
sufficiently accurate to allow of a systematic
estimation cof the individual lipoids or other complex
¢constituents of nerve tissue. Gutnikov, therefore,
confined his etudies to the percentages of water,
phosphorus, nitrogen and sulphur in the conditions
ncted above. A comparison of the figures gilven in
his paper with the more accurate ones obtained by

< > . s' d'\-l? tz‘
elaberate analytical ethods 0?27 128

*show that his
results are not sufficiently reliable to warrant a
detalled description. e found wide variations

in the percentages of phosphorus in the brains of
foetus and adult, and a great diminution of the same
element in such dlisesses as paralytic dementia,
neurasthenia and epilepsy. A priori, it would appear
improbable that such & decrease in the phosphorus
percentage of the brain occurs in the s¢ called

functicnal diseases in which neither macroscepic ncr

microscopic/
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microsceplic changes have been observed. It ia in such
& disease ae General Paralysis of the Insare that we.

should ezpect to find the mest marked chemileal dgiicr-
0::

L

gnces from the normal. Feasoning in this way .arrat
made observations on the percentages of water and
phosphorus in the braine and spinal cords of "normal
persons, and of persone who had died of General
Paralysis. The water was deternined by drying the
tissue in sn oven at 100°C. and then at room temperaturp
in vacuo over sulphuric acid; the phosphcrus by heatin
a weighed portion of the dry material with a mlxture of
caustic potash and potaseium nitrate, and preclipitating
the phosphorus eventually as magnesium pyrophosphate.
In these methoda there are two sources of error: First)
heating the nervous tissue to 100°C may lead to changes
in composition with the production of volatlile bodles,
and therefore lcess of substances other than water;
varratt ncticed slizght charringe. Secondly, the method
of estimating phosphorus does not give accurate results.

The following table is taken {rom Earrett's paper.

k 4 of Water.| 7 of P.
{Healthy Brsin 8.2 1.47
Case 1 )
{ G« P. 1. 78,6818 | 139-1.47
{flealthy braln 756 1.47
Case II )
( iz P- Io 7(-.1"77 1 6= 1 4?

From these results it appears that in General Paralysig

cf/
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of' the Insane there is an increase in the percentage
of water and a decresse in that of phosphorus in the
braine “he epinul cord showed similar changes.

There is one point which requires notice in
comection with the above work: the phosphorus
percentages gilven are for the total dry tissue and not
for the lipolds alone; and since in the diseased
conditions investigated one of the conspicuous micro-
ecopic changes cobserved is a perivascular lymphocyte
infiltration and a general increased activity of
cennective tissue cells, it is obviocus that colincident
with these changes an increase of nuclec-proteins must
ccour., This means chemically that the porcentage of
phosphorus is raised. tn the other hand, if the
lipoid phosphorus is diminished, as 1t probably is, we
have two cpposing factors represented in the above
figures for the total phosphorus, and it is impossible
therefore to draw any conclusion from them.

toch™?

was unable to confirm completely sarratt's
figures.

Nollﬁqinvestigated the chemical changes 1n
derenerated nerve by experimental means. lle divided
the sciatic nervees of horses and dogs and estimated in
the degenerated and in healthy nervee the perceatages
of protagon snd of phesphorus. His results show a

diminution in the percentages of these substances.

Frotagon/




Protagon wase estimated by the method already described;
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phoephorue was determined by a method similar tc that

employed by Larratt.e The following table is taken
from licll's paper:- e
Protagen| 7 of Degen-
Degener- | erated to
HealthyJated. Healthy.
Eorse-sclatic nerve taken & days after sect-| (3.1 51.3 OB «ul
ion, \
" " " i ¢ " 9 91.8 654 60.89
Dog 9 " & 1 » " v 6led | 3340 BB T
L L " " an " " @ 60!0 Eﬂ-ﬁ 47 .6
é 2 " OINE p . 66 o4 < -

An examination of the twe halves (lateral) of a

spinal ccrd taken from a case cf cerebral hemiplegls

which had been followed by degeneration of the motor

tracts of one side, revealed an increase in the percent-

age of water, an increase in the amount of material

extractible by ether and a diminution in the lipoid

phosphorus on the degenersted side.

Histolog

ically,

the motor tracts affected were stained by Harchi's

methed (Hott and Darrst

t:ﬁO & .‘51)‘

From the foregoing acccunt of the literature up

to 1590 it ie seen that the main facts which had been

brought forward were that in degeneration a nerve be-

ccmes more watery, loses some of its lipoid phosphorus,

and scme of its protagon.

i ” O 85,8
wott and Halliburton“ =292

P

e
L RS

aszocisted these Tacts with the chemical constitution cf

lecithin/



ilecithing-consldered it probable that in the disinte~
gration of the myelin sheath of a nerve the lecithin is
split up into glycercphosphoriec acid, fats and choline,
and that these prcducte pass into the cerebrospinal
fluld and the blood. - They saw in this hypothéais a
possibility of diagnosing nerve degeneration by the
detection of one of the products of lecithin disinte-
gration, choline being selected aé the most promiesing
substance on account of its basic nature and ites well
defined character.

Hott and Halliburton proceeded te test this

T B P
34,55,

hypothesis They studied first the chemlcal and
physiclogical properties of choline and then procseded
to exanine the ce}ebrospinal fluid and bleocod of healthy
animzals, and of animals in which artificial nerve
degeneration was ocourringe.

Their chemical method of detecting choline was as
follows:- he blood or cerebrospinal fluid was
evaporated tec dryness and the residue extracted with
abesolute alechol. T™is was repeated three times in
order tc separate choline from potossium and sodium
suzlte, which are sparingly soluble in absolute slcoohol.
The final absclute aleccholic solution was evaporated,
the residue was taken up in %07 alcohol and platinum
chloride added. In the cases where choline was present

« copious precipitate of choline-platino chloride

crystals/
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crysiale formed.

Cheline was tested for physiologically by injecting
the final solution obtained ae described above into the
blocd stream of ansesthetlsed cats. VWhen choline is
present a fall of blood pressure cecurs and this fall
is abolished or replaced by a rise, if the animal is
Tiret poisoned wiih atropine.

Ag a result of numercus experiments ottt and
dalliburton came to the conclusion that a positive
result cobtained by these twc methods, chemical and
physiclogical, affords an absolute procf of the presence
of cheline in the liquid under exanination.

Applying these tests to cases of disease in human
beings they found cheoline in 10 c.c. of bloed taken
from patients suffering with beri-berl, diseseminated
sclerosis, combined sclerosis and alcoholic neuritis.
In each case a comparison was made with 10 c.c. of
nocrnal blood which yielded wniformly negative results.

In order to test the method under experimental
eonditions they severed the sciatlc nerves of a serles
of cate; and tested the blood and cerebrospinal fluid
at varying intervals aflier Lhe operation. At the same
time the divided nervee were éxanminmed chenmically, the
total selids and water, and the_phoephorus of the
lipoids - very roughly separated from the total solids -
being estinated. The remarkable results chtalned can

beat/




best be shown by the following table taken from

fallibutrton's Physiology (1907 edition).

Cat's sclatic nerves.

Percentage Condltion |Condition
of Phosphorof blood. |of nerves.
Water|Colids. | -us in
solids.
lormal . . . v |65.1 |34.9 33} lininal Nerves irri-
{ traces of |table and |
1 to 3 daye after section|84.5 |35.5 0.6) Choline histolegically
present, healthy.
)} |Chcline morglrritablilty
4 tog * ® " 69.% |20.7 0.9( dbundant. lost; degencre-
) ation beginn-
ing.
o " - " 68.2 [31.8 0.8 ) |Choline Degeneration
10 . % " 70.7 [29.3 0+3( |abundant. [|well shown by
13 ™ » . 71.2 [28.7 0.2 Harchi react:
ion.
‘larchi react-
256 to 27 * n 72.1 [27.9 traces ) |[Choline ion 8till eecen
29 " " 2S5 |27.8 0 ( imuch less. [but absorption
) i of degenerated
fat has set in
44 " . - 72.6 [27.4 0 ) [Choline al- [Absorption of
{ |most dis- |[fat practical~
) lappeared. ly complete.
) [Cheline al-~ |Feturn of
100 to 108 » » 66.2 | T8 ¢ ( mest dis~ |function
) |appeared. nerves re-~
generated.

This table shows that the amecunt of choline

prasent in the dlocd under the ccnditions deecribed

was inversely proportionate to the amount of phosphorus

in the soclids.

The/




The criticism already offered to harratt's work
applies to some extent here aleo. Although liott and
Halliburton roughly separated the lipoid from the
ion-1ipodd phoephorus, the separation was not sufficlert-
iy complete to enable them to obtain fipgures far the
phesphorus of lecithin alone; it followa therefore
that some of the phosphorus of the nuclec-protein ie
included in the figures in column 7 ¢ the above table.
Cengldering the activity of the celle of the sheath of
Schawsnn, one would expect an increase in the phosphoruys
of the nuclec-proteins. The complementary variations
of cclumns & and 4 are therefcre all the more
remariable.

The same obssrvers found, by the same methods,
choline in the blood and cerebrospinal fluid of persong
suffering from general paralysis of the insane.

The importance of these observations was scoon
reccgnised both by elinicians and laboratory workers.
From the standpoint of the clinician the easy ldentifi-
cation of choline became of firsi-rate importance.
ﬁottﬁapublished the results of a ehemieal examination df
the blood in cases of Potta' disesase, tabo-paralysis,
disseminited sclervsis, amyo-tropaic lateral sclerosis,
beri-beri, and acute alcoholic polsoning, in all of
which choline wss foand to be present. So delicate

was the chemical test proved to be that Hott Found 5c¢.d.

of/




of blocd eufficlent in any case and frequenyly very much
less was required.

¥olin and Gchaffer' made a large number of eareful
analysés of urines of healthy porsons, and el -patients
suffering from nervous disecases and came to %ﬁe con-
clusion that nothing can be gained from a study of the
urine in cases of nerve degeneralion,

Criticisme of the "choline-hypothesls,” a8 il was

now termed, wore initiated by Vincent and Ccramer®’ 2°°

in this country, and by Eansfeldagon the €ontinent. It
was pointed out by the first named observers that the
contentions of Mottt and Halliburton were "a priori
improbable” and ecarcely concelvable" since choline in
ihe blood 1s quickly oxldised and the amount llberated
from 1 gramme of nerve tissue is extremely small.
Further, they showed that the chemlcal test for choline
is not reliable owing to the exirame difficulty of
separating potassium, sodium, and awmmonium salts frow

choline, If normal blood be dried and the residue

extracted with absolute alecheol in the manner recoumends
ed by Xott and sialliburton® *“Vand finelly the extract
treated with platinum chloride. a precipitate of
crystals is obtained which is as coplous as that from
an equal volume of pathological blood. Bith regard
te the physiclogical test on ths blood pressure of

animale, they showod that the healthy blood of the

rabbit/
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rabbit has a similar and equal effect on blood pressure
fo that given by Hott and Halliburion for pathologilcal
bleecd.

It nay here be noted that in 1696, three years

befere the publication of the choline hypotheéiﬂ,

O

Schifer and icore “noted a temporary lowering of bloed

pressure when extracts of brain were injected into

1’42made similar

3

animals. Schifer and Vincent”
chaervations and Osborne and Vincent® “showed that all
parte of the nervous system produced similar effects.

xansfeldﬁgcriticised the platino~chloride test
for choline and after careful experiments arrived at
the conclusion that it is not ﬁcasible to free choline
from potassium, scdium or "ammoniun" by means of
absclute alcohol.

Allen and Frenchééalsc tested the platinunm
chloride methed of delecting cheline. They studied
the solubilities of the platine-chlorides of choline,
K.Ha.dl, .Mg.Ca. & Fe. and came to the eoncluslion that
it is impossible tc separate choline absolutely from
Ke & BHge Horeover when they applled thé test to
normal blood they obtained the crystals in ae large
amount as from pathologieal blood.

One point of special interest they brought
Torward, namely, that 4f the test be carried out as
far as the fourth extraction with absclute alcohol,

and the extract then obtained be incinerated sc us

completely/
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conpletely to get rid of'choline, then both with-nonﬁal
and pathological blood erystals of platinc-chloride arp
cbtained which are identical in appearance with those
figured by #Hott and Halliburton ae being characteristip
Tfor choline from pathological blood. The cerystals mufst
necessarily be of inorganic origin and are almost

certaindy due to Potassium. Thie result really dis-

poses absclutely of the platine chloride test for chol;

ine ae applied in liott and alliburton's first
puhlicationﬁg’aa-

ihe following year, 1304, hllen*ﬁpubliehad & new
method of testing for choline in cerebrospinal fluid
and in blood. 10-20c.c. of the freshly drawn fluid
are mized with 4-8 times thes volume of ©67% alcchol,
allowed to stand for two hours, filtered, and the
filtrate allowed to evaporate to dryness at 50-40°C.
The residue 1ls extracted three times with 99.67
alcohol and then dialysed in distilled water, The
resultant clear solution 1ls evaporated to dryness in a
small porcelain érucible and a drop of dlstilled water
is added to the residue, and then, drop by ‘rop,; a
saturated solution of Iodine in 307 alcohol. If
choline be present, a reddish brown precipitation or
cclouration appears; it quickly disappears on standing

or on adding excess of the ilcdine solution.

Wihen/
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vhen this method wae applied to normal bleod a
negative result wae cbtained; on adding .001 gm. of
cheline to 20 c.c. of blood the result wae positive.
Applied to patholojieal fluids Allen obtained pesitive
results in two cases of G. P. I. with convulsions;

a case of very scute diphtheritic paralysis of four
months duration; 1in a case of cerebral syphilis; one
of complete traneverse myellitis, and in a case where
the brachial plexus huad been severed, the bloed in
the last case being tested 17 and 58 daye alter the
accldent.

In the following cuses a negalive result was
ebtained in each case:- myesthenia gravie, posterior
basal meningitis, transverse myelitls, and a case of
doubtful disgnosls, but probably either tumour or
meningitis.

With regard to cerebrospinal fluid Gumpmcht46
claimed to have shown by a microchemical test that
choline is present in the normal fluid.

The evidence, chemical and physiclcgical, for
the "choline hypothesis" had now become conflicting.
The supperters of the hypothesis endeavoured to find
new tests fcr choline, and to improve the old ones.
Foremost among the workers in this direction were
Kosenheim and Donath, each ¢f whom claimed %o have
discovered exceedingly delicate tests. The first

namned, /
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named, after a careful examination of the platino
chloride test found that undai?gcnditione of Hott and
halliburton's work potassium and sodium platino-chlor]
compounds were o source of error. He claimed that
the three following tests were absolutely relilable.
1. By the addition of iodine (dissolved in potassium
icdide scolution) to the crystals of choline platine
chloride, a per-iocdide of choline is formed. This
compound exists as doubly rafracting crystals, which
spontanecusly decompose on exposure to the air, and
which may be obtained agaln by the addition of the
reagent. Its formation can be watched under the
microscope, the appearances presented being, it was
claimed, absolutely distinctive. The test was not
new; the references are given in Kosenheim's paper.
2. A drop of a 17 solution of chcline hydrochloride
tc 2 or 5 drops of a saturated scllution of slloxan
give an evaporation on the water bath a beautiful
rose vioclet colour, which becomes deep blue or violet
cn the addition of caustic soda; mineral acids
discharge the colour. Since, however, protein and
smmonium salts give the same reactiion, the same
objection is applicable to this test as to Halllburtor
criginsl one. The test was first employed by Paehl®’
S The Bismuth Test. Xrawt’'s modification of

Dragendorff's test was emplcyed and found %o be
sufficiently/

w
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sufficiently sensitive to ded@ct one part of choline i
20,000 parts of water. In this test prctein must nct
be present.

These three tests are each aufflcient;y delicate
to enuble one to detect the presence of choline in 20
€.Ce ©f a solution of 1 in 20,000.

Denath' s “nethod depends upon the use of the
pelarising microscope. Then a mixture of the crystals
of the platino-chlorides of cheline, potassium, Ha and
NH; are exanmined with the polarising microscope the
crystals of ihe choline platino-chloride compound remain
bright in the dark field, while those of fo, & and Nig
become invisible. By the application of this test
Donath discovered choline in the cerebrespinal fluid of
four cases oul of six of epilepsy, the fluld being
examined immedliately after convulsions had occurred.
ile also found that choline 1s present in the cerebro-
spinal fluid in caées of "hysterc-epilepsy" and states
that in general where there is crganic disease of the
nervous system choline may be deitected in the blood and
cerebrospinal fluid, and that there exists "a certain
degree of parallelism in the occurrence of lymphocytes,
Protein, choline, and phosphorie acid in the cerebro-
spinal fluid."

In anolher paperqgnonath deternined the amount of
choline in the cerebrospinal fluid of patients. His

results/




results indicate the presence cf 20 to 40 milligrammes
of choline in 100 c.c. of cerebrespinal fluid, and thise
vae ln cases, anong others, of epilepsy and neurasthenifi.

With regard to the applicaticon of his test Donath
found that K,Ra and I, had no influence on his results;
In the latter part of his work he found that it
facilitated the detection of choline to add XCL, to his
goluticns.

Resanhaimlaapplied his more delicate tesls
(described above) to the investigation of the cersbro-
spinal fluid in cases of nervous disease. He
examined 15 cases of the pathological fluid. in four
cases of G.P.l. and in cne case of hemorrhage into the
internal capsule with scoftening around, choline was
discovered in the cerebrospinal Tluid; it was apsent
in & case of post-basic meningitis, in tubercular
meningitis, 1ﬁ three cases of 1ePel., two of melancholi?,
twe of damentiﬁ and one of shingles.

In addition tc the foregoing he examined the blocd
in four cases of nervous dlsease; in each case the
blood was removed during life. Choline was not
detectable in 20c.c. of blood Trom a case of dementia
with hemiplegla of six months standing nor from cases
¢f G.P.I. in the last stages; 1t was discovered in the
blood of a case of "Organic Dementia’accompanied by
seilzures.”

Losenheim concludes that this single positive
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result is sufficient to coafirm Mott and Halliburton
in their contention that the products of nerve
degeneration pass into the blood. It is perhaps
unnecessary to point out that Vincent and Cramer and
iansfeld had not expressed any doubt as to the
pessibility that theee products pees in-to the blcod,
but they peinted out that it is very improbable that
the products are detectuble in the bloode.

In addition to the crystals of cheline salts
Liceenheinm obtained others of a nature which peinted to
the existence of other bases besides choline, {,Na, an
HH . He failed to identify these substances owing to
the paucity of material.

Ancther observaticn, of greater limportance, was
that in all cases where choline was demonstrated in
the cerebrespinal fluid, large amounts of potassium
could be obtained f'rom the alcoholic extract; on the
other hand where choline was absent pctassium was
geanly. ¥rom this fact he draws the following
conclusion "The large total yleld of cryetals from the
blood in such cases stands in striking contrast to the
small yield obtained from normal blood, or the blood
off patients in which no disintegration of nervous
tissues had ccourred. In the 1light of recent work
there is no doubt that such erystals do not consist
entirely of the choline platino chloride as at first
Halliburton and Hoti considered tc be the case. In

some/
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some of theilr preparations lalliburton has feund that
many of the crystale do not yield the characteristic

choline pericdide, and so presumably they consist of

inorganic and especially potassiwm platino-chloride.

A large yield of crystals is nevertheless character-

istic of extensive nervous disintegration.”

Finally Fesenhieim concludesj~ "The methods
employed by Halliburton and lott are not cuite .so
conclusive as theose I haeve introduced; now, however,
that we are provided with absolutely trustworthy
methods, their originsl conclusions may be regarded as
definitely esatablished."”

These resulis of Eossnhelm and Denath, and of Alle
in his second paper were regarded by Tlalliburton as
finally establishing the "choline hypethesis." In the
Gliver Charpey Lectures for lge?lﬁggf?éoﬁalliburton
reviews the whole guestion and its experimental
foundaticne. He admits that hie first chenlcal tests
were fallacious, but considereg that thé work of
fceenheim and Donath has placed the matter on a sure
foundation. In spite of thie bellef in lLosenheim and
Donath's work, in hie final conclusion he places nmore
reliance upen an increase of potassium salts than upon
the presence of chcline in cerebrospinal fluld. This
is shown in the feollowing quotation:- "¥e still hold
that the obtaining of a large crop of crystals, whether

they be those of the cheline salt or a mixture of
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potassium and chcline salts, is diagnostic of extensive
breakdown in nervous itlssue. The ceontrast between
such cases and the insignificant yleld from ncrumal
blood is most striking." This position, however, has
been contested by Webster Owho points out that "if the
presence of potassium in the blood leads to the
formation of the crystals, it is strange that nommal
blood serum, which contains a considerable amocunt cf
potassium, should give an insignificant yleld of
crystals.” But the central point of the question is
this, that the physiological mechanism by which the
composition of the blood and other body fluids lis kept
approximately constant would prevent such an increase
of potaseium salts as 1s indicated by the quotation
above. As so0n as an excees of potasslum salts
appears in the blood, the kidneys, 1f active, remove
it. It therefore follows that the improbability of
pathological bloed or cerebrospinal fluide ylelding a
large excess of potassium platine-chloride crystals,
is as great as it was shown to bé for the choline
crystals; and the experimental work of Vebster
confirms this. He hasg been unable to cbtain any such
difference as that ineisted upon by lalliburton, and
he sheows that if 1 gm. of nerve tissue were suddenly
destroyed in man only .0017(G. of % 0 would be added to
the .9gm. of K,0 already in the blood. 4And this

difference/




difference is smaller than that given by Agbrhalden in
his careful analyses of blood obtained from two animalg
of the same specles. But the sudden destruction of a
gramme of nervous tissue, followed by the_accumulatién
of the potacsium oxide liberated in the blood and
cerebrospinal fluid is not concelvable. We nay
therefore conclude that no such excess of potassium
is denonstrable.

In the same paper %ebster finally disposzes of
the "choline hypéthesis“ both by experimental work and
by a simple calculation. e repeated all the original
work of Mott and Balliburton, using in his experiments
seven dogs and one cate. The sciatic nerves were cut
and a plece removed, and the blocd was examined a
variable number of days after the operation and tested
by the chemical and physiological methods previously
described. The results were compared with those
obtained from normal bloed and it was shown that with
the pathological blood there is neither an increase in
the yield of platino-chloride crystals nor a preogresslve
increase in t;g depressor effect on the blocd pressure
of animals such as was described in the criginal
paper of Hott and Halliburton. Yebster did not test
the cerebrospinal fluid because choline is found in
the healthy fluld and this fact would render the
comparison of the normal and pathological a matter of
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cuantitative estimation which is obviously more
difficult than the mere qualitative examination cof the
blood.

The following is Yebster's calculation:-
The weight of the central nervous system is 1400gms.
the weight of choline contained therein, aeccording to
Coriat's obeervations, is 8.5 gms. Allowming the
volume of blood to be 4,700c.c., it Tollows that the

sudden destruction of 1 gm. of bralin subsiance would

yield ISUG x L"jw = .000025 gm. in 20 c.c. of blood,
or a dilution of 1 in 500,000. This is obviously
beyond the delicacy of any ¢f the nmethods already
mwentioned, and morecver it presupposes the audden
destruction of & gramme of brain followed by complete
accumulation in the blocd, which is inconceivable.
| If this method be applied to.the resulls obtalned
by Halliburton Tor cerebrospinal fluid, it can be
shown that the auount of choline Tfound by this cbserver
corresponds to the sudden destruction of from & tc 16
grammes of nervous tissue. If the method be applied
to Donath's figureaqg one is driven toc the c¢onclusion
that in several cases of epilepsy and neurasthenia
¢ to 7 grammes of the brain were suddenly destroyed.
~11 this is of course impossible and it is simply
a waste of labour to pursue the guestion further in itg
detells. As a summary it may be said that the
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experimental basis of the bellef that choline may be
detected in the blood and cerebrospinal fluid in cases
of nerve degeneration has been proved tc be fallacious,
and that the contention that these pathological fluids
give an increased yield of platinc-chloride crystals
has been disproved. The wholes controversy, lasting
ten years, has nol brought Ld light many new Facts and
has been of no practical value. ‘“he final position of
one of the originators ef the hypothesies is shown in
the following parsgraph taken from the 1911 sdition of
Halliburton's physiolegy.

The cerebroeepinal finid contains an excess of
protein which 1s mainly nucleo~protein; cholesterin
can usually be detected in the fluid "and so also can
choline or come similar base which originates from the
decomposition of the phosphatides.”

"It must be admitied that ithe tesis hitheric
devised for the deteciion of choline are not absolutely
conclusive, for sufficlent of the base cannot be
collected for a eomplete analysis, ~The base which is
present, if not choline, iz a nearly related substance,
perhaps a derivative of choline, and according to the
latest researchee the guestionable miterial is
trétnethylamine. e e R

Kaufménnglcollected a litre of cerebrospinal {luid
from cases of nervous disease and was unable to isclate
choline.
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Of other rescarches bearing upon the subject of
this paper these of Hoch rank amongst the most
important. ‘‘his investipator devoted himself
especially to the work of clearing up such difficult
questions as the composition and characteristics of
the cerebrosides, the isolation of sulphatides, and to
devising new ﬁnd more accurate methods of analysis.

In connection with hie work there is one criticism

which may be made, and it is that he aimed at cbtaiﬁiné
detailled analytical results far beyond the limits of‘j
uselulness, imposed upon us by our present neagre
knowledge of the individual lipoids and proteins.

His laborious estimations of the proteins, of lecithin

W

and leclihans, and of the sulphur content of very
numerous sxtracts of ithe brain are vslueless ovwing to
our ignorance of the exact chemical relationships of
these substances. At present it is not necescary to
&0 beyond group estimations in respect of the
phosphorised fats and the galactose-yielding lipoidse.
Apart from these defects the work of Xoch stands cut
consplicuously in the literature of the lipoids of the
last eight years.

Of hie many results the following are the most
important.

dwo analyees of lhe brain of an epileptic who had
o2

died during a fit were made. the following Tigures,

modified/
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nodified by adding together the wvalues given for each
menmber of the cluss of phosphatides and of the

cerebroaides, are given in the paper.

Cheniecal composition of the Human Zrain.

(Zpileptic)
Cortex.
Corpus GCallosunm, (Prefrontal)
vater 6797 84.15
Prcteins T Ced
Extractive 1.67 1.58
Inorganic Salts &R 87
Phosphatides EoLC KANSHE
Cerebrosidesa 4 .57 1.56
Chelesterin 4 .86 o7
Sulphur Compound .40 _l.40
00.41 at- 54

The value for the sulphur compound is obtained by
determining the amount of lipoid sulphur and then
assuming that the sulphur constitutes 47 of the
Compound. There are no good grounds for deing this.

It is to be noted that in several instances the
valuse obtained are "by difference.”

When these Tigures sre comparedtg% those given by
‘Lorrain Smith and Hair, 1t will be found that there is
& close approximation. Thue for the chelesterin of
white matier the figure cf the last observers is 4.7;
Kcch gives 4.86. Agalnst Hoch's 4.57 Leorrain Smith
and/




47 .

and Mair put 4.1 for cerebrosides; for phosphatides
the comparison 18 8.88 t0 7.6. In ziving these
Tigures it should be pointed cut that Lorrain Cmith ang
dair do not give the % of water, and to make the com-
parison it has been assumed that Hoch's %, 67.97 is
accurate.

Among the final conclusions given in thie paper
the following is perhaps the mest important and the
most interesting:- "Grey matter, therefiore, has a very
simple composition consisting of o mass of proteins,
lecithin, and the sulphur compound. This result needs
Turther confirmation by other analyses. .« " The
method of arriving at this conclusion is ingeniocus and
is probably fairly accurate. In the genersal results
given in the preceding table it will be noticed that
the figures for the cerebrosides of the cortex are low;
thie has been confirmed by other observers. o*=7 48
It was shown by Boll that cerebrosides exist only in
the myelin sheath; if this be accepted as accurate the
7# of cerebrosides obtained in an analyeis of the grey
matter can be allowed t¢ represent the unaveidable
admixture of white matter with grey, obtalned in cutting
thin slices of the cortex. Then calculating cn this
hasis the amounts of cholesterin and phosphatide and
cther constituents introduced as impurities, and
subtracting them from the figures fer the cortex, therg

results/
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results the true composition of the grey matter. This
method depends upon the observation of Rell which
requiree confirmation.

However interesting these observationﬁ may be,
they do not directly throw much light on the chenmical
changes undergone by & nerve during degeneration.

They serve to show that the methods, introduced or
modified by LKoch, are capable of ylelding very reliabl
figures. Hut their application tc the examination of
an epileptic*a brain is not of first rate importance,
and this was felt by Koch for the following year he,
along with Goodson,hﬁ attenpted to trace the chemical
changes which take place in the spinal cord and
sclatlc nerves of a dog after sectlion.

The general results obtained showed that in
degeneration a nerve becomes more watery, and that
there is a nlight decrease in the percentages of
phesphorus and cerebresides. “hie doee not coniirm
the clder ohservations which all showed a grest
diminution of these last-mentloned pubstances.

Koch and Goodson further examined the braine of
persons who had died of general paralysis of the
' insane, nd thelr figures for the percentapges of the
individual lipoids show & general resemblance to those
cbtained for the artificiully degenerated corde of
doge. In other words they showed that chemically,

there/
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‘there are mv, or very slight, differences betwsen
degeneratlion of nerve tissue due Lo dlsease and
degeneration following section.

In recent years several attempts have .been made
to throw light on the causes of mcre obscure forms cf
insanity than general paralysis by chenical means. In
two cases of Amaurctic Dementia Eottbdfuund 8 large
diminution of the nucleo-proteins and a large increase
of the simple proteins of the brain, while ioeh®
found in five cases of primary dementia that ia the
cecrtical grey matter of the brain there is a great
decrease of lipold sulphur and a perceptible decrease
of lecithins and lecithans.

Befere any great progress can be made in the study
of pathological degenerations of the nervous system, it
is necessary to know definitely the composition of the
1ipolde of the white and grey matter éf the noimal
brain at different ages. This fundamental Eknowledge
has ncw been supplied by the researches of Xoch and

w5 5151 - 3 Z 28 .27 28 .52,
Ham,® and Lorrain Smith and Hair: *='*<°

The
last named observers have made & large numnber of
analyses by methods which are an improvement 1in nost
respects on those of previcus workers, and thelr
Tigures are probably the most accurate yet cbtained.

It now remains to study by the same means the varied

pathological/
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pathological material exhibitgw degenerative
changes, witlh experimental studies as a comparison.
This cannot be carrvied out until the discrepancies in
the exporimental work of previous obaervers.have been
cleared upe. This has been attempted by the author,

as will be shown in the next seciion.




ZXPERINENTAL .

Introduction.

The objects of this werk were (a) to determine

14

accurately the changes in the composition of the lipoid
in nerve degeneration; (b) to study the Marchi histol-
ogical method; and (c¢) to examine the clearing points
of the doubly refracting substances of the myelin
sheath.

In the work dealing with the Harchi reaction I have
had the advantage of collaborating with Dr. Cramer and
Dr. Feiss, to whom I wish here to exﬁress my thanks for
thelr Rind permission to make use of gome of our joint
results.

The material emplcyed was cbtained frem cats. 1In
most cages one sciatic nerve was divided, the healthy
one being used as a control; in two of the animals thﬂ
epinal cord was divided in the upper dorsal reglone.

At the appropriate period - generally 18 days =
after operation the cat was killéd with chloroform and
the nerve or cord dissected out and freed, in the one
case frcom connective tissue and fat, and in the other
from the membranes. This was carried out as quickly
&8 possible and the molst tissue was rapldly welghed.
After drying the tisesue was again weighed and the 7 of
water calculated.

The dried material was extracted in the Soxhlet

apparatus/




apparatus for seven hours with chloroform at %0°-40°C;
during thie tine the chloroform circulated If to 40
tines.

In each cage the solvent was evaporated in a
etream of coal gas to avoid oxidation.

The total lipoids were dissolved in chloroform
and the solution made up to 100 c.c. From this aliquq
portions were removed Tor analysis.

Cholesterin was estimated by Windau's nethod,

phosphorus by Neubraum's, and cerebrosides by Koch's.

Dt

The tilssues were systematiclly examined by Marchifs
method in crder to determine the existence or non-
existence of deg&neration.
The following table shows the resulis obialned for
the normal cord:-
Vater |Lipoids | Cholesterin| Cholesters| Phesphatides| Cerebroside
% of dry % of | % of % of |4 of 4 of | % of
tissu&- 1ip“" dW. lip- dr’y- Lip" d!‘y;
olds. oide. pids.,. i
Cat 1. 64.2 596 4.2 18.8 frace 50 5 | G897 18.3 127
Cat 2. - 67 o0 2648 | 17.4 Trace 57 .8 5C.0 15.7 | 12.7
Mixture
of 3
normal - 68.9 24 .0 | 16.9 Trace 67.8 | 406 |17.9| 12.7
cords
Average 68.66 | 24.66) 17.0 575 | 39.8 |17.3| 12.0 b

Average 7% of lipoids accounted for = 9¢.4

Details of the analysis of the mixture of three
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cords are glven below as an example of the quantities

dealt with.

ﬁéight of Dry Tissue = 1.2822 gms.
® " Lipoids Extracted = 0.9036 "

;-7 of lipoids = 638.92. made up to 100¢.

Ls Cholesterin Estimation: (1)10c.c. gave 0.0866 gm. of

P rtE

cholesterin digitonate.
Hence x 10 & & 4 = 0.81656 gme of cholesterin

L. 7% of total lipoids = 2165 x 100 . oux oo
« SOER - e e e

% of
and/dry tissue = ,2160 % 100 == 15.97

[eloteial
o ealinudy

]
L

(2) 10 c.Ce gave 0.0670 gme
of cheolesterin-digitonate.
By the same calculation we obtaln the Tollowing

percentages: - 24.1 and 16.%9.

F. Phospvhatides.
i
(1) 10 c.c. Teguired Z.8 c.c, of 2 Na OH.

Honce J+8 X 14868 X 437 X l%gﬁ 10 = 52641 gme
of Phesphatidse

% of total lipoids = 58.3

and 7 ef dry tissue = 4141
{(2) 10 c.c. used up 3.7 C.C. of % fa OH

This gives 56.75 and 40.0%.

C;Gerebrosidea.

L0 e.C. of the chloroform solution were hydrolised
vith 10 c.C. of 17 hydrochloric acid for 24 hours. The
iralactose split off was estimated with Fehling's

solution/
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sclution,
weight cuprié cxlde cobtalned = E3d.2mgm.
This represents 81 mgms of cerebroside.
Hence the welght of cerebreside in 0.90%26 gne
of lipoid = .1620 gm.
the # of cerebroszides in the total lipeid = 17.9
and 7 °® . " " dpy tissue = 12.7,
The results cbtained for the degenerated cords are

shown in the table below:-

% These flzures are too low - sece later.

Histologically, both cords showed degeneration.
Details of the analysis of the first degenerated

cords=~
tieight of Fresh cord = $.0600 guse

1.3118 *°

" " Dry "
1.% of Water = 66.2
Weight of Lipoide = 0.9620
' % of Lipolds = 74.5
As Cholesterin.

(a)/

Wiater. |Lipoids.!| Cholesterin.| Cholesters. Fhesphatideg. Cerebrcepide
@ 2 |
% of dry|% of |3 of 4 of |5 of |% of |7 of |
tissue. |lip- | dry. lip~- |dry. lip- |dry.
. oids. | cids. olds. | |
17 day
after| 66+ T4 o5 228.8 | 17.1 0 476 | 558 10.9 8ol
&
gello
(Eogééi
18 day {
after - 63 .8 25.2 | 18.1 0 80.0 |31.9 [12.1 7.7 J
Sectio , 1
Hggsalwﬁverage 6042 24.0 | 16.6 - 48.95(33.9 (11.5 | 7.9¢ |
- N
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£1) 20 c«Ce gave 0.1760 gm. of Cholesterin digitcnatp.
lence x g = 82375 gm. of choleaterin,
» the 7 of total lipolds = 23.8
and " " dry tissue = 17.1
(2) & c.c. gave 0.0448 gm. of cholesierin digitonate
which, by calculation, gives the asame percenlagep.

B Phosphatides.

(1) 10 ¢.¢. required 3.4 c.c. & Ka Oh.
2
AeNCe Ted X 1,868 X 437 » lgg x 10 = 0.4710 gm.
% of total lipoids = 47.9

and %

ef dry tissue = 30.9
e i N =7 17
(IL'-) 10 C.Co usEd up S Ll E” Na Ohe.

Ge. Corebrosides.

w0« €ut. gave 12 ngmn. of cupric oxide.

this is eguivalent to 32.2 mgm. ol cershrosides
X lg% = 0«10733 gme. of cerebrosides.

.. the percentages are 10.9 and 8.2.

In this estimation a trace of cuprous oxide
Tormed s¢ fine a suspension in the liquid to be filtered
as to enable it to pass through the filter. The result
therefore is low.

rom the analyses thus detalled 1t will be obaarvﬁd
in the first place, that the whole of the lipoids of
the noraal spinzl cord are accounted for. The only
possibility of error in the methods employed lies in
the assumption made that the lipoid phosphorus forms
47% of the total phosphatides. Thias is true of lecithin

but/
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but how far it is true for the remaining phosphatides
has not yet been determined. But the results given
above form 4 good indication of the probable uaccuracy
of the assumption.

There are no records in the literature where the -
total lipoids have been fully accounted for, without
the use of a "by difference” result.

; In the normal cord, also, it is shown that there
is no free fat since this, if present, would be
extracted by the chlorof'crm, and that the total extract
is made uplbf the lipoids alone. Lut in the degenerat
cord only 81.6% of the chloroform extract consiste of
lipoids; it follows that the remaining 18.47 is non-
phesphorised fat. It may be due to any of the
saturated or unssturated fats, to the fatty acids, or
tc organic derivatives -~ eg. choline oleate - of the
fatty acids. - There is little doubt, however, as will
be shown later, that it consists almost exclusively cf
fat. e thus arrive at the conclusion that in the

process of degeneration there is a production of fat.
histological

The relation this bwars to ilarchi's/method will be dealt

with in the next section.

The figures oblained confirm previous obseIvers
in the following points; there is a diminution in the
percentages of phosphutides and cerebrosides; but the
preat reduction in these substances given by Gutnikov,

Kott and Barratt, and Roll is not confirmed.

in/

ed




&7.

rapidly than the other lipoids,

Un the whole the figures point to a

In addition it is shown that the relative proportit
ione of the lipoids tc one another are well maintained

in degeneration; the cerebresides diminish rather more
Finally, the cholssterin ks lesst of all affected;
elight diminution.

The following tables show the composition of thre¢

pairs of healthy and three pairs of degenerated sciatie

nerves.
I, Healthy Nerves.
hater.|Lipoids.| Cholesterin.| Fhosphatides. |CereLrcaides.
% of dry| % of | 7 of < of |7 of %z of |% of
| Herves. lip- | dry lip- |dry lip~ |dry
Spalt el oids. nerves, olds. nerves. oids. nerves.
Ist pair | §6.1 85 0.8 | 7D 21.2 |20.4 17.3 |11.3
Znd L B82.0 G2 10.0 | 6.2 S8.0G (B0 16.0 8.2
31"(1 il ‘.30.0 Gg 1101 7!0 3108 20.0 16-9 10.{.'
Average 83 100G | 67 Cle 205 18.7 (1046
11. Degencrated Rerves.
1st palr | 70.1 6575 83 (D4 27.2 |Y1e7 9.4 | 6.1
{18 days)
ond pair | 72.0 | 65.8% | £.1 |6.3 23.0 (38,4 | 9.1 | 80
(16 daye)
Zrd pair | 72.0 84 .07 846 | Gk 876 |17.6 10.0 | Ge4
(15 days)
Avaraﬂe 71a4 64,9 85 | B4 2UE (17.8 Cel | Gel2

As /’
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Ae an example of the weilghte manipulated, detalls

the first setl of analyses are gilven below.

The normal sciatics are taken first.

Weight of fresh nerves = 1.2490.
noon gpy " = 5240 .. Water = 58,17
» " Lipoids = 3410 :.Lipoids = 657
They were made up to 70 c.c.

Ae Choleslerin.

10 c.c. gave .0210 gn. of cholesterin diglitonate

%L = .03675 and 7 = 10.8 of 1lipoids

i

=. 7.0 of dry nerves.

B. Phosphatides.,

10 ¢.c. used up 1.1 c.c. of 7 Ra Cll.

and 1.1 x 1.268 x 4457 « 222 x u = 106.66755 mgn of
; Phosphatides.
ilence 7 of total lipoids = Z1.3
and " " dry nerves = 20.4

C. Cerebrosides.

G0 Ce.Cs gave 9 ngm Cno
This 1ls equivalent to 28.3 mgm cerebrosides.

7
L0208 x & = 05905,

Hence the 7 of cerebroside in total lipoid = 17.7
and e % " dry tissue = 11.90
Degenerated Nerves, '
Weight of Fresh Nerves = 2.C800
. Dry L = 8266 . water = 70.17
% * Lipeids = +4070 ;. Lipoids = 65.0%

Ao/




As Cholesterin.

10 c.c. pgave .0136 gm. of cholesterin digitonate
X 1% = «034 gm. of cholesterin.

Hence the 7 of total lipolds = 8.3

and ® * % gry tissue = 54

Be Phosphatides.

& Bnalyses gave «9, «7; and 6 c.c.g fa Ch Tfor 10c.d.

flence .8 x 554116 x 139 % 10

2 1108252 gm of

Phesphatides

i

and -.the 5 of total lipolds = 27.2
and * Y " dry ticsue = 17.7.

Ce Cerenrcsides.

40c.c. gave b mgm of On0 and this is equivalent to

15.3 mgm of cerebrosides.

Hence the 7 of cercbrosides of the fotal lipoids = $.4
and e ¢ " dry ticsue = 6.1.

One's attention is Tirst drawn to the fact that
the analysis of the lipolds of a peripheral nerve |
accounts only for [9.37% of the chlorcform extract of
the normal and 45.47% of the degenerated nerve., This
ie due toc the large amount of fat which is found in th?
connective tissue of the peripheral nerves. This un-
accounted for portion is increased in degeneration and
&8 in the case of the spinal cord, the increase is due
to a preduction of fat in the disintegration of the
myelin sheath.

It is clearly shown by the table that the nerve
beccmes more watery and that the phosphorus and

cerebrosides/
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cerebrosides are diminiched, thus confirming Gutnikov
Holl and parratt. In addition € the new facts are
added (a) cholesterin is alsc diminished and (b) the
cerebrosides disappear more rapidly than either
cheolesterin or the phosphatides.

The results in their general meaning agree with
those detailed in tﬁa paragraphs dealing with the
spinal cord.

By adoptling the assumption that the grey matter
cf the ceniral nervous system ies deveid of cerebrin,
it 1ie possible by applying the figures for normal and
degenerated scilatic nerves to those of the cord, to
calculate the composition of grey and white matter
geparately. Thus in the normal nerve we arrive at
the relative proportions of the lipclds to cone anothery
in the myelin sheath, namely:i~

Cholesterin 10.8
Phosphatides &1.3
Cerebronides 17.3.
In the healthy spinal cord the relations are:-
Cholesterin 24.2
Phosphatlides 57.1
Cerebrosides 18.5.

Assuming that the whole of the cerebrosides are
contained in the myelin sheath, and that the composit+
ion of this is the same in the peripheral nerves as
in ;he.central nervous aystem, we have as the relativeg

composition/
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ccmpoeition of the while matter.

Cerebrosides - 183

y - 100{5 x 123.:‘3

(-0 ) ta I‘ E Y o= L
holesterin " 17.5 | 11 .4
Phosph&tidesal‘ivxglﬁ‘ﬁ = 331,

Hence the lipoids of the grey matter is composed

of cholesterin and phosphatides in the proportions:-

Cheolesterin = 24.2 - 11.4 = 12.8

Phosphatides = §7.,1 - 85, = 2440
Tc derive ccrresponding figures for the whibe and grey
matter of the cord 1ls a matter of greater difficulty
since variable proporticns of the nerxve fibres are
degenerated. 1f we assume that one half the Tlbres
remain healthy and cne half degenerate after ccmplete

section of' the cord, we gel the following Tigures:-

Norma Degenerated Degenerated
Sciatic. Selstice. Cord.
Cholesterin 10.8 3el 2248
Phosphatides E1.3 27.2 47 .9
Cerebrosides 173 o4 10.9

lience the white matier of the degenerated cord has the
relative conmposition.
Calculated cn the assumption that all the nerve fibres

are degenerated:-
8.3 X 10,9

Cholesterin H:3 = 0.7
£7.2 % 30.9

Phosphatide o = 31.5

Cerebroside - 10.9

Calculated/




Calculated on the assumption that none is degenerated:-
:10.8 % 10.9

Cholesterin = 17.5 = G’

- = 51.3 x;___l_o.g o o
Phoephatide = 175 = 9.8
Cerebroside - 10.8

And the average composition of the white matter of

the Degenerated cord is:~ For the Hénnnl cord
Cholesterin - 8 114
Phosphatide - ZG.6 : S |
Cerebroside - 0.9 16.8

The average for the grey matter:-
Cholesterin - 72,8-8 = 14,8 12.8

PhOS;Jh&'bide - 87,9-20.68 = 22.53 240

Considering the number of assumptions made and
especlally that relating to the nroporticn of nerve
f'ibres degenerated in the cord, it is imﬁossible to
draw any trustworthy conclusions. 1t is interesting
to note{ however, that there is 1ittle, if any,
alteration in the composition of the lipoids of the
cells; if we accept the figures as being accurate
enough to f'ound any ccnelusicns upon, we are coumpelled
to believe that the cholesterin ies not diminished whil
the phosphatides are. The grounds are too slender to
relate this to the changes of sc called "secondary
degeneration.” ;

Whilet the work described above was belng carried
out the ﬁicho—chemical and histelogical investlgation

of larchi's reaction was being pursued. It had been

discovered/
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dlscovered by Dr. Cramer and Dr. Felss, a year before,
that cold acetone dissolves out of a degonerated nerve
the substonce which is stained black by osmic acid alte
prolonged treatment with potassium bichrcmate. Thie
fact was ot once correlated with the observation noted
above, that fat is produced in the degeneratiﬁg myelin
sheath, and an attempt wae made to isclate the materisl
in question. Gince phoephatides and cerebrosides are
difficultly scluble in cold acetone, a promising method
at once presented itself, The dry nerve tLissue was
extracted with cold acetone in crder to extract the
fats and cholesterin. The residue was then extracted
with cold ether snd finally with hot chlorceform and the

three extracts were examined separately. |

The primary object of the work was not realised byt

this, in the end, was of litile importance ocwing to

results obiteined by other neans te be deacribed later.
The reasons for this failure are that cold scetone; by
repeated (eg.l0 times) extraction, removes the cholestq
and fat only partially, and at the same time takes up
small amounts of the other lipoids. There arises thig
difficulty, therefore, that iﬁ order tc extract the bul

of the fat and cholesterin with cold acetcne, it lis

necessary Lo shake the tissue with acetone so fregquently

as tc remove an appreciable propertion of cerebrone and
lecithin. This result is in accordance with the well
known fazect that the solubility of any lipclid is

meodified/
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modified by the presence of another lipoid.

When equal welghts of healthy and degenerated
sclatic nerves were shaken ten times under identical
conditions, with equal volumes of cold acetone, 437
by weight of the dry degenerated nerves and 337 cf the
healthy nGTVGstere extracted.

The acidity of the acetone extracts was tested ang
nc difference was found between the normal and abnormal
nerves. llence we may conclude that the fat produced
is neutral.

Tested Tor sulphur the extract of the normal
nerves gave & negative result, while that of the
degenerated nerve was found to contain sulphur. It
becomes evident, therefore, that the prectagon of the
myelin sheath is broken up in such a way as to yleld
& simpler lipoid soluble in acetone and containing
sulphur.

The nitrogen of the acetone extracts was deter-
mined by Xjeldahb's method and no difference was found
between the normal and abnormal nerves. From this we
may conclude that choline is not retained in the nerve
in a form soluble in cold acetone.

With regard to the ether and chloroficrm extracts,
nothing of importasnce was néted. The ether contained
a large proportion of the phosphatides and smaller
smounts of cholesterin and cerebrone.

The same methods applied to normal and degeneratef

spinal/




spinal cords yielded substantially the same results.
The only important point of differsnce was that the
acetone extract of the normal cord contained no fat.
The amount of Tat which may be obtalned from a

degenerated cord is too small tc isclates




HARCHI'S HISTOLOGICAL METHOD.

By the use of #§ Harchi's method we have a striking
demonstration of the altered chemical composition of
the degenerated myelin sheath. If & normal or
degenerated nerve be treated with osmic acid (0g0q) the
myelin sheath is blackened, uniformly in the case of
the healthy nerve, ilrregularly in the case of the _
degenerated. If now the nerves be first treated with
a solution of potassium dichromate at room temperature
for 14 days, or at 5%00 for 7 days, and then with osmig
acid, only the degenerated nerve ie blackened.

In Wallerian degeneration there are three
essential changes, fragmentation of the axls cylinder;
breaking up of the myelin sheath; and multiplication of
the nuclei of the sheath of Schwann. The exact
condition Tound depends upon the period of degeneration

These changes have been studied from the morpho-~
loglical standpoint by numerous observers, but the only
researches bearing upon the chemical basis of the
#“archi method are those cf Lorrain smith™®on Helgert's
stain.

This observer introduced a very simple and neat
method of studying the reactions between histological
reagente and pure substances under conditionse similar
to those of ordinary histological practice. It
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consists in making a thin smear of the pure substance
on to the surface of cigarette-paper and then treating
the paper as a sectlon.

This method was employed in the present research.
it has already been menticned that s degencrated nerve
treated firet with acetone, and then with potassium
bichromate and osmic acid is not stained, The con-
clusion was at once drawn that the icetone dissolves
ocut the specific subsiance which is responsible for
the Jarchi reaction. Other explanations were obvious
but this was the simplest.

At this point the exact composition of the myelin
sheath was not known, and it was hypothecated that the
#archl method is dependent upon the producticn of
cholesterin-esters in the course of degeneration. As
the chemical examination proceeded, special attention
being pald to the existence of these esiers, it became
clear thal the preliminary hypothesis was wrong.  And
when the Tact that fat is produced in degeneyation
becume established, our attention was fastened on this,
aince fatl is easily soluble in acetone.

The effect of treatuent of a normal, a 7 days and
a 16 days degenerated nerve with acetone and then with
osmic acid is illustrated in the drawings opposite.

The only substances of the normal myelin sheath
appreciably soluble in cold acetcne are cholesierin

and/
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and leclthin. To these must be added fat for the
degenerated nerve and,; sinece only unsaturated fats are
acted upon by c¢=mlc aecld or react with Ku@ 0y, the fat
requlired must be olein. Oleic scid was included bul
it was later shown to he unnecessary.

Weighed quentities of these substances were taken
and smcared on to the surface of thin filter paper, and
the papers were dropped into the fellowing sclutions:-
(1) 17 Csmic acid; (2) Hiller's fluld, and later 17
osmic acld and Xfiller's fluid mixed.

In the first serles of experiments ae much as &
centigram of each lipoid was used. The rerulis

obtained were as Tfollows:-

1% Osnic Acid. Jarchi,
Cholesterin Unaffected Unaffected,
Lecithin glackened Turned Drovm.
Olein Blackensd Hlackened.
Oleic Acid Blackened naffected.

The resulls show that cholesterin at any rate is
not responsible for the Marchi reaction, but the
results were indecisive as to Lecithin and Oleic acid,
while they showed that Olein might be the reguired
subsiance,

How the question arises, Is the acticn of the
farchi nixture on 2 single pure substance similar to
its action on & mixture of lipoida? in other words,
deoea the presence cr absence of one or mere of these

bodies/
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bodies inhibit or facilitate the reactlent Since
cholestierin gave negalive results in both experiments
obviously it was most sultable for a study in this
direction. |

The following experiments were made:-
Hixtures of equimolecular quantities of chclesierin
and lecithin, cholesterin and olein, snd cholesterin

and oleic acid were treated with Usmie acid and "ihe

Marchi Hixture”. The results are shown in the followd

ing table:~-

Osmic Acid. #darchi"
Cholesterin Lecithin Blackened Turned Hrown but

less deeply thal
in previous ex-~

=

periments.
4 Clein ¥ Blackened.
2 Oleiec Acid N o

The results are azsin indecisive; that is toc say, they
do not narrow the possibility down to one substance,
though the probability that olein is the only subsiance
sc far tested t¢ blacken by the iarchi method is ut
least not-serioualy shaken. ‘'he browsm colour with
lecithin was puzzling; the fact that Oleic acid gives
a positive larchi in the presence of cholesterin is
notewcrthy. But since the colour yielded by the
karchi with lecithin is diminished by the presence of
cholesterin it was fairly concluded that cholesterin
has an inhibltory effect. And it was therefcore
decided to apply the same methods to mixtures in which
the/
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the proportions varied from 1 meolecule of cholesterin

to & of each of the other substances, to & of choleste]

to 1 of the rest. 'The general results were that whilgt

all the mixtures of cholesterin with cleic acid and
olelin gave positive Harchie, the mixtures of lecithin
and cheolesterin gave a brown colour when the propértim
of cholesterin was low and no colour at all when the
cholesterin proportion was &6 to 1.

This again proves that cholesterin has an
inhibitory elfect upon the lecithin and Harchl mixture
But since the proportion required te prevent ang
darkening is & to 1 and the proportions of these com-
pounds in ncormal nerve ie 1 to 2, these resulis do not
afford an explanation.

411 the above experiments were carried out at
room temperature and with large amounts {2 centigramme
of material, the bichromste soluilon generally amount-
ing to @ - 6 c.c.

The effect of temperature was tested by placing
eirilar miztures in the incubstor and in ovehé at
temperaiures varying frem 379C to 65°C.  Temperature
was found to accelerate the-action of the blchromate
on the lecithin~-chelesterin mixture.

the production of the brown cclour with lecithin
- not the black, typical of the Harchi - made it
impossible to explain why the normal nerve, which con-
tains lecithin, does not give a positive Xarchl. But

an/
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an explanation was cobiained by the discovery that the
guestion of welght of lecithin to weight of bichrom&ta
is inportant. he amcunts of lecithin previocusly
employed had in every case represented atl ieaat cﬁm;half
a sclatic nerve, which is much more than is taken by
the histologist when only -0 c.c. of Miller's golutioch
are employéd. Farther, in the myelin sheath the
lecithin is opread out in an extremely - a microsccpic
- thin eheet and is thus far better expesed to the
action of the bichrowmate than can be imitafed in test
tube or cigarvette paper expsriments.

“he next set of experimente therefore were umade
with very small amounts of material. The molecular
preportions of the last exXperimenie, where cholezterin
was mixed with the remaining subsiances, were obaerved
but in each case only 1 mllligramme ¢f the mixiure, or
pure substance when cholesterin was not used, was
aeted upon by the reagents. The followlng tlables
show the remulls cbimined:~

osmic Acid. darchie

l. Leciihia Blackened He vislible chanaL.
2. Qlein - plackened.
S« UOleliec aeid ¥ Unaffected.
gsmie Acid. darchie.
1. Lecithin & Choleslerin
in proporiions 1 to U, Ko visible
1 to4, 1 to %, 1 to 2, Blackened. <¢hange in any
3 o3, B %03, 3 tal, CASC.
4 th 3, 6 to 1.
2. OGlein & Cheolesterin - Blackened.
Ze 0leilec Acid & Cholesterin . -
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These experiments prove that the only constituent
of a degenerated nerve which is blackened by the Harchi
method is olein. Oleic acid is blackened in the
presence of cholesterin but for the following reasons
we can exclude this compound as a chemical basis of
the Jdarchi reaction as applied to degenerated nerﬁous
tissue; (1) In degeneration there is no increase in
acidity; (2) The Nile blue method of staining does not
reveal sny acid fat. Cn a priori grounde it is im-
probable because oleic acid is san irritant and not
likely to remain unneutralised in the tissuese.

We have now arrived at the conclusion that the
Harchi stain is speciflic for olein and for olelc acid
in the presence of cholesterin.

it will be noticed that In the course of the above

LT 4

work only theose supstances which are appreciably seclubl
in cold acetcne were examined.

The reasecn for this has besn given. Zut the
question of ithe degree of solubility arises. Cerehronf
is almost inscluble in cold acetone and it is therefore
very unlikely that this substance can be extracted fronm
a nerve seimply by allowing the tissue to lie in the
solvent for 24 hours. Moreover it is not certain
that the cerebrone exists as such in the myelin sheath;
it is possibly present in the still more insoluble
combination, protagon. lience cerebrone can safely be
neglected. but cholesterin esters, while scluble only

to/




to a slight extent in acetone, are sufficiently
soluble to require investigation by the methods adcpted
above. In the first place it war decided to sclect a
compound of cholesterin with a saturated fatty acid -
paimitic acid for example - and another with the
unesaturated cleic scid. This covérs the generall
requirements.

These cholesterin esters had to be prepared in the
laboratory and for the preparation of the palmitate the
method of Abderhalden and Xantzch”was employed.
Equimolecular proporticns of palmityl chloride and dry
cholesterin are mized in dry chlorcform at room
temperature. When the brisk reaction has subsided the
cholesterin palmitate is precipitated with methyl
alcohol and peparated by filtration. It 1s purified
by redissolving and reprecipitating until the melting
point is sharp. The ester thus prepared is a beautiful
crystalline product meliing at BB - Tl C it
forms doubly refracting liquid crystals when melted,
which clear, that is become perfectly liquid at &4“C.

A careful search through the literature showed
that hitherto cholesterin oleate had not been prepared
in & state of purity. The methods which had been
employed for its preparation are long and tedicus and
give a small yield of impure ester. It was therefore
resolved tc apply Abderhalden and Hantzch's method to
this case also. There resulted a brown c¢ily ligquid

which/
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which was solidified with difficulty in the following
way. The crude preoduect was dissolved in ether and
sufficient acetone added to cause a perment nilkiness,
which was caused tc¢ just disappear by adding a few drops
of ether. The solution was placed aside and allowed t¢
stand until most of the ether had evaporated. Cholestexin
cleate is precipitated as a brown solid which can be
purified by dissolving in ether and precipitating with
acetone.

The pure product crystallises in plates which melt
sharply at 48" - 47° to form doubly refracting liquid
crystale. These disappear at E?%UC and reappear at
524°¢C,

The esters thus prepared were trested with csmic
acid and llarchi's mixture in the manner previocusly

described. The results sre given below:-

Osmic Acid. harehi.
Cholesterin palmitate Hegative Regative.
* gleste Blackened "

The eame results were cbtained when cholesterin was
mixed with each ester.

It Tellows from this that chelesterin palmitate ls
not detectable by either osmic acid or Harchi's mixture,
and that cholesterin oleate, though blackened by osmie
acid aleone, is unaffected by this reagent after the use
of K,G507.

an/




An interesting point may be noticed here;

cholesterin and olelc acid, when chemically united,

give & negative result with HMarchi, whilst a mechanical|

mixture of these two compounds give & positive result.
The explanation ef this 1s dlfficult tc see.

The following table summarises the resulis

cebtained:~
£olubllity in Osnmic Double
Acetcone. Alcohol.Acid. darchi. kefraction.
1. Cholesterin + A4 i - 5
2. Olein + + % + -
5. Oleic Acid | -+ = e = -
4. Olesic " % = ! =
Cholesterin . =
e Chol. palmitate - - - ! - =
G o o Oleate - - 4 ‘ - -
7. Leecithin - + - E - +

4 study of the above table will show how it is
possible to detect, and differentlate between, clein,
lecithin, and the cholesterin esters in the tissues.
Gleic acid and cholesterin may be placed aside. The
tissue to bs examined is Tixed in formalin and frozen
sections are cut. One section is treated with osnmic
acid, a second with Karchi's method, a third with
acetone and them with osmiec acid; a fourth is exanmined
with crossed Nicols for doubly refracting crystals, and
a fifth similarly after treatment with aleohol. Ir
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the aéction blackens with oemic acid olein, cheolesterin
and coleale, or lecithin together or alone may be
present. The section treated with zcetone and then
with osmic acid distinguishes between clein and the
other two; 1if olein alcne is present there will be no
blackening after acetone; if either of the others is
present blackening will occur. The Marehi sectlion
carries the distinction Turther since only c¢lein will
give a positive result and thus its presence or abeence
is definitely declded. Te decide between leclthin and
the cholesterin ester we note whether any doubly refract
ing erystals are present or not; 1 any are present thy
section is washed with alcohel and again examined.
Alcchol removes lecithin only and hence 1f the double
refracting crystals disappear we nmay conclude that they
are due te lecithin.

When all the substances are present we can
distinguish olein definitely by the ixarchi, and the
cther two are detected by the alteration in quantitied
of stainable or doubly refracting material when the
sections are tested as described.

This scheme was applied to the case of the kidney,
the suprarenal bedies, the testis and several other
Crgans. As the method is being developed to include
other lipoids and is heing applied tc most of the
tissues ¢f the bedy, and since it bears only indirectly
cn the subject of this thesis, reference will be made

to/
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to the kidney and suprarenal alone.

Osmic Acid |(Osmie Acid Double Double
before afster Marchi.refracti?n refraction
Acetone. Agetone. before aiter
Alcgohol. Alcohol .
Suprarenal of Cat 4 -t it +- i
itidne f ¢ <o = -
i nay o at + i

It is obvious from these results that the supra-
renal body contains cholesterin oleate and olein and no
lecithin, and that the kidney contains of the three
substances Tat only. These substances are present
within the parenchymatous cells of the organs.

In crder to verify the resulte in sc far as they
ehow the existence of st sectione were stained with
Nile blue and with Sudan I1I and identical portions of
the sections compared with osnmic acid and Harchi
preparations. Degenerated and healthy sciatic nerves
and gpinal cords, as well as the various organs
mentioned above, were astained and in each case 8 cQrres-+
pondence between the methods w.g observed. Thus, whils
the normal epinal cord is unblackened by Harchi's stain,
the degenerated cord is stained in definite areas; and
the same areas are stained, though more diffusely, with
Hile blue and Sudan IIT. The éame results ére
cbserved with the kidney and suprarenal body, testias and

thyreoid gland.
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The Tollowing obassrvations cf Nell, SDarratt, lott
and iarratt are confirmed:- In degeneration a
nerve hecomes more watery and loses some of its
lipoid phosphorus and cersbroside.
Cholesterin diminishes also, but 1o a lees extent.
Cerebrosides tend to disappear firat among the
lipeids of the degenersting myelin sheath.
Fet is produced in degeneration,
The normal myelin sheath contalns no fat.
The lipolds of ths myelin sheath are fully
accéanted for hy the methods of analysis employed,
Sulphur iz present in the cold acetone exiract of
& degenerated nerve; it is not present in the
extract of a normal nerve.
Cold scetone removes the whole of the fat Irom the
degenerated nerve or spinal cord,
The Marehi method is epecific for unsaturated Tat.
4 method for the histologieal detection of (and
discrimmination between) unsaturated fat, lecithin
and cholesterin esters is shown and the resuli of
its applicaticn 10 two organs is given. By the
use of other stains, e.g., Nile blue and Hudan
I11, it is possible to extend the scheme to
include saturated fat,
Cholesterin eleate is here prepared in a state of

purity and ite chief characters are noted.
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(12) A normal nerve when examined with the polarising
microscope shows doubly refracting crystals
uniformly distributed through its substance.

A ddgenerated nerve shows doubly refracting
cryatals but only in patches separated by fattly
globulea, .

(13) A nerve, normal or degenerated, shows no doubly
refraetling crystals after treatment with alcchol.

(14) The relative proportions of the lipoids of the
myelin csheath are not greatly disturbed in the

precese of degenerailion.

CONCLUSIONE «

The chemical changes cceurring asmong the lipeoids
of a degensrating nerve affect the mosi couplex aub-
stances chiefly. Thus; cerebrosides dlminish more
rapidly than phosphatides, and the latter more rapldly
than cholesierin. Protagon, which ias still more
complex, probably breaks up firsi but this canmot be
definitely decided until the relationship of protagon
tc cerebreosides has been cleared up. It is shown,
however, that a sulphatide simpler than protagon is
formed in degeneraling myelin.
| In the process of disintegration fat is produced,

and this is derivsd seither from the lecithin or the

phosphatide portion of protagon. What becomes of the |

other products is nct known; they are probably

rapidly/
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rapidly removed and oxidised.

The proof that the Harchi method is specific for
unsaturated fat displaces the view, commonly held, that
it is apecific for degenerating myelin and, combined
with the method of histo~chemical analyesis already

indicated; opens up a new field of investigation.




TASLYE. OF EEFELENRCES.

A= American Journal of Physiolegy, Vol.XI, June 1,
1804 Hos Ill.

B Die chemleche Xonstitution des Gehlrus des lienschen
wd der Tiere, 1901. I'e Pietzcher, Tibingen

_re 2y
pn e JO"U?}'{L )

S Archives of HReurology and Psychopathology., 1899,
Ve, II p.1.

4. Zelischrift. f. phys. Chemie, 18592, XXVII p.8l.
B. Zeitsch. f. phye. Chem. 1905, XV7I, 47.

G Journal of Pathology and Hacterioclogy, 1911« Vol.
18, p. 254.

7o Journal of Biological Chemlstry, 12, No.0, p.669.
Go Zeitech. f. phys. Chem, Bd.49.
9. Archives of Hsuroclegy. London, Vel.III, 107.

10. Hoppe-EBeyler'e Zeitschrift flr phys. Chemie 1d.86B

antd w

FETT T

11. Joummal of Physiclogy, Vol. XXVI
and Proc. Foyal Scty. Rov.lG; 1907.

12. Ann. de Chem. und Pharm. 134, £9, 1845.
15. J. of Phys. 86, 17 (1907).
l4. J. of Eicloglcal Chem. Jan. 1913, pe4&l.

15. Zeitsch. f. phys. Chem. Bd.9, & 158, 1885,

16+ " v . *  woEL, § 705 1907
1% v o o " v48, 48, 1905,

18. Ber. d. Deutepch. chem. Gegellsch., Berlin 190¢.
pd. XT1I, § 955,

16. Am. J. of Physiology, Ho. III of Vel.Xl,Junel-~ 1504.
206. J. of Blological chem. Vol. I, Nos.2 & 3, Jan. 1606.

21. 4m. J. Phys. Vol. XV, Bo.IIl, Feb.l, 10CC.




0 n
L4 B

L]
i

28,

Zettschr. f. phys. Chem. XXXVII, € 131, 1902.
Ame Jo Phys. Vol. II, p.303%, 1904.
Zeltschr. f. phys. Chem. Bd. 87, & 570, 1699.
Zeitschrift fur Pesychistrie 1597, 1iii p. 870.

Prcc. Path. Soge; J« Path. & Bact. Vol.XVI, p«131.

" W " " L n W W “”l‘i‘ P.ILB.
-, 2
¥ i 1 A T * XVIL, pl.4la.

Archives of Neurclogy, 18909, p.207.
s B i 1698, pe 350,
Proc. Roysl Soc. 189¢, p. iii.
Js« of Phys. Vol. XXIV, 1899.
Proc« Phye. Soc, Feb.l1698.
British Fedical Jouwrnal, July 29, 1899.

Philosophlcal Transactions, Series B,Vol.l161, p.2l
287, 12889.

¥ E Series B,Vol.194,p.£%57,19
{1) Folia Neuro Bleologica, BRde.l, Hr.l, Bov.1207.

(2) Oliver Sharpey Lecture, Hel.J. May <, 1907.
(i) Eyebmnlsse der Physioclogie. 1905, Bd.IV.

-

"

-

Croonian Leciures, 12901.

Archives of Heurclogy II, 1503, p.tdd.

Proc. Phys. Setly. 20 July, 1805.

Age Js Insanity, 1904, IX, D700, and 141 p».299,
Jde Of Phys. Y0l. XXX; p.149, 1804.

reitschr. . phys. Chen. BA.XLII, 1904.

J. of Pays. 1896, XX, Roe.ly Da286.

Procs of Phys. Hoc. Nar.18, 1899.

. . " " Seps18, 1899. No.l.

01.

internal Secretiontihe Ductless Glande, Armold,1912.




44' -.Té Qf Phyﬁa }:KX, 19033 p.ggn
45, % v m gyl 1904, pJbE.

46. Verhandl. des. Congr. fr innere Medicin.
Wiesbaden, 19200, Dp.326. -

46A, J. of Phys. Vole XXXIII (1905) p.211

G8B,  FITR A B XXV (1907) p.46S.

47. Derliner Xlin. "och. 1891. : .

48. J. of Phys. Vol. XXXIII, 1905, p.211-p.219

49: Deutsche Zeitaschrift f. uervanheilkunde, BA.AXVII,
g 71, 1504.

50. Blochemlcal Journsl 1908, 17, p.117.

| 81. BHeurcleogisches Centralblatt Bd.XXVII, S 260, 1808.
52. Aucr. J. of Phys. 1904, XI p.503.

BE | Y R e e 3006, XV, Rebal.

£4., Archivez of leurclogy, Vol.III; p.21G.

&5+ Arche. cf Houreclegy. Vol.11l, 1&07.

LG, " p % Vole IV, 1909.

56A. J. of Path. and bBact. 1908; Y0l.XIII, p.l4.

57. Zeltschrift £, phys. Chem. 656, 1910.




